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Background. Guidelines have reported that although microwave ablation (MWA) has potential advantages over 
radiofrequency ablation (RFA), superiority in efficacy and safety remain unclear. Aim of the study is to compare MWA 
with RFA in the treatment of liver cancer. 
Methods. Meta-analysis was conducted according to the PRISMA guidelines for studies published from 2010 on-
wards. A random-effects model was used for the meta-analyses. Complete ablation (CA), local tumor progression 
(LTP), intrahepatic distant recurrence (IDR), and complications were analyzed. 
Results. Four randomized trials and 11 observational studies with a total of 2,169 patients met the inclusion criteria. 
Although overall analysis showed no significant difference in LTP between MWA and RFA, subgroup analysis including 
randomized trials for patients with hepatocellular cancer (HCC) demonstrated statistically decreased rates of LTP in 
favor of MWA (OR, 0.40; 95% CI, 0.18–0.92; p = 0.03). No significant differences were found between the two proce-
dures in CA, IDR, complications, and tumor diameter less or larger than 3 cm.
Conclusions. MWA showed promising results and demonstrated better oncological outcomes in terms of LTP com-
pared to RFA in patients with HCC. MWA can be utilized as the ablation method of choice in patients with HCC. 

Key words: liver; carcinoma hepatocellular; liver neoplasms; radiofrequency ablation; microwaves

Introduction

Over the past 30 years, several ablative methods 
have been developed for the treatment of hepatic 
cancer as an alternative to surgical resection and 
liver transplantation in patients with unresectable 
cancer or in selected patients with resectable dis-
ease. Recent guidelines recommend radiofrequen-
cy ablation (RFA) and microwave ablation (MWA) 
as the ablative methods with the highest efficacy in 
the treatment of liver cancer.1,2

Tumor location near to the main biliary tree, ab-
dominal organs, or diaphragm is a relative contrain-
dication for RFA because of the risk of severe com-
plications.2 RFA is prone to heat-sink effect, which 
reduces further the efficacy of the treatment.1,2 On 
the other hand, MWA, which is a more recent ther-
mal ablation technique, is associated with higher in-
tratumoral temperatures, resulting in faster, larger, 
and more homogenous ablation compared to RFA.2 
Furthermore, MWA is less prone to heat-sink effect 
and can be utilized in tumors adjacent to vessels. 



Radiol Oncol 2021; 55(3): 247-258.

Spiliotis A et al. / Microwave ablation versus radiofrequency ablation248

According to the European Association for the 
Study of the Liver (EASL) recommendations, MWA 
showed promising results for local tumor control 
in patients with hepatocellular cancer (HCC).1 The 
guidelines by the American Association for the 
Study of Liver Diseases (AASLD) reported that 
MWA has potential advantages over RFA; how-
ever, further studies are required to provide safety 
and efficacy data.2 The Cochrane meta-analysis 
conducted in 2013 failed to provide evidence re-
garding the role of ablative methods in the treat-
ment of HCC since only one randomized clinical 
trial (RCT) with high risk of bias was available.3 
The last conducted meta-analysis in 2019 reported 
beneficial outcomes in favor of MWA.4 However, 
low quality randomized and observational stud-
ies, which were affected by confounding bias were 
included in this meta-analysis, which could influ-
ence the reliability of the outcomes. 

Despite the promising results of MWA in the 
treatment of liver cancer, efficacy and safety of 
MWA compared to RFA is unclear. Aim of this 
meta-analysis is to compare RFA and MWA in 
the treatment of HCC and liver metastases. Our 
hypothesis is that the beneficial characteristics of 
MWA are translated into better oncological out-
comes compared to RFA.

Methods
Inclusion and exclusion criteria 

A protocol was developed to pre-specify crite-
ria for including and excluding studies in the re-
view. Eligibility criteria were based on the PICO 
elements (population, interventions, comparators, 
and outcomes) plus a specification of the type of 
studies that have addressed these questions. RCTs 
and observational studies (prospective or retro-
spective cohort and case-control studies) were eli-
gible for inclusion. Studies conducted before 2010 
were excluded from the meta-analysis. 

Studies meeting the following criteria were in-
cluded: (1) population: adults with primary liver can-
cer or hepatic metastases; (2) interventions: RFA and 
MWA as monotherapy or combined with surgical re-
section; (3) MWA and RFA conducted percutaneous-
ly, laparoscopically, or through laparotomy; (4) com-
parators: effectiveness and safety of MWA compared 
to RFA; (5) outcomes: results provided data relative 
to complete ablation (CA), local tumor progression 
(LTP), intrahepatic distant (IDR), complications; (6) 
full text available in English or German; (7) studies 
with low or moderate risk of bias.

Exclusion criteria were the following: (1) studies 
with benign liver tumors; (2) pediatric population; 
(3) animal or in vitro studies; (4) RFA or MWA com-
bined with other interventions such as transarterial 
chemoembolization (TACE); (5) gender and geo-
graphical criteria were not utilized; (6) stage of liver 
cancer, size, and location of tumors did not consti-
tute exclusion criteria; (7) duplicate data.

Study outcomes 

Primary outcomes were the CA rates and the LTP. 
CA was defined as the no enhancement of the tu-
mor in the hepatic arterial or portal venous phase 
in dynamic enhanced imaging (CT, MRI), which 
was conducted after ablation. As incomplete abla-
tion was defined the enhancement of the tumor in 
dynamic enhanced imaging.5 As LTP was defined 
the reappearance of the tumor within or adjacent 
to the ablation zone during the follow-up period. 
Studies that reported recurrence rates without to 
define if that is local or distant were excluded from 
this analysis. In studies where 1-year, 3-year, and 
5-year LTP rates were reported, only the overall 
5-year LTP rate was included in the analysis. In 
the majority of cases, patients were presented with 
multinodular disease. For that reason, CA and LTP 
were recorded for every treated lesion. Studies, 
where LTP and CA were recorded per patient and 
not per lesion, were excluded from the analysis.

IDR and complications were included in the sec-
ondary outcomes. IDR was defined as distant re-
currence within the liver. In studies where 1-year, 
3-year, and 5-year IDR rates were reported, the 
overall 5-year rate was included in the meta-analy-
sis. Minor complications, which required no inter-
vention or were not associated with prolonged hos-
pital stay, were not included in the analysis. Major 
complications were defined as post-interventional 
events that lead to substantial morbidity or disabil-
ity, require intervention, and result in prolonged 
hospital stay.

A subgroup analysis was conducted, comparing 
CA and LTP for tumors ≤ 3 cm and tumors > 3 cm 
in diameter. RFA and MWA were compared sepa-
rately in patients diagnosed with HCC and colo-
rectal liver metastases (CRLM).

Search strategy and data collection

The systematic review was conducted according 
to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guide-
lines.6 A systematic search of MEDLINE (PubMed 
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and Ovid) and the Cochrane Central Register of 
Controlled Trials was conducted for relevant sys-
tematic reviews, RCTs, and observational studies. 
Access to Embase was not available for the review 
team. The search was accomplished in July 2020. 

The search strategy included the following key-
words: ((((“Carcinoma, Hepatocellular”[Mesh])) 
OR (hepatic tumor)) AND (“Radiofrequency 
Ablation”[Mesh])) AND (“Microwaves”[Mesh]). 
The search strategy was not limited by geographi-
cal criteria. English and German language articles 
were reviewed for inclusion. Studies conducted 
between 2010 and 2020 were screened. Reference 
lists of retrieved studies and relevant reviews were 
hand-searched. 

Eligibility for inclusion was evaluated in the ti-
tle and abstract of each publication. If the title and 
abstract were relevant to the review question, full-
text screening was conducted. Reviewers were not 
blinded to the name of authors and institutions. 
Screening of articles was conducted by two review-
ers. Discrepancies were resolved by consensus. If con-
sensus was not reached, discrepancies were resolved 
by adjudication from a third reviewer. Data were ex-
tracted independently by two reviewers and checked 
from a third reviewer. When further information was 
required during data extraction, the reviewers tried 
to contact the corresponding author with email.

Risk of bias assessment

Non-randomized studies were included since 
available RCTs were limited. The quality of RCTs 
and observational studies was assessed using the 
Cochrane Risk of Bias version 2 (RoB 2) tool and 
The Risk of Bias In Non-randomized Studies of 
Interventions (ROBINS-I) tool, respectively.7 Risk 
of bias was assessed independently by two review-
ers. In case of disagreement, a third author adju-
dicated the final judgement. High risk RCTs were 
excluded from the analysis. 

Non-randomized studies vary with respect to 
their intrinsic ability to estimate the causal effect of 
an intervention. Therefore, to reach reliable conclu-
sions and to eliminate the risk of bias in our results, 
only studies with low and moderate risk of bias 
were included in the meta-analysis. Studies with 
“Serious”, “Critical” risk of bias, or “No informa-
tion” were excluded from the meta-analysis. 

Review authors have defined confounding do-
mains in the review protocol. Confounding do-
main is a preintervention prognostic factor of the 
outcome that also predicts whether an individual 
receives RFA or MWA. Non-randomized studies 

were assessed as ‘Low Risk of Bias’ in this domain 
when patients in both groups were matched using 
propensity score based on the confounding fac-
tors. Surveys that compared confounding factors 
at baseline without propensity score matching and 
reported no statistical differences were included 
as studies with ‘Moderate Risk of Bias’. Finally, 
studies with statistically different baseline charac-
teristics or not reported or not compared baseline 
characteristics were assessed as ‘Serious Risk’ or 
‘Critical Risk’ and were excluded from the analysis. 

Statistical analysis

For all outcomes of interest, meta-analyses for 
the Odds Ratio (OR) have been performed. The 
amount of heterogeneity (measured by I2) among 
studies varied strongly between outcomes, rang-
ing from very low to substantially. However, in 
order to be consistent with respect to the model-
ling strategy, random effects estimates for the OR 
have been chosen for all outcomes. Sensitivity 
analyses for this modelling found high agreement 
between estimates derived from random and fixed 
effect models. Within the random effects model, 
the DerSimonian-Laird estimator8 has been used 
for the calculation of between-studies variance (τ2) 
in combination with the Mantel-Haenszel method9 
for the calculation of between-study heterogeneity 
statistic Q.10 Overall treatment effects (overall ORs) 
were derived from the random effects models and 
presented as point estimates and corresponding 
95% confidence intervals (CI). In all analyses, p-val-
ue < 0.05 was regarded as statistically significant.

The amount of heterogeneity among studies has 
been measured by the I  value. In addition, tests of 
heterogeneity were performed on the Q statistic, 
which provides p-values. Funnel plots have been 
created to examine publication bias in meta-anal-
ysis outcomes with more than five included stud-
ies. Asymmetry in funnel plots has been analyzed 
using Egger’s test of the intercept in meta-analysis 
outcomes with more than ten included studies.11 
For statistical analysis, the R software for statistical 
computing (R version 4.0.1, R Core Team, 2020) has 
been used in combination with the meta package 
and dmetar package.12

Results
Studies selection

A total of 716 publications were identified from 
database searching. After removing duplicates, 581 
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unique articles were screened for inclusion. During 
the title-abstract screening phase, a total of 531 ir-
relevant studies were excluded. Fifty articles were 
selected for full-text review. Thirty-five articles 
were excluded because of no comparison between 
RFA and MWA (n = 17), increased risk of bias in 
confounding domain for observation studies (n = 
14), combined treatment with TACE (n =1), and 
no relevant outcomes (n = 3). The RCT by Yu et al. 
was assessed as a trial with high risk of bias and 
was excluded from the meta-analysis.13 Finally, 15 
studies (four RCTs, one prospective study, ten ret-
rospective studies), were included in our review. 
PRISMA diagram is demonstrated in Figure 1.

Characteristics of included studies

Fifteen studies with a total of 2,169 patients were 
included in the analysis.14-28 The recruitment period 
ranged from 2001 to 2018. The sample size ranged 
from 40 to 460 patients. The average age across 
studies ranged from 52 to 68 years. The mean or 
median tumor size ranged from 1.7 cm to 3.75 
cm. All studies reported no significant differences 
in tumor size between the two treatment groups. 
Study characteristics and baseline characteristics 
are demonstrated in Table 1.

Eight studies evaluated the role of thermal abla-
tion in patients with HCC.14-16,18,22,24,26,28 Child-Pugh 

FIGURE 1. Prisma flow diagram. 

MWA = microwave ablation, RFA = radiofrequency ablation, TACE = transarterial chemoembolization
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score, which was estimated in the majority of stud-
ies, was not statistically different between RFA and 
MWA groups. In the retrospective study conduct-
ed by Potretzke et al., MELD score was estimated, 
which was similar in the RFA and MWA group.24 
Four studies included patients with hepatic me-
tastases of different origins17,19,25,27, whereas three 
studies included only patients with CRLM.20,21,23 In 
the RCT conducted by Di Vece et al., the primary 
origin of liver metastases was not reported.17

Quality assessment 

The quality of included RCTs was acceptable 
(Supporting Information, Figure S1). Two out of 
four RCTs were judged to be at low risk of bias 
across all domains.15,17 The RCT conducted by 
Abdelaziz et al. was judged to raise some concerns 
in bias due to deviations from intended interven-
tions since important non-protocol interventions 
during follow-up were not recorded.16 

Three studies reported the method of randomi-
zation and allocation sequence generation. Coin 
flip16 and centralized computer-generated rand-
omization15,17 were utilized as methods for random 
sequence generation. In these RCTs, the allocation 

sequence was adequately concealed. The study by 
Kamal et al. did not report the method of randomi-
zation and was judged to raise some concerns in 
the domain of bias arising from the randomization 
process.14 Simple randomization was used in two 
studies4,16, whereas the other two RCTs utilized 
blocked-restricted randomization.15,17 

Physicians, who conducted the ablations, were 
not blinded, since different equipment was utilized 
in each treatment modality. Patients were masked 
to the treatment in one trial.15 In two RCTs, inde-
pendent outcome assessors, who were masked to 
the treatment allocation, reviewed all images and 
recorded the outcomes.15,17 In the studies conduct-
ed by Kamal et al. and Abdelaziz et al., outcome as-
sessors were not blinded.14,16 However, the risk of 
bias due to blinding of outcome assessors was con-
sidered to be low, since assessment of CT or MRI 
imaging was objective and specific criteria were 
utilized for the evaluation of CA and LTP. 

All retrospective studies were judged to be at 
moderate risk of overall and confounding bias 
(Supporting Information, Table S1). Studies that 
evaluated the role of ablation in hepatic metastases 
did not report the histological stage of the primary 
tumors.19-21,23,25, 27 Two studies that included HCC 

TABLE 1. Study and baseline characteristics of studies included in the meta-analysis 

Study County Study Design Tumor RFA, n MWA, n Age, RFA Age, MWA Child-Pugh 
A/B/C, RFA

Child-Pugh 
A/B/C, MWA

Tumor size (cm), 
RFA

Tumor size (cm), 
MWA

Tumor lesions, 
RFA

Tumor lesions, 
MWA

Kamal 2019 (13) Egypt RCT HCC 28 28 55 55 22.6.2000 22.6.2000 3.28 ± 0.91 3.25 ± 0.92 34 34

Vietti Violi 2018 (14) France/ 
Switzerland RCT HCC 73 71 65 (median) 68 (median) 53/20/0 57/14/0 1.8 ± 0.71 1.8 ± 0.65 104 98

Abdelaziz 2014 (15) Egypt RCT HCC 45 66 56.8 ± 7.3 53.6 ± 5 24/21/0 25/41/0 2.95 ± 1.03 2.9 ± 0.97 52 76

Di Vece 2013 (16) Italy RCT HCC/ 
Metastases 20 20 59 (median) 63 (median) N/R N/R 3.2 (median) 3.6 (median) 20 20

Qian 2012 (17) China Prospective HCC 20 22 56 ± 11 52 ± 12 20/0/0 22/0/0 2 ± 0.5 2.1 ± 0.4 20 22

Sparchez 2019 (18) Romania Retrospective Metastases 44 17 60.18 ± 9.96 62.12 ± 10.73 - - 2.maj feb.55 62 20

Takahashi 2018 (19) USA Retrospective CRLM 54 51 N/R N/R - - 2.4 (median) 2.1 (median) 155 121

Shady 2018 (20) USA Retrospective CRLM 62 48 N/R N/R - - 1.8 (median) 1.7 (median) 85 60

Xu 2017 (21) China Retrospective HCC 159 301 54 ± 11 54.2 ± 11 140/19/0 278/23/0 1.7 ± 0.3 1.7 ± 0.3 159 301

van Tilborg 2016 (38) Netherlands Retrospective CRLM Total number of participants: 122 N/R N/R - - 2.apr 2.maj 151 48

Potretzke 2016 (23) USA Retrospective HCC 55 99 62 61 N/R N/R 2.apr 2.feb 69 136

Zhang X. 2014 (24) China Retrospective HCC/ 
Metastases 92 230 51.5 ± 14.3 55.7 ± 13.2 N/R N/R 5.4 ± 1.9 5.7 ± 2.1 173 349

Zhang L. 2013 (25) China Retrospective HCC 78 77 54 ± 10.5 54 ± 9.5 78/0/0 77/0/0 2.3 ± 0.4 2.2 ± 0.4 97 105

Liu 2013 (26) China Retrospective Metastases 54 35 53.1 ± 12.7 53.4 ± 15.3 - - 2.5 ± 1.0 2.3 ± 1.0 70 62

Ding 2013 (27) China Retrospective HCC 85 113 58.64 ± 8.52 59.06 ± 11.68 49/36/0 75/30/0 2.38 ± 0.81 2.55 ± 0.89 98 131

Age and tumor size are recorded as mean, mean ± standard deviation (SD), or median. 

CRLM = colorectal liver metastases, HCC = hepatocellular cancer, MWA = microwave ablation, RCT = randomized clinical trial, RFA = radiofrequency ablation, N/R = not reported
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patients did not compare the BCLC stage at base-
line.25,26 Tumor size was comparable between the 
two groups in all studies. 

Four studies were affected by selection bi-
as.18,20,22,23 In these studies, the number of exclud-
ed patients and the reason of exclusion were not 
reported. Bias due to deviations from intended 
interventions was seen only in the survey by van 
Tilborg et al.23 Eleven patients underwent retreat-
ments during follow-up, using the alternative abla-
tion technique. 

Meta-analysis outcomes

Complete ablation

Non-significant difference was found in CA rates 
between MWA and RFA (OR, 1.10; 95% CI, 0.78–
1.55; p = 0.5898) (Figure 2). No evidence of hetero-
geneity was found between the included studies 
(I2, 0%; τ2, 0%, p = 0.81). In order to evaluate the 
influence of retrospective studies in the results, a 
further analysis was performed, calculating OR 
separately for RCTs and retrospective studies 
(Supporting Information, Figure S2). Since only 
one prospective study was included in the meta-
analysis18, further stratification by prospective 
studies was not performed. For the four RCTs, 
meta-analysis outcomes remained consistent with 
the main overall results (OR, 1.28; CI, 0.54–3.05; p 
= 0.5706). Similarly, meta-analysis of the retrospec-

tive studies showed no significant difference be-
tween the two approaches (OR, 1.07; CI, 0.73–1.56; 
p = 0.7373). 

Local tumor progression

LTP rates were comparable between MWA and 
RFA (OR, 0.79; 95% CI, 0.53–1.20; p = 0.2689) 
(Figure 3). However, inter-study heterogene-
ity was significant (I2, 56%; τ2, 0.2556; p = 0.01). In 
the subgroup analysis, which included two RCTs, 
significantly reduced rates of LTP were found in 
the MWA group compared to RFA (OR, 0.40; 95% 
CI, 0.18–0.92; p = 0.03). Furthermore, inter-study 
heterogeneity was not significant (I2, 0%; τ2, 0; p = 
0.47). On the other hand, in the subgroup analysis 
of retrospective studies, the rates of LTP were simi-
lar in both groups (OR, 0.87; 95% CI, 0.55–1.39; p 
= 0.5731), whereas heterogeneity remained signifi-
cant (I2, 63%; τ2, 0.2766; p < 0.01) (Figure 4). 

Intrahepatic distant recurrence

Analysis of seven studies showed no statistical-
ly significant differences in IDR between MWA 
and RFA (OR, 0.73; 95% CI, 0.45–1.16; p = 0.1826) 
(Figure 5). Inter-study heterogeneity was signifi-
cant (I2, 56%; τ2, 0.1977; p = 0.03). Meta-analysis of 
RCTs showed no significant difference between the 
two procedures (OR, 0.66; 95% CI, 0.29–1.52; p = 
0.3266). No evidence of heterogeneity was found 

FIGURE 2. Forest plot of random-effects meta-analysis results for complete ablation rates in the MWA and RFA group.

CI = confidence interval, MWA = microwave ablation, OR = odds ratio, RFA = radiofrequency ablation
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between the two randomized trials (I2, 0%; τ2, 0; p 
= 0.52). Similarly, no difference between RFA and 
MWA was demonstrated when only retrospective 
studies were included in the meta-analysis (OR, 
0.79; 95% CI, 0.43–1.46; p = 0.4529). However, het-
erogeneity among retrospective studies was statis-
tically significant (I2, 75%; τ2, 0.2848; p < 0.01).

Complications

The most commonly reported major complications 
in both groups were subcapsular hepatic hema-
toma, perihepatic hematoma, arterial bleeding re-
quiring embolization or surgical treatment, hepatic 
abscess, biliary fistula, bowel perforation, abdomi-
nal wall skin burn, and pleural effusion. The risk 
of major complications was not different between 
the two approaches (OR, 0.80; 95% CI, 0.46–1.37; p 
= 0.4129) (Figure 6). In the subgroup meta-analysis, 
comparing RFA and MWA based on the type of 
study, results remained consistent without signifi-
cant differences in the rate of complications in the 
RCTs14-17 and retrospective studies.19,21,22,24,26-28 

Tumor size 

Four studies assessed the rates of CA in patients 
with tumor < 3 cm.6,18,24,28 Heterogeneity among the 
surveys was not significant (I2, 0%; τ2, 0; p = 0.54). 
Results of meta-analysis showed no significant dif-
ference in CA between RFA and MWA (OR, 2.18; 
95% CI, 0.34–13.88; p = 0.4095). For the outcome of 

LTP, three studies were included in the meta-anal-
ysis.18,24,28 Results revealed no significant differenc-
es between the two modalities (OR, 0.99; 95% CI, 
0.49–2.01, p = 0.9729).

Regarding tumors with size larger than 3 cm, 
three studies reported CA rates16,24,28 and two stud-
ies evaluated LTP.24,28 Meta-analysis showed no 
significant difference in CA and LTP between RFA 
and MWA (p = 0.7682; p = 0.8168, respectively).

Hepatocellular cancer

Meta-analysis showed no significant difference in 
CA between RFA and MWA in patients with HCC 
(OR, 1.18; 95% CI, 0.70–1.99; p = 0.5437). When only 
RCTs were included in the meta-analysis14-16, the 
results remained constant and significant differ-
ences were not found (OR, 1.20; 95% CI, 0.49–2.94; 
p = 0.6904).

LTP was not significantly different between RFA 
and MWA (OR, 0.77; 95% CI, 0.49–1.22, p = 0.2723). 
However, when only pooling RCTs15,16, rates of LTP 
were statistically decreased in the MWA group 
compared to RFA (OR, 0.40; 95% CI, 0.18–0.92, p = 
0.03). On the other hand, meta-analysis results of 
the retrospective studies22,24,26,28 showed no differ-
ence between the two procedures (OR, 0.92; 95% 
CI, 0.52–1.60; p = 0.7614).

Differences between RFA and MWA in the in-
cidence of IDR were not found (OR, 0.75; 95% CI, 
0.43–1.30; p = 0.3041). However, heterogeneity 
among surveys was significant (I2, 63%; τ2, 0.2594; 

FIGURE 3. Forest plot of random-effects meta-analysis results for local tumor progression in the RFA and MWA group.

CI = confidence interval, MWA = microwave ablation, OR = odds ratio, RFA = radiofrequency ablation



Radiol Oncol 2021; 55(3): 247-258.

Spiliotis A et al. / Microwave ablation versus radiofrequency ablation254

p = 0.02). Subgroup analysis of RCTs14,16 and retro-
spective studies22,26,28 showed no statistically differ-
ent results between the two procedures (p = 0.3266; 
p = 0.6975, respectively). Inter-study heterogeneity 
was not significant across RCTs; however, hetero-
geneity remained significant among retrospective 
studies. 

Colorectal liver metastases

CA and LTP were compared between RFA and 
MWA in patients with CRLM. Meta-analysis in-
cluded three retrospective studies.20,21,23 For both 
outcomes, no significant differences were found 
between the two procedures (p = 0.3441; p = 0.9826, 
respectively).

Publication bias

CA, LTP, IDR, complications, CA in HCC patients, 
LTP in HCC patients, and IDR in HCC patients 
were examined for publication bias (Supporting 
Information, Figure S3, S4). Results demonstrated 
a low risk of publication bias for the outcomes as-
sessed. Egger’s test was utilized in the outcomes 
with more than ten included studies. No obvious 

asymmetry or p-value < 0.05 were detected, which 
is associated with no evidence of publication bias. 

Discussion

RFA is currently one of the most widely used ther-
mal ablation modalities. On the other hand, utiliza-
tion of MWA has been increased the last years as 
a result of significant advancements in technology 
of new generation devices. These advancements 
are translated into higher temperatures and faster 
heating compared to RFA, large ablation volumes, 
and less heat sink effect.29 However, MWA has not 
been adequately compared with RFA and selection 
of appropriate treatment is not based on high level 
of evidence.30 On the basis of these considerations, 
we conducted the present meta-analysis to evalu-
ate the role of MWA in the treatment of liver cancer. 

Meta-analysis of CA rates, which included more 
than 2,500 tumor lesions, demonstrated no sig-
nificant differences between MWA and RFA. In 
the subgroup analysis of RCTs with 438 tumors, 
similar rates of CA were found between the two 
methods. Analysis of all included studies revealed 
no significant difference in LTP between MWA and 

FIGURE 4. Forest plot of random-effects meta-analysis results for local tumor progression in the RFA and MWA group based on the 
study type.

CI = confidence interval, MWA = microwave ablation, OR = odds ratio, RFA = radiofrequency ablation
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RFA. Since increased heterogeneity was detected 
among the studies, subgroup analysis of RCTs was 
conducted to decrease heterogeneity and to evalu-
ate the influence of observational studies on the 
outcomes. The RCTs by Abdelaziz et al. and Vietti 
Violi et al. included 255 patients with HCC and up 
to three lesions with less than 5 cm and 4 cm tumor 
size, respectively.15,16 Furthermore, new generation 
MWA devices with 2,450 MHz generators were uti-
lized. Meta-analysis of the two RCTs demonstrated 
statistically decreased rates of LTP in the MWA 
group. Specifically, LTP was reported in 5.2% and 
12.2% of tumor lesions treated with MWA and 
RFA, respectively. 

The finding of the RCTs is consistent with the 
physics and characteristics of radiofrequency and 
microwave energies. MWA is associated with high-
er temperatures, faster heating, larger ablation vol-
umes, and less heat sink effect compared to RFA, 
which are translated into better oncological out-
comes in terms of LTP in the present meta-analysis. 
On the other hand, meta-analysis of retrospective 
studies failed to demonstrate superiority of MWA 
over RFA, which is attributed to the significant in-
ter-study heterogeneity.

Consequently, though CA was comparable be-
tween the two procedures, LTP was beneficial in 
favor of MWA. These conflicting results are not 
surprising given the limitations associated with 
measurement and evaluation of complete ablation 
response. Imaging modalities cannot detect with 
100% accuracy whether neoplastic cells have been 
sufficiently ablated. For that reason, ablation re-
sponse cannot be considered as the most reliable 
indicator of treatment effectiveness. On the other 
hand, follow-up imaging examinations and LTP 

have been considered of great importance in de-
tecting treatment failure. LTP is the most reliable 
indicator of treatment effectiveness and can be uti-
lized as assessment tool of treatment efficacy.

IDR was comparable between the two ablative 
methods. Subgroup analysis of two RCTs dem-
onstrated similar rates of IDR between MWA and 
RFA. The RCT by Kamal et al. reported IDR rates 
of 18.2% at 12-month follow-up14, while the survey 
by Abdelaziz et al. reported rates between 13.6% 
and 22.22% at 27-month follow-up.16 The benefi-
cial outcomes in LTP were not associated with a 
decreased incidence of intrahepatic recurrence in 
the MWA group. This result is attributed to a va-
riety of factors, which are associated with cancer 
disease, underlying liver disease, and indications 
of treatment. Patients were oft assigned to treat-
ment based on tumor proximity to blood vessels 
or biliary tract. These tumors are characterized by 
increased incidence of local metastases, which in 
the majority of cases cannot be prevented with an 
effective ablation therapy. Furthermore, an under-
lying hepatic disease in patients with HCC or an 
advanced primary tumor in patients with hepatic 
metastases are predisposing factors for tumor re-
currence, which cannot be eliminated with an abla-
tion procedure.

The risk of complications was not significantly 
different between the groups and both procedures 
presented a limited number of adverse events. This 
finding is important since larger ablation zones, 
which are achieved through MWA, could be per-
ceived to cause more perioperative complications 
and damage to liver function compared to RFA. 
This assumption was refuted with the results of 
our meta-analysis. 

FIGURE 5. Forest plot of random-effects meta-analysis results for intrahepatic distant recurrence rates in the RFA and MWA group. 

CI = confidence interval, MWA = microwave ablation, OR = odds ratio, RFA = radiofrequency ablation
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CA and LTP were compared separately among 
patients with HCC and CRLM. As mentioned 
above, results derived from the two RCTs in HCC 
patients showed statistically decreased rates of LTP 
following MWA compared to RFA.15,16 In the pre-
sent meta-analysis, only three retrospective stud-
ies compared the two methods in patients with 
CRLM; consequently, reliable conclusions cannot 
be drawn, though results showed no significant 
difference. 

In accordance with our results, previous stud-
ies reported similar rates of CA between RFA and 
MWA.4,31-34 Glassberg et al. reported statistically de-
creased rates of LTP in the MWA group compared 
to RFA. Systematic reviews and meta-analyses 
conducted before 2015 reported comparable rates 
of LTP between RFA and MWA.31-34 However, re-
sults were derived from studies that in many cases 
utilized first generation MWA devices. In our me-
ta-analysis, studies published before 2010 were ex-
cluded to eliminate this factor. Since the majority 
of surveys in our analysis utilized new generation 
devices, which provide controlled and enhanced 
ablation, beneficial results of MWA over RFA can 
be attributed to this factor.

Subgroup analysis showed no difference be-
tween RFA and MWA for tumor size less or larger 
than 3 cm. Similar to our findings, Luo et al. con-
cluded that CA and LTP were comparable between 
RFA and MWA in tumors with diameter larger than 
3 cm.34 In contrast to our results, Facciorusso et al. 
reported significantly decreased incidence of LTP 

in the MWA group compared to RFA when meta-
analysis was restricted to studies with high tumor 
burden.32 However, the authors failed to define the 
size of lesions with high tumor burden. This sub-
group analysis was performed without clear crite-
ria and results should be evaluated with caution. 

In contrast to our results, Glassberg et al. found 
that LTP in patients with tumor sizes > 2.5 cm was 
statistically reduced in MWA group compared to 
RFA.4 However, authors did not report the stud-
ies that were included in this subgroup analysis. 
For that reason, level and quality of evidence can-
not be assessed. At this point, we should mention 
that Glassberg et al. included observational studies 
with low quality, which were excluded from our 
meta-analysis, since were associated with high risk 
of confounding bias and insufficient comparison 
of baseline characteristics.35-40 Furthermore, studies 
that compared RFA or MWA combined with TACE 
were included in the meta-analysis by Glassberg et 
al., which could influence the results of the ablation 
methods. 

Contrary to our findings, the meta-analysis con-
ducted by Glassberg et al. reported that distant 
recurrence was significantly reduced by 15% with 
MWA compared to RFA when only RCTs were in-
cluded in the subgroup meta-analysis.4 These re-
sults were derived from the RCTs conducted by 
Abdelaziz et al. as well as by Yu et al.13,16 The sec-
ond RCT was assessed as high risk of bias in all 
domains during full-text screening in our study. 
Consequently, results from a high risk study can-

FIGURE 6. Forest plot of random-effects meta-analysis results for complication rates following RFA and MWA.

CI = confidence interval, MWA = microwave ablation, OR = odds ratio, RFA = radiofrequency ablation
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not be assessed as reliable and interpretation 
should be performed with caution. 

The findings in the present meta-analysis should 
be interpreted in view of certain limitations. First, 
observational studies without randomization were 
included in the analysis, which is associated with 
potential confounding, selection, measurement, 
and reporting bias. In order to eliminate bias attrib-
uted to observational studies, only surveys with 
low or moderate overall risk of bias were included. 
Second, significant inter-study heterogeneity was 
observed for certain outcomes. In these cases, in-
fluence of retrospective studies on the results and 
sources of heterogeneity were examined with sub-
group analysis of RCTs and retrospective studies 
separately. Third, different MWA and RFA devices 
were utilized across the surveys, which could in-
fluence the results of our analysis. Since various 
devices were used, a subgroup analysis based on 
the type of devices was not possible. Fourth, lim-
ited number of studies included patients with liver 
metastases or CRLM. Consequently, further RCTs 
are required to compare MWA with RFA in pa-
tients with hepatic metastases.

In addition, in the present study, the proved su-
periority of MWA over RFA in terms of LTP cannot 
be translated into better long-term oncological out-
comes, since survival outcomes were not evaluat-
ed. Overall survival and disease-free survival were 
not included in our analysis, since limited data can 
be drawn from the available studies. The majority 
of surveys were retrospective in design and have 
included patients with no 100% matching in onco-
logical characteristics. Furthermore, some patients 
underwent simultaneously surgical resection and 
ablation. Survival of these patients is multifactor in 
etiology and causality. Regarding patients with liv-
er metastases, neoadjuvant or adjuvant treatment 
and tumor stage were not 100% similar between 
the two groups. For that reason, survival after ab-
lation is associated with several parameters, which 
could not be attributed only to the effectiveness of 
the ablative procedures. In fact, LTP and CA are 
generally considered the best indicators of treat-
ment effectiveness for ablative methods rather than 
overall survival or disease-free survival. 

The meta-analysis is strengthened by its broad 
inclusion of 15 studies with a total of 2,169 patients. 
In contrast to other meta-analyses, low quality 
studies were excluded. Consequently, results were 
derived from high or moderate quality studies. 
Taking into consideration the results of the present 
meta-analysis, we suggest that MWA should be the 
ablation method of choice in the treatment of HCC. 

Finally, since the majority of studies included pa-
tients with HCC, further RCTs are required to eval-
uate the role of ablation treatments in patients with 
liver metastases.
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Background. The aim of the study was to derive and compare metabolic parameters relating to benign and ma-
lignant pulmonary nodules using dynamic 2-deoxy-2-[fluorine-18]fluoro-D-glucose (18F-FDG) PET/CT, and nodule perfu-
sion parameters derived through perfusion computed tomography (CT).
Patients and methods. Twenty patients with 21 pulmonary nodules incidentally detected on CT underwent a 
dynamic 18F-FDG PET/CT and a perfusion CT. The maximum standardized uptake value (SUVmax) was measured on 
conventional 18F-FDG PET/CT images. The influx constant (Ki) was calculated from the dynamic 18F-FDG PET/CT data 
using Patlak model. Arterial flow (AF) using the maximum slope model and blood volume (BV) using the Patlak plot 
method for each nodule were calculated from the perfusion CT data. All nodules were characterized as malignant 
or benign based on histopathology or 2 year follow up CT. All parameters were statistically compared between the 
two groups using the nonparametric Mann-Whitney test.
Results. Twelve malignant and 9 benign lung nodules were analysed (median size 20.1 mm, 9–29 mm) in 21 patients 
(male/female = 11/9; mean age ± SD: 65.3 ± 7.4; age range: 50–76 years). The average SUVmax values ± SD of the benign 
and malignant nodules were 2.2 ± 1.7 vs. 7.0 ± 4.5, respectively (p = 0.0148). Average Ki values in benign and malig-
nant nodules were 0.0057 ± 0.0071 and 0.0230 ± 0.0155 min-1, respectively (p = 0.0311). Average BV for the benign and 
malignant nodules were 11.6857 ± 6.7347 and 28.3400 ± 15.9672 ml/100 ml, respectively (p = 0.0250). Average AF for 
the benign and malignant nodules were 74.4571 ± 89.0321 and 89.200 ± 49.8883 ml/100g/min, respectively (p = 0.1613).
Conclusions. Dynamic 18F-FDG PET/CT and perfusion CT derived blood volume had similar capability to differentiate 
benign from malignant lung nodules.

Key words: pulmonary nodule, perfusion, CT, dynamic, PET/CT

Introduction

Pulmonary nodules are detected with increasing 
frequency due to widespread use of computed to-

mography (CT).1,2 The prevalence of incidental pul-
monary nodules on standard CT studies is around 
13%, while lung cancer screening will detect lung 
nodules in up to 53% of subjects, leading to a lung 
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cancer prevalence of around 1.4% (0.5–2.7%).3 The 
optimal diagnostic approach for the management 
of indeterminate pulmonary nodules has been the 
subject of much discussion.4 

The widely accepted guidelines published by the 
British Thoracic Society (BTS) and the Fleischner 
Society recommend the minimum nodule diam-
eter thresholds and CT follow-up time intervals 
for surveillance of solitary nodules smaller than 8 
mm.3,5 For nodules of ≥ 8 mm (300 mm3), the BTS 
guidelines recommend risk assessment using the 
Brock model. The above guidelines recommend 
either 3-month CT follow-up, work-up with posi-
tron emission tomography (PET) with 2-deoxy-
2-[fluorine-18]fluoro-D-glucose (18F-FDG), tissue 
sampling, or resection for nodules of ≥ 8mm. CT 
characterisation using only morphological features 
is imprecise6,7, leading to an increased interest in 
computer-based radiomics assessment.8–15 Serial 
CT imaging to monitor nodule size can be problem-
atic as nodule growth varies with different cancers 
and causes patient anxiety.16–18 18F-FDG PET has 
high sensitivity but lower specificity of 82% for de-
tecting malignant pulmonary nodules, particularly 
in those smaller than 10 mm.19 Imaging guided 
sampling of small nodules is also difficult, is asso-
ciated with complications, and its diagnostic yield 
decreases further as nodule size decreases.3,20,21 

Neovascularisation is a complex process known 
to be central to carcinogenesis.22 Advances in the 
imaging technology in the last two decades have 
enabled the study of perfusion characteristics 
within pulmonary nodules.23–27 As benign and ma-
lignant lesions have different vascularity, different 
perfusion parameters and dynamic 18F-FDG up-
take properties can be expected.27-32

The purpose of this pilot study was to evaluate 
the feasibility and accuracy of CT perfusion and 
dynamic 18F-FDG PET imaging in differentiating 
proven benign and malignant pulmonary nodules.

Patients and methods

This single-centre prospective study was ap-
proved by the local Research Ethics Committee 
(13/SS/0153) and written informed consent was ob-
tained from all participants. 

Between December 2014 and December 2015, 
20 consecutive patients who were referred to our 
respiratory outpatient clinic for an indeterminate 
incidental pulmonary nodule were recruited. The 
inclusion criteria were: a) incidentally detected soft 
tissue (solid) pulmonary nodules measuring ≥ 8 

mm and < 30 mm on CT, b) either surgical excision, 
imaging guided biopsy or imaging follow up of 
the nodule planned. The exclusion criteria were: a) 
abnormal renal function, b) previous adverse reac-
tion to iodinated contrast agent, c) known history 
of malignancy, d) pregnancy or breast feeding, e) 
patients who refused or were unable to provide in-
formed consent.

The patients underwent a dynamic 18F-FDG PET/
CT and dynamic perfusion CT imaging within a 3 
week time frame (mean, 6.4 days: range 1–18 days). 
Due to technical reasons, the dynamic PET data 
could not be used in 4 patients for the analysis, one 
of these patients had two synchronous nodules. CT 
perfusion analysis was performed in 17 of the nod-
ules. One patient declined the CT perfusion scan 
and 3 patients had significant breathing artefact on 
the scans, rendering analysis non-feasible. All nod-
ules were classified into either benign or malignant 
on the basis of a histopathological diagnosis (n = 
16), or stability during 2 years follow up CT imag-
ing (n = 5).

Dynamic PET/CT image acquisition

All patients were fasted for at least six hours before 
the imaging. Following a low dose CT scan for at-
tenuation correction and localisation (120 kV, 50 
mAs, 5/3 mm), patients were administered 400 MBq 
of 18F-FDG intravenously, and a dynamic 60 minute 
image acquisition was performed using a Siemens 
Biograph PET/CT scanner (Siemens Healthcare, 
Erlangen, Germany). Respiratory-gated PET data 
were reconstructed using a 15-frame protocol (7 
frames×180 s, 7×300 s, 1×240 s), a matrix size of 
256×256×53 with a voxel size of 2.65×2.65×3.00 mm3, 
and subsets expectation maximization (OSEM) 
method. A conventional PET/CT scan was per-
formed on completion of the dynamic phase of the 
scan at 1 hour after injection of the tracer.

Perfusion volume CT acquisition

Dynamic perfusion CT scans were performed as 
previously described 25,28,33,34 on a 320-detector 
row CT scanner (Aquilion ONE; Toshiba Medical 
Systems, Tokyo, Japan) with 16 cm field of view 
coverage. Imaging was performed at 0, 2, 4, 6, 8, 
10, 12, 14, 16, 18, 20, 24, 30, 40, 50, 60, 90, 120 sec-
onds, 3 minutes, 4 minutes, and 10 minutes follow-
ing the intravenous injection of 70 ml of iodinated 
contrast (Iomeron 400 mg/ml, Bracco, Milan, Italy) 
followed by a 30 ml bolus of saline both at 9 ml/s 
through a 16 G cannula sited in the ante cubital fos-
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sa. Acquisition parameters were 100 kV, 100 mA, 
0.5 seconds rotation time, 320 x 0.5 mm collimation, 
512 x 512 matrix.

Image analysis

Dynamic PET/CT

Reconstructed images were imported into PMOD 
3.409 software (PMOD Technologies, Zurich, 
Switzerland) and the input function was deter-
mined by placing a spherical volume of interest 
(VOI) with diameter of 1 cm in the ascending aorta. 
VOIs were drawn around the pulmonary nodules 
semi-automatically with a threshold of 50% of the 
maximum voxel value within the nodule, and then 
the VOIs were copied to the dynamic imaging se-
quence to obtain the time activity curves (TACs) 
(Figure 1). The influx constant Ki (min-1 or (ml 
plasma)*(ml tissue)-1*min-1)) was determined by 
Patlak analysis.35 The Patlak plot model is a graphi-
cal analysis technique based on a 2-tissue com-
partment model with irreversibly trapped tracer. 
A mathematical transformation of the tissue com-
partment and plasma TACs produces a straight 
line plot which provides information about the 
blood volume (BV) of the tissue compartment and 
the exchange rate (Ki) (Figure 2). 

Conventional PET/CT scan 

The maximum standardised uptake value (SUVmax) 
was measured for each nodule on conventional 
FDG PET/CT images. For the semi-quantitative 
analysis, the mean standardised uptake values 
(SUVmean) were measured of the ascending aorta at 
the level of the arch, and within the right lobe of the 
liver. SUV ratios (SUR) were calculated between 
the nodule SUVmax, and the SUVmean of the medi-
astinal blood pool (SURBLOOD) and liver (SURLIVER). 
Criteria for malignancy were specified as SUVmax 
≥2.5; SURBLOOD ≥1.56; SURLIVER ≥1.12. Qualitative as-
sessment PET features were specified as following: 
0 = no visible uptake; 1 = uptake less than medias-
tinal blood pool; 2 = uptake comparable to medias-
tinal blood pool; 3 = uptake greater than mediasti-
nal blood pool; 4 = distant metastases. Qualitative 
specified criteria for malignancy was PET grade ≥ 
3.36,37 VOIs were placed over the nodules, the as-
cending aorta at the level of the arch, and within 
the right lobe of the liver for determination of 
the SUVmean and SUVmax values using OsiriX soft-
ware (OsiriX, version 8.0.1 64 bit; OsiriX Imaging 
Software, Geneva, Switzerland).

Perfusion CT

Perfusion analysis was performed using Body 
Perfusion Application on a Vitrea Workstation 
(Vitrea fX 6.0; Vital Images, Minnetonka, MN, 
USA). Regions of interest (ROIs) were placed over 
the pulmonary nodules and contralateral lung pa-
renchyma (diameter range, 7–29 mm) on all per-
fusion CT images. Arterial input was determined 
by placing 1 cm ROI over the main pulmonary 

FIGURE 1. Dynamic PET images of a small pulmonary nodule in the left upper lobe 
and corresponding time activity curve (TAC) of the nodule displayed by PMOD 
3.409 software.

FIGURE 2. Patlak plot derived from the tissue time activity curve (TAC) and the 
input function (plasma TAC). The Patlak plot becomes linear after the tracer 
concentrations in reversible compartments and in plasma are in steady state.
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artery. Time-density graphs were then reviewed 
and adjustments to start point and end point of the 
maximum slope were made if needed to define the 
optimal slope range. Arterial flow perfusion maps 
overlaying CT images were visually analysed and 
ROIs were placed over the nodules to obtain the 
equivalent blood volume parameter calculated by 
Patlak plot model (BV, expressed in ml per 100 ml) 
and Arterial Flow (AF, expressed in ml per 100g 
per minute) using single-input maximum slope 
model for calculation.

Statistical analysis

All results were expressed as mean ± standard de-
viation (SD) unless indicated. Ki and perfusion in-
dices BV and AF of benign and malignant nodules 
were statistically compared using the nonparamet-
ric Mann-Whitney U test. The accuracy of the dif-
ferent techniques and parameters was tested with 
area under the curve (AUC) in receiver operating 
characteristic (ROC) analysis with 95% confidence 
interval (CI). Comparison between the ROCs was 
performed using DeLongs test. Youdin index anal-
ysis was used to derive the optimised cut-point 
values. Mann-Whitney U test and ROC curve anal-
yses were performed on GraphPad Prism version 
8.2.1 for Windows (GraphPad Software, San Diego, 
CA, USA). Youdin index analysis and nonpara-
metric DeLongs test were performed on MedCalc 
Statistical Software version 19.8 (MedCalc Software 
Ltd, Ostend, Belgium; https://www.medcalc.org; 

2021). A p value < 0.05 was considered statistically 
significant.

Results 

The demographic data, average nodule size, 
SUVmax, metabolic parameter relating to the pul-
monary nodules through dynamic 18F-FDG PET/
CT, and perfusion parameters through perfusion 
CT for the benign and malignant nodules are sum-
marised in Table 1 and Figure 3. We analysed 21 
soft tissue nodules in 20 patients (male/female = 
11/9; mean age ± SD: 65.3 ± 7.4; age range: 50–76 
years) with mean nodule diameter ± SD of 20.1 ± 
7.5 mm (9–29 mm); mean nodule volume ± SD: 2849 
± 2338.7 mm3 (247–9348 mm3). 52% of the nodules 
were located in the upper lung lobes (right upper 
lobe 7/21, left upper lobe 4/21), 48% were in mid-
dle and lower lung lobes (right middle lobe 2/21, 
right lower lobe 6/21 and left lower lobe 2/21). Final 
diagnosis was determined after surgical resection 
in 10 patients, core CT guided biopsy or bronchos-
copy in 6 patients, and over 2 years stability on fol-
low up CT imaging in 5 patients.

As shown in Table 1 and Figure 3, SUVmax de-
rived from the conventional 18F-FDG PET/CT and 
Ki derived from dynamic 18F-FDG PET/CT were 
significantly higher in malignant nodules than in 
benign nodules. Also, the Patlak model derived 
BV on perfusion CT was significantly higher in 
malignant nodules. The difference in AF between 

TABLE 1. The demographic data, average nodule size, standardized uptake value (SUVmax), metabolic parameter relating to the 
pulmonary nodules through dynamic 18F-FDG PET/CT, and perfusion parameters through perfusion CT for the benign and malignant 
nodules

Benign Nodules Malignant Nodules p value

Total Number of nodules 9 12

Number of male patients (%) 5/9 (55 %) 6/12 (50 %)

Average patient age (years ± SD) 63 ± 7.5 68 ± 6.7

Average nodule size, range (mm) 18, 9–29 22, 12–30

Average SUVmax 18F-FDG PET/CT ± SD 2.2 ± 1.7 7.0 ± 4.5 0.0148

Number of nodules analysed for dynamic 18F-FDG PET/CT 7 9

Average Ki ± SD (min-1) 0.0057 ± 0.0071 0.0230 ± 0.0155 0.0311

Number of nodules analysed for perfusion CT parameters 7 10

Average BV ± SD (Patlak, ml/100ml) 11.6857 ± 6.7347 28.3400 ± 15.9672 0.0250

Average AF ± SD (ml/100g/min) 74.4571 ± 89.0321 89.2000 ± 49.8883 0.1613

AF = Arterial flow; BV = blood volume; Ki = influx constant; SD = standard deviation; SUV = standardized uptake value 



Radiol Oncol 2021; 55(3): 259-267.

Marin A et al. / Can dynamic imaging help characterise pulmonary nodules? 263

the benign nodules and malignant nodules was not 
statistically significant. 

The benign outlier on 18F-FDG PET/CT (SUVmax 
= 6.3) and dynamic 18F-FDG PET/CT (Ki = 0.0179 
min-1) was an 18 mm nodule of inflammation and 
fibrosis (Figure 3A and B). The perfusion CT indi-
ces BV and AF in this nodule were relatively low, 
3.8 ml/100ml and 51.5 ml/100g/min, respectively 
(Figure 3C and D). The two malignant outliers 
on conventional 18F-FDG PET/CT and dynamic 
18F-FDG PET/CT were 12 mm and 16 mm mu-
cinous adenocarcinomas in situ (12 mm nodule 
with SUVmax = 0.7 and Ki=0.0015 min-1 (BV and AF 
analysis non-feasible due to respiratory motion ar-
tefact); 16 mm nodule with SUVmax = 1.0, Ki = 0.0033 

min-1, BV = 48.8 ml/100ml and AF = 154.1 ml/100g/
min) (Figure 3A and B). The mean CT densities of 
these two nodules on unenhanced CT images were 
16.3HU and 15.9HU, while the mean density ± 
SD of all benign and malignant nodules analysed 
was 24.55 ± 12.01 HU. The benign outlier in AF on 
perfusion CT was a 10 mm perivascular epithe-
lioid cell tumour (PEComa), AF = 272.7 ml/100g/
min (Figure 3D). The BV in this nodule was 20.5 
ml/100ml, the 18F-FDG PET/CT indices were low, 
SUVmax = 0.7 and the Ki = 0.001 min-1.

Table 2 and Figure 4A show diagnostic accuracy 
of conventional PET/CT derived parameters with 
pre-specified and derived cut-point values though 
ROC analysis.36,37 SURBLOOD parameter had overall 

A B C D

TABLE 2. Comparison of the diagnostic accuracy of different techniques and parameters with pre-specified and derived cut-point values for malignancy

Parameter Cut-point value/grade Sensitivity (95% CI) Specificity (95% CI) Accuracy

SUVmax

Pre-specified ≥ 2.5* 75.0% (46.8 to 91.1%) 66.7% (35.4 to 87.9%) 71.4%

Derived ≥ 3.4 75.0% (46.8 to 91.1%) 88.9% (56.5 to 99.43%) 81.0%

SURBLOOD

Pre-specified
≥ 1.56 83.3% (55.2 to 97.0%) 88.9% (56.5 to 99.4%) 85.7%

Derived

SURLIVER

Pre-specified ≥ 1.12 83.3% (55.2 to 97.0%) 66.7% (35.4 to 87.9%) 76.2%

Derived ≥ 1.65 75% (46.8 to 91.1%) 88.9% (56.5 to 99.4%) 81.0%

SUV grade Pre-specified & Derived ≥ 3 66.7% (39.0 to 86.2%) 77.8% (45.3 to 96.0%) 71.4%

Ki Derived ≥ 0.01 min-1 77.8% (45.2 to 96.0%) 85.7% (48.7 to 99.3%) 81.3%

BV Derived ≥ 21 ml/100ml 70% (39.7 to 89.2%) 100% (64.6 to 100%) 82.4%

AF Derived ≥ 65 ml/100g/min 70% (39.7 to 89.2%) 85.7% (48.7 to 99.3%) 76.5%

* = adding cut-points standardized uptake value (SUVmax) ≥ 1.75 and ≥ 3.6 for nodules < 12 mm and > 16 mm, respectvely,37 resulted in sensitivity, specificity and accuracy of 
72.7%, 70.0% and 71.4%, respectively;

AF = Arterial flow; BV = blood volume; CI = confidence interval; Ki = influx constant; SUR = SUV ratios; SUV = standardized uptake value

FIGURE 3. (A) standardized uptake value (SUVmax), (B) Dynamic 18F-FDG PET/CT influx constant (Ki), (C) Perfusion CT parameters blood volume (BV) and 
(D) Average arterial flow (AF) of the benign and malignant nodules.
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highest accuracy, however, pairwise comparison of 
AUCs showed no significant difference (p = 0.5308 
vs. SUVmax; p = 1.0000 vs. SURLIVER; p = 0.1083 vs. PET 
grade). ROC analysis and diagnostic accuracy for 
the diagnosis of malignancy by dynamic 18F-FDG 
PET/CT parameter Ki, and perfusion CT indices BV 
and AF compared to SURBLOOD are further detailed 
in Table 2 and Figure 4B. Pairwise comparison of 
AUCs of SURBLOOD, Ki, BV and AF showed no sig-
nificant difference in their diagnostic performances 
(p > 0.1 for all comparisons).

Discussion

Our results demonstrate that the metabolic param-
eter Ki of dynamic 18F-FDG PET/CT and the BV pa-
rameter of perfusion CT are significantly lower in 
benign nodules.

Our study showed that the diagnostic accuracy 
of the conventional 18F-FDG PET/CT was best when 
semi-quantitative assessment and measuring the 
uptake ratio of the lung nodule to the mediastinal 
blood pool with cut-point criteria for malignancy 
SURBLOOD ≥1.56 was used. This has been confirmed 
in a larger multicenter trial by Evangelista et al.36 
Different to the SPUTNIK trial which has shown 
SUVmax to be the most accurate and reproducible 
technique with a caveat of introducing additional 
cut-point values altered according to the nod-
ule size, we did not see significant improvement 
in diagnostic accuracy when replicating the mul-
tiple cut-points in our group of nodules (see * in 
Table 2).37 

The accuracies of the new metabolic parameter 
Ki and perfusion parameter BV were not signifi-

cantly different to the conventional 18F-FDG PET/
CT. The derived Ki cut-point for malignancy was 
≥0.01 min-1 resulting in sensitivity/specificity/ac-
curacy of 77.8%/85.7%/81.3%, respectively. This is 
in good agreement with Ki cut-point ≥0.014 min-

1 reported in the study by Huang et al. (n = 35).26 
The derived BV cut-point value of ≥21 ml/100ml 
for malignancy showed comparable diagnostic ac-
curacy to conventional and dynamic 18F-FDG PET/
CT parameters. The high specificity of BV demon-
strated in our nodules would need to be confirmed 
in larger studies. 

The benign outlier on dynamic 18F-FDG PET/CT 
with a high Ki parameter histopathologically repre-
sented inflammation (Figure 3B). Higher metabolic 
activity is not only a feature of malignant cells, it 
can be observed in inflammatory nodules due to 
increased glucose metabolism in granulocytes and 
macrophages in a range of diseases, including 
fungal and necrobiotic rheumatoid nodules, sar-
coidosis, tuberculosis, and other granulomas.38,39 
Dual time PET/CT did not prove to be useful for 
differentiating benign and malignant pulmonary 
nodules with an SUVmax less than 2.5 in regions 
with high prevalence of granulomatous disease.40,41 
Huang et al. showed that dynamic 18F-FDG PET/
CT is valuable in differentiating benign from ma-
lignant pulmonary nodules with the potential to 
differentiate malignant from granulomatous dis-
ease.26 Our study showed limited diagnostic accu-
racy of the dynamic 18F-FDG PET/CT in assessing 
inflammatory nodules.

The malignant outliers on dynamic 18F-FDG 
PET/CT with low Ki parameters were histopatho-
logically mucinous adenocarcinoma in situ. Other 
malignant nodules in which low metabolic activity 
can be measured on 18F-FDG PET/CT are minimal-
ly invasive adenocarcinoma, carcinoid, and lung 
lymphoma.38,42 Another important finding was 
that both malignant nodules with low metabolic 
activity were of lower CT density analysed on the 
initial perfusion CT images but also appreciable on 
low-dose CT scan of PET/CT examination. Further 
studies on low density lung nodules are needed 
for evaluation of using lower cut-point values for 
malignancy in conventional and dynamic PET/
CT. Malignant lung nodules with low CT density 
and measuring less than 1 cm are known to have 
low metabolic activity on conventional 18F-FDG 
PET/CT.43,44 Berger et al. have reported up to 41% 
of lung lesions to be false-negative on conventional 
18F-FDG PET/CT in analysis of 25 mucinous, hy-
pocellular lung lesions (3/9 false negative lesions 
were ≤ 2 cm, range, 1–5 cm).45 Our study showed a 

FIGURE 4. Comparison of AUCs on ROC curves (A) SUVmax, SURBLOOD, SURLIVER, PET 
grade and (B) SURLIVER, Ki, BV and AF.

95% CI, p values for SUVmax / SURBLOOD / SURLIVER / PET grade / Ki / BV / AF: 0.6264 to 1.000, 0.0157/ 
0.6486 to 1.000, 0.0105/ 0.6550 to 1.000, 0.0105/ 0.507 to 0.956, 0.0756/ 0.602 to 1.000, 0.0300/ 0.6322 
to 1.000, 0.0248/ 0.4342 to 0.9944, 0.1432.
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limited diagnostic accuracy of the dynamic 18F-FDG 
PET/CT in assessing low density malignant pulmo-
nary nodules with Ki cut-point set at 0.01 min-1. 

Dynamic enhancement CT studies help identify 
false positive results in both inflammatory and in-
fective conditions, and sometimes in benign vascu-
lar tumours.46,47 The perfusion CT parameters for 
the inflammatory nodule in our study were low and 
indicative of a benign lesion despite high metabolic 
activity on 18F-FDG PET/CT. We have shown that 
the parameters of perfusion CT of both malignant 
nodules with low metabolic activity were higher 
than the BV and AF in benign nodules. Therefore, 
our findings indicate parameters of perfusion CT 
may aid in the identification of benign nodules with 
high glucose metabolic activity and in the identifi-
cation of malignant nodules with low glucose meta-
bolic activity. Ohno et al. have shown that perfusion 
CT is more specific and accurate than conventional 
18F-FDG PET/CT.24,29 Our study on a small sample 
of cases suggests that perfusion CT also performs 
better than dynamic 18F-FDG PET/CT.

The AF parameter of the perfusion CT obtained 
by the maximum slope method was not signifi-
cantly different between benign and malignant 
nodules. Benign nodules had a lower AF param-
eter value than malignant nodules overall with one 
significant benign outlier with markedly high AF. 
Histopathologically, this represented an extremely 
rare ‘light cell’ or ‘sugar type’ PEComa. There are 
only about 50 cases of this neoplasm described in 
the literature.48,49 PEComas are more commonly 
found as angiomyolipomas in the kidneys, or as le-
sions in the retroperitoneal space, gastrointestinal 
tract, or uterus. Only 7 cases of malignant pulmo-
nary PEComa have been reported.50 A case report 
of a benign pulmonary PEComa showing early 
wash-in enhancement with an early washout pat-
tern of a malignant lesion on perfusion CT has been 
reported by Kim et al.51 Despite a markedly high 
AF, the PEComa had a BV just under the cut-point 
value for malignancy and a low metabolic param-
eter Ki of dynamic 18F-FDG PET/CT. The BV param-
eter in combination with low Ki parameter proved 
to be more reliable for defining this extremely rare 
histological type of a pulmonary nodule. 

Our study has limitations. This pilot study was 
performed in a small sample of patients and ap-
propriately powered studies will be required for 
further validation. The mean nodule size was 18 
mm for benign and 22 mm for malignant nodules, 
which would not normally be referred for imaging 
follow-up. The BTS and Fleischner Society recom-
mended lower thresholds for nodule follow up (5 

mm and 6 mm, respectively). More novel recon-
struction methods in PET/CT such as specific point 
spread function (PSF) are enabling better spatial 
resolution and enable its use in 6 mm pulmonary 
nodules.52 

Perfusion CT is quite demanding on patients 
with a prolonged breath-hold, which limits the 
availability of reliable data in some patients. All 3 
nodules in which analysis was non-feasible due to 
the significant breathing artefact were near the dia-
phragm (2 in the right lower lobe and 1 in the right 
middle lobe). Segmentation of the pulmonary nod-
ules on image analysis is restricted when the im-
ages were affected by respiratory motion artefact, 
especially in small nodules which were also abut-
ting the chest wall or mediastinal structures. Some 
authors recommend quiet breathing during the 
perfusion CT scans but this is only acceptable in 
larger lung masses.53 There is a need for further op-
timisation of nodule segmentation and advanced 
image registration techniques that allow accurate 
assessment of pulmonary nodules without need 
for long breath-hold.23,54 The effective radiation 
dose for dynamic 18F-FDG PET/CT was around 8 
mSv and for perfusion CT around 20 mSv. The ra-
diation dose for perfusion CT can be improved by 
reducing the field of view from 16 cm to the nod-
ule only and reducing tube voltage in smaller size 
patients.55 

Potential increase in the demand for these not 
widely available novel dynamic imaging studies 
would consequently put additional strain on the 
imaging departments with increased demand for 
scanner time, funding and training of the staff. 
Limited capacity for a wider use of the dynamic 
imaging in lung nodules could be overcome by de-
veloping systems of identification of nodules with 
highest diagnostic benefit from dynamic imaging. 
A multicentre prospective cohort observational 
study initiated in 2016 is set to assess the perfor-
mance and the cost-effectiveness of the dynamic 
CT and PET/CT in the characterisation of solitary 
pulmonary nodules.56

The small sample size limits the assessments of 
accuracy in our study. However, on this small sam-
ple we showed increase diagnostic improvement in 
the accuracy of diagnosis in both dynamic studies 
when compared to the conventional 18F-FDG PET/
CT. Specificity in Ki and BV on our small sample 
size were higher at the estimated threshold values 
of 0.01 min-1 and 21 ml/100ml, respectively. This 
would need to be confirmed in larger studies.

Early identification of a lung nodule as benign 
or malignant by analysing its metabolic and per-
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fusion parameters could reduce the need for CT 
to monitor lung nodule size, thereby reducing the 
number of CT scans required. It could also reduce 
the need for CT guided biopsy or other invasive 
procedures. Patients with malignant lung nod-
ules could thus be identified more quickly and 
referred for radical treatment. With our study, we 
have demonstrated the potential of perfusion CT. 
The BV parameter assessed by perfusion CT was 
not only significantly lower in benign nodules, it 
also aided in correctly characterising the metaboli-
cally active inflammation, hypervascular benign 
PEComa and low density malignancy.

In conclusion, this study demonstrated the fea-
sibility of dynamic 18F-FDG PET/CT and CT per-
fusion studies in differentiating benign and ma-
lignant pulmonary nodules. The dynamic 18F-FDG 
PET/CT and perfusion CT derived blood volume 
can assist to differentiate benign and malignant 
lung nodules and in indeterminate cases, a com-
bined approach can be helpful. 
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Introduction. The aim of the study was to review the appearances of Morel-Lavallée (ML) lesions on magnetic 
resonance imaging (MRI).
Patients and methods. 14 patients diagnosed with the ML lesion on MRI were analysed retrospectively (mean age 
= 35 years). Mechanism of injury, time frame from injury to MRI, location, shape, T1 and proton-density fat-suppression 
(PDFS) signal intensity (SI), presence of a (pseudo)capsule, septations or nodules within the collection, mass effect and 
fluid-fluid levels were analyzed. The Mellado and Bencardino classification was utilized to classify the lesions.
Results. In most cases, mechanism of injury was distortion. Mean time frame between the injury and MRI was 17 days. 
Lesions were located around the knee in 9 patients and in the peritrochanteric region in 5 patients. Collections were 
fusiform in 12 patients and oval in 2 patients. 9 collections were T1 hypointense and PDFS hyperintense. 4 collections 
had intermediate T1 and high PDFS SI. 1 collection had intermediate T1 and PDFS SI. (Pseudo)capsule was noted in 3 
cases. Septations or nodules were found in 4 cases. According to the Mellado and Bencardino, collections were clas-
sified as seroma (type 1) in 9, subacute hematoma (type 2) in 1 and chronic organizing hematoma (type 3) in 4 cases.
Conclusions. Characteristic features of ML lesion include a fusiform fluid collection between the subcutaneous fat 
and the underlying fascia after shearing injury. Six types can be differentiated on MRI, with the seroma, the subacute 
hematoma and the chronic organizing hematoma being the commonest.

Key words: Morel-Lavallée; soft-tissue injury; hematoma; magnetic resonance imaging

Introduction

Morel-Lavallée (ML) lesion has initially been 
presented by a French surgeon Victor Auguste 
Francois Morel-Lavallée in 1863, who described it 
as fluid collection which dissects the subcutaneous 
fat tissue.1

In most cases, it is a post-traumatic, closed, de-
gloving soft-tissue injury caused by direct trauma 
or shearing forces, resulting in abrupt separation 
of skin and subcutaneous tissue from the underly-
ing fascia.2-4 Consequently, a dead space is formed, 
which can potentially fill with haemolymph, debris 
and fat, resulting in a formation of heterogeneous 
collection.2-3,5-6,7-9

Peritrochanteric region is particularly sensitive 
to this injury because of the increased mobility of 
the soft tissue in this area, the superficially located 
bone, strong underlying fascia lata attaching to the 
iliotibial band and a rich vascular plexus piercing 
the fascia lata.5,7,8

Clinically it usually presents as an enlarging pain-
ful swelling.2 Clinical presentation and the imaging 
techniques are keys to a diagnosis. Ultrasound (US) 
is an excellent imaging modality for the evaluation 
of superficial soft tissues and collections. However, 
owing to both high contrast resolution and demon-
stration of deep tissues, magnetic resonance (MRI) 
is a gold standard for the identification and evalua-
tion of the ML lesion.2-4,6-8,10,11
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ML lesion can present with various shapes and 
signal intensities in standard MRI sequences due 
to the different stages and contents of the lesions. 
This can lead to underrecognition and misinterpre-
tation of the ML lesions by the radiologists. In or-
der to prevent complications such as infections or 
extensive tissue necrosis it is essential to diagnose 
and manage the lesion in a timely manner.2-4,7,10

In the literature, several forms of ML lesions 
have been described. In 2005, an extensive six-stage 
imaging-based classification on the shape of lesion, 
signal intensity (SI) on T1 and T2-weighted images, 
presence of the fibrous capsule, contrast enhance-
ment and sinus tract formation capsule was pro-
posed by Melado and Bencardino (Table 1).11

A type 1 ML lesion is a seroma, exhibiting fluid-
like characteristics. It is seen as homogeneously 
hypointense on T1 and hyperintense on T2 MRI 
(Figure 1).5,12 It can be acute or chronic and is most-
ly noncapsulated.5,11

A type 2 ML lesion is a subacute hematoma, 
which appears homogenously hyperintense on 
both, T1 and T2 MRI.5,9,12 The cause of high T1 SI 
is the presence of methaemoglobin. In the early 
subacute hematoma, the methaemoglobin is first 
observed in the periphery. With time it becomes 
more homogeneously distributed.5,11,13  These le-
sions mostly have a hemosiderin-rich capsule on 
T1- and T2-WI. From time to time internal inhomo-
geneity can be seen, due to the fluid-fluid levels, 
internal septations and entrapped fat globules.5,13

Occasionally, patchy internal enhancement af-
ter intravenous contrast administration can be ob-
served due to the presence of capillaries, which can 
lead to false interpretation of the lesion as a soft-
tissue tumour. The subacute hematomas can be 
further divided in early and late subacute hemato-
mas. The early ones are more homogeneous, while 
the late ones often present with a fibrous capsule 
and are seen as heterogeneous.5,14

A type 3 ML lesion is a chronic organizing he-
matoma, with hypo- or intermediate SI on T1 and 
as heterogeneous intermediate on T2 sequences. 
The heterogeneous signal is seen due to the con-
tent of the lesion: hemosiderin granulation tissue, 
necrotic debris, fibrin and blood clots (Figure 2).11 
Because of neovascularization and granulation tis-
sue, patchy internal and peripheral enhancement 
can be seen on post-contrast MRI.5,12 These types of 
lesions may be surrounded by a hemosiderin-rich 
fibrous capsule.5,14

Type 4-6 ML lesions are the chronic ones, of-
ten presenting atypically. A type 4 ML lesion is 
a closed fatty tissue laceration with a perifascial 

dissection. It can be associated with or without a 
serous/haemorrhagic collection.5,11 The collection 
is seen with low T1 SI and high T2 SI. It is not sur-
rounded by a capsule and it enhances variably.5,14

A type 5 ML lesion is located perifascially and 
has a pseudonodular appearance. Occasionally, 
a peripheral enhancement and skin retraction are 
seen.5,11

A type 6 ML lesion is an infected lesion, it often 
presents with a thick capsule, internal septations, 
peripheral fluid leakage, inflammation of the adja-
cent fat tissue and fascia and sometimes even with 
an associated sinus tract.5,11 The aim of our study 
was to retrospectively analyse the series of patients 
with ML lesions based on the Mellado-Bencardino 
classification and evaluate its presentations on 
MRI.

FIGURE 1. Morel-Lavallee lesion type 1. A 33-years-old professional skier 2 weeks after 
a fall. A large fusiform collection (arrows) between the subcutaneous fat and fascia 
lata demonstrating low signal intensity (SI) on T1 WI (A) and high SI on proton density 
fat-saturated image (PDFS) (B) in coronal plane indicating clear fluid i.e. seroma.

FIGURE 2. ML lesion type 3. A 34-year-old male after a distortion. On axial proton-
density fat-suppression (PDFS) MRI (A) a fusiform fluid collection with hypointense 
debris is demonstrated between the deep subcutaneous fat and layers of medial 
patelofemoral ligament (arrows). On T1 weighted sagital image (B), in moderately 
hypointense collection several fat globules are visible (thin arrow).

A B
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Patients and methods

The study design was a single-center retrospective 
review, performed accordingly to the Declaration 
of Helsinki and approved by the local ethics com-
mittee. The search identified fourteen patients; ten 
male and four female. Their age ranged between 
11–67 years with the mean age 34.8 years. The 
examinations were performed with various MRI 
scanners. MRI protocol consisted of T1 sequence 
in at least one plane and proton density fat-sup-
pressed sequences (PDFS) in several planes. In ad-
dition, T2 sequence without fat suppression was 
utilized several times. Intravenous (I.V.) contrast 
was not administered in any case.

The mechanism of injury as well the time frame 
between injury and MRI were recorded, when 
provided. Additionally, the imaging reports and 
MRI images were reviewed. Also, the possible ad-
ditional imaging modalities were identified. The 
following characteristics of the MR-images were 
evaluated by the radiology resident (first author) 
and musculoskeletal (MSK) radiologist with 14 
years of experience (second author) in consensus: 
location, shape, signal intensity (SI), presence of a 
(pseudo) capsule, septations or nodules within the 
collection, mass effect and fluid-fluid levels.

Results
Mechanism of injury and time frame 
between the injury and MRI

In five patients out of fourteen (30.1%) the mecha-
nism was distortion, in 3/14 patients (21.4%) fall, 
2/14 (14.3%) were athletes without acute injury, 
1/14 (7.1%) patient kneeled and one (7.1%) was in-
jured in a motor vehicle accident. In 2/14 patients 
(14.3%), the mechanism of injury was unknown. 

For 11/14 patients (78.6%) the time frame be-
tween the injury and MRI was 4 days to 4 months, 
with mean time of 17 days. For 3/14 patients (21.4%) 
the time frame was unknown.

Additional ultrasound 

Only one patient (7.1%) had an ultrasound before 
the MRI. One patient (7.1%) had a follow-up ultra-
sound.

MRI characteristics
Location and shape

The collections were located around the knee in 
9/14 patients (64.3%) and in the peritrochanteric 
region in 5/14 (35.7%) patients.

The majority (12/14, 85.7%) of collections was 
fusiform and only 2/14 (14.3%) had oval shape.

MRI signal intensity and lesion classification

Most collections (9/14, 64.3%) were T1 hypointense 
and PDFS hyperintense (Figure 1). 4/14 (28.5%) 
collections had intermediate T1 and high PDFS SI 
(Figure 2). 1/14 (7.1%) collection had intermediate 
T1 and PDFS SI. (Pseudo)capsule was noted in 3/14 
cases (21.4%). Septations or nodules were found 
in 4/14 (28.5%) cases. No cases with mass effect or 
fluid-fluid levels were observed. Additionally, in 
5/14 (35.7%) cases fat globules were found. Also, in 
10/14 (71.4%) cases the oedema of subcutaneous fat 
was noted without lacerations.

The collections were classified according to the 
Mellado-Bencardino classification as seroma – type 
1 in 9/14 (64.3%), subacute hematoma – type 2 in 
1/14 (7.1%) and chronic organizing hematoma – 
type 3 in 4/14 (28.5%).

TABLE 1. MRI classification of Morel-Lavallee lesions according to Mellado-Bencardino12

Lesion type T1W T2W Morphology Other

Type 1 - Seroma Homogenously 
hypointense seroma

Hyperintense 
collection Laminar No evidence of outer capsule 

formation

Type 2 – Subacute hematoma Homogenously 
hyperintense

Homogenously 
hyperintense Oval Presence of methaemoglobin

Thin capsule formation

Type 3 – Chronic organizing 
hematoma Hypointense

Heterogeneous 
hypointense/
isointense

Oval
Thick capsule formation
Capsular and internal enhacement 
on postcontrast sequences

Type 4-Closed laceration Hypointense Hyperintense Linear No capsule formation

Type 5-Small, rounded 
pseudonodular appearance Variable Variable Round Variable capsule formation

Type 6-Superimposed infection Variable Variable Variable sinus tract Thick enhancing capsule
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Discussion

To our knowledge, the presented study is one of 
larger cohorts in the published literature, in par-
ticular with the focus on the MRI. ML lesions most 
commonly occur around the greater trochanter, al-
though they can be found around the knee, trunk, 
peri-scapular etc.2-3,5-7,10,11,15 Sometimes the collec-
tions may extend through thin sinus tract far from 
the original location (Figure 3). The location of the 
ML lesion around the knee was more frequent in 
our cohort than previously reported. Frequently, 
small fluid collections in the deep subcutaneous 
tissues around the knee joint are interpreted as 
simple seroma or hematoma whereas they could 
be also described as ML lesion. Alternatively, in 
the clinical practice, prepatellar fluid collections 
are commonly interpreted as a bursitis, which may 
represent the differential diagnosis. Prepatellar 
ML lesions often extend medially or laterally and 
proximally to the mid-thigh whereas a prepatellar 
bursitis does not extend beyond the mid-coronal 
plane and the boundaries of normal and slightly 
swollen bursa.16,17 The exact definition of loca-
tion might represent a challenge in the definition 
and classification of the ML lesions in the future. 
However, the distinction may not be clinically rele-
vant as treatment is often the same. A chronic hem-
orrhagic prepatellar bursitis may mimic a type 3 
ML lesion.14,18 The shapes of the lesions were in line 
with the previous reports.5 Septations and nod-
ules, as well as fat globules, were less frequent in 
the presented group than in a published literature5, 
probably owing to a small patient group. The pres-
ence of intralesional fat globules (Figure 4) is not 
pathognomonic, although they may be found in 
some subacute hematomas.19 However, their find-
ing may contribute to the characterization of the 

collection as the ML lesion.20,21 On the other hand, 
they are not among criteria of Mellado-Bencardino 
classification.

Most collections in the study group were clas-
sified as the Type 1 lesions. This could possibly be 
explained with the relative short time frame be-
tween the injury and the MRI. We could not find 
the time frame data in previous published reports. 
The results of less frequent type 2 and type 3 le-
sions are in line with other reports.5

We did not encounter type 3–6 lesions according 
to Mellado-Bencardino classification, possibly ow-
ing to their rarity, variable presentations on MRI, 
short time-frame between the injury and MRI, and 
a small patient group. Similar results were found 
in other small series.5

In the presented cohort, routine PDFS sequences 
were utilized as fluid-sensitive fat-suppressed se-
quences. The Mellado-Bencardino classification is 
based on T1/T2 MRI protocol, as it was most prob-
ably derived from MRI of soft tissue tumours as 
well as from other MSK protocols in mid-2000s, 
when it was introduced. The PDFS sequence was 

FIGURE 4. Fat globule and concomitant injury. In this 14-year-old boy with unknown time and mechanism of injury, a small fusiform fluid collection is 
visible at the right side between deep subcutaneous fat and fascia lata with low T1 (A) and high proton-density fat-suppression (PDFS) (B) SI (thin arrows) 
on coronal images. Note also a large fat globule in the lesion (short thick arrows). In addition, on the left side (C), an small avulsion of the sartorious 
tendon off the anterior superior iliac spine is visible (long thick arrow).

FIGURE 3. Extension of the Morel-Lavallée (ML)  lesion. Same patient as in the Figure 1. 
On axial proton-density fat-suppression (PDFS) images, a thin communication (thin 
arrows) between gluteus maximus muscle and the deep gluteal fat connects the 
primary lesion (thick short arrow) and another collection posteriorly (thick arrow). 
Note also the mild oedema signal of the gluteus maximus muscle and gluteal fat 
indicating contusions.

A B C



Radiol Oncol 2021; 55(3): 268-273.

Srot Volavc T and Rupreht M / MRI of the Morel-Lavallée lesion272

mostly not utilized routinely in the MSK MRI at the 
time, however owing to its robustness it has been a 
MSK workhorse since 2010, when the routine role 
of non-fat-suppressed T2 sequence was reduced. 
Therefore, to be strict, the classification in the pre-
sented series could be characterized as »Mellado-
Bencardino related«. Furthermore, as in routine 
MSK MRI trauma settings, no contrast had been 
administered in the presented series. However, 
owing to other typical findings, follow-up exami-
nation with contrast was not indicated in any case. 
Modified MRI protocols, as well as not encounter-
ing types 3–6 lesions, might both imply the possi-
ble opportunity for an update and simplification of 
the Mellado-Bencardino classification to the three 
stages in the future. This should be verified in stud-
ies with larger patient cohorts and clinical correla-
tion.

The specific location between the subcutaneous 
tissue and the fascia, the imaging signs and knowl-
edge of the classification system may all be helpful 
in the differential diagnosis with other fluid-filled 
collections in the soft tissues.5 In addition to bursi-
tis, described above, other differential possibilities 
include soft tissue masses and other posttraumatic 
collections. Among soft tissue masses, sarcomas 
represent the most dangerous possibility which 
can mimic type 1 or 3 ML lesion. In short, sarco-
mas, as vascularized tumours, mostly demonstrate 
contrast enhancement, whereas collections do not. 
However, in most cases, particularly in trauma set-
ting, I.V. contrast is not administered, as it was not 
in the presented cohort, as mentioned. Therefore, 
caution is warranted and low threshold to follow-
up MRI with contrast or US Doppler examination 
(the role of US contrast in these settings is yet to 
be evaluated) should be set, particular in growing 
masses.

Other possible differential diagnoses include fat 
necrosis, where MRI signal depends on timing af-
ter trauma. It may appear spiculated or more lami-
nar22 and may sometimes mimic a type 4 ML le-
sion.11 Another possibility is pseudolipoma, which 
can develop after blunt trauma as well as iatrogenic 
after surgery and hematoma.11 On MRI, it usually 
presents as subcutaneous lipomatous mass with-
out capsule or contrast enhancement.23

Owing to their superficial location, most of 
ML lesions can be detected with ultrasound (US). 
Interestingly, only one patient in the presented 
cohort had had US examination performed before 
the MRI. This could be explained with the lack of 
data of possible US examinations performed out-
side our institution. Mostly, similar as on MRI, the 

US appearance depends on their age, often with 
heterogenous echogenicity. The latter depends on 
the degradation stage of the blood products; acute 
and subacute (up to a month) lesions will appear 
heterogeneous with irregular margins and lobular 
shape. Over the time, the blood products will liq-
uefy and become more hypoechoic. Chronic lesions 
(more than 18 months) are more often homogenous 
with smooth margins.7,20,21,24 MRI, however, enables 
more detailed analysis of deeper tissues and dem-
onstration of possible concomitant muscle, nerve 
and bone injuries (Figures 4, 5). In our opinion, 
it is therefore preferred imaging modality at least 
before possible invasive therapeutic procedures or 
clinical suspicion of possible extension in different 
compartments, larger collections, superinfections 
or unclear differential diagnosis.5 Nevertheless, US 
could be an excellent method for the follow-up of 
the lesion, particularly in conservatively managed 
cases, as well as in suspected complications after 
invasive treatment.

Computed tomography (CT) has minor role in 
the evaluation of the ML lesions. They may, how-
ever, incidentally show-up in the examinations, 
performed for the evaluation of possible bone inju-
ries. On CT, they may demonstrate with fluid-fluid 

FIGURE 5. Concomitant injuries. Same patient as in Figure 1 
and 3. In proton-density fat-suppression (PDFS) coronal image, 
a mild hyperintensity of adductor muscles is visible (thick arrow) 
indicating mild distension without fibre disruption. In addition, 
note secondary cleft sign (thin arrow) at the lower right 
edge of the pubic symphysis indicating possible injury of the 
rectus/adductor aponeurosis. In such case, a dedicated MRI 
examination might be warranted.
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levels and lower densities than simple hematomas 
owing to mixing of low-density lymphatic fluid.4 
Therefore, they may be easily overlooked, especial-
ly in the bone window.

Treatment of the ML lesion depends on the sta-
dium. It varies from compression banding, aspira-
tion or incision and evacuation, with or without 
injection of sclerosing agents.14,25

The lack of US data in the presented cohort rep-
resents a limitation of the presented study. Another 
limitation could be the lack of the data of further 
clinical and imaging management because most 
patients were outpatients who were lost to follow-
up. However, both were not primary purposes of 
the study.

Conclusions

Morel-Lavallée lesion results from the traumatic 
separation of the skin and subcutaneous fat from 
the underlying fascia where a fusiform fluid col-
lection is demonstrated on imaging. On MRI, six 
types of ML lesion can be differentiated, with the 
seroma, the subacute hematoma and the chronic 
organizing hematoma being the most frequent 
presentations. Knowledge of the most common 
locations, imaging signs and classification system 
may be helpful in the differential diagnosis. The re-
sults of the presented study, as well as the modified 
MRI protocols in the last decade, might suggest the 
opportunity for the possible update and simplifica-
tion of the Mellado-Bencardino classification.
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Introduction. Radiation-induced cavernomas (RIC) after cranial radiotherapy have an unknown risk of hemor-
rhage. Zabramski magnetic resonance imaging (MRI) classification is touted as being able to indicate non-radiation-
induced cavernomas hemorrhage risk. The aim of our study was to assess the hemorrhage risk of RIC during long-term 
follow-up of childhood cancer survivors based on brain MRI examinations.
Patients and methods. We analyzed retrospectively long-term follow-up data of 36 childhood cancer survivors af-
ter initial diagnosis with acute leukemia (n = 18) or brain tumor (n = 18), all treated with cranial radiotherapy. Detected 
RIC in long-term follow-up brain MRI (1.5 or 3 Tesla) were classified following the Zabramski MRI classification and were 
categorized into “high” (Zabramski type I, II or V) or “low” (type III or IV) risk of hemorrhage.
Results. 18 patients (50%) showed RIC with a significant relation to the original tumor entity (p = 0.023) and the cu-
mulative radiation dose to the brain (p = 0.016): all 9 childhood cancer survivors diagnosed with medulloblastoma 
developed RIC. We classified RIC in only 3/36 childhood cancer survivors (8%) (1 patient with acute lymphoblastic 
leukemia [Zabramski type II] and 2 patients with medulloblastoma [type I and type II]) as high risk for hemorrhage, 
the remaining RIC were classified as Zabramski type IV with low risk for hemorrhage. None of the childhood cancer 
survivors with RIC showed symptomatic hemorrhages. 
Conclusions. RIC are common late effects in childhood cancer survivors treated with cranial radiotherapy affect-
ing half of these patients. However, only a few RIC (occurring in 8% of all reviewed childhood cancer survivors) were 
classified as high risk for hemorrhage and none of the childhood cancer survivors with RIC developed symptomatic 
hemorrhages. Thus, we conclude that RIC are low-risk findings in brain MRI and the course is mainly benign.

Key words: childhood cancer survivors; cranial radiotherapy; cavernomas; hemorrhage; brain magnetic resonance 
imaging
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Introduction

In recent decades, the percentage of children who 
can be cured from cancer has increased steadily, 
resulting in a growing number of childhood can-
cer survivors worldwide.1 However, many of these 
childhood cancer survivors develop chronic health 
conditions emerging years to decades later as a 
consequence of cancer therapy.2 Compared with 
chemo- or immunotherapy, late effects of radiation 
often occur in the former treated field, leading to 
subsequent neoplasms.3 The cumulative radiation 
dose correlates with rates of subsequent tumors 
in the central nervous system (CNS) that include 
mostly meningiomas or gliomas.4 

Furthermore, cranial radiotherapy is known to 
increase the risk of de novo formation of cerebral 
cavernomas (syn. cavernous angiomas, cavern-
ous hemangiomas, cavernous malformation) as 
well, which also occur sporadically or following 
a familial etiology and represent benign venous 
malformations with low flow and low pres-
sure.5,6 However, while other radiation-induced 
neoplasms in most cases lead to rather clear-cut 
monitoring or therapy recommendations ac-
cording to an interdisciplinary consensus, the 
handling approach for radiation-induced caver-
nomas (RIC) has yet to be defined, particularly in 
the context of the follow-up of childhood cancer 
survivors focused on here. Although the majority 
of cavernomas follow a complication-free course 
and do not require intervention, we are already 
aware of a tendency to symptomatic intracranial 
hemorrhage with potentially considerable clinical 

impact and even subsequent need for surgery.7-10 
But so far systematic investigations concerning 
the hemorrhage risk of RIC, in particular, are not 
available.

Brain magnetic resonance imaging (MRI) is the 
modality of choice for the detection and follow-up 
imaging of cavernomas.11,12 In 1994, Zabramski et 
al. defined a grading system for familial caver-
nomas depending on MRI findings (Table 1).13 
Nikoubashman et al. took up this classification in 
the recent past and investigated criteria to calcu-
late prospective annual hemorrhage rates of cav-
ernomas.14 The study showed high bleeding risks 
for Zabramski type I (29.8%), type II (20.1%) and 
a proposed new type V (23.1%) and low bleeding 
risks for type III and IV (3.4% and 1.3% respective-
ly). But in their study patients with a history of ir-
radiation were explicitly excluded.14

Thus it remains unclear whether Nikouba-
shman’s interpretation of the MRI appearance of 
cavernomas based on the Zabramski classification 
might be helpful for estimation of the hemorrhage 
risk of RIC. We would like to help clarify this and 
therefore set our sights on assessing for the first 
time the risk of hemorrhage of RIC in the long-term 
follow-up of childhood cancer survivors with brain 
MRI in this case series.

Patients and methods

This study was approved by the Institutional 
Review Board of the University of Luebeck (14–
180, 18–087). 

TABLE 1. MRI classification of cerebral cavernomas according to Zabramski et al.: type I, type II and an additionally proposed new type V are 
associated with higher prospective hemorrhage rates, as published by Nikoubashman et al. in connection with non-radiation induced cavernomas13,14

Lesion type MRI signal characteristics Pathological characteristics

Type I
T1: hyperintense core 
T2: hyper- or hypointense core with surrounding 
hypointense rim

Subacute hemorrhage, surrounded by a rim of hemosiderin-
stained macrophages and gliotic brain

Type II
T1: reticulated mixed-signal core 
T2: reticulated mixed-signal core with surrounding
hypointense rim

Loculated areas of hemorrhage and thrombosis of varying ages,
surrounded by gliotic, hemosiderin-stained brain; in large lesions,
areas of calcification may be seen

Type III

T1: iso- or hypointense core 
T2: hypointense with a hypointense rim that magnifies the size 
of the lesion
GE: hypointense with greater magnification than T2

Chronic resolved hemorrhage, with hemosiderin staining within 
and around the lesion

Type IV
T1: poorly seen or not visualized at all 
T2: poorly seen or not visualized at all 
GE: punctate hypointense lesions

Two lesions in the category were pathologically documented as 
telangiectasias

Type V T1 and T2: visible parts in the center of the actual cavernoma; 
the cavernoma is not fully distinguishable from hemorrhage

GE = gradient echo sequence
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Patients 

We retrospectively analyzed 36 childhood cancer 
survivors out of 252 patients who were examined 
in the late effects clinic at the University Medical 
Center Schleswig Holstein in Luebeck over a pe-

riod of 6 years (03/2014–02/2020). We limited the 
analysis to patients with acute leukemia or brain 
tumors who had been treated with cranial radio-
therapy (alone or as part of total body irradiation) 
and had received cranial imaging as part of their 
follow-up. Additionally, at least 2 brain MRI ex-
aminations (1 at the time of the initial tumor diag-
nosis and at least 1 in the follow-up) were required 
for inclusion in the study. The patients at the late 
effects clinic (i) were younger than 18 at cancer di-
agnosis, (ii) were at least 18 at first follow-up in the 
clinic and iii) survived at least 5 years after the end 
of cancer therapy. Exclusion criteria for the study 
were (i) active malignancy and (ii) lack of consent. 
See the flowchart of the patient selection process 
in Figure 1.

Magnetic resonance imaging of the brain 
including detection and classification of 
radiation-induced cavernomas

All patients received cranial imaging with at least 
one follow-up MRI of the brain on 1.5 or 3 Tesla scan-
ners. The MRI sequence protocol for detection and 
classification of RIC included a T1, T2 and T2*/sus-
ceptibility weighted imaging. Available brain MRI 
examinations were assessed and compared by two 
experienced neuroradiologists in consensual deci-
sions. RIC were consensually detected and classified 
following the Zabramski classification and catego-
rized into “high” (≥ 1 type I and/or II and/or type V, 
in accordance with the proposal of Nikoubashman 
et al.14) or “low” (only type III and/or IV) risk of hem-
orrhage. Furthermore, other intracranial tumors as 
well as leukoencephalopathy and brain atrophy 
were analyzed. Leukoencephalopathy was graded 
into “mild” (focal lesions with hyper-intense signal 
in T2), “moderate” (confluent lesions) and “exten-
sive” (diffuse lesions). Detected brain atrophy was 
divided semi-quantitatively into “mild”, “moder-
ate” and “severe”.

Statistical analysis

Clinical and imaging data were collected in a 
standardized pseudonymized data file. Most data 
were analyzed in a descriptive manner. For statis-
tical analysis we used the software IBM® SPSS® 
(IBM Corp. Released 2016. IBM SPSS Statistics for 
Windows, Version 24.0. Armonk, NY: IBM Corp.). 
Categorical variables were analyzed in contingen-
cy tables using chi-squared test, or, if applicable, 
with the Fisher exact test. Mann-Whitney U test 
was used to compare continuous variables. 

FIGURE 1. Flowchart of the patient selection process.

* = craniopharyngeoma, ependymoma, germinoma, medulloblastoma; 
ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; 
CR = cranial radiotherapy; LTFU = long-term follow-u; MRI = magnetic 
resonance imaging; TBI = total body irradiation
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For the calculation of a possible association be-
tween the age at the initial tumor diagnosis (acute 
leukemia or brain tumor) and the occurrence of 
RIC the patients were dichotomized into the two 
groups “younger age” (≤ 8 years) and “older age” 
(> 8 years) based on the median age calculated in 
this collective.

Statistical significance was accepted at p < 0.05.

Results
Childhood cancer survivors

The study group of childhood cancer survivors 
consisted of 36 patients with the diagnosis of acute 
leukemia or brain tumor. At the time of the initial 
cancer diagnosis their age ranged from 1 to 25 years 
(median 8 years, interquartile range [IQR] 5–14 
years). There were 19 female (median 7 years, IQR 
3–14 years) and 17 male (median 10 years, IQR 6–15 
years). We found no significant difference in the age 
profile between the two gender groups (p = 0.505).

In particular, initial childhood cancer diagnoses 
were acute lymphoblastic leukemia (ALL) (n = 13), 
acute myeloid leukemia (AML) (n = 5), pilocytic 
astrocytoma (n = 2), intracranial germinoma (n = 
3), medulloblastoma (n = 9) and ependymoma (n 
= 3) with need for cranial radiotherapy and poly-
chemotherapy. 

The median period of the last long-term follow-
up examination in our late effects clinics after ini-
tial tumor diagnosis was 18 years (IQR 13–29). 

Cranial radiotherapy

Cranial radiotherapy was applied in conventional 
fractionation for patients with ALL, AML, pilo-
cytic astrocytoma and germinoma. However, in 
patients with medulloblastoma, cranial radiother-
apy was given in conventional fractionation or as 
hyperfractionated treatment. Moreover, one pa-
tient with craniopharyngeoma was treated with 
proton therapy. The exact cumulative radiation 
dose to the brain could not be evaluated in this 
case. In patients with acute leukemia, total body 
irradiation consisted of 2 x 2.0 Gray (Gy) daily in 
three consecutive days. See Table 2 for scheme of 
cranial radiotherapy according to treatment pro-
tocols.

The median cumulative radiation dose in the 35 
patients analyzed was 30.6 Gy (IQR 12–55 Gy). In 
all patients, no serious radiation-induced toxicities 
were reported. Individual`s cumulative radiation 
doses to the brain are listed in Table 3.

Follow-up brain magnetic resonance 
imaging and findings of radiation-
induced cavernomas 

Childhood cancer survivors received between 2 and 
31 MRI examinations of the brain and we analyzed 
in total 383 MRI examinations. Radiation-induced 
meningiomas were found in four patients (11%), 
one of whom had 2 and another had 5 meningiomas. 
Furthermore, in one patient we found a possible 
vestibular schwannoma, which, however, could 
not be reliably distinguished from an aneurysmal 
bone cyst via imaging. Gliomas were not detected 
in long-term follow-up. Leukoencephalopathies 
were found in 28 patients (78%), while 12 of those 
28 (43%) were mild, 10 were moderate (36%) and 
6 extensive (21%). According to semi-quantitative-
ly analysis we found brain atrophy in 8 patients 
(22%): Five of them mild (62.5%) and three moder-
ate (36.5%), but detected no cases of severe brain 
atrophy. 

For further long-term comorbidities see Table 3.
In long-term follow-up 162 of 383 brain MRI 

examinations (42%) did not meet inclusion crite-
ria because of lacking T2*/susceptibility weighted 
imaging sequences or movement or other artifacts. 
Thus, we were able to analyze 221 brain MRI ex-
aminations (58%) concerning RIC. 

18/36 patients (50%) showed RIC. We found a 
significant relation of existing RIC to the original 
tumor entity (p = 0.023) and to the cumulative ra-
diation dose to the brain (p = 0.016). 

The occurrence of RIC was equal in female (n = 
9) and male patients (n = 9) (p = 0.500). There was no 
significant association between the occurrence of 
RIC with the age at initial tumor diagnosis respec-
tively start of cranial radiotherapy. Furthermore, 
we found no significant differences of RIC in the 
dichotomized patient groups “younger age” (≤ 8 
years, RIC n = 8) and “older age” (> 8 years, RIC 
n=10) (p = 0.370).

TABLE 2. Cranial radiotherapy according to treatment protocols

Tumor entity Dose/day Number of 
fractions

ALL 1.5 Gy 8, 12, 16, 20 or 26

AML 1.5 Gy 8 or 10

Pilocytic Astrocytoma 1.8 Gy 28 or 30

Germinoma 1.6 Gy 15 or 25

Medulloblastoma
1.8 Gy 30 or 34

2 x 1.0 Gy (hyperfractionated) 30 or 34

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; Gy = Gray
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TABLE 3. Patient characteristics, therapy data, findings of radiation-induced cavernomas and other comorbidities 

No. Gender 
(F=female; 
M=male)

Initial tumor 
diagnosis

Age at 
diagnosis 

(years)

Cumulative 
radiation dose 

to the brain 
(Gy)

Total 
number of 
brain MRI

Detection 
of RIC

Latency 
between 

CR and RIC 
(years)

Zabramski 
classi-
fication

RIC localization 
(1=supratentorial; 
2=infratentorial; 

3=both)

RIC 
dynamic

Other benign 
tumors in follow-up 

brain MRI

Leukoencephalopathy 
(mild; moderate; 

extensive)

Brain atrophy  
(mild; mode-rate; severe)

Other comorbidities
 in the long term

Period of  
follow-up  

(years)

1 F ALL 17 24 9         Meningioma moderate - COPD, hypercholesterolemia, 
hyperparathyroidism, migraine 44

2 F ALL 1 12 2           mild - Lipedema, fibroepithelioma 26

3 F ALL 3 12 2           - - Class I obesity 22

4 F ALL 7 18 2           mild -
CRF, class II obesity, 

hypercholesterolemia, 
hypopituitarism, thyroid nodules

37

5 F ALL 3 24 4 + 40 II 3 + Meningioma extensive mild
Hypercholesterolemia, 

class I obesity, thyroid nodules, 
scoliosis, myoma uteri

44

6 F ALL 21 24 2 + 10 IV 1     mild -
Reduced left ventricular ejection 
fraction, class III obesity, multiple 

vein thrombosis
13

7 M ALL 5 12 2           - - Hypercholesterolemia 19

8 F ALL 9 12 2           mild - Hypercholesterolemia 28

9 M ALL 11 30 9           mild - Hypogonadism, 
hypercholesterolemia, 13

10 F ALL 7 30.6 3 + 29 IV 1   Meningioma moderate - Basalioma, hyperparathyroidism, 
class II obesity, thyroid nodules 33

11 F ALL 5 39 6        

Vestibular 
schwannoma, 
DD aneurysmal 

bone cyst

mild -

Diabetes mellitus type 2, 
hypercholesterolemia, steatosis 

hepatis, congestive heart failure, 
restrictive lung disease, thyroid 
nodules, deep vein thrombosis, 

basalioma, CRF, vestibular 
schwannoma

39

12 M ALL 2 30 2           moderate -
Thyroid Nodules, hypopituitarism, 

diabetes mellitus type 2, CRF, 
steatosis hepatis, cataract

35

13 F ALL 2 12 4           moderate - Intellectual disabiliy 17

14 F AML 14 12 2 + 21 IV 1     mild -
Thyroid nodules, 

hypercholesterolemia, 
hypertension, spondyloarthritis

26

15 M AML 15 12 2           - -

Thyroid nodules, restrictive 
lung disease, diabetes mellitus 

type 1, hypogonadism, 
hypercholesterolemia

31

16 F AML 16 12 3 + 28 IV 3     moderate - Thyroiditis 18

17 F AML 2 15 2 + 21 IV 3     - - Cataract, hypercholesterolemia, 
depression 24

18 F AML 8 12 3           - - CRF, class ii obesity, chronic pain, 
visual impairment 14

19 M PA 1 54 28 + 23 IV 3     moderate moderate
Hypopituitarism, stroke, 
epilepsia, hearing loss, 

hypercholesterolemia, gallstones
29

20 M PA 17 50.4 24           moderate - Hypercholesterolemia 11

21 M Germinoma 17 40 16           mild - Hypopituitarism, chronic renal 
failure 5

22 M Germinoma 14 24 20           mild - Hypopituitarism, class I obesity, 
depression, hypercholesterolemia 9
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The cumulative radiation dose differed signifi-
cantly between childhood cancer survivors with 
RIC (median 54 Gy [IQR 24–60 Gy]) and childhood 
cancer survivors without RIC (median 24 Gy [IQR 
12–40 Gy]) (p = 0.019).

All 9 childhood cancer survivors with treated me-
dulloblastoma developed RIC (100%). Occurrences 
of RIC dependent on the other tumor entities were: 
ALL 3/13 (23%), AML 3/5 (60%), pilocytic astrocyto-
ma 1/2 (50%), germinoma 1/3 (33%) and ependymo-
ma 1/3 (33%). One patient with craniopharyngeoma 
did not develop RIC. We classified RIC only in 1 
patient (3%) with ALL (Zabramski type II) and in 
2 patients (6%) with medulloblastoma (Zabramski 
type I and type II) as high risk for hemorrhage while 

all other detected RIC were classified as Zabramski 
type IV with low risk for hemorrhage. We did not 
find any statistically significant difference between 
RCI with low and high risk for hemorrhage de-
pending on the original tumor entity (p = 0.737). We 
did not categorize RIC as Zabramski type III or V, in 
accordance with the proposal of Nikoubashman et 
al.14  Thus, only 3/18 childhood cancer survivors with 
RIC (17%) and 3 (8%) of all reviewed childhood can-
cer survivors with at least 2 brain MRI examinations 
developed lesions with a high risk for hemorrhage. 
As a main result of the study none of the childhood 
cancer survivors with RIC showed symptomatic in-
tracranial hemorrhages. The localization of RIC was 
only supratentorial in 15 of the 36 childhood cancer 

No. Gender 
(F=female; 
M=male)

Initial tumor 
diagnosis

Age at 
diagnosis 

(years)

Cumulative 
radiation dose 

to the brain 
(Gy)

Total 
number of 
brain MRI

Detection 
of RIC

Latency 
between 

CR and RIC 
(years)

Zabramski 
classi-
fication

RIC localization 
(1=supratentorial; 
2=infratentorial; 

3=both)

RIC 
dynamic

Other benign 
tumors in follow-up 

brain MRI

Leukoencephalopathy 
(mild; moderate; 

extensive)

Brain atrophy  
(mild; mode-rate; severe)

Other comorbidities
 in the long term

Period of  
follow-up  

(years)

23 M Germinoma 10 40 21 + 5 IV 1     moderate - Depression, hypercholesterolemia, 
hypopituitarism 12

24 M CP 17 n.a. 15           mild -

Hypopituitarism, class I 
obesity, hypercholesterolemia, 

autoimmune polyendocrine 
syndrome type 2 with diabetes 
mellitus type 1, vitiligo, thyroiditis

13

25 F Medullo-
blastoma 7 55 3 + 27 IV 2   Meningioma - mild Hypothyroidism, thyroid nodules, 

hearing loss, asthma 28

26 M Medullo-
blastoma 8 54 25 + 5 IV 3 +   mild - Hypopituitarism, hearing loss 14

27 M Medullo-
blastoma 8 54 21 + 2 I 3 +   moderate moderate Hypopituitarism, hearing loss 10

28 M Medullo-
blastoma 13 54 24 + 5 IV 2 +   moderate - Hypopituitarism, epilepsy, hearing 

loss, class I obesity, tetraparesis 10

29 M Medullo-
blastoma 11 68.6 24 + 2 IV 3 +   - mild Spinal hygroma, hypothyrodism, 

growth hormone deficiency 14

30 M Medullo-
blastoma 6 68.6 18 + 7 IV 3 +   - - Hypopituitarism, hearing loss, 

intellectual disability 19

31 M Medullo-
blastoma 9 60 3 + 29 II 2     mild - Basalioma, hearing loss, 

intellectual disability 30

32 F Medullo-
blastoma 25 60 6 + 18 IV 3     extensive moderate Coxarthrosis with total 

endoprothesis, gonarthrosis 18

33 M Medullo-
blastoma 2 60 13 + 7 IV 3     moderate mild

Visual Impairment, groth hormone 
deficiency, hypothyroidism, 

intelectual disability, hearing loss, 
steatosis hepatis

17

34 F Ependy-moma 12 68 31 + 13 IV 3     moderate mild Hypopituitarism, chronic renal 
failure 13

35 F Ependy-moma 6 72 28           extensive - - 13

36 F Ependy-moma 7 68 10           mild - Asthma bronchiale 13

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; CRF = cancer related fatigue; COPD = chronic obstructive pulmonary disease; CP = craniopharyngeoma; 
CR = cranial radiotherapy; DD = differential diagnosis; MRI = magnetic resonance imaging; n.a. = not available; PA = pilocytic astrocytoma; PCHT = polychemotherapy; RIC = 
radiation-induced cavernomas
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survivors (42%), in two childhood cancer survivors 
only infratentorial (5%) and in 19 childhood cancer 
survivors both supra- and infratentorial (53%). RIC 
occurred after cranial radiotherapy in a median 
time period of 15.5 years (IQR 5–27). Six of the 36 
childhood cancer survivors (17%) showed dynam-
ic findings of RIC, and there were changes in the 
number and/or size of individual RIC without any 
accompanying changes in the Zabramski classifica-
tion. Three childhood cancer survivors (8%) devel-
oped only a single RIC documented in brain MRI. 
Table 3 shows the summarized results. Examples of 
brain magnetic resonance imaging from childhood 
cancer survivors during long long-term follow-up 
are shown in Figure 2.

Discussion

The aim of this study was to describe for the first 
time the course of RIC during long-term follow-

up of childhood cancer survivors, those formerly 
treated with cranial radiotherapy in connection 
with the initial diagnosis of leukemia or brain tu-
mor. We thus assessed the hemorrhage risk of 
RIC following Nikoubashman’s interpretation of 
the MRI appearance of cavernomas based on the 
Zabramski classification and examined the ques-
tion of how to deal with RIC that frequently appear 
in MRI follow-up examinations of childhood can-
cer survivors. In our experience to date this seems 
to be distinctly more difficult than providing rec-
ommendations regarding extraaxial or intraaxial 
neoplasms (especially meningiomas or gliomas), 
which have already been the subject of extensive 
discussion in relevant literature as long-term con-
sequences.4 Several guidelines, often based on a 
risk stratification system mainly taking into ac-
count the initial cancer diagnosis and the treatment 
received, recommend specific follow-up examina-
tions to facilitate early diagnosis and treatment of 
these sequelae.15

FIGURE 2. Examples of radiation-
induced cavernomas with a type 
II lesion (A, B) and multiple type 
IV lesions (C) according to the 
Zabramski classification. Radiation-
induced meningioma (D) and 
leukoencephalopathy with brain 
atrophy (E).

A B C

D E
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Besides neoplasms, neurocognitive deficits in 
connection with pathological findings in brain 
MRI, such as leukoencephalopathy or brain atro-
phy, are reported in connection with childhood 
cancer survivors.16 Also our results showed 4 ra-
diation-induced meningiomas, but no gliomas. 
There were variable findings of leukoencephalopa-
thy, brain atrophy and several other comorbidities, 
though this was not a focal point of our studies.

Our study focuses on RIC. An assumed correla-
tion between cranial radiotherapy and cavernomas 
in children was primarily described in 1994.17 In the 
following years this phenomenon was investigat-
ed extensively in several studies and summarized 
in review articles with a visible predominance in 
young patients treated for cancer.18-24 Furthermore, 
researchers also looked into the question of whether 
RIC differ from other, sporadically or familially oc-
curring cavernomas regarding their natural course. 
Baumgartner et al. showed findings after irradiation 
radiologically and pathologically similar to sporadi-
cally occurring cavernomas.25 Cha et al., on the other 
hand, found differences in histological findings in 
a comparison between 10 patients with “de novo” 
cavernomas and 7 patients with a total of 8 RIC and 
regarded the findings after radiation more as inac-
tive organizing hematomas in blood-filled spaces 
after tissue destruction and thus different from pro-
liferation of malformed vasculature in sporadic cav-
ernomas.26 According to a study with a specific his-
topathological focus based on 13 patients with RIC, 
there is, both histologically and with regard to im-
munohistochemistry, an overlap to non-radiation-
induced cavernomas (5/13) as well as to organizing 
coagulum-like lesions (8/13), as described by Cha et 
al., so that one must assume two different etiologi-
cal mechanisms in the pathogenesis.27 

Concerning RIC, our results include a signifi-
cant relation to the initial tumor entity and the cu-
mulative radiation dose to the brain, as reflected by 
the occurrence of RIC without exception in patients 
treated for medulloblastoma with high cumulative 
radiation doses. In 2007 Lew et al. looked at pre-
cisely such patients who had received radiation 
therapy for medulloblastomas in childhood and 
described cavernomas in this case as common with 
an increasing incidence over time.28 They conclud-
ed that most of these lesions follow a benign course 
and do not require intervention.28 Furthermore, re-
sults that show a correlation between RIC and the 
cumulative radiation dose can be found in a more 
recent study focusing on adult cancer patients.29

With regard to the correlation between RIC and 
cranial radiotherapy, data on the time lag of the oc-

currence after radiation are additionally available. 
Following examination of 5 patients with caverno-
mas after cranial or craniospinal irradiation, Jain et 
al. described a latency interval between treatment 
and time of detection of cavernomas with a mean 
of 19.5 years.5 The latency that we found between 
cranial radiotherapy and detection of RIC with a 
median time period of 15.5 years matches these 
investigations (IQR 5–27). Moreover, Strenger et 
al. has published results that also focus on risk 
factors for the occurrence of RIC.30 The investiga-
tions encompassed 171 patients and showed that 
particularly children < 10 years of age at the time 
of irradiation have a higher risk for RIC, whose oc-
currence was documented here as taking place in a 
period of 2.9–18.4 years after radiation.30 Singla et 
al. examined the long-term course of irradiated pa-
tients and described for all of them an occurrence 
of cavernomas with a latency of 2–8 years – though 
only 5 patients with ALL were analyzed.31

Due to possible hemorrhage complications of 
RIC, the two latter studies very explicitly advocat-
ed imaging monitoring and Singla et al. described 
neurological symptoms and individual cranioto-
mies because of RIC in 4 of 5 patients.30,31 We did 
not document any symptomatic hemorrhages in 
connection with RIC in our patient group.

A number of studies have examined the hemor-
rhage risk of cavernomas in general. Flemming et 
al. calculated a prospective risk in this context in 
a group of 292 patients with cavernomas and con-
secutive hemorrhage.7 It was determined that prior 
hemorrhage is one of the factors that may predict 
future hemorrhage.7 One publication showed in a 
comparison of the features of RIC (32 patients) with 
other cavernomas (272 patients) no differences in 
symptomatic hemorrhages.32 However, here RIC 
proved to be more likely to occur multilocular.32 
This matches our results, which predominantly 
showed multilocular and small lesions (Zabramski 
type IV). In particular, Nikoubashman et al. inves-
tigated those small, dot-like cavernomas in another 
study from 2013.33 It shows a low bleeding rate of 
0.7% per lesion-year according to a survey specifi-
cally of 18 children.33 Nonetheless, it was propagat-
ed that even those small cavernomas are not purely 
benign lesions.33

It is certainly more difficult, however, to deal 
with lesions classified as Zabramski type I or II. 
As a reminder: type I is a (sub-)acute hemorrhage 
while type II as a “popcorn lesion” shows multiple 
hemorrhages. Here we again refer to data on the 
generally increased bleeding risk of cavernomas 
with already existing hemorrhage.7 Among others, 
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Jeon et al. based their study of 326 adults with cav-
ernomas, like us, on the Zabramski classification.34 
The study showed that not only prior symptomatic 
hemorrhage, but also MRI appearance could be 
related to prospective symptomatic hemorrhages 
of cavernomas.34 The bleeding risk of cavernomas 
was also examined in a study by Al-Shahi Salman 
et al., which additionally evaluated gender-specif-
ic differences.35  This study found that the risk of 
recurrent hemorrhage is greater than the risk of a 
first bleeding event and greater for women than for 
men.35

As regards our results, we classified RIC as high 
risk for hemorrhage (Zabramski type I and II) in 
only 3 of 36 childhood cancer survivors (8%) and 
all other RIC were classified as low-risk lesions 
(Zabramski type IV [microhemorrhagic]). In this 
risk assessment we orient ourselves to the proposal 
made by Nikoubashman et al.14 After analysis of 
199 MRI examinations in total with 1558 distinct 
lesions this team depicted 5 different types of cav-
ernomas via 1.5T MRI (T1, T2 and T2*) while using 
a three-tier classification shown as graphic illustra-
tions and corresponding MRI findings. It turned 
out that the cavernomas described as Zabramski 
type I, II and an additionally proposed new type 
V (with visible parts in the center of the actual cav-
ernoma) had a significantly higher annual hemor-
rhage rate than type III and IV lesions.14 Thus, the 
presence of acute or subacute blood degradation 
was statistically the strongest indicator for an in-
creased hemorrhage risk with the conclusion that 
it is possible to predict hemorrhage rates based 
on the Zabramski classification.14 As mentioned 
previously, these results were not related to RIC. 
Nevertheless, just in connection with RIC we con-
sider the initial application of Nikoubashman’s in-
terpretation of the MRI appearance of cavernomas 
based on the Zabramski classification for an assess-
ment of the hemorrhage risk to be a very meaning-
ful approach. 

It must be emphasized that in this retrospective 
case series half of the childhood cancer survivors 
examined in long-term follow-up showed RIC in 
follow-up brain MRI. Thus, our study supports 
the development of cavernomas after cranial ra-
diotherapy as a common side effect in childhood 
cancer survivors, though most RIC are not likely 
to hemorrhage and are detected incidentally. Our 
results therefore suggest a mainly benign course 
of RIC. Consequently we conclude that the com-
plication risk of RIC can definitely be described 
in good conscience as low in communication with 
childhood cancer survivors as long as one applies 

assessments of existing classifications.13,14 This en-
sures an advantageous aspect in dealing with pa-
tients who might feel anxious as a result of their 
prior cancer history. Studies with larger groups of 
patients and stronger study designs may possibly 
clarify whether dealing with RIC should be includ-
ed and defined in the guidelines in connection with 
childhood cancer survivors.

Thus, we conclude that RIC are common late 
effects in childhood cancer survivors treated with 
cranial radiotherapy affecting half of the patients. 
However, only a few RIC (occurring in 8% of all 
reviewed childhood cancer survivors) were classi-
fied as high risk for hemorrhage and the majority of 
RIC follow a benign course. None of the childhood 
cancer survivors with RIC developed symptomatic 
hemorrhages. These results augment accurate risk 
assessment in individualized long-term follow-up 
also in order to reduce morbidity in childhood can-
cer survivors. In this context we are addressing an 
important point in the communication with child-
hood cancer survivors.

Limitations

A retrospective approach with a relatively small 
sample size is a limitation of the present analysis. 
But, in particular, the accumulation of data con-
cerning childhood cancer survivors also in the 
long-term follow-up, focused on here, is extremely 
rare, also in university hospitals. Nevertheless we 
strongly believe that this to our knowledge first 
study of this specific topic is valuable to assess the 
clinical relevance of radiation-induced cavernomas 
in brain MRI and add to be clear about their low 
risk for hemorrhage (with importance for patients 
and for physicians). 

We are also restricted by the selection bias con-
cerning inconsistent brain MRI data with lack of 
standardized imaging protocols in many MRI ex-
aminations conducted abroad and in some cases 
only a single follow-up examination with an exten-
sive time lag until radiation. Furthermore, we did 
not focus on a detailed description of the irradiated 
fields, in particular, and the localization of RIC in 
our patient group, but we propose that this topic 
should be assessed after examination of larger col-
lectives. The correlation between RIC and cranial 
radiotherapy that we assume in our results natu-
rally remains unproven, also histologically, in the 
end (in this connection, the differential diagnoses 
cerebral microhemorrhages or teleangiectasias also 
have to be considered). The extent to which hem-
orrhages from cavernomas correlate with clinical 
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symptoms is a complex issue of its own that this 
study cannot resolve on the basis of a relatively 
small group without symptomatic hemorrhages.
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Background. A sialendoscopy-assisted combined approach is well established in the surgery of sialolithiasis. In cases 
of proximal salivary stones, transcutaneous sialendoscopy-assisted extractions with parotid and submandibular gland 
preservation is the primary intention of treatment. We recently added computer tomography (CT) navigation to im-
prove the results of this challenging surgery equally in both localizations. 
Patients and methods. All the patients who submitted to sialendoscopy and sialendoscopy-assisted procedures at 
the tertiary institution between January 2012 and October 2020 were included in the present study. From November 
2019, CT navigation was added in cases with sialolithiasis and a presumably poor sialendoscopic visibility. We evalu-
ated the parameters of the disease, diagnostic procedures, sialendoscopic findings and outcomes, with or without 
optical surgical navigation.
Results. We performed 178 successful salivary stone removals in 372 patients, of which 118 were combined sialendos-
copy-assisted approaches, including 16 transcutaneous proximal, 10 submandibular and 6 parotid stone operations. 
Surgical navigation was used in six patients, four times for submandibular and twice for parotid sialolithiasis. These 
were all non-palpable, sialendoscopically invisible or partially visible stones, and we managed to preserve five of the 
six salivary glands.
Conclusions. The addition of CT navigation to sialendoscopy-assisted procedures for non-palpable, sialendoscopi-
cally invisible and fixed stones is a significant advantage in managing sialolithiasis. By consistently performing sialen-
doscopy and related preservation procedures, we significantly reduced the need for sialoadenectomies in patients 
with obstructive salivary gland disease.

Key words: sialendoscopy; sialolithiasis; surgical navigation; computer tomography

Introduction

Sialendoscopy enables us to remove most sali-
vary stones and, consequently, preserve salivary 
glands.1,2 In cases with a tortuous course of the 
salivary ducts, far proximal stone position and cor-
responding narrow duct diameter, or with stones 
located behind the stricture, deeply embedded or 
positioned in an abscess formation, even the use 
of sialendoscopy can be insufficient in determin-
ing the exact position of the stone. Transcutaneous 

sialendoscopy-assisted combined stone removals 
with intended gland preservation are particularly 
demanding, and their outcome may be unpredict-
able. The ongoing search for an additional guiding 
system is therefore justified.3 Attempts to use ultra-
sound as guidance to help locate difficult salivary 
stones during surgery have been reported in previ-
ous years. However, its use is highly dependent on 
various factors, including the lack of direct stone 
visualization.4 Surgical navigation using a comput-
er tomography scan (CT) is regularly used in an-
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terior skull base and paranasal sinus surgery with 
high precision.5 Under clinical conditions, an accu-
racy of about 2 mm is expected.6 It has been applied 
in various other therapeutic scenarios, including 
electrochemotherapy of deep-seated tumors in the 
head and neck region.7 Following experiences re-
ported by Capaccio et al.8, we therefore added CT-
based navigation to the demanding combined ap-
proach to stone extractions to improve our results. 
To the best of our knowledge, we describe the first 
series in which navigation was used to locate the 
salivary stones and present it in the context of other 
endoscopic and combined salivary stone removals.

Patients and methods

Data were prospectively collected in an institution-
al sialendoscopic database. On the proposal of the 
European Sialendoscopic Training Centre (ESTC), 
the database is a common source of data on imag-
ing results before sialendoscopy, the exact indica-
tions for these procedures and their type, the pro-
cedure’s findings, and follow-up.9,10 All patients 
signed written consent for the respected procedure 
and data collection according to hospital policy.

Ultrasound diagnostics

Ultrasound examination was carried out in all pa-
tients to evaluate major salivary glands and their 
ductal systems and to detect any ultrasonographi-
cally visible salivary stones and to exclude possible 
tumor growth.

Mandibular occlusal radiography 

We used mandibular occlusal radiography as a 
standard native X-ray method with a good sensi-
tivity for radiopaque alterations of the floor of the 
mouth, including salivary calculi.11

Computer tomography

The CT scan was primarily used to display more 
precisely the localization and number of salivary 
stones. Secondly, the use of CT enabled an estima-
tion of the glands, their ducts and surrounding tis-
sues. We performed contrast-enhanced CT in all 
cases of relapsing/persistent or complicated sialo-
lithiasis, in order to show salivary stones, their em-
bedded or even extraluminal position and possible 
abscess formation or other soft tissue formations 
related to sialolithiasis with a more chronic course.

Magnetic resonance sialography

Standard and magnetic resonance imaging (MRI)-
based sialography were used in sialendoscopically 
identified impassable distal strictures. We occa-
sionally added standard MRI to estimate the status 
of glandular parenchyma.

X-ray sialography

Conventional sialography is performed by retro-
grade injection of contrast agents into the salivary 
duct. The procedure involves instrumenting the 
duct for its cannulation and the possibility of in-
jury or irritation. Although rarely used since other 
techniques have been readily available, in skilled 
hands, it produces characteristic imaging of the 
ductal anatomy, pathology (strictures and dilata-
tions) and adjacent parenchymal pathology.12

Surgical navigation

After the workup described above, we performed 
sialendoscopic and sialendoscopy-assisted proce-
dures. Our database was reviewed for less than 
sufficient endoscopic exposition in purely endo-
scopic and combined procedures from January 1st 
2012 to October 31st 2020. We compiled the criteria 
for the use of the CT navigation listed in Table 1. 
CT navigation was added from November 2019 in 
all planned combined sialendoscopy-assisted sur-
gery cases if three or more inclusion criteria were 
met.

A CT scan of the facial and salivary structures 
was done one day before surgery with 4 or 5 ra-
diopaque surface fiducial markers (Figure 1). They 
were placed directly on the skin. Their position 
was additionally marked with a waterproof skin 
marker. The exact position was chosen according 
to the planned approach and incision placement. It 
has to be emphasized that the arrangement should 
preferably be on hard anatomical parts of the 

TABLE 1. Inclusion criteria for the use of CT navigation (if three 
or more criteria were met)

Non-palpable stone

Difficult or impossible sialendoscopic visualization of the 
stone

Far proximal stone

Presumably fixed stone

Extraluminal stone (in an abscess or deeply embedded)

Salvage procedure with previously failed sialendoscopy or 
sialendoscopy-assisted procedure
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face. Differences in jaw angle during CT imaging 
and when the patient is under general anesthesia 
were avoided by using a standard dental mouth 
gag in both situations. Acquired data in standard 
digital imaging and communication in medicine 
(DICOM) format were transferred to navigation 
Brainlab Kolibri (Brainlab, Munchen, Germany). 
Fiducial markers were automatically recognized 

FIGURE 1. Patient, prepared for surgery. With fiducial markers attached to the skin 
and navigational star on the patient’s forehead (BrainLab, Munchen, Germany).

FIGURE 2. After identifying the skin’s reference point with the stone being visible in 
the three-axis, the surgical trajectory is checked by the navigation.

by the navigation software (Brainlab Cranial ENT 
V 2.1). No additional ad-hoc markers were chosen. 
The registration was done by touching the mark-
ers only. When the system perceived their order as 
ambiguous, the navigation itself chose the appro-
priate registration points sequence. When at least 
medium precision was achieved (self-assessment 
of the system), we checked the position of known 
anatomical landmarks and reconfirmed the accu-
racy to the surgeon’s preference. 

The first goal was to find the salivary stone’s 
external approach path with the navigational tool 
lightly pressed on the skin. Since the CT presen-
tation is divided into axial, coronal and sagittal 
planes, the surgeon must see the stone on all the 
planes. The trajectory may only then be approved. 
Both authors approved the trajectory before the 
continuation of the procedure. The contact point on 
the skin was marked as point zero, and the angle of 
the instrument was checked by both surgeons.

After incision and careful preparation, special 
care was taken not to change the position of the 
lower jaw. It can change the navigation accuracy 
when dealing with submandibular pathology; the 
same mouth gag in the same position was therefore 
used again. 

The orientation axis is an imaginary line from 
point zero on the skin to the deep-seated stone 
(Figure 2). During the dissection, the surgeon is vir-
tually travelling through tissue on the same three-
dimensional pathway from a stone’s skin reference 
point. When necessary, an additional sialendo-
scopic approach was made to control the position 
of the stone. It also represented backup guidance 
in the final approach to the stone (Figure 3). Stones 
were removed through transcutaneous (Figure 4) 
or transoral incisions. Routine facial nerve neu-
romonitoring (Medtronic, Jacksonville, USA) was 
used in all transcutaneous procedures. Data analy-
sis and statistics were done using Microsoft Excel 
2019 (Microsoft, Redmond, USA) and SPSS V20.0 
(IBM, Armonk, USA).

The study was approved by the institutional 
Committee for Medical Ethics and the Slovene 
National Medical Ethics Committee approved data 
collection and review of outcomes (0120-80/2017/4). 
The study was performed according to the princi-
ples of the Helsinki Declaration.

Results

Three hundred and seventy-two patients under-
went a sialendoscopic approach for treating obstruc-
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TABLE 2. Patients and sialendoscopic operations at the Department of 
Otorhinolaryngology and Cervicofacial Surgery, University Clinical Center Ljubljana, 
Slovenia, January 2012 – November 2020

All operations 415 (100%)

Operated salivary ductal 
system

Submandibular 

Parotid

273 (66%)

142 (34%)

Anesthesia
Local

General

302 (72.8%)

113 (27.2%)

Patients

All 372

    Male 193 (51.8%)

    Female 179 (48.1%)

    Age (average, span − in years) 48 (4−84)

Radiology diagnostics

Ultrasound 372 (100%)

Mandibular occlusal radiography 17 (4.6%)

CT 143 (38.4%)

MR sialography 8 (2.2%)

X-ray sialography 2 (0.5 %)

The type of interventional 
procedure

All 247

    Salivary stone extraction

    Stricture dilatation

178

69

    Stent insertion (after stricture
    dilatation or stone extraction) 145

FIGURE 3. In case the stone is at least partially sialendoscopically visible, it can 
represent a backup guidance in a challenging final combined approach. 

long segments of the main and secondary duct 
strictures.

X-ray sialography

Sialography was used in only two patients with 
tight distal strictures of Stensen’s duct since 

tive salivary gland disease, of which 179 (48.12%) 
were female and 193 (51.88%) male, with an aver-
age age of 48 years (median 47.5 years) and an age 
span from 4 to 84 years. We performed 415 sialen-
doscopic and sialendoscopy-assisted procedures, 
roughly in two thirds because of submandibular 
pathology (273 operations or 66%). The essential 
data on the patients and sialendoscopic operations 
at the Department of Otorhinolaryngology and 
Cervicofacial Surgery January 2012 – November 
2020 are shown in Table 2.

Ultrasound diagnostics

In the present group, ultrasound examination 
proved accurate in evaluating the salivary glands’ 
morphology and identifying stones, their size and 
localization, or possible dilatation of the ducts. In 
eight cases, ultrasound missed diagnosing rather 
long but narrow salivary stones (longer diameter 
of 8−10 mm and transverse diameter of 2−3 mm), 
which were all localized in the last distal 2 cm of 
Wharton’s duct. We diagnosed these stones during 
sialendoscopy, four of them also by palpation in 
the office. Among 182 ultrasonographical exami-
nations of submandibular glands, these eight cases 
resulted in a 4.4% false-negative rate.

Mandibular occlusal radiography 

Native mandibular occlusal radiography proved 
useful, showing a Wharton’s duct salivary stone in 
12 out of 17 examinations, five of them being non-
palpable. In one patient, the examination revealed 
an osteoma of the mandible.

Computer tomography

CT imaging was used in 143 patients (38.5%), 
mostly with sialolithiasis (122 patients or 85.31%). 
The proportion of all patients with sialolithiasis 
in whom a CT examination was performed was 
62.24% (122/196). The percentage has been higher 
in the last four years (84.5%).

MR sialography

MRI sialography was used in eight patients with 
sialendoscopically identified tight proximal 
strictures: four of them at a 30−45 mm depth of 
Wharton’s duct and in the same number of patients 
with Stensen’s duct strictures and a 50–60 mm en-
doscopic reach. A typical examination showed a 
sausage-like series of strictures and dilatations or 
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10.2.2012, when sialendoscopy was introduced in 
our department. The examination proved to be 
accurate, showing sausage-like series of strictures 
and dilatations. It also has apparent drawbacks, 
such as the need for cannulation and engagement 
of two teams (radiological and surgical). Damage 
to the duct can also be probable. We found one case 
with a ruptured stenotic segment 40 mm from the 
papilla. 

Types of anesthesia, procedures and use 
of additional tools

The majority of our sialendoscopies and sialen-
doscopy-assisted operations were performed un-
der local anesthesia (302/415; 72.77%) and were 
well-tolerated. There were eight recorded cases of 
transient paresis of the buccal branch of the facial 

nerve after parotid sialendoscopy, lasting from 3 
to 6 hours; no other adverse reactions to local an-
esthesia were recorded. We performed 247 inter-
ventional procedures (59.5%), with 178 successful 
salivary stone extractions and 69 stricture dilata-
tions. A total of 145 temporary stents were inserted 
in these cases. In 168 cases (40.5%), no intervention 
procedure was carried out.

Surgical approach and outcomes

The essential data on the patients and sialen-
doscopic operations at the Department of 
Otorhinolaryngology and Cervicofacial Surgery 
January 2012 – November 2020 are shown in 
Table 2.

Pure sialendoscopic stone removal was per-
formed in 60 patients, and additional laser frag-
mentation was used in 8 (13.3%) of them. The com-
bined sialendoscopy-assisted approach was the 
most common method of salivary stone extraction 
(118/178 procedures, 66.3%). The majority of the 
combined approach operations were performed 
through incisions of the oral mucosa (102 surger-
ies, 86.4%), mainly for the removal of submandibu-
lar stones (93 cases, 91.2%). A transcutaneous ap-
proach was employed in the remaining 16 proce-
dures, in 10 of them using a transcervical approach 
(for submandibular stones) and six a transfacial 
approach (for parotid stones) (Table 3). 

A salivary gland resection was performed in six 
out of 372 patients in whom sialendoscopy was 
part of their treatment.

A combination of sialendoscopy and navigation 
was used in six patients, four of them with sub-
mandibular and two with parotid stones (Table 4). 
Depending on their proximity along the duct, 
we used transcutaneous approaches in five pa-
tients (three transcervical and two transfacial ap-
proaches) and a transoral approach in one patient. 
We had two cases of complicated sialadenitis: a 
parotid abscess in one and an initial phlegmon of 
the mouth floor in the other case. Two cases with 
submandibular sialolithiasis were salvage proce-
dures following previous unsuccessful non-guided 
sialendoscopy. In all six patients, the stones were 
non-palpable, and only two of them were partially 
visible on sialendoscopy. All but one stone were in 
a proximal position and fixed. With the use of CT 
guidance, we were able to preserve all but one sali-
vary gland. The latter patient had an obstruction 
due to a severe far proximal stricture and a stone 
positioned behind it (i.e., more proximally than the 
stricture itself).

FIGURE 4. All stones were removed following the navigational trajectory with a 
transcutaneous or transoral approach.

TABLE 3. Sialendoscopy-assisted transcutaneous salivary stone extractions with 
or without the use of navigation at the Department of Otorhinolaryngology and 
Cervicofacial Surgery, University Medical Centre Ljubljana, Slovenia

Gland / Stone extraction outcome Parotid 
gland

Submandibular 
gland Total

Successful 4 6 10

Successful (with navigation) 2 3 5

Successful last attempt wire basket retrieval 
(transcutaneous approach failed) 1 1

Total 6 10 16
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Discussion

Ultrasonography proved to be an accurate tool 
in our preoperative workup of submandibular 
sialolithiasis, with a 4.4% false-negative rate. All 
of the missed stones were in the distal Wharton’s 
duct and had a narrow and elongated shape, with 
a transverse diameter 3 mm or less. Similar find-
ings (5.1% false-negative cases) were published 
by German authors and explained by the mandi-
ble acoustic shadow.13 In addition to the salivary 
stone position (proximity along the ductal tree), 
the ultrasonography’s sensitivity for detecting the 
calculi mainly depends on their sheer size. Authors 
from Geneva report that stones with a diameter of 
less than 3 mm were missed in ultrasonical diagno-
sis in 10 out of 19 glands in their study and explain 
this by the absence of dorsal acoustic shadow of 
the calculi.14 Our findings confirm the relationship 
between the sensitivity of the ultrasound exami-
nation and the size of the salivary stones. In our 
series, 8 lengthy but narrow salivary stones were 
missed (longer diameter 8−10 mm and transverse 
2−3 mm). Ultrasonography also proved to be a sen-
sitive tool in estimating the state of the related soft 
tissue, i.e., for exclusion of nonobstructive pathol-
ogy.

The proportion of patients with a CT examina-
tion has been more extensive in the last 4 years as 
a result of growing experience of the importance 
of input diagnostic information on possible multi-

plicity of stones.15 High-resolution CT has a crucial 
role in post-treatment monitoring, especially in 
submandibular sialolithiasis, since it offers more 
information about possible residual stones than do 
clinical and ultrasound findings.16 Due to its non-
invasiveness and accuracy, sialo-MRI is the most 
appropriate method for assessing high-grade sali-
vary duct strictures.17 It is different from classic, 
CT-based or CBCT (cone beam computer tomog-
raphy) sialography. There is no need for canula-
tion of the duct for endoluminal contrast injection. 
The procedure can therefore be used even during 
acute sialadenitis. Although we have used it rela-
tively sparsely, in only eight patients, we believe 
that sialo-MRI has many advantages and should be 
used more often.

Most of the sialendoscopies and sialendoscopy-
assisted operations were performed under local 
anesthesia (72.77%). With proper patient selection, 
procedures were well tolerated, and there were 
no adverse reactions to local anesthesia. Cases of 
transient, short-lasting paresis of the buccal branch 
of the 7th cranial nerve after parotid sialendoscopy 
were rare. Our experience is consistent with al-
ready reported good tolerance of sialendoscopies 
conducted under local anesthesia by Luers et al, 
provided that patients were in good general health 
and the operative procedure was not complicated 
or long-lasting.18

There were 178 successful salivary stone ex-
tractions in the present series, and the combined 

TABLE 4. Sialendoscopy and navigation-assisted combined approach procedures at the Department of Otorhinolaryngology and Cervicofacial Surgery 
November 2019 – November 2020

Patient Age 
(years) Sex History Site Stone 

palpability
Stone  

location
Stone  

visibility Fixation Approach Stone size 
(millimeters)

Final depth 
reached with 

sialendoscope 
(millimeters)

Follow-up

1 67 F Acute abscess 
formation Left parotid No Within the 

abscess cavity Not visible -
Transcutaneous 
sialendoscopy-

assisted
5 (SPH) 72 Without complaints

14 months

2 46 M Advanced 
sialolithiasis

Right 
submandibular No 55 millimetres 

depth
Partially  
visible Fixed

Transcutaneous 
sialendoscopy-

assisted
10 (SPH) 60 Without complaints

12 months

3 60 F Persisting  
swelling Right parotid No 45 millimetres 

depth
Partially  
visible Fixed

Transcutaneous 
sialendoscopy-

assisted
7 x 4 x 3 65 Without complaints

11 months

4 70 M Advanced 
sialolithiasis

Left 
submandibular No 64 millimetres 

depth
Non  

visible Fixed
Transcutaneous 
sialendoscopy-

assisted
10 (SPH) 75 Without complaints

11 months

5 21 M Persistent  
swelling

Left 
submandibular No 100 millimetres

depth
Not  

visible Fixed
Transcutaneous 
sialendoscopy-

assisted

3 (intraglandular, 
found after gland 

resection)
90

After gland 
resection without 

complaints 
7 months

6 34 M Floor of the mouth 
phlegmona

Left 
submandibular No 28** milimetres 

depth
Not  

visible Fixed
Transoral 

sialendoscopy-
assisted

6 x 4 x 3 62 Without compaints 
14 months

SPH = spheric form; ** = depth at the time of extraction
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sialendoscopy-assisted approach was the most 
common type of procedure. The reason was the 
lack of a laser or pneumatic lithotriptor as a sec-
ondary minimally invasive stone fragmentation 
option. Slovenia was also a »sialendoscopic na-
ive« area, with a great proportion of previously 
untreated patients with large salivary stones.10 On 
the other hand, there has been a general trend of 
a »combined approach come back« in the last few 
years. According to the recommendations of ESTC 
and some other authors, it still has an important 
place in calculi bigger than 7 mm.6,14,15 Our own ex-
perience with deeply embedded, extraluminal and 
especially in abscess formation positioned stones 
corroborates their opinion.

The majority of salivary calculi were removed 
through oral mucosa incisions during combined 
approach surgery (102 surgeries). We had a sig-
nificantly higher proportion of transcutaneous 
procedures than reported by authors from purely 
sialendoscopic quaternary centers.19 The number 
of submandibular transcutaneous operations, in 
particular, was exceptionally high. Salivary stones 
are found significantly more often in the subman-
dibular than in the parotid ductal system.20 On the 
other hand, parotidectomy is often avoided in pa-
tients with sialolithiasis because of the risk of facial 
nerve injury.

For the same reason, the transfacial combined 
approach with gland preservation is well estab-
lished for proximal stones of Stensen’s duct.21 On 
the other hand, submandibular gland resection 
was the most frequently performed type of end-
stage treatment in patients with salivary stones.10 
The gland preservation procedure for far proximal 
submandibular sialolithiasis was reported and 
recommended more modestly.22 The reason may 
be doubt in the long-term success of this type of 
procedure and a (repeated) possibility of marginal 
branch injury. Our attitude on the importance of 
salivary gland preservation, both parotid and sub-
mandibular, is based on findings of the indispen-
sable role of saliva in maintaining the health of the 
oral and upper gastrointestinal system.23 In addi-
tion, there is undoubtedly enough evidence of sali-
vary gland function recovery after sialendoscopy.24 
For these reasons, we endeavored ten successful 
transcutaneous combined sialendoscopy-assisted 
procedures for far proximal submandibular stones; 
in three of them, CT navigation was also employed. 
With the consistent implementation of all kinds 
of sialendoscopic techniques, we significantly re-
duced the need for sialoadenectomies in patients 
with obstructive salivary gland disease. We were 

forced to resect one of the salivary glands in only 
six of 372 patients (1.6%) in whom sialendoscopy 
was part of the treatment. Compared with the pe-
riod before the introduction of sialendoscopy, the 
annual number of resections was reduced by 93.3% 
(15-fold), which represents an additional improve-
ment of our previously published results.10

All six patients in our navigation subgroup had 
non-palpable salivary stones, even though their 
stones were relatively large (only one measured 
less than 5 mm). The reason for this seemingly par-
adoxical situation was the far proximal position of 
the stone in four cases, the phlegmon of the floor of 
the mouth in one and a parotid abscess formation 
in the remaining case. Good visibility on sialendos-
copy is mandatory for all successfully performed 
solely endoscopic stone extractions and for a ma-
jority of combined approach procedures. Our in-
ability to display calculi during sialendoscopy was 
also among the indications for the use of CT navi-
gation in four cases: stone inside abscess forma-
tion1, far proximal position of the calculi (literally 
in the middle of the gland2), and terrible visibility 
inside the main duct.1 There is only one procedure 
described so far combining salivary stone removal 
with both sialendoscopy and CT navigation as-
sistance: the authors reported an excellent match-
ing of the two guidance methods.8 They therefore 
confirmed the probable validity of additional CT 
navigation guidance. Its introduction in sialolithi-
asis surgery represents a significant improvement 
and, in our opinion, has great added value, espe-
cially in challenging cases. We observed no facial 
nerve paresis or paralysis, sialocele or salivary fis-
tula among the patients with the transcutaneous 
navigation-assisted approach. We therefore regard 
it as equally safe as a non-navigated combined ap-
proach.

It is essential to point out more or less obvious 
pitfalls of the CT navigation guidance method. 
Without the additional acquisition of (less than ac-
cessible) intraoperative CT, it does not allow any 
real-time correction, which makes CT navigation 
guidance an excellent method in patients with 
fixed salivary stones. The final step in locating the 
stone in virtually any type of approach is careful 
preparation of the last remnants of tissue over the 
stone. In difficult cases, the final position of the 
stone is easily missed; repeated axis check using 
the navigation may therefore be the only way to 
localize the stone or multiple stones. Since we had 
experience with a proximally shifted stone, the au-
thors believe that the navigation in possibly non-
fixed stones should be used with caution. 
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Even with navigation, the obstruction caused by 
a severe stricture containing the stone in an intrag-
landular position could not be resolved without 
gland resection. These challenging situations seem 
to be relatively infrequent.

Conclusions

The combined use of sialendoscopy and CT navi-
gation assistance is a step forward in minimally 
invasive surgery of sialolithiasis, especially in far 
proximal, intraparenchymal, non-palpable and 
sialendoscopically non-visible fixed stones, irre-
spective of the type of combined approach or sali-
vary gland. CT navigation proved to be of help in 
demanding transcutaneous submandibular stone 
extractions, with gland preservation. It is invalu-
able in cases of extraluminal, i.e., positioned in 
an abscess or deeply embedded stones. With the 
consistent implementation of sialendoscopy and 
related minimally invasive procedures, we can sig-
nificantly reduce the need for sialoadenectomies in 
patients with obstructive salivary gland disease.
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Background. Circulating tumor cells (CTCs) have become an important biomarker in breast cancer. Different iso-
lation tech-niques based on their biological or physical features were established. Currently, the most widely used 
methods for visualization after their separation are based on immunofluorescent staining, which does not provide the 
information on the morphology.
Materials and methods. The aim of this study was to evaluate how two different separation techniques affect cell 
morphology and to analyse cell morphology with techniques used in routine cytopathological laboratory. A direct 
side-by-side comparison of physical (Parsortix®) and biological (MACS®) separation technique was performed.
Results. In the preclinical setting, both isolation techniques retained the viability and antigenic characteristics of 
MCF7 breast cancer cells. Some signs of degeneration such as cell swelling, cytoplasmic blebs, villous projections and 
vacuolization were observed. In metastatic breast cancer patient cohort, morphological features of isolated CTCs 
were dependent on the separation technique. After physical separation, CTCs with preserved cell morphology were 
detected. After biological separation the majority of the isolated CTCs were so degenerated that their identity was 
difficult to confirm.
Conclusions. Taken together, physical separation is a suitable technique for detection of CTCs with preserved cell 
morphology for the use in a routine cytopathological laboratory.

Key words: CTC; breast cancer; morphology; Parsortix®, MACS®; Giemsa

Introduction

Circulating tumor cells (CTCs) have become an 
important biomarker in breast cancer as they can 
provide critical information about disease progres-
sion and response to therapy.1,2 They represent 
an intermediate part of the metastatic cascade, 
therefore monitoring CTC levels in the blood has 
exceptional implications for the management of 

cancer patients.3 In the blood stream, CTCs are a 
heterogeneous cell population of tumor cells with 
different phenotypes. They show high level of epi-
thelial-mesenchymal plasticity and can express an 
epithelial phenotype, mesenchymal phenotype or 
even a hybrid or partial epithelial/mesenchymal 
(E/M) phenotype in which cells express proteins of 
both phenotypes.4,5 
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Due to their heterogeneity, different isolation 
techniques from whole blood samples were es-
tablished in order to separate them from the sur-
rounding hematopoietic cells. Separation tech-
niques can be based on CTC biological or physical 
properties. Biological separation techniques rely 
on the expression of cell markers and are usually 
based on epithelial cell markers positive selection 
or common leukocyte antigen CD45 negative selec-
tion. Currently the only FDA approved platform 
for enumeration of CTCs CELLSEARCH (Menarini 
Silicon Biosystems) is based on biological proper-
ties, which enables the detection of CTCs of epi-
thelial origin (CD45-, EpCAM+, and cytokeratins 
8, 18+, and/or 19+) in whole blood by fluorescent 
staining and imaging of cells that are pulled to a 
single focal depth by a magnetic force.6 An alterna-
tive technique that also relies on EpCAM positive 
selection and magnetic force is Magnetic Activated 
Cell Sorting (MACS®, Miltenyi Biotec).7 This tech-
nique was evaluated in our previous study for the 
isolation of CTCs in early breast cancer patients.8 It 
was demonstrated to be a simple and useful meth-
od for enrichment of EpCAM expressing cells in a 
preclinical study, however the isolated CTCs from 
early breast cancer patients were not morphologi-
cally preserved enough for their visualization by 
methods used in a routine cytopathology labora-
tory. The limitation of separation techniques based 
on biological properties is that only CTCs that ex-
press the epithelial cell markers can be detected. 
Due to this limitation, platforms exploiting physi-
cal properties such as cell size, density, electric 
charge and deformability are gaining more atten-
tion. With the Parsortix® system (ANGLE), CTCs 
are caught in the Parsortix® filtration cassette due 
to their larger size and lower compressibility than 
other blood components.9 The isolated cells are vi-
able, intact and can be used for further in vitro ex-
perimentation and characterization.9

Currently, most methods for visualization of 
CTCs after separation from whole blood are usu-
ally based on staining with fluorescent antibodies 
and dyes. Therefore, these methods lack the infor-
mation on the CTC morphology that is crucial for 
their identification by light microscopy which is 
still the gold standard in cytopathological and his-
tological examination of tumor cells. The identifi-
cation of CTCs by their morphology is challenging 
as these cells are often severely degenerated due 
to the combination of physical stress (shear forces), 
immune surveillance and the lack of growth factors 
in the blood stream.3,10 Furthermore, separation 
methods could also induce some additional dam-

age that can result in degeneration and cell death 
which change morphological features of CTCs and 
influence their proper identification.11 Probably 
for these reasons, data regarding basic CTC mor-
phology in breast cancer are limited and thus the 
selection of the appropriate separation method is 
of outmost importance for proper cytopathological 
identification.11–14

There are few published data how separation 
techniques affect CTCs morphology.13–16 Therefore, 
we designed a study aimed to select the separa-
tion method that would allow the identification of 
CTCs based on their morphology that could be in-
tegrated in a routine cytopathology laboratory. The 
advantage of cytopathological analysis is that it is 
easily accessible in the clinical environment as cy-
topathologists are an integral part of cancer patient 
care. Two separation techniques were first evalu-
ated in the preclinical setting by spiking of blood 
of healthy volunteers with MCF7 breast cancer cell 
line, which is the most studied human breast can-
cer cell line.17 The preclinical evaluation was fol-
lowed by a prospective clinical trial in metastatic 
breast cancer patients with the primary objective 
being a side-by-side comparison of both separation 
techniques. The aims of this study were i) to evalu-
ate how two different separation techniques affect 
cell morphology and ii) to analyze cell morphology 
with techniques used in routine cytopathological 
laboratory.

Materials and methods
Ethic statement

The study was conducted at the Institute of 
Oncology Ljubljana, Slovenia and was reviewed 
and approved by the Institutional Ethical Review 
Committee (ref. nb. ERID-KSOPKR-0071/2020) 
and National Medical Ethics Committee at the 
Slovenian Ministry of Health (ref. nb. 0120-150-
2019/4). All enrolled patients and healthy volun-
teers signed an informed consent. The study was 
conducted in accordance with the Declaration of 
Helsinki. Blood samples were collected during the 
patients’ routine blood draw, which is a minimally 
invasive procedure.

Patients and healthy volunteers

Thirty-three patients were recruited in the study, 
however only 30 patients donated their blood sam-
ples, therefore their identification numbers are in 
the range P1 to P33. Three healthy volunteers were 
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also included in the study. Each patient or healthy 
volunteer donated two blood samples in a 10 ml 
EDTA collection tube (BD, Franklin Lakes, NJ, 
USA). The blood samples were processed within 1 
h after collection to ensure the highest viability of 
the CTCs. One tube was used for Parsortix® and 
the other for MACS® separation. After separation, 
cytological slides were prepared as described be-
low.

Spiking of MCF7 cell line

Human epithelial breast cancer cell line MCF7 
was obtained from ATCC (ATCC® HTB-22, 
ATCC, Manassas, VA, USA) and was cultured in 
Advanced MEM medium (Gibco, Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented 
with 5% fetal bovine serum (Gibco), GlutaMAX 
(100x, Gibco) and Penicillin-Streptomycin solu-
tion (Sigma Aldrich, Merck, Darmstadt, Germany). 
The cells were cultured in a 5% CO2 humidified 
incubator at 37°C until they reached 80% conflu-
ence. Afterwards, the medium was removed, the 
cells were washed with phosphate buffered saline 

(PBS) and detached from the surface with 0.25% 
trypsin/EDTA in Hank’s buffer (Gibco). After col-
lection, the cells were counted and 5x105 cells were 
spiked into each blood collection tube and sepa-
rated by Parsortix® or MACS®. For the purpose 
of retaining control non-separated cells, the same 
amount of MCF7 cells was seeded into a 24-well 
ultra-low attachment plate and incubated in a 5% 
CO2 humidified incubator at 37°C until the end of 
Parsortix® and MACS® separation.

Separation techniques

Parsortix® separation was conducted by care-
fully following the manufacturer’s instructions. 
Parsortix® separation cassette contains a stepped 
structure, gradually narrowing in diameter un-
til reaching a final gap of 6.5 µm, therefore all of 
the cells that are larger than 6.5 µm are retained 
and isolated, while all smaller cells continue to 
flow through the cassette into a waste container 
(Figure 1A).18 After the separation, retained cells 
were harvested into a 5 ml plain red-top BD va-
cutainer tube without a pre-harvest flush and re-

FIGURE 1. Schematic presentation of both separation techniques. (A) Parsortix® separation cassette contain a stepped structure, 
gradually narrowing in diameter until reaching a final gap of 6.5 µm, therefore all of the cells that are larger than 6.5 µm are 
retained and isolated while all smaller cells continue to flow through the cassette into a waste container. The technique enables 
the isolation of CTCs with different phenotypes. After the whole sample has been processed, the liquid flow is reversed and CTCs 
can be harvested. (B) MACS® separation column uses magnetic beads covered with anti-epithelial cell adhesion molecule 
(EpCAM) antibodies for positive selection of CTCs with epithelial origin. When magnetic bead labeled CTCs are passed through 
a dense magnetic column, they are retained by a strong magnetic field. Other non-labeled cells are passed through the column 
into the waste tube. After the whole sample has been passed through the column, the column is removed from the magnet and 
retained CTCs can be eluted.
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suspended in an in-house cell medium: 20% fetal 
bovine serum (Gibco), 5% EDTA (Sigma Aldrich) 
in PBS. MACS® separation was performed as pre-
viously described (Figure 1B) and harvested in 
MACS® Whole Blood Column Elution Buffer 8. 
MACS® separation is not limited by the cell size. 

Preparation of cytological slides 

For preclinical part of the study, three cytospins 
were prepared using a cytocentrifuge (Thermo 
Scientific Shandon Cytospin R 4 Cytocentrifuge, 
Waltham, MA, USA) by centrifugation at 700 rpm 
for 4 min at room temperature (RT). The first cyto-
spin was stained with Giemsa (Sigma Aldrich, 
Merck) for microscopic evaluation, the second one 
was fixed in Delaunay (2500mL acetone, 2500 mL 
absolute ethanol and 2,5 mL 1 M trichloroacetic 
acid) and stained with Papanicolaou (PAP), which 
was subsequently stained for pancytokeratin AE1/
AE3. The third one was fixed in methanol for es-
trogen receptor immunocytochemical staining. For 
clinical part of the study two cytospins were made, 
one for Giemsa staining for morphological evalu-
ation and the second for PAP staining and subse-
quent dual AE1/AE3 and vimentin immunocyto-
chemical staining.

Staining

For Giemsa staining, the slide was air dried for at 
least 30 minutes at room temperature and stained 
with Giemsa. The second cytospin was fixed 
(Delaunay, 2 hours or overnight) and stained PAP 
using an automated stainer Leica Multistainer 
ST5020 (Leica Microsystems, Buffalo Grove, IL, 
United States).

Immunocytochemical staining of CK AE1/AE3 
and estrogen receptor (ER) was performed with 
our routine immunocytochemical staining proto-
cols. All protocols included manually performed 
endogenous peroxidase activity inhibition with 
5% H2O2-methanol solution for 10 min at RT. After 
the incubation was done, slides were washed once 
1x PBS and once with Reaction Buffer (Ventana, 
Roche Diagnostics). The presence of the anti-
gens was detected with iView detection kit on 
Ultra autostainer (Ventana, Roche Diagnostics). 
Enzymatic detection was accomplished when a 
streptavidin enzyme (streptavidin-HRP) conju-
gates with the biotin-bound secondary antibody. 
Chromogen was deposited by a reaction with hy-
drogen peroxide in the presence of diaminobenzi-
dine (DAB) and copper sulfate, producing brown 

precipitate. External positive controls were used 
in all batches.

Immunocytochemical staining of the CK AE1/
AE3 and vimentin was performed as dual staining 
on the same PAP stained cytospin. The CK AE1/
AE3 staining was performed with anti CK mono-
clonal antibody (CK AE1/AE3, ref. nr. M3515, dilu-
tion 1:100, Agilent, Santa Clara, CA, United States. 
The vimentin immune staining was performed af-
ter the CK AE1/AE3 staining was done, with an-
ti-vimentin antibody (V9, ref. nr. M0725, dilution 
1:500, Agilent, Santa Clara, CA, United States). The 
presence of vimentin was detected with ultraView 
Universal Alkaline Phosphatase Red Detection Kit 
(Ventana, Roche Diagnostics), enzymatic detection 
was accomplished with an alkaline phosphatase 
and chromogen Fast Red, producing red precipi-
tate.

For ER staining, methanol fixed cytospin was 
stained with anti ER monoclonal antibody (ER, 
ref. nr. NCL-L-ER-6F11, dilution 1:25, Novocastra, 
Leica Biosystems, United Kingdom). ER protocol 
included additional manual antigen retrieval step 
with previously boiled 1x TRIS-EDTA buffer solu-
tion (pH 9) for 3 min.

Evaluation of cytological slides

Giemsa slides were evaluated by an experienced 
cytopathologist (VKP) and images of the cells on 
slides were captured with a DP72 CCD camera con-
nected to a BX-51 microscope (Olympus, Hamburg, 
Germany. In the preclinical part, morphological 
features were quantified in 100 cells from each ex-
perimental group. Cell diameter, nuclear diameter 
and thickness of the cytoplasm were measured 
using ImageJ software.19 Other morphological fea-
tures that were analyzed were cytoplasmic and nu-
clear chromasia, degeneration characteristics (cyto-
plasmic blebs, cytoplasmic villous projections and 
vacuolization), regularity of plasma membrane and 
nuclear membrane and chromatin features. These 
morphological features were quantified by count-
ing the cells that displayed these characteristics. In 
the clinical part of the study, the slides were evalu-
ated by the cytopathologist and CTCs were identi-
fied by their cytomorphological features. Based on 
their morphological appearance, they were catego-
rized as morphologically “preserved” or “unpre-
served”. Criteria for the preserved CTCs were: cells 
with morphological features of malignancy such as 
large nuclei, high nuclear to cytoplasmic (N/C) ra-
tio, scant cytoplasm, visible chromatin structure or 
presence of mitotic figures. Criteria for identifica-
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tion of morphologically unpreserved CTCs were: 
cells with morphological features of malignancy 
such as large nuclei, high N/C ratio, scant cyto-
plasm and loss of chromatin structure and nuclear 
membrane integrity. All of the identified CTCs 
were imaged and their diameter was measured.

Flow cytometry

Cell viability and type of cell death of MCF7 cells 
was determined by FITC Annexin V Apoptosis 
Detection Kit with 7-AAD (BioLegend, San Diego, 
CA, USA) according to manufacturer’s instruc-
tions. Within 1 hour after separation, Annexin V 
and 7AAD were added to the cells and the meas-
urements were performed on at least 100,000 cells 
per sample using FACSCanto II flow cytometer 
(BD Biosciences, San Jose, CA). Data were analyzed 
using FlowJo software.

Statistical analysis

The values in this study are represented by median 
with interquartile range, mean ± standard error of 
the mean (SE) or mean with 95% confidence in-
terval and are defined in the figure legends. The 
patient’s categorical characteristics were presented 
as frequencies and percentages. Age was presented 
as median and range. The comparison of means 
of more than two groups was statistically evalu-
ated by one-way ANOVA followed by a Dunnett’s 
multiple comparisons test. The comparison of 
medians of more than two groups was evaluated 
by Kruskal–Wallis one-way ANOVA followed by 
Dunn’s multiple comparisons test. Fisher’s exact 
test was used to determine the significance be-
tween two categorical variables. A P-value of <0.05 
was considered to be statistically significant. A 
sample size (n) for each experiment is stated in the 
figure legend. For statistical analysis and prepara-
tion of graphs, GraphPad Prism 8 (La Jolla, CA, 
USA) was used. 

Results 
Hydropic degeneration after Parsortix® 
and MACS® separation

In the first part of the study, the effect of both 
separation techniques on cell morphology was 
evaluated on Giemsa stained cytological slides of 
intact (non-separated) MCF7 cells vs. Parsortix® 
or MACS® isolated MCF7 cells. In comparison to 
the intact MCF7 cells (Figure 2A, No separation), 

the Parsortix® and MACS® separated MCF7 cells 
showed signs of cell swelling i.e. hydropic degen-
eration (Figure 2A, Parsortix® and MACS®). Also 
high background of blood cells was observed after 
MACS® separation protocol (Figure 2A, MACS®).

Preservation of antigenic epitopes for immuno-
cytochemical staining was determined by immu-
nocytochemical staining of AE1/AE3 cytokeratin 
and estrogen receptor, as these stainings are usual-
ly used in the cytopathological detection of breast 
cancer cells. Both separation techniques retained 
the epitopes for immunocytochemical staining. All 
MCF7 cells presented with strong cytoplasmic AE1/
AE3 cytokeratin positive staining (Figure 2B) in all 
experimental groups. Nuclear estrogen receptor 
staining was positive in around 70% of MCF7 cells 
either in non-separated cells or after Parsortix® or 
MACS® separation (Figure 2C).

Cell swelling was quantified based on the 
measurements of cell diameter, nuclear diam-
eter and thickness of the cytoplasm (Figure 2D). 
Both separation techniques induced similar sta-
tistically significant enlargement of the cell di-
ameter (Figure 2E), nuclear diameter (Figure 2F) 
and thickness of the cytoplasm (Figure 2G). Due 
to the increase in the thickness of cytoplasm and 
size of nucleus, cytoplasmic staining was signifi-
cantly altered. Dark basophilic staining was sta-
tistically significantly reduced after both separa-
tion techniques (Figure 2H). Contrary, pale baso-
philic staining increased in the opposite manner, 
with MACS® separated cells having the highest 
fraction of pale basophilic cytoplasmic staining 
(Figure 2H). The plasma membrane was intact 
after both separation techniques (Figure 2A). The 
nuclear features such as chromatin structure and 
nucleoli were preserved after both separation tech-
niques (Figure 1A). Nuclear staining was mostly 
hyperchromatic (Figure 2A). Chromatin was most-
ly coarsely granular (Figure 2D). The nuclear mem-
brane was intact with some irregularities observed 
after both separation techniques (Figure 2A).

Degenerative cytoplasmic changes and 
cell viability after Parsortix® and MACS® 
separation 

Increased fraction of cells with degenerative cy-
toplasmic changes were observed in Giemsa 
stained MCF7 cells after both separation tech-
niques. Morphologically non-degenerated cells 
were presented with homogenous cytoplasm and 
intact smooth plasma membrane (Figure 3A). 
Degenerative changes that were observed more 
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FIGURE 2. Parsortix® and MACS® separation techniques induced hydropic degeneration of cells. (A) Giemsa stained, (B) AE1/
AE3 cytokeratin stained and (C) estrogen receptor stained non-separated MCF7 cells (No separation) and separated MCF7 cells 
by Parsortix® (Parsortix®) or MACS® (MACS®). Scale bar represents 50 μm. Note that estrogen receptor stain is nuclear therefore 
cells appear smaller due to the poor contrasting of the cytoplasm. (D)  Presentation of measured and evaluated cell sizes. Non-
separated and Parsortix® or MACS® separated (E) cell diameter of, n=100 cells, (F) nuclear diameter, n=100 cells and (G) thickness 
of cytoplasm, n=100 cells. (H) Cytoplasmic staining of non-separated MCF7 cells and Parsortix® or MACS® separated cells, n= 
100 cells. Values in (E, F, G) represent median with interquartile range and (H) mean with 95% confidence interval. Statistical 
significance was determined by Kruskal–Wallis one-way ANOVA followed by Dunn’s multiple comparisons test for (E, F, G) and by 
Fisher’s exact test for (H).

** = p< 0.01; *** = p<0.001; **** = p< 0.0001; ns = not significant



Radiol Oncol 2021; 55(3): 292-304.

Jesenko T et al. / Morphological features of CTCs298

frequently after both separation protocols were cy-
toplasmic villous projections (Figure 3B, black ar-
row), membrane blebbing (Figure 3C, black arrow) 
and cytoplasmic vacuolization (Figure 3C, white 
arrow). Quantification of the observed changes 
demonstrated that MACS® separation induced 
the highest increase in the fraction of cells with 
cytoplasmic blebs (Figure 3D). Villous projections 
were more frequent in Parsortix® separated cells 
(Figure 3D). Increased fraction of cells with cyto-
plasmic vacuoles was observed after both separa-
tion techniques (Figure 3D).

However, although degenerative changes were 
observed after both separation techniques, the sep-
arated cells retained their viability. Flow cytomet-
ric analysis of Annexin V (apoptosis) and 7AAD 
(necrosis) demonstrated that MCF7 cells remained 
their viability after both separation techniques 
(Figure 3E). The quantification demonstrated that 

the percentage of live cells (Annexin V-, 7AAD-) 
remained unchanged following both separation 
techniques (Figure 3F). No significant changes 
were observed in the percentage of cells in early 
apoptosis (Annexin V+, 7AAD), late apoptosis 
(Annexin V+, 7AAD+) and necrosis (Annexin V-, 
7AAD+) among the groups (Figure 3E).

Evaluation of both separation techniques 
for isolation of CTCs in metastatic breast 
cancer  

Both separation techniques were also evaluated in 
clinical setting in metastatic breast cancer patients. 
Patient characteristics are presented in Table 1. The 
median age of the patients was 58.1 years (min 
39.5, max 79.3).

CTCs were isolated side-by-side by Parsortix® 
and MACS® separation, each from 10 ml of whole 

A B C D
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FIGURE 3. Parsortix® and MACS® separation techniques induced degenerative cytoplasmic changes but retained the viability of MCF7 cells. (A) 
Morphologically non-degenerated cells presented with homogenous cytoplasm and intact smooth plasma membrane. Scale bar represents 10 μm. 
(B) Cytoplasmic villous projections as observed degenerative changes are indicated by black arrow. Scale represents 10 μm. (C) Membrane blebbing 
(indicated by black arrow) and cytoplasmic vacuolization (indicate by white arrow) as observed degenerative changes. Scale represents 10 μm. (D) 
Fraction of cells with villous projections, blebs or vacuolization. Values represent mean with 95% confidence interval, n = 100 cells. Statistical significance 
was determined by Fisher’s exact test. * = p<0.05, ** = p< 0.01, *** = p<0.001, **** = p< 0.0001, ns = not significant. (E) Representative dot plots of Annexin 
V and 7AAD staining in non-separated cells and Parsortix and MACS separated cells (F) Percent of live cells (Annexin V-, 7AAD-), n=3. The values 
represent mean ± (SE), n = number of biological replicates. Statistical significance was determined by one-way ANOVA followed by a Dunnett’s multiple 
comparisons test; ns- not significant.
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blood collected through the same blood draw. 
CTCs were identified and enumerated based on 
their cytomorphological features such as their 
size (CTCs larger than 6.5 μm), round or oval 
shape, large nucleus, scant cytoplasm and a high 
N/C ratio. In some cases, mitoses were observed 
which were suggestive of CTCs since mitosis is 
not typically observed in normal blood cells. After 
Parsortix® separation, higher numbers of CTCs 
were identified. In total, Parsortix® separation re-
sulted in identification of 221 CTCs and MACS® 
separation in 120 CTCs altogether (Figure 4A). In 
58% of the patients, more CTCs were identified af-
ter Parsortix® separation, in 27% of patients more 
CTCs were identified after MACS® separation and 
in 15% equal numbers of CTCs were identified after 
both separation techniques (Figure 4B). The iden-
tified CTCs were diverse in their size. CTC mean 
diameter was significantly larger in CTCs after 

Parsortix® separation (Figure 4C). Histograms of 
CTC sizes demonstrating that smaller CTCs were 
identified after MACS® separation are presented 
in Figure 4D and Figure 4E.

Besides cell size, different separation techniques 
also affected the morphology of CTCs. The iden-
tified CTCs were classified as morphologically 
“preserved” and “unpreserved” based on their 
morphological characteristics. After Parsortix® 
separation, the majority of identified CTCs were 
presented with preserved morphology with only 2 
CTCs being identified as unpreserved (Figure 5A). 
Contrary, the majority of CTCs after MACS® 
separation were presented with unpreserved 
morphology, only one preserved CTC was iden-
tified after this separation technique (Figure 5B). 
The preserved CTCs were presented as cells with 
morphological features of malignancy and blast 
morphology such as large nuclei, high N/C ratio, 

A B C
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FIGURE 4. Parsortix® separation enabled identification of more CTCs and their size was larger compared to MACS® separation. 
(A) Total number of identified CTCs in the patient cohort. (B) Number of identified CTCs for each individual patient after Parsortix® 
or MACS® separation. (C) Mean cell diameter of CTCs after Parsortix® or MACS® separation. (D) Histogram showing CTC size 
distribution after Parsortix® separation and (E) MACS® separation.

**** = p< 0.0001; n = total number of cells
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scant basophilic cytoplasm and finely granular 
chromatin structure (Figure 5C). Nucleoli were not 
visible. CTCs also presented signs of degeneration 
such as cytoplasmic blebs and cytoplasmic villous 
projections (Figure 5C). Some of the cells were in 
a state of active mitosis, which is also a character-
istic of tumor cells (Figure 5C). After Parsortix® 
separation routine cytokeratin AE1/AE3 (CK) im-
munocytochemical staining was positive in 2 out 
of 30 patients that were morphologically identi-
fied as preserved CTCs (Figure 5C, CK). Vimentin 
staining was not confirmed in any of the samples 
due to the suboptimal ICC reaction. The external 
controls displayed a strong positive reaction, how-
ever internal controls (lymphocytes) did not stain 
properly. Therefore, the staining was not consid-
ered valid and further optimization steps are war-
ranted. Morphologically unpreserved CTCs were 
presented as cells with morphological features of 
malignancy such as scant eosinophilic cytoplasm 
with vacuoles and eosinophilic inclusions, large 
nuclei, high N/C ratio, and irregular nuclear con-
tours with loss of chromatin structure (Figure 5C). 
After MACS® isolation, unpreserved CTCs were 
positive for routine cytokeratin AE1/AE3 staining 
in 2 out of 30 patients.

CTC polymorphism in metastatic breast 
cancer is dependent on the isolation 
protocol 

In this metastatic breast cancer patient cohort, 
highly polymorphic CTCs with blast morphology 
were identified. CTCs isolated by Parsortix® from 
the same blood sample varied in size (Figure 6). 
Numerous CTCs presented villous projections or 
cytoplasmic blebs, however, plasma membrane 
of some CTCs was smooth (Figure 6). Cytoplasm 
was predominantly scant and in some cells, it 
was almost not visible (Figure 6). MACS® separa-
tion from a parallel blood sample collected in the 
same blood draw resulted in predominantly un-
preserved CTCs that also varied in size (Figure 6). 
Their size was generally smaller (Figure 4C and 
Figure 6), sometimes the size of a lymphocyte.

Discussion

In the preclinical part of study, we demonstrated 
that Parsortix® and MACS® isolation techniques 
retained the viability and antigenic characteristics 
of MCF7 breast cancer cells. Hydropic and some 
other signs of degeneration such as cytoplasmic 

blebs, villous projections and vacuolization were 
observed after separation with both techniques, 
however these changes were not severe, and the 
cells retained their viability. Parsortix® separation 
induced lower levels of degeneration compared 
to MACS® in some of the evaluated morphologi-
cal features. MACS® samples also contained high 
background of remaining hematopoietic cells. In 
the clinical setting in metastatic breast cancer pa-
tient cohort, we demonstrated that morphologi-
cally preserved CTCs were detected by Parsortix® 
method only. On the contrary, after MACS® sep-
aration the majority of detected CTCs were mor-
phologically unpreserved. Furthermore, we dem-
onstrate that CTCs from metastatic breast cancer 
show a high degree of polymorphism, even within 
the same patient. Taken together, morphological 
features of isolated CTCs are dependent on the 
separation technique and also to some degree 
to the in vivo degeneration in the blood stream. 
Parsortix® separation was demonstrated to be a 

TABLE 1. Patient characteristics

Characteristics Frequency N (%)

Histology
   Invasive ductal carcinoma
   Invasive lobular carcinoma

28 (93.3)
2 (6.7)

Tumor stage
   T1
   T2
   T3

5 (16.7)
18 (60.0)
7 (23.3)

N stage
   N0
   N1
   N2
   N3
   Unknown

5 (16.7)
9 (30.0)
3 (10.0)
7 (23.3)
6 (20.0)

Grade 
   Grade I
   Grade II
   Grade III
   Unknown

1 (3.3)
9 (30.0)
19 (63.3)
1 (3.3)

Hormone receptor
   Estrogene receptor positive
   Estrogene receptor negative
   Progesterone receptor positive
   Progesterone receptor negative

24 (80.0)
6 (20.0)
21 (70.0)
9 (30.0)

HER2 status
   Positive
   Negative

4 (13.3)
26 (86.7)

Molecular subtype
   Luminal A-like
   Luminal-B like HER2 negative
   Luminal-B like HER2 positive
   HER2 positive
   Triple negative

8 (25.8)
13 (43.3)
3 (10.0)
1 (3.3)
5 (16.7)
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suitable technique for detection of CTCs with pre-
served cell morphology in metastatic breast cancer 
for their identification by routine cytopathological 
techniques.

In our metastatic breast cancer patient cohort, 
Parsortix® separation was in general superior 
to MACS® in terms of the quantity and quality 
of identified CTCs. However, in some samples, 
MACS samples contained higher numbers of 
CTCs. When comparing both methods, it should 
be kept in mind that the successful CTC isolation 
is not dependent only on the separation technique, 
but also on the blood sample. In our case, both 
blood samples were taken during the same blood 
draw, however in two separate 10 ml blood collec-
tion tubes. Therefore, due to the fast blood flow it 
cannot be expected that both samples will contain 
equal numbers of CTCs, as CTC numbers in blood 
can depend on dynamics of CTC shedding from 
the tumor and also their distribution in the blood 
stream. Similar discrepancies in CTC numbers 
were observed also in the study of Xu et al., com-
paring three isolation platforms.20

Higher number of identified CTCs by Parsortix® 
separation can be to some extent attributed to its 
higher sensitivity. The sizes of CTCs isolated in our 
study were all larger than 6.5 µm (gap size in the 
Parsortix® cassette), therefore the Parsortix® iso-
lation capacity was retained. High recovery rates 
of different cell lines were reported also when 
directly compared to EpCAM positive selection 
techniques.9,18,21 In the study of Maertens et al., the 
median recovery rate of the Parsortix® system was 
66% compared to 23% for EpCAM based separa-
tion (Epithelial Enrich Dynabeads, Invitrogen) af-
ter spiking of different cell lines.21 The advantage 
of Parsortix® size exclusion separation is also that 
it enables the capture of CTCs of different pheno-
types, therefore higher capture capacity can be ex-
pected. Parsortix® separation was demonstrated 
to identify significantly more mesenchymal hu-
man CTCs compared to the clinical CellSearch 
system.22 Contrary, MACS® separation is limited 
by the capture of CTCs of epithelial phenotype, 
as was already confirmed in our previous study 
in spiking experiments of human fibroblasts into 
the buffy coat, demonstrating 0% recovery rate for 
mesenchymal cell line.8 CTCs found in the blood 
of cancer patients are a heterogeneous population 
as epithelial, mesenchymal and hybrid E/M pheno-
types were detected in different cancer types.23–25 
Detection of mesenchymal phenotype was shown 
to be associated with distant metastasis in breast 
cancer patients, therefore detection of CTCs with 

this phenotype seems to be of outmost impor-
tance.24 In our study we detected only 2 out of 30 
patients with advanced metastatic disease with 
epithelial phenotype. CTCs presented with blast 
morphology, however unfortunately we could not 
confirm their mesenchymal phenotype due to the 
problems with our routine vimentin ICC staining, 
which seems to be suboptimal for CTC slides ob-

FIGURE 5. Effect of separation techniques on morphology of breast cancer CTCs. 
(A) Number of morphologically preserved or unpreserved CTCs after Parsortix® 
separation. (B) Number of morphologically preserved or unpreserved CTCs after 
MACS® separation. (C) Images of CTCs with preserved or unpreserved morphology 
after both separation techniques. Scale bar represents 20 μm. Cells were stained 
with Giemsa (G) and cytokeratin AE1/AE3 (CK).
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tained in our study protocol. Further optimization 
steps for fixation and ICC staining are warranted. 

Parsortix® separation was demonstrated to pre-
serve the morphological properties of CTCs much 
better than MACS® separation. Both blood sam-
ples were taken during the same blood draw in the 
same type of collection tube and both separations 
were started at the same time, therefore the CTCs 
were retained at the same environmental condi-
tions until the separation. Separation that followed 
was different. Parsortix® separation is based on 
microfluidic system that retain larger cells in the 
cassette with 6.5 μm size gap. In MACS® separa-
tion, blood is passed through a dense magnetic col-
umn and cells are retained by a strong magnetic 

field. After both separations, cells were harvested 
and cytological slides were prepared by the same 
protocol. For Parsortix®, harvest (elution) was 
performed directly from the instrument into the 
in-house washing buffer. For MACS®, elution of 
cells from the column was made by MACS® Whole 
Blood Column Elution Buffer of undisclosed com-
position. Therefore, the differences in cytomor-
phology of separated cells can arise from the sepa-
ration technique itself and also the use of different 
recommended buffers for separation and elution. 

A majority of patient’ CTCs presented with 
the signs of morphological degeneration such as 
cytoplasmic blebs and villous projections after 
Parsortix® separation. Compared to our preclini-
cal morphological evaluation of MCF7 cells, CTCs 
isolated from patient samples were more degener-
ated, displayed loss of chromatin structure with 
invisible nucleoli. The higher level of degeneration 
could be attributed to in vivo degeneration in the 
blood stream. After MACS® separation, degenera-
tion was more severe and the cells displayed the 
characteristics of cell death such as loss of plasma 
membrane and nuclear membrane integrity, loss 
of chromatin structure, vacuoles and cytoplasmic 
eosinophilic inclusions. CTCs with the similar 
morphological characteristics were identified in 
our previous study in early breast cancer patient 
cohort and were presented as canonical and non-
canonical.8 CTCs were termed canonical if malig-
nant morphological features as well as cytokera-
tin positivity were observed and non-canonical if 
malignant morphological features were observed 
but there was no cytokeratin expression.8 In the 
current study, we were unable to use the same 
criteria as Parsortix® separation enables the isola-
tion of CTCs with various phenotypes, therefore 
cytokeratin positive staining could not be consid-
ered as an identification criterion. Therefore, we 
focused exclusively on morphological features of 
cells, which are still a gold standard in cytopathol-
ogy.26 For more precise characterization of CTCs 
further immunochemical studies of their pheno-
type are required. Our routine cytokeratin AE1/
AE3 staining resulted in positive staining in 2 out 
of 30 patients and routine vimentin staining was 
not positive in neither of the patients. Despite the 
fact that this staining performs well in the routine 
work, the staining is most probably not optimal for 
the CTCs from clinical samples as the signal of the 
staining was poor. Same was confirmed for vimen-
tin staining, which could not be properly detected. 
The external controls displayed positive reaction, 
however internal controls (lymphocytes) did not 

FIGURE 6. Morphological polymorphism of CTCs. Images of identified CTCs on a 
single patient level in four patients (patient 18, 23, 30, 31) are presented following 
Parsortix® or MACS® separation from blood obtained in a single blood draw. CTCs 
varied in size and their morphological characteristics. Scale bar represents 10 μm.
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stain properly, therefore the staining was not con-
sidered valid. Therefore, we believe that optimiza-
tion of the routine immunocytochemical staining 
of CTCs is needed in order to stain these delicate 
group of cells. Therefore, our next study is aimed 
at optimization of immunocytochemical and im-
munofluorescent staining protocols for breast can-
cer CTCs taking in mind the distinct phenotypes 
and other markers used for identification in breast 
cancer cells.

The discrepancy in cytomorphological changes 
after both separation techniques in preclinical in 
clinical setting could imply on the fact that pa-
tient’ CTCs are more sensitive and susceptible to 
degeneration as cell lines. CTCs in the blood are 
exposed to the shear stress of blood flow, lack of 
growth factors and immune surveillance, which 
can degenerate a large proportion of CTCs.10 These 
in vivo degenerated CTCs can also be more suscep-
tible to subsequent stress during the separation. 
Furthermore, in our protocol, their degeneration 
can be enhanced also by centrifugation in a cyto-
centrifuge when preparing the cytological slides. 

To the best of our knowledge, our study is one of 
the few studies investigating detailed morphologi-
cal features of breast cancer CTCs with routine cy-
topathological techniques. A direct comparison to 
other studies of CTC morphology in distinct cancer 
types cannot be made as the protocols for separa-
tion and visualization are different. Therefore, a 
comparison can be made only based on the pub-
lished images. In the study of Hattori et al. in breast 
cancer and Tsutsuyama et al. in colorectal patients, 
morphologically preserved single or clustered 
CTCs were obtained.14,15 The cells showed no sign 
of hydropic degeneration and the nuclear struc-
ture was preserved, as the samples were fixed in 
formalin prior to cytological slides preparation. 
Both studies utilized Optnics Precision Co. filtra-
tion device, which therefore also seems suitable for 
cytology-based detection of CTCs. In a case study 
of Marrinnuci et al., 659 CTCs were identified in 
a single 10 ml blood sample in metastatic breast 
cancer patient following the fiber-optic array scan-
ning technology (FAST) cytometry.13 Similar to our 
study, they found that the patient’s CTCs exhibit a 
high degree of polymorphism with CTCs exhibit-
ing early and late apoptotic changes.13 In the study 
of Kuvendjiska et al. in non-metastatic esophageal 
adenocarcinoma, different types of CTCs were 
identified based on their morphological features 
after ISET filtration.16 Small and large single-CTCs, 
cluster CTCs and circulating cancer-associated 
macrophage-like cells (CAML) were identified. 

CTCs presented with increased N/C ratio, enlarged 
and hyperchromatic nuclei, loss of chromatin 
structure, irregular nuclear borders and sometimes 
multilobulated nuclei, therefore, their morphology 
was to our opinion not sufficiently preserved.16 

This study was a preliminary study, aimed at 
side-by-side comparison of two available separa-
tion techniques in order to identify which of the 
two methods is more appropriate for integration 
into our routine clinical cytopathology laboratory. 
The integration of this method to our laboratory 
will allow us to conduct subsequent clinical stud-
ies, which will be aimed at investigation of the 
clinical relevance of the CTC number and their pre-
served morphology in different tumor types.

In conclusion, Parsortix® technology is straight-
forward technology for CTC isolation, which ena-
bles the preservation of cell morphology and can 
be easily integrated into a routine cytopathology 
laboratory. Cytopathological analysis and micro-
scopic examination of cells is still the gold standard 
in cytopathology and histology in cancer manage-
ment. The advantage of cytopathological analysis 
is that it is easily accessible in the clinical envi-
ronment as cytopathologists are an integral part 
of cancer patient care. Therefore, the analysis can 
be done without the use of special techniques and 
instruments such as flow cytometry or single cell 
next generation sequencing (NGS), which require 
substantial financial and human resources.
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Background. Statins, small molecular 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors, are widely used 
to lower cholesterol levels in lipid-metabolism disorders. Recent preclinical and clinical studies have shown that statins 
exert beneficial effects in the management of breast cancer by increasing recurrence free survival. Unfortunately, the 
underlying mechanisms remain elusive. 
Materials and methods. Simvastatin, one of the most widely prescribed lipophilic statins was utilized to investigate 
potential radiosensitizing effects and an impact on cell survival and migration in radioresistant breast cancer cell lines. 
Results. Compared to parental cell counterparts, radioresistant MDA-MB-231-RR, T47D-RR andAu565-RR cells were 
characterized by upregulation of 3-hydroxy-3-methylglutharyl-coenzyme A reductase (HMGCR) expression accom-
panied by epithelial-to-mesenchymal transition (EMT) activation. Radioresistant breast cancer cells can be killed by 
simvastatin via mobilizing of a variety of pathways involved in apoptosis and autophagy. In the presence of simvasta-
tin migratory abilities and vimentin expression is diminished while E-cadherin expression is increased. 
Conclusions. The present study suggests that simvastatin may effectively eradicate radioresistant breast carcinoma 
cells and diminish their mesenchymal phenotypes.

Key words: breast cancer cells; cancer stem cells; radiotherapy; migration; simvastatin 

Introduction

Breast cancer is the most diagnosed malignant tu-
mor in women. It is estimated over 355,000 cases in 
the European Union will be registered in 2020 that 
corresponds to 13.3% of all diagnosed malignan-

cies.1 Therapeutic management of breast cancer is 
markedly changed during last 20 years. Thus, af-
ter breast-conserving surgery, all patients receive 
either partial or whole-breast radiation therapy.2 
This strategy allows to significantly reduce the risk 
of local breast cancer recurrences and breast can-
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cer-related mortality.3,4 However, ipsilateral local 
recurrences still occur in locally and systemically 
treated breast cancer patients. Current clinical clas-
sification requires to determine whether an ipsilat-
eral relapsed tumor is a true recurrence or a second 
primary tumor.5,6 The relapsed tumors and sec-
ond primary tumors are distinct in their localiza-
tion and molecular features. It was also found that 
recurrence-free and overall survival rates for true 
recurrences are significantly shorter than for the 
second primary tumors.7 We, therefore, assumed 
that true recurrences usually occur from surviv-
ing breast carcinoma cells after primary treatment 
using radiotherapy with or without chemothera-
peutics, antihormonal or targeted agents. The 
cells recovered after their exposure to anti-cancer 
therapeutic approaches may possess a treatment 
resistant phenotype characterized by enhancement 
of pro-survival mechanisms protecting them from 
cytotoxic or cytostatic agents. It is logical to suggest 
that carcinoma cells comprising the tumor recur-
rences can demonstrate radiation resistance due 
to their abilities to survive and further proliferate 
within the irradiated field. To have a therapeu-
tic benefit from re-irradiation, the radiation dose 
should be markedly increased to effectively kill ra-
dioresistant breast carcinoma cells. Unfortunately, 
due to the problem of tissue tolerance, the required 
dose can usually not be achieved3, and a lower 
dose of re-irradiation is not able to successfully 
eradicate radioresistant carcinoma cells and can 
even increase the molecular characteristics under-
lying radiation resistance.

Since therapy resistant carcinoma cells can also 
possess an augmentation of their metastatic capaci-
ties, true local breast cancer recurrences are often 
accompanied by distant metastasis.8,9 These meta-
static lesions can also be treated by radiotherapy. 
However, an efficacy of this therapeutic approach 
might be diminished due to radiation resistance of 
breast carcinoma cells spreading to distant organs 
and tissues. Therefore, it is logical to suggest the 
use of systemic treatment to improve radiation re-
sponse and combat metastatic spread of radiore-
sistant breast carcinoma cells.

Systemic treatment of cancer can include a va-
riety of different agents. Our research group has 
focused on the lipid-lowering drug simvastatin, 
which is often used by breast cancer patients inde-
pendently from their cancer diagnose. Simvastatin 
as other statins is a competitive inhibitor of 3-hy-
droxy-3-methylglutharyl-coenzyme A reductase 
(HMGCR). Although anti-cancer activity of statins 
is described in literature10, there is still no agree-

ment whether statins generally and simvastatin 
particularly can be used to improve therapy re-
sponse of radioresistant breast carcinoma cells, 
and which molecular properties of carcinoma cells 
make them susceptible to simvastatin treatment. 

Therefore, the main aim of this study was to 
determine the sensitivities of radioresistant breast 
carcinoma cells to simvastatin and mechanisms un-
derlying the cellular responses to the drug alone or 
in combination with ionizing radiation.

Materials and methods
Cell culture and treatment with ionizing 
radiation

MDA-MB-231 (triple-negative type: estrogen, pro-
gesterone and HER2 receptor negative (ER-, PR-, 
HER2-), T47D (luminal A type: ER+, PR+, HER2-
) and Au565 (Her2-positive type: ER-, PR-, HER2/
neu+) cells were purchased from the American 
Type Culture Collection. All cell lines were grown 
in RPMI1640 medium supplemented with 2 mM 
L-glutamine, 50 U/mL penicillin, 50 μg/mL strepto-
mycin (Thermo Fisher Scientific, Vienna, Austria), 
and 10% fetal bovine serum (FBS) (HyCloneTm) 
(Thermo Fisher Scientific, Vienna, Austria). T47D 
cells were maintained in medium containing 10 µg/
ml bovine insulin (Sigma Aldrich, Millipore Merck, 
Vienna, Austria). Cell cultures were incubated in a 
5% CO2 humidified atmosphere at 37°C.

Radiation-resistant cells, MDA-MB-231-RR, 
T47D-RR and Au565-RR (RR cells), were obtained 
from parental breast cancer cells after repetitive ex-
posure to ionizing radiation (10 Gy) (16 MV x-rays) 
using an Elekta Precise Linear Accelerator (Elekta 
Oncology Systems, UK) at a dose rate of approxi-
mately 1.8 Gy/min. The cells were irradiated every 
2 weeks when breast cancer cells recovered from 
their exposure to ionizing radiation. Cells which 
survived after irradiation (total dose of 100 Gy) 
were collected for further experiments. The newly 
received cell lines maintained resistance to ioniz-
ing radiation independently from a number of pas-
sages.

Simvastatin was purchased from Calbiochem 
(Merck Millipore, Vienna, Austria). Simvastatin 
was dissolved in dimethyl sulfoxide (DMSO, 
Sigma Aldrich, Merck Millipore, Vienna, Austria) 
and used at a final clinically relevant concentration 
of 8 μM. 

Cells were irradiated at single doses of 2, 4, 6, 
and 8 Gy to determine radiation response of paren-
tal and RR breast carcinoma cells, and at a single 
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clinically relevant dose of 2 Gy for all other experi-
ments using an Elekta Precise Linear Accelerator 
(Elekta Oncology Systems, UK).

3D tomographic microscopy

Parental and radioresistant MDA-MB-231, T47D, 
and Au565 cells were seeded into the glass-
bottom dishes with a diameter of 35 mm (Ibidi, 
Switzerland), and cells were incubated for 24 hours 
at 37°C and 5% CO2 humidified atmosphere. Next, 
cells were analysed for their morphology using 3D 
tomographic microscope with a 60x objective (3D 
Cell Exlplorer-FLUO, Nanolive SA, Switzerland), 
and 3D tomographic images (z-stacks) were col-
lected.

Apoptosis assay 

Investigated breast carcinoma cells (parental and 
radioresistant MDA-MB-231, T47D and Au565) 
were seeded and cultured overnight in 6-well 
plates at 1,0 x 10^5 cells/well. Cells were exposed 
to ionizing radiation at single doses of 0, 2, 4, 6, and 
8 Gy. After being cultured for 72 hours, irradiated 
cells were collected for apoptosis assay. Briefly, the 
cells were trypsinized and then pelleted by centrif-
ugation at 300 g for 10 minutes at 4°C. The super-
natant was discarded, and the pellet was washed 
once with cold PBS and further resuspended in 
Annexin-V binding buffer containing Annexin-V-
APC and propidium iodide (PI) (AnxA100PI Kit, 
MabTag, Friesoythe, Germany). Cells were stained 
in darkness for 15 minutes, and the same volume 
(100 µL) of Annexin-V binding buffer was added to 
each sample and the prepared samples were ana-
lyzed by flow cytometry (BD FACSCantoTM II). 
The percentage of Annexin-V and PI positive cells 
was evaluated using the FlowJo_V10.6.2 software. 
Three independent experiments in duplicates were 
performed.

Cell death development and Sub-G1 
evaluation

Breast carcinoma cells were seeded in 6-well plates 
and treated either with DMSO alone as a vehicle 
control, simvastatin (8 µM) alone, irradiation alone 
(2 Gy) or combination treatment using cell pre-
treatment with simvastatin (8 µM) for 24 hours 
followed by irradiation (2 Gy). Cell death develop-
ment was studied during 72 hours after simvaststin 
treatment and different time points of 24 hours, 48 
hours and 72 hours were selected for analysis.

To evaluate the induction of cell death, samples 
were analyzed as previously described.11 Briefly, 
all cells were harvested at the indicated time points 
followed by centrifugation for 10 minutes (300 g) 
at 4°C. The pellets were washed with cold PBS 
and resuspended in hypotonicfluorochrome solu-
tion (50 µg/mL propidium iodide (PI), 0.1% sodi-
um citrate, 0.1% Triton X-100). The samples were 
stained in darkness for 30 minutes at 4°C followed 
by flow cytometry (BD FACSCantoTM II) analy-
sis. To determine DNA fragmentation, PI fluores-
cence of individual nuclei was evaluated with an 
excitation wavelength of 488 nm and an emission 
wavelength of 670 nm. Gating was done on sin-
gle nuclei to exclude doublets and debris from the 
analysis. Cell cycle analysis was performed using 
FlowJo_V10.6.2 software, and the Sub-G1 fraction 
was determined.

Western blot analysis 

Western blot was performed as published previ-
ously12,13 using E-cadherin, caspase-3, caspase-7, 
caspase-8, caspase-9, PARP-1, cytochrome C, 
XIAP, AIF, beclin-1, LC3 A/B rabbit monoclo-
nal antibody (Cell Signaling Technology, Inc., 
Beverly, MA, USA), HMGCR rabbit monoclonal 
antibody (Abcam, UK), Vimentin, Smac/DIABLO 
mouse (Cell Signaling Technology, Inc., Beverly, 
MA, USA). Loading control was evaluated us-
ing α-tubulin rabbit monoclonal antibody (Cell 
Signaling Technology, Inc., Beverly, MA, USA). For 
evaluation of protein expression, X-ray films (GE 
Healthcare, Chicago, IL, USA) were scanned and 
analyzed by the Image StudioTM Lite 5.0 (LI-COR 
Biotechnology, Lincoln, NB, USA). The Integrated 
Density Value (IDV) was obtained as a ratio of nor-
malized protein band densities in parental and ra-
dioresistant RR cells after background correction.

Migration assay

Scratch assay or wound healing assay was per-
formed to evaluate two-dimensional cancer cell 
migration. Parental and radioresistant breast car-
cinoma cells were grown to confluence in 6-well 
plates. A scratch was made on the monolayer us-
ing a sterile 200 µL-pipette tip. The monolayer 
was rinsed three times with PBS and placed in the 
appropriate complete medium with either simv-
astatin dissolved in DMSO (8 µM) or DMSO as a 
vehicle control. Phase contrast images were made 
during 20 hours at a magnification of 4x (Lionheart 
Live Cell Microscope, BioTek, Bad Friedrichshall, 
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Germany), and the gap width was measured using 
the Gen5 (V. 3.08) software. The percentage of the 
gap width which remained after 20 hours of cell 
incubation was plotted.

Statistical analysis

GraphPad Prism software was used to plot the 
graphs and for statistical evaluation. All the values 
are represented as the means ± standard error of 
the mean. Statistical comparisons were performed 
by one-way analysis of variance (ANOVA) fol-
lowed by Bonferroni post-hoc comparisons to ana-
lyze the differences between each group. Statistical 
significance was defined as: * = P  ≤  0,05, ** = P ≤ 
0,01, *** = P ≤ 0.001 and **** = P ≤ 0.0001.

Results
Radiation resistance of breast carcinoma 
cells

To confirm that newly received breast carcinoma 
cells (RR cells) possess radiation resistance, paren-
tal and RR cells were exposed to different doses of 
ionizing radiation and their susceptibility to apop-
tosis was determined. As it is seen in Figure 1, all 
three MDA-MB-231-RR, T47D-RR, and Au565-RR 
cells were less sensitive to irradiation than their pa-
rental counterparts. Although there are no signifi-
cant differences in apoptosis development in pa-
rental and RR cells irradiated at lower single doses 
(2 and 4 Gy), cell exposure to ionizing radiation at 
higher doses of 6 and 8 Gy was accompanied by 
more pronounced cell death in parental cells. Thus, 

irradiation at a dose of 8 Gy induced 30.93 ± 2.47% 
AnnexinV-PI-positive cells in MDA-MB-231-RR, 
30.46 ± 2.71% in T47D-RR, and 30.75 ± 3.08% in 
Au565-RR cells versus 46.15 ± 7.67%, 61.40 ± 1.60%, 
and 38.69 ± 1.22% in parental MDA-MB-231, T47D, 
and Au565 breast carcinoma cells, respectively.

HMGCR expression in breast carcinoma 
cells

Since HMGCR is a target for simvastatin, its ex-
pression was evaluated in parental and RR breast 
carcinoma cells (Figure 2A). It was found that tri-
ple-negative MDA-MB-231-RR and hormone re-
ceptor positive T47D-RR cells were characterized 
by up-regulation of HMGCR in comparison with 
their parental counterparts. It is necessary to note 
that parental T47D breast carcinoma cells did not 
express HMGCR whereas T47D-RR cells showed 
HMGCR overexpression. Surprisingly, Her2-
positive Au565-RR demonstrated slight downregu-
lation of HMGCR compared to the parental Au565 
cells. 

Administration of simvastatin alone at a clini-
cally relevant doses of 8 µM resulted in significant 
downregulation of HMGCR in all investigated 
breast carcinoma cells (Figure 2B). Cell exposure 
to the clinically relevant single dose of irradiation 
of 2 Gy led to the substantial increase of HMGCR 
expression especially at 24 hours after the treat-
ment. Simvastatin-pretreated parental and RR 
breast carcinoma cells were protected from radia-
tion-induced HMGCR upregulation, which did not 
significantly differ from those in cells treated with 
simvastatin alone.

FIGURE 1. Radiation-induced apoptosis in breast carcinoma cells. Radiation sensitivity of the investigated parental and 
radioresistant breast carcinoma cells was determined using apoptosis assay as described in the section Materials and methods. 
Grey bars represent parental cells and black bars the radioresistant cells. All experiments were performed at least three times in 
duplicates; * = p<0.05; ** = p<0.01; *** = p<0.001.
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Simvastatin-caused modulation of 
migratory abilities of breast carcinoma 
cells

Next, we have investigated whether RR breast 
carcinoma cells are altered in their migratory ca-
pacities (Figure 3A, 3B). Triple-negative MDA-MB-
231-RR and hormone receptor-positive T47D-RR 
breast carcinoma cells showed increased migra-
tory properties compared to their parental coun-
terparts. Using scratch assay, it was observed that 
MDA-MB-231-RR cells were able to close the gap 
within 20 hours, whereas parental MDA-MB-231 
cells demonstrated 51.62 ± 2.55% of the original 
gap width left at this time point. Very similar data 

were received when migratory capacities of T47D-
RR breast carcinoma cells were compared with 
those in parental T47D cells. Thus, parental T47D 
cells had 83.08 ± 1.71% of the gap open 20 hours 

A

A

B

B

FIGURE 3. Simvastatin-regulated breast carcinoma cell migration. (A) Wound 
healing assay was used to determine how simvastatin affected breast carcinoma 
cell migration. Cell migration was assayed at a magnification of 4x (Lionheart Live 
Cell Microscope, BioTek, Bad Friedrichshall, Germany). The cell migration rates were 
determined as a ratio between the gap width at indicated time point and initial gap 
width at 0 hours; (B) Statistical evaluation of the gap width in breast carcinoma cells. 
Gap width was measured using the Gen5 (V. 3.08) software and the percentage of 
the gap width remained after 20 hours of cell incubation in presence of DMSO as a 
vehicle control or simvastatin (8 µM) was plotted. All experiments were performed at 
least three times in duplicates; * = p<0.05; ** = p<0.01; *** = p<0.001.

FIGURE 2. HMGCR expression in breast carcinoma cells. 
(A) Constitutive 3-hydroxy-3-methylglutharyl-coenzyme A 
reductase (HMGCR) expressions in parental and radioresistant 
breast carcinoma cells. Protein extracts from total cell lysates 
were subjected to Western blot analysis, and constitutive 
levels of HMGCR were determined in all investigated breast 
carcinoma cells; (B) Simvastatin-caused modulation of HMGCR 
expression in parental and radioresistant breast carcinoma 
cells was confirmed using Western blot analysis.
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after scratching, whereas radioresistant T47D-RR 
cells demonstrated only 22.97 ± 2.05% of the origi-
nal gap width open. In contrast, parental Her2-
neu-positive Au565 cells were more migratory 
than their radioresistant Au565-RR counterparts 
with the gap closure of more than ~95% and ~ 60%, 
respectively. 

Simvastatin significantly reduced migratory 
abilities of parental and radioresistant MDA-MB-
231-RR, radioresistant T47D-RR, and parental 
Au565 breast carcinoma cells. The most prominent 
inhibition of cell migration was observed in radi-
oresistant MDA-MB-231-RR and T47D-RR cells (~ 
5-fold simvastatin-caused reduction of migration 
in MDA-MB-231-RR cells versus ~ 1.6-fold in pa-
rental MDA-MB-231 cells, and ~ 3-fold simvastatin-
induced reduction of migration in T47D-RR cells 
versus no effect observed in simvastatin-treated 
parental T47D cells). Surprisingly, radioresistant 
Au565-RR cells were not affected in their migratory 
capacities by simvastatin, and the gap was equally 
closed by the untreated and treated Au565-RR cells.

Simvastatin-regulated expression of 
epithelial and mesenchymal markers in 
breast carcinoma cells

Considering that radioresistant breast carcinoma 
cells were affected in their sensitivity to ionizing 
radiation and altered in their migratory capacities, 
we next analyzed the levels of expression of mes-
enchymal (vimentin) and epithelial (E-cadherin) 
markers in the investigated carcinoma cells 
(Figure 4A). It was found that all radioresistant 
breast carcinoma cells acquired a more mesen-
chymal phenotype compared to parental cells. 
Interesting to note that radioresistant MDA-MB-
231-RR cells lost E-cadherin expression accompa-
nied by up-regulation of vimentin. Parental T47D 
cells had a pure epithelial phenotype with overex-
pression of E-cadherin with no sign of vimentin ex-
pression, and radioresistant T47D-RR cells showed 
a switch toward mixed epithelial and mesenchy-
mal phenotype characterized by overexpression of 
both epithelial and mesenchymal markers. Parental 
Au565 cells and radioresistant Au565-RR cells were 
equal in their mesenchymal phenotype with vi-
mentin overexpression and lack of E-cadherin 
expression. Cell treatment with simvastatin re-
sulted in the time-dependent down-regulation of 
vimentin and up-regulation of E-cadherin in all 
investigated breast carcinoma cells. Even the cells 
lacking E-cadherin revealed a simvastatin-induced 
up-regulation of the epithelial marker. Epithelial-

A

B

FIGURE 4. Mesenchymal and epithelial markers in breast carcinoma cells treated 
with simvastatin. (A) Simvastatin-dependent regulation of vimentin and E-cadherin 
expressions in parental and radioresistant breast carcinoma cells were evaluated 
using Western blot analysis as described in the section Materials and Methods. 
IDV was calculated for each protein band and normalized to the α-tubulin band 
density after background correction. IDV ratio means fold-change of vimentin or 
E-cadherin band densities in simvastatin-treated compared to the vehicle-treated 
breast carcinoma cells. (B) 3D holographic breast cancer cell microscopy. Parental 
and radioresistant MDA-MB-231, T47D, and Au565 cells were analyzed for their 
morphology using 3D Nanolive Explorer-FLUO as described in the Materials and 
Methods.
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to-mesenchymal transition of radioresistant breast 
carcinoma cells was accompanied by morphologi-
cal changes characterized by the membrane ruf-
fling, filopodia and lamellipodia formation result-
ing in the increased cellular surfaces (Figure 4B).

Cell death development in breast 
carcinoma cells treated with simvastatin 
and ionizing radiation

As previously mentioned, radioresistant breast 
carcinoma cells are affected in the susceptibility to 
apoptosis caused by ionizing radiation. Since ap-
optosis represents only one type of cell death, we 
decided to be focused on the evaluation of the total 
treatment-induced cell killing using Nicoletti stain-
ing. 

Cell death development was determined in all in-
vestigated breast cancer cells after their exposure to 
simvastatin alone, irradiation alone, and their com-
bination. It was observed that among all investigat-
ed breast carcinoma cell lines only parental T47D 
cells were not sensitive to simvastatin (Figure 5). All 
other parental and radioresistant breast carcinoma 
cells demonstrated time-dependent cell death de-
velopment in response to cell exposure to simvas-
tatin at a clinically relevant dose of 8 µM. Thus, pa-
rental MDA-MB-231, radioresistant MDA-MB-231-
RR and radioresistant T47D-RR cells showed equal 
cell death development with 46.35 ± 4.38%, 43.78 ± 
3.19%, and 51.35 ± 2.96% at 96 hours, respectively. 
Parental and radioresistant Au565 breast carcinoma 
cells were less susceptible to simvastatin with cell 
death of 41.96 ± 9.05% for parental Au565 cells and 
27.50 ± 6.03% for radioresistant Au565-RR cells at 96 
hours after simvastatin treatment.

Breast cancer cell exposure to the clinically rel-
evant single dose of irradiation of 2 Gy did not re-
sult in the substantial cell death in all investigated 
breast carcinoma cell lines. Parental and radiore-
sistant Au565 cells were the most radiation sensi-
tive among other cell lines, and radiation-caused 
cell death was 17.43 ± 2.58% in parental Au565 cells 
and 14.23 ± 1.38% in Au565-RR cells. Unfortunately, 
combination of simvastatin and irradiation did not 
lead to the enhancement of cell death compared to 
simvastatin alone in all parental and radioresistant 
breast carcinoma cells.

Simvastatin activates different types of 
cell death

To understand which types of cell death are in-
duced by simvastatin, we have performed Western 

blot analysis for the key regulators of caspase-
dependent, caspase-independent apoptosis and 
autophagy (Figure 6). Interesting to note that pa-
rental and radioresistant triple-negative MDA-
MB-231, hormone receptor-positive T47D, and 
Her2neu-positive Au565 breast carcinoma cells 
demonstrated different mechanisms of cell death 
development. Both intrinsic and extrinsic apoptosis 
pathways were implicated in simvastatin-triggered 

FIGURE 5. Cell death development in breast carcinoma cells treated with 
simvastatin or irradiation or their combination. At indicated time points, 
analysis of sub-G1 cell fraction was evaluated in the samples collected 
after treatment of parental and radioresistant breast carcinoma cells 
with simvastatin (8 µM) alone, irradiation (2 Gy) alone or combination of 
simvastatin (8 µM) and irradiation (2 Gy). All experiments were performed 
at least three times in duplicates; * = p<0.05; ** = p<0.01; *** = p<0.001.
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T47D cells demonstrated only one cleaved form (43 
kDa) after treatment with simvastatin alone, irra-
diation alone, or combination treatment, whereas 
radioresistant T47D-RR cells possessed similar 
cleavage only after cell treatment with simvasta-
tin alone at 48 and 72 hours, or with the combina-
tion treatment (simvastatin 48 hours + irradiation 
24 hours). Parental Au565 breast carcinoma cells 
had full caspase-8 cleavage after cell exposure to 
simvastatin alone at 72 hours or irradiation alone 
at 24 hours. Radioresistant Au565-RR cells did not 
reveal a pronounced caspase-8 cleavage after any 
kind of treatment. 

Activation of the intrinsic apoptosis pathway 
was characterized by caspase-9 cleavage. In com-
parison with parental breast carcinoma cells, 
their radioresistant counterparts revealed a more 
pronounced caspase-9 cleavage after simvastatin-
based treatments. It was manifested either in a 
more pronounced expression of the cleaved form 

cell death in all investigated breast carcinoma cells. 
First, it was seen that initiator caspase-8 belonging 
to the extrinsic apoptosis pathway was activated 
in parental and radioresistant MDA-MB-231 cells 
independently from the kind of cell treatment, 
and both cleaved forms (43 kDa and 18 kDa) were 
observed. In contrast, all other cell lines were de-
ficient in full caspase-8 cleavage. Thus, parental 

FIGURE 6. Regulation of apoptosis- and autophagy-related 
proteins in breast carcinoma cells. Treatment-induced 
modulation of protein expression in parental and radioresistant 
breast carcinoma cells were investigated using Western blot 
analysis. Cells were either treated with simvastatin (8 µM), 
or irradiation alone at a dose of 2 Gy, or with combination 
treatment using simvastatin (8 µM) pretreatment (24 hours) 
followed by irradiation at a single dose of 2 Gy. Protein 
extractions were performed at the indicated time points, 
and then samples were analyzed using Western blotting as 
described in Materials and Methods.
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of 37 kDa in T47D-RR cells or in caspase-9 cleav-
age accompanied by formation of a 37 and 35 kDa 
form in MDA-MB-231-RR and Au565-RR cells. 
Additionally, release of cytochrome C correlated 
with caspase-9 activation in the investigated paren-
tal and radioresistant breast carcinoma cells. Thus, 
there were very weak differences in cytochrome C 
expression in parental and radioresistant MDA-
MB-231 cells that resulted in the similar caspase-9 
activation with slightly more pronounced cleav-
age in radioresistant cells. Very low constitutive 
cytochrome C expression in the parental T47D 
cells was upregulated at 24 hours after simvastatin 
treatment only. Radioresistant T47D-RR cells were 
characterized by more stable release of cytochrome 
C after treatment with simvastatin alone, irradia-
tion alone, and especially after combination treat-
ment. Although cytochrome C expressions were 
not altered by any kind of treatment in parental 
and radioresistant Au565 breast carcinoma cells, 
radioresistant Au565-RR cells demonstrated higher 
cytochrome C expression compared to their paren-
tal counterparts.

Simvastatin-induced activation of initiator cas-
pases 8 and 9 resulted in the modulation of expres-
sion of the executioner caspases 3 and 7. Although 
both parental and radioresistant MDA-MB-231 
cells showed high expression of the total caspase-3, 
they were deficient in caspase-3 cleavage after all 
kinds of cell treatment with simvastatin alone, irra-
diation alone or their combination. Parental T47D 
breast carcinoma cells revealed comparable results 
as parental and radioresistant MDA-MB-231 cells. 
In contrast, radioresistant T47D-RR cells, parental 
Au565 and radioresistant Au565-RR cells demon-
strated very pronounced simvastatin-induced cas-

pase-3 cleavage at 48 and 72 hours after treatment 
with simvastatin. Irradiation alone was unable to 
induce cleavage caspase-3, however combination of 
simvastatin and irradiation led to equal caspase-3 
cleavage as observed in simvastatin-treated breast 
carcinoma cells. Another executioner caspase-7 
was fully cleaved in parental and radioresistant 
MDA-MB-231 and Au565 cells after treatment with 
simvastatin alone or its combination with irradia-
tion. Since neither caspase-3 nor caspase-7 cleav-
ages were observed in the parental T47D cells, 
PARP-1 cleavage was also not observed in these 
cells after any kind of treatment. In contrast, acti-
vation of caspases executioners was accompanied 
by PARP-1 cleavage in parental and radioresistant 
MDA-MB-231 and Au565 cells, and radioresist-
ant T47D-RR cells after application of simvastatin 
alone, irradiation alone, and their combination. It 
is necessary to note that PARP-1 was even cleaved 
in the cells treated with irradiation alone, though 
activation of caspases initiators and executioners 
was not detected. This led to the hypothesis that 
other mechanisms of cell death such as caspase-
independent apoptosis and autophagy could be 
implicated in cell killing after cell exposure to irra-
diation alone or its combination with simvastatin.

Indeed, AIF and Smac/DIABLO expressions 
were modified by the treatment with simvastatin, 
irradiation, and their combination. Upregulation of 
AIF was more pronounced in radioresistant breast 
carcinoma cells than in their parental counter-
parts after administration of all treatments. Smac/
DIABLO was weakly expressed in parental and 
radioresistant T47D cells, but it was increased by 
simvastatin, irradiation, or their combination in pa-
rental and radioresistant MDA-MB-231 and Au565 

FIGURE 7. 3-hydroxy-3-methylglutharyl-coenzyme A reductase (HMGCR) expression and recurrence free survival in breast cancer patients. Prognostic 
value of the HMGCR expression at the mRNA level in breast cancer patients was evaluated using the KMplot database (http://kmplot.com/analysis/), 
and the results indicate that higher HMGCR expression was associated with worse overall survival in all cohorts of patients.
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cells. Constitutive expression of the apoptosis in-
hibitor XIAP was enhanced in all radioresistant 
breast carcinoma cells. However, simvastatin alone 
or its combination with irradiation decreased XIAP 
expression. Although XIAP was up-regulated in 
parental and radioresistant MDA-MB-231 cells af-
ter their exposure to ionizing radiation, combina-
tion of simvastatin and irradiation did not result in 
the augmentation of XIAP expression.

Autophagy-related proteins beclin-1 and LC3 
A/B were also analyzed for their constitutive and 
treatment-modulated expressions in parental and 
radioresistant breast carcinoma cells. Beclin-1 did 
not show any significant dysregulation in response 
to all treatment approaches. Although LC3 A/B was 
activated and cleaved after application of simvasta-
tin alone or its combination with irradiation in pa-
rental and radioresistant MDA-MB-231 and Au565 
cells, parental and radioresistant T47D cells were 
characterized by LC3 A/B cleavage after cell expo-
sure to all kinds of cell treatment. It is necessary to 
note that the most prominent up-regulation of LC3 
A/B expression and enhancement of its cleavage 
were detected in radioresistant MDA-MB-231-RR 
and T47D-RR breast carcinoma cells after simvas-
tatin-containing treatment. Thus, LC3 A/B-II/LC3 
A/B-I ratio in parental MDA-MB-231 and radiore-
sistant MDA-MB-231-RR cells was ~ 0,6 and ~ 0,5 
after simvastatin treatment at 72 hours, and ~ 0,6 
and ~ 0,8 after combination treatment, respective-
ly; for parental T47D and radioresistant T47D-RR 
cells: ~ 0.3 and ~ 0.8 after simvastatin treatment 
at 72 hours, and ~ 0,3 and ~ 0,8 after combination 
treatment, respectively; for parental Au565 and 
radioresistant Au565-RR cells: ~ 0.2 and ~ 0.4 after 
simvastatin treatment at 72 hours, and ~ 0,5 and ~ 
0,4 after combination treatment, respectively.

Discussion

Radiotherapy is an important therapeutic approach 
used in the management of breast cancer. Although 
radiotherapy techniques are markedly improved, 
the problem of radiation resistance of the primary 
or secondary (relapsed) tumors still exists.4,14 It is 
currently known that radiation resistance can be 
supported by activated pro-survival intracellular 
pathways and microenvironmental factors.15,16 A 
Western diet containing a lot of fat links not only 
increased levels of cholesterol in blood but can also 
be associated with the formation of more aggres-
sive malignant breast tumors in women.15,17 Tumor 
aggressiveness is characterized by reduced cancer 

cell sensitivity to currently existing therapeutic ap-
proaches and inclination for metastatic spread.18-20 
Since high cholesterol levels could be related to the 
diminished therapy response and metastatic pro-
gression of breast cancer21-23, it is assumed that ad-
ministration of statins can help to improve tumor 
sensitivity to anti-cancer treatment and attenuate 
the metastatic cancer cell capabilities.

Simvastatin is one of the widely used statins 
inhibiting the HMGCR and reducing hypercho-
lesterolemia in patients. Since cholesterol levels 
can be regulated by the HMGCR, and cholester-
olemia can be linked to more aggressive behavior 
of breast tumors, it is hypothesized that HMGCR 
can be upregulated in breast cancers with unfa-
vorable clinical outcomes. Indeed, analysis of cor-
relation between HMGCR expression and overall 
survival in breast cancer patients24 has shown that 
HMGCR overexpression can be associated with 
reduced overall survival in breast cancer patients 
independently from the molecular subtypes of 
the tumors (Figure 7). Accordingly, our data have 
clearly demonstrated that breast carcinoma cells 
with confirmed radiation resistance possessed an 
augmentation of HMGCR expression. It was previ-
ously established that HMGCR is implicated in ra-
diation response of melanoma cells, and lipophilic 
HMGCR inhibitor pitavastatin (Livalo) causes a 
delay in DNA repair resulting in the persistence 
of double strand breaks and development of se-
nescence in malignant cells.23 Although radiosen-
sitizing and additional anti-tumor effects of the 
lipophilic statins are previously described22,23,25-29, 
there is only one report demonstrating that simv-
astatin can sensitize esophageal carcinoma cells to 
ionizing radiation via inhibition of PI3/Akt path-
way.30 To our knowledge, there are no publications 
showing a simvastatin efficacy on cell death and 
survival of radioresistant breast carcinoma cells. 
In this study, we have found that simvastatin-
caused cytotoxic effects were observed in breast 
carcinoma cells expressing HMGCR, and the levels 
of their radiation responses did not play the sig-
nificant roles. While irradiation alone resulted in 
the HMGCR up-regulation in all parental and ra-
dioresistant breast carcinoma cells independently 
from the constitutive HMGCR levels, combination 
treatment with simvastatin and ionizing radiation 
was not accompanied by enhancement of HMGCR 
in the majority of the investigated carcinoma cells. 
Only parental hormone receptor-dependent T47D 
cells lacking constitutive HMGCR expression did 
not show simvastatin-dependent downregulation 
of radiation-caused HMGCR expression in the ir-
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radiated cells. We assume that simvastatin was not 
able to prevent radiation caused HMGCR expres-
sion due to the constitutive lack of the target for 
simvastatin.

Interesting to note, there were no significant 
differences in cytotoxic cell responses to simvasta-
tin alone and its combination with a clinically rel-
evant dose of irradiation of 2 Gy. Simvastatin alone 
was equally effective as a combination treatment 
in both parental and radioresistant breast cancer 
cells if they expressed HMGCR. However, radia-
tion-caused HMGCR up-regulation in the parental 
T47D cells did not influence the cytotoxic activities 
of simvastatin in combination with irradiation. We 
also cannot exclude that combination of simvasta-
tin with a higher dose of irradiation can more effec-
tively kill breast cancer cells than drug or ionizing 
radiation alone. 

As expected, radioresistant breast carcinoma 
cells revealed an enhancement of metastasis-as-
sociated properties, such as increased migratory 
abilities and acquisition of more mesenchymal 
phenotype. Simvastatin treatment caused pheno-
typic transition of tumor cells between mesenchy-
mal and epithelial states, which was accompanied 
by the reduction in migratory capabilities of breast 
carcinoma cells. Hence, it is possible to speculate 
that metastatic potential of radioresistant cells can 
be affected by the use of simvastatin. 

Although there are several publications report-
ing on the inhibitory activities of statins on the 
epithelial-to-mesenchymal transition (EMT)30-34, 
our data additionally provide new evidence that 
simvastatin can effectively kill radioresistant breast 
carcinoma cells possessing a mesenchymal pheno-
type. We, therefore, hypothesize that radioresistant 
cells can be eliminated by simvastatin from local 
and/or distant recurrences. This assumption agrees 
with a clinical observation that statins cannot pre-
vent breast cancer formation but can reduce can-
cer-related mortality in metastatic breast cancer pa-
tients.33 It was also shown that lipophilic statins, in-
cluding simvastatin, can improve a recurrence-free 
survival in breast cancer patients.33,34 We, therefore, 
suppose that statins alter therapy-resistant breast 
carcinoma cells and affect carcinoma cell recovery 
after treatment.

In our study, simvastatin induced cell death in 
HMGCR-expressing breast carcinoma cells, and 
we have detected activation of extrinsic, intrinsic, 
and caspase-independent apoptotic pathways, and 
autophagy. Although HMGCR-positive breast car-
cinoma cells demonstrated comparable simvasta-
tin-induced cell death development, apoptosis was 

differently regulated either with more pronounced 
involvement of caspase-dependent or caspase-in-
dependent pathways. Interesting to note that sim-
vastatin enhanced the expression of autophagy-
related proteins beclin-1 and LC3 in HMGCR-
negative and simvastatin-resistant parental T47D 
cells. However, LC3 activation and cleavage was 
not very pronounced in parental cells as it was 
observed in radioresistant T47D cells. Therefore, 
we suppose that parental cells can be protected 
from cell death via weak activation of autophagy.35 
Since we have observed a variety of mechanisms 
regulating different types of cell death in simvas-
tatin-treated carcinoma cells, it was impossible to 
detect any unique scenario of breast cancer cell kill-
ing after simvastatin treatment. In our opinion, it 
opens the wider perspectives to use simvastatin as 
a therapeutic approach to treat breast carcinomas 
possessing different capabilities for activation of 
apoptosis or autophagy.

We conclude, radioresistant breast carcinoma 
cells possessing HMGCR expression accompanied 
by EMT activation can be successfully killed by 
simvastatin via mobilizing of a variety of pathways 
involved in apoptosis and autophagy.
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Background. Thyroid nodule diagnosis has become increasingly frequent. Defining optimum surveillance intervals for 
patients with unsuspicious thyroid nodules remains a challenge. This was a single centre cohort study in which patients 
diagnosed with unsuspicious thyroid nodules in whom no treatment was indicated were invited for re-evaluation 5 
years after the diagnosis. The primary end point of the study was to estimate the change in nodule size with thyroid 
ultrasound (US) and the secondary end point was to assess the need for clinical management 5 years after the di-
agnosis.
Patients and methods. Baseline patient parameters and ultrasound characteristics of the nodules were retrospec-
tively collected. At follow-up, thyroid ultrasound was performed. 
Results. A hundred and eighteen (107 women / 11 men, aged 56.8 ± 13.4 years) patients were included in the study 
having 203 nodules at baseline, with mean largest nodule diameter 10.5 ± 7.4 mm. After 5 years, 58 (28.6%) nodules 
significantly increased in size, 27 (13.3%) decreased, and for 104 (51.2%) of nodules, no change in size was noted. 
Fourteen (6.9%) nodules disappeared. Additional 26 new nodules (mean largest diameter 7.7 ± 5.0 mm) in 16 patients 
were identified at follow-up. Regarding the clinical outcome, no new thyroid cancers were found. For 107 (90.7%) 
patients no further management was indicated. Five (4.2%) patients were referred to thyroidectomy because of the 
growth of the nodules. Two (1.7%) patients were treated for hyperthyroidism. Four (3.4%) patients did not complete 
the study. 
Conclusions. We report a single centre experience of the natural history of unsuspicious thyroid nodules. Our results 
showed that 71.4% of such nodules remained stable in size, decreased or even disappeared and that the vast major-
ity of the patients remained clinically stable with no need for treatment 5 years after the diagnosis.

Key words. thyroid, nodule, goiter

Introduction

Thyroid nodules are discrete lesions within the 
thyroid gland that are morphologically distinct 
from the surrounding thyroid parenchyma.1 
Currently, thyroid nodule diagnosis has become 
increasingly frequent due to incidental findings 
in different imaging tests performed for reasons 
unrelated to thyroid pathology.2,3 The prevalence 
of thyroid nodules detected by thyroid ultrasound 

(US) in unselected populations was reported to be 
of up to 50% in adult females and 30% in adult 
males.4

The initial evaluation of patients with thyroid 
nodules consists of careful clinical, imaging and 
laboratory assessment, often aided by US-guided 
fine needle aspiration biopsy (FNAB). It should 
identify a small subgroup of nodules that ei-
ther harbour thyroid cancer (approx. 10%), cause 
compressive symptoms (approx. 5%) or progress 
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to functional disease (approx. 5%) and therefore 
need further clinical management.1,5,6 The rest of 
the nodules can safely be managed with a surveil-
lance program. However, since the knowledge of 
the natural history of thyroid nodules is incom-
plete, defining optimum surveillance intervals still 
remains a challenge with goals not to miss out a 
clinically significant change of the nodule and not 
to overburden medical facilities and patients with 
unnecessary follow-up examinations. At present, 
long-term follow-up recommendations are mainly 
based on expert opinion consensus since there is 
no reliable method to identify patients likely to 
experience clinically significant nodule growth or 
change to malignancy.1,6

The purpose of our study was to establish a nat-
ural history of thyroid nodules in a cohort of euthy-
roid patients diagnosed with unsuspicious thyroid 
nodules. The primary end point of the study was 
to estimate the change in nodule size with thyroid 
US and the secondary end point was to assess the 
need for clinical management five years after the 
diagnosis.

Patients and methods

The study was carried out in 2015–2017 as a 5-year 
follow-up of patients diagnosed with thyroid nod-
ules at the Outpatient Thyroid Department of the 
University Medical Centre Ljubljana in the years 
2010–2012. Only patients with unsuspicious nod-
ules in whom at the time of diagnosis no treat-
ment was indicated and who did not have autoim-
mune thyroid disease were included in the study. 
None of the patients was receiving levothyroxine 
therapy. Five years after the initial diagnosis, pa-
tients were invited by mail for clinical and US re-
evaluation. The study was performed in an iodine 
sufficient area.7 It was approved by the Republic of 
Slovenia National Medical Ethics Committee (No. 
0120-721/2015-2). A written informed consent was 
obtained by all patients included in the study.

At baseline, a complete thyroid gland examina-
tion was performed, including clinical examina-
tion, thyroid US and measurement of thyrotropin 
(TSH), free thyroxine (fT4), free triiodothyronine 
(fT3), thyroid peroxidase antibodies (TPOAb), thy-
roglobulin antibodies (TgAb) and thyroglobulin 
(Tg). If the largest diameter of thyroid nodules ex-
ceeded 1 cm, thyroid scintigraphy was performed. 
To rule out malignancy, US-guided FNAB was per-
formed in hypofunctioning thyroid nodules with 
suspicious US features. 

At follow-up, the evaluation included clinical 
examination and thyroid US. If a significant in-
crease of one or more thyroid nodules was con-
firmed or new nodules larger than 5 mm were de-
tected, the patient was advised to proceed to a fur-
ther complete thyroid gland examination that was 
scheduled at a separate visit. The complete thyroid 
gland examination included clinical examination, 
thyroid US, TSH and Tg measurement, FNAB for 
nodules with suspicious ultrasound appearance, 
and re-evaluation of the need for treatment.

All laboratory measurements were performed 
at the biochemical laboratory of the Department 
of Nuclear Medicine of the University Medical 
Centre Ljubljana. Serum concentration of TSH, fT4, 
fT3, TPOAb and TgAb was measured by ADVIA 
Centaur System (Siemens Medical Solutions 
Diagnostics). Reference values for TSH were 0.35–
5.5 mIU/L, for fT4 11.5–22.7 pmol/L, for fT3 3.5–6.5 
pmol/L, and for TPOAb and TgAb less than 60 
kIU/L. Thyroglobulin was measured by Kryptor 
platform (Brahms), based on TRACETM (time-re-
solved amplified cryptate emission) method with 
reference values between 0.5–58 µg/L. 

Thyroid US was performed by 1 of 2 experienced 
thyroid specialists using an US machine (SSD-4000; 
Aloka Co, Ltd, Tokyo, Japan) with a 7.5-MHz lin-
ear transducer. The number of the nodules was 
recorded as well as their size in three dimensions. 
Multinodularity was defined as having more than 
1 nodule. The volume of the nodules was calcu-
lated by the formula width x length x thickness x 
π/6. Suspicious ultrasound features were defined 
as at least one of the following: hypoechogenicity, 
irregular margins, taller-than-wide shape, and mi-
crocalcifications. A significant change in the size of 
thyroid nodule was defined as the increase or de-
crease that involved at least 2 nodule dimensions, 
each amounting to at least 2 mm and representing 
at least 20% of the baseline diameter.1,9 Thyroid au-
toimmunity was defined as hypoechoic US pattern 
and/or increased level of TPOAb and/or TgAb.

Thyroid scintigraphy was performed using a 
gamma camera equipped with a pinhole collimator 
(Siemens BASICAM) after intravenous administra-
tion of 100 MBq of Tc-99m pertechnetate.

Cytology results of FNAB were reported using 
the Bethesda system.8 Only patients with unsuspi-
cious cytology results were included in the study 
(Bethesda category 2 as well as cysts, categorized 
as Bethesda 1). 

The statistical analysis was performed with 
IBM SPSS Statistics Version 25 Software. Values 
are expressed as mean ± standard deviation (SD). 
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For categorical baseline characteristics, differences 
between subgroups of patients were assessed by 
Pearson chi-square test. For continuous baseline 
characteristics, correlations with subgroup classi-
fication were assessed using Spearman’s rho test. 
Correlations of growth indicative variables with 
baseline parameters were calculated by using the 
Pearson correlation test (Pearson correlation coef-
ficient, r). p-value below 0.05 was considered sta-
tistically significant.

Results

The recruitment process is summarized in Figure 1. 
One hundred and eighteen patients were included 
in the study, with 203 thyroid nodules identified 
at baseline. One hundred and seven (90.7%) of the 
included patients were females and 11 (9.3%) were 
males. Basic characteristics of the included patients 

and the two subgroups with or without nodule 
growth are depicted in Table 1. 

Mean baseline largest diameter of the nodules 
was 10.5 ± 7.4 mm and mean baseline volume 1.1 ± 
2.2 mL, with nodule baseline largest diameter dis-
tribution shown in Figure 2. In 55 nodules, FNAB 
was performed. The result of FNAB was Bethesda 
category 2 for 38 nodules and Bethesda category 1 
(cyst) for 17 nodules. 

After 5 years, 58 nodules significantly increased 
in size, 27 nodules significantly decreased in size; 
whereas for 104 of nodules, no significant change 
in size was noted (Figure 3). Furthermore, 14 of 
them disappeared. Twenty-six new nodules (mean 
largest diameter 7.7 ± 5.0 mm, mean volume 0.4 ± 
0.8 mL) in 16 patients were found. The presence of 
multiple nodules was found to be significantly as-
sociated with nodule growth (Table 1).

The parameters of 58 nodules that signifi-
cantly increased in size were further analyzed. 

FIGURE 1. Flowchart explaining the recruitment process and 
the number of included patients and thyroid nodules.

TABLE 1. Basic characteristics of patients included in the study (N = 118) 

Parameter All patients
(N = 118)

Nodule Growth New nodules detected

Without
(N = 72)

With
(N = 46) p Without

(N = 102)
With

(N = 16) p

Age (years) 51.6 ± 13.4 51.8 ± 13.6 51.2 ± 13.2 0.81 51.2 ± 13.6 53.9 ± 11.9 0.46

TSH (mIU/L) 1.64 ± 0.85 1.73 ± 0.83 1.49 ± 0.85 0.07 1.63 ± 0.83 1.72 ± 1.00 0.80

Tg (µg/L) 42.4 ± 184.9 51.3 ± 237.2 28.8 ± 33.4 0.08 43.7 ±196.6 33.2 ± 70.5 0.68

Maximum diameter of the largest nodule (mm) 12.2 ± 8.2 11.7 ± 8.4 12.9 ± 7.7 0.11 12.2 ± 8.3 12.2 ± 7.6 0.86

Volume of the largest nodule (mL) 1.4 ± 2.4 1.4 ± 2.6 1.4 ± 2.1 0.17 1.4 ± 2.5 1.2 ± 1.4 0.70

Multinodularity (%) 55 
(46.6%)

27 
(37.5%)

28 
(60.9%) 0.02 48 (47.1%) 7 

(43.8%) 1.0

Tg = thyroglobulin; TSH = thyrotropin;

FIGURE 2. Nodule largest diameter distribution at baseline  
(N = 203).



Radiol Oncol 2021; 55(3): 317-322.

Bajuk Studen K et al/ Five-year follow-up of thyroid nodules320

Correlations between baseline parameters (base-
line age, baseline Tg, baseline largest nodule di-
ameter and baseline nodule volume) and changes 
in the largest nodule diameter and nodule volume 
are depicted in Figure 4. Baseline TSH level was 
not found to correlate with changes in the largest 
nodule diameter nor nodule volume, r = – 0.119, 
p = 0.37 and r = – 0.082, p= 0.60, respectively (not 
shown in Figure 4). Baseline Tg level, baseline 
largest nodule diameter as well as baseline nod-
ule volume positively and significantly correlated 
with nodule growth (p=0.03, p=0.011 and p<0.001, 
respectively). 

Clinical outcome after five years

No new thyroid cancers were found. For 107 
(90.7%) patients no further management was in-
dicated. Five (4.2%) patients were referred to thy-
roidectomy because of the growth of the nodules. 
Two (1.7%) patients were treated for hyperthyroid-
ism (one received radioiodine treatment because 
of toxic multinodular goiter, another was treated 

FIGURE 3. Growth status of the nodules after 5 years (N = 203). 
A significant change in the size of a thyroid nodule was defined 
as the increase or decrease that involved at least 2 nodule 
dimensions, each amounting to at least 2 mm and representing 
at least 20% of the baseline diameter.

FIGURE 4. Correlations of baseline parameters with change in the largest nodule diameter and change in the nodule volume in 
nodules that significantly increased in size at the five-year follow-up (N = 58).

A B

C D
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with anti-thyroid drugs because of newly occurred 
Graves’ disease). Four (3.4%) included patients 
who were advised to proceed to a complete thy-
roid gland examination did not decide to do so for 
unknown reasons and were lost to follow-up.

Discussion 

In our study, we report a single center experience 
of the natural history of unsuspicious thyroid 
nodules in euthyroid patients for whom no treat-
ment was indicated at the time of diagnosis. Our 
results show that 71.4% of such nodules remain 
stable in size, decrease or even disappear and that 
the vast majority of the patients remain clinically 
stable with no treatment indication five years af-
ter the diagnosis. The presence of multiple nodules 
in patients is associated with nodule growth. For 
nodules that grow, nodule’s growth positively cor-
relates with the baseline Tg level, baseline largest 
nodule diameter as well as with the baseline nod-
ule volume. 

Previous studies have reported conflicting re-
sults regarding the natural course of thyroid nod-
ules.10,11,12 These results could be due to the method-
ological problems – different, often short follow-up 
intervals and different cut-offs of change in nodule 
size were used, which are not easily reproducible. 
In our study, the size change of the nodule was 
considered significant if a change of 20% or more 
was recorded in at least 2 nodule diameters, with 
a minimum increase of 2 mm. This approximates 
a nodule volume change of 50% which represents 
the minimal significant and reproducible change in 
nodule size suggested to be applied in clinical in-
vestigations and practice.1,6,9 Our finding that after 
five years, most of the nodules remained stable, de-
creased or even disappeared is in agreement with 
a previously published study applying the same 
strict cut-off measure for a significant change in 
nodule size.13

Our finding that nodule growth was positively 
associated with the baseline largest nodule diam-
eter and nodule volume as well as with the pres-
ence of multiple nodules is also in agreement with 
a previous report.13 As expected, no association of 
baseline TSH level with nodule growth was found 
in our study since only patients with TSH within 
normal limits were included. 

The pathogenesis of thyroid nodules as well as 
their growth are influenced by genetic and envi-
ronmental factors. Among environmental factors, 
iodine supply is probably the most important risk 

factor with nodular goiter being more prevalent in 
iodine deficient areas.14 Our study was conduct-
ed in an area that was iodine-sufficient for more 
than ten years before baseline evaluation of the 
patients.7 Therefore, the change in size of thyroid 
nodules reported in our study can be attributed to 
genetic and non-iodine related factors.15 However, 
firm data of relative contributions and causality of 
those factors is lacking and should be elucidated 
by future research.

Our finding that more than 90% of the patients 
five years after initial diagnosis did not need any 
further management of thyroid nodules supports 
our approach of a thorough first examination, 
which enables identifying a subgroup of patients 
who need treatment (due to malignancy, thyroid 
autonomy or compressive symptoms). It seems 
that such approach is more important than plan-
ning different follow-up strategies. Of note, pa-
tients with autoimmune thyroid disease with 
possible increasing TSH levels over time, patients 
with suspicious US features of thyroid nodules and 
those with inconclusive cytology reports were not 
included in the study. In such patients, follow-up 
is indicated.1,6 

Conclusions

In conclusion, our results support the approach 
that after a thorough first examination the major-
ity of patients with unsuspicious thyroid nodules 
do not need frequent follow-up. Further research 
should elucidate the genetic determinants and bio-
logical characteristics of thyroid nodules that grow 
in time.
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Background. The aim of the study was to identify the value of extensive resection and reconstruction with flaps in 
the treatment of locoregionally advanced lateral skull-base cancer.
Patients and methods. The retrospective case review of patients with lateral skull-base cancer treated surgically 
with curative intent between 2011 and 2019 at a tertiary otorhinolaryngology referral centre was made. 
Results. Twelve patients with locoregionally advanced cancer were analysed. Lateral temporal bone resection was 
performed in nine (75.0%), partial parotidectomy in six (50.0%), total parotidectomy in one (8.3%), ipsilateral selective 
neck dissection in eight (66.7%) and ipsilateral modified radical neck dissection in one patient (8.3%). The defect was 
reconstructed with anterolateral thigh free flap, radial forearm free flap or pectoralis major myocutaneous flap in two 
patients (17.0%) each. Mean overall survival was 3.1 years (SD = 2.5) and cancer-free survival rate 100%. At the data 
collection cut-off, 83% of analysed patients and 100% of patients with flap reconstruction were alive. 
Conclusions. Favourable local control in lateral skull-base cancer, which mainly involves temporal bone is achieved 
with an extensive locoregional resection followed by free or regional flap reconstruction. Universal cancer registry 
should be considered in centres treating this rare disease to alleviate analysis and multicentric research.

Key words: temporal bone; microsurgery; parotid region; free tissue flaps; neoplasm staging; ear

Introduction

Lateral skull-base cancer, which principally in-
volves temporal bone is a rare pathology with an 
estimated annual incidence of approximately 0.8–6 
per 1 million inhabitants.1,2 It presents about 0.2% 
of all head and neck cancers.3 Metastatic lesions of 
the lateral skull-base are less frequent than prima-
ry tumours and most commonly originate from the 
breast, pulmonary and renal primaries. 

Previous radiotherapy of skull-base (e.g., due to 
nasopharyngeal cancer), chronic otitis media, hu-
man papillomavirus infection, and chlorinated dis-
infectants are possible risk factors. However, there 
is a lack of scientific evidence.2,4 Lateral skull-base 
cancer can arise de-novo or result from a malignant 
transformation of pre-existing benign tumours, 
such as chondroma to chondrosarcoma.5

Despite the advancement of surgical and non-
surgical treatment modalities, the prognosis re-
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mains poor since the reported mean overall sur-
vival time does not exceed five years.6

Classification of lateral skull-base cancer

Lateral skull-base cancer can be classified accord-
ing to the anatomical site into five categories (an 
adaptation of Homer et al.3):
–	 advanced skin cancer of external ear (aEEC); in-

cluding auricle, concha or periauricular skin,
–	 advanced parotid cancer (aPC),
–	 infratemporal fossa and temporomandibular 

joint cancer,
–	 primary external auditory canal cancer (EACC) 

and
–	 primary middle ear cancer (MEC).

The cancer histological type depends upon 
the abovementioned site.3 Regardless the site, the 
squamous cell carcinoma is the most common type 
which accounts for more than 40% of all primary 
lateral skull-base cancers, followed by basal cell 
carcinoma in 10%, adenoid cystic carcinoma in 
8–10% and melanoma is less than 5%.7

Clinical presentation of lateral skull-base 
cancer

The clinical presentation of lateral skull-base cancer 
is not pathognomonic since it can mimic the chronic 
inflammatory diseases, such as chronic otitis me-
dia, chronic otitis externa, necrotising otitis externa 
or vasculitis (e.g., granulomatosis with polyangii-
tis). For that reason, bloody otorrhoea, hearing loss, 
bleeding, chronic otalgia, facial swelling or palsy 
and mass should be attributed to the lateral skull-
base cancer until proven otherwise. Granulation 
tissue, nonhealing ulcer or erosion should be elu-
cidated by histopathological examination. In case 
of progressive pain in the temporomandibular joint 
area, trismus, facial pain and fullness or subtle mass 
immediately above zygoma, suspicion of infratem-
poral fossa cancer should be raised.3

Diagnosis of lateral skull-base cancer

Diagnosis of lateral skull-base cancer mainly 
comprises histopathological or cytopathological 
verification, high-resolution computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) 
of skull-base and adjacent structures (i.e. parotid 
region, neck), neck CT or ultrasonography (US) 
and further evaluation of signs of systemic cancer 
spread (e.g., abdominal CT/US, chest CT/x-ray, 
positron emission tomography-CT).3

The clinical examination and diagnostic proce-
dures enable the assessment of tumour stage ac-
cording to the TNM classification system. Primary 
tumour (T), regional lymph node metastases (N) 
and distant metastases (M) can be assessed accord-
ing to the primary tumour site: e.g. for skin carci-
noma of the head and neck, major salivary glands, 
malignant melanoma of the skin, tumours of bone 
and soft tissue. EACC and MEC deserve particular 
emphasis in T, N and M assessment as the AJCC and 
UICC grading systems do not include these cancer 
types. EACC should be graded with the modified 
Pittsburgh staging system (Table 1)8,9, which has the 
highest prognostic accuracy.10 This staging system 
should be used in pathological TNM staging also.11 
MEC has been graded with many staging systems 
including modified Pittsburgh staging system18,9 
and Stell and McCormick grading system.12

TABLE 1. Modified Pittsburgh staging system8,9

T assessment

T1 Tumour limited to external auditory canal without 
bony erosion or evidence of soft tissue involvement

T2 
Tumour with limited external auditory canal bone 
erosion (not full thickness) or limited (<0.5 cm) soft-
tissue involvement

T3

Tumour eroding osseous external auditory canal 
(full thickness) with limited (<0.5 cm) soft tissue 
involvement or tumour involving the middle ear 
and/or mastoid

T4

Tumour eroding cochlea, petrous apex, medial wall 
of the middle ear, carotid canal, jugular foramen or 
dura, or with extensive soft tissue involvement (>0.5 
cm) such as involvement of temporomandibular 
joint or styloid process, or evidence of facial paresis

N assessment

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

M assessment

M0 No distant metastasis

M1 Distant metastasis

Stage group

I T1N0M0*

II T2N0M0*

III T3N0M0‡, T1N1M0‡

IV T4N0M0‡, T2–4N1M0‡, T1–4N0–1M1†

The TNM assessment is based on the clinical examination and imaging 
findings. This staging system has been applied to assess primary external 
auditory canal cancer and primary middle ear cancer.1 Middle ear 
cancer is assessed as at least T3, therefore always locoregionally 
advanced.

T = tumour; N = regional lymph node metastasis; M = distant metastasis;  
* = localised cancer; ‡ = locoregionally advanced cancer; † = systemically 
advanced cancer
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Treatment of lateral skull-base cancer

After the diagnosis has been established, the pa-
tient should be presented at the multidisciplinary 
tumour board to determine the treatment modali-
ties and goals.3 In our tertiary referral centre, the 
board, usually consists of an otorhinolaryngologist 
subspecialised in otologic and lateral skull-base 
surgery, otorhinolaryngologist subspecialised in 
head and neck surgery and free flap reconstruc-
tion, radiation oncologist and medical oncologist.

The best prognosis of lateral skull-base cancer is 
achieved with the radical surgical treatment, which 
depends on the tumour’s extent and presence of 
regional lymph node metastasis.7 Therefore, it can 
include for an example wide local excision of the 
tumour, temporal bone resection (lateral, subtotal 
or total), parotidectomy (superficial or total), neck 
dissection (selective, modified radical, radical) and 
temporomandibular joint resection. When the his-
topathological examination of the resected speci-
men implies an increased risk of local/regional tu-
mour re-appearance, adjuvant treatment must be 
considered. Other non-surgical treatment modali-
ties (i.e., radiotherapy, systemic therapy), when in-
dicated, can significantly improve the rate of local 
and/or regional control.7 

Since the extensive surgery of locoregionally ad-
vanced lateral skull-base cancer results in large tis-
sue defects, the reconstruction should be planned 
immediately. An assortment of free flaps can be 
considered to aid the reconstruction such as radial 
forearm free flap (RFFF), deep inferior epigastric 
perforator flap, latissimus dorsi free flap and ante-
rolateral thigh free flap (ALT).3 ALT is considered 
a workhorse in lateral skull-base reconstruction 
since it provides an adequate tissue bulk to fill the 
tissue defect. Additionally, the donor site (i.e., thigh 
wound) can be used to harvest fascia lata to recon-
struct dural defect or statically suspend the oral 
commissure if the facial nerve has been sacrificed. 
Moreover, ALT can be harvested as chimaeric, i.e. 
incorporating the lateral cutaneous femoral nerve, 
which can be used as interposition nerve graft in 
facial nerve reanimation. It is recommended that 
facial nerve reanimation should be initiated at pri-
mary surgery. However, in certain circumstances 
(i.e., peripheral arterial occlusive disease, head and 
neck scarring after the previous radiotherapy) free 
flaps cannot be used or have failed to reconstruct 
the defect.3 For that reason, regional flaps such 
as the pectoralis major myocutaneous flap (PM) 
should be harvested.3,13,14  

The treatment of lateral-skull base cancer 
should be reserved for highly specialised centres. 
This manuscript aims to provide an experience of 
a single tertiary otorhinolaryngology referral cen-
tre in the treatment of this pathology, emphasising 
the role of regional and free flaps in reconstruction 
after resection of locoregionally advanced lateral 
skull-base cancer.

Patients and methods

The study protocol was approved by the 
Institutional Committee for Medical Ethics and the 
Protocol Review Board (ERIDNPVO-0012/2020, 
29.7.2020). The study was performed according to 
the ethical standards of the responsible institution-
al review board on human experimentation and 
with the Helsinki Declaration. Patients provided 
written, informed consent at the admission.

Patients’ data acquisition

A retrospective case review of patients treated 
at the Institute of Oncology Ljubljana, Slovenia 
and/or Department of Otorhinolaryngology and 
Cervicofacial Surgery, University Medical Centre, 
Ljubljana, Slovenia was performed. Inclusion cri-
teria were:
– 	 time of cancer diagnosis between the January 

1st 2011 and December 31st 2019,
– 	 international classification of diseases, 10th 

revision (ICD-10) diagnoses:
• 	C07 (lat. neoplasma malignum glandulae 

parotideae), 
• 	C30.1 (lat. neoplasma malignum auris mediae), 
• 	C41.0 (lat. neoplasma malignum ossium cranii et 

faciei), 
• 	C43.2 (lat. melanoma malignum auris et meatus 

acustici externi), 
• 	C44.2 (lat. neoplasma malignum cutis auris et 

meatus acustici externi) or 
• 	C49.0 (lat. neoplasma malignum textus 

connexivi et mollis capitis, faciei et colli).
– 	 surgical treatment with curative intent.

The data were collected from the Cancer 
Registry, Slovenia, databases of Department of 
Otorhinolaryngology and Cervicofacial Surgery, 
University Medical Centre Ljubljana, Slovenia and 
Institute of Oncology Ljubljana, Slovenia.
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Patients’ data analysis

Included patients were analysed for the gender, 
age, symptoms at presentation, date of cancer di-
agnosis, ICD-10 diagnosis, histology, clinical and 
pathological TNM stage (utilising the University of 
Pittsburgh TNM staging system (Table 1) for EACC 
and MEC or 8th edition of UICC staging system for 
aEEC and aPC), tumour localisation according to 
the abovementioned classification, preoperative 

head and neck imaging modalities and preopera-
tive pure tone audiometry. Pure tone average was 
calculated for the affected ear (for bone and air 
conduction) as an average of hearing levels of pure 
tone audiometry at speech frequencies (i.e., 500 Hz, 
1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz and 4000 Hz). 
The average air-bone gap was calculated from pure 
tone average for bone and air conduction. 

Moreover, date of surgery, treatment modali-
ties employed (i.e., surgery, radiotherapy, systemic 

ICD = International statistical classification of diseases and related Health problems 10th revision

FIGURE 1. Data acquisition flowchart of patients with lateral skull-base cancer. Data of 177 patients were thoroughly analysed using 
Cancer Registry of the Republic of Slovenia and databases of Department of Otorhinolaryngology and Cervicofacial Surgery, 
University Medical Centre Ljubljana, Slovenia and Institute of Oncology Ljubljana, Slovenia. The majority of excluded patients 
suffered from auricular or parotid cancer without lateral skull-base involvement. Additional analysis was performed on the data of 
locoregionally advanced cancer.
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therapy), residual tumour classification according 
to the UICC staging system (i.e., R0 no residual 
tumour, R1 microscopic residual tumour and R2 
macroscopic residual tumour), and date of the last 
recorded check-up or date and reason of death 
were analysed. Cancer recurrence was defined as 
the re-appearance of cancer in the surgical bed af-
ter the treatment was completed, and cancer was 
considered cured.

Listed data was used to analyse age at the cancer 
diagnosis, age at death, postoperative follow-up 
period and survival. Local control and overall sur-
vival crude rates and estimates using the Kaplan-
Meier method were determined. Patients were con-
sidered cancer-free if there was no cancer recorded 
at five years after the surgery.

Statistical analysis was performed using 
Microsoft Excel for Mac (version 16 and later, 
Microsoft Corporation, Redmond, Washington) 
and SPSS (version 23, IBM Corp., Armonk, New 
York). Basic descriptive statistics were reported 
with means (M) and standard deviations (SD) and 
a p-value (p) below 0.05 was considered statistically 
significant.

Results
Study flowchart, demographics and 
clinical presentation 

Data collection was cut off on September 14th, 2020. 
Initially, 177 patients were included in the study. 
Seventeen (10%) patients with lateral skull-base 
cancer were treated with curative intent between 
2011 and 2019, and in 12 of them, the tumour was 
locally advanced (Table 2). 

At the admission, 12 (71%) patients reported 
discharge, 10 (59%) crusting or nonhealing lesion, 
10 (59%) pain, 6 (35%) bleeding, 5 (29%) hearing 
loss and 2 (12%) itching. A patient (6%) with aPC 
extending to the lateral skull-base reported the 
unilateral facial muscle weakness. None reported 
vertigo or other symptoms related to other cranial 
nerves involvement.

Tumour characteristics and localisation

There was no left to right predominance (53% left 
and 47% right). Seven patients (41%) had an aEEC. 
Basal cell carcinoma was present in four (57%) and 
squamous cell carcinoma in three (43%) patients 
(Table 2). 

Six patients (35%) suffered from EACC. The lat-
ter was classified as C44.2 in 100%. The cancer was 

squamous cell carcinoma in three (50%), basal cell 
carcinoma in two (33%) and adenoid cystic carci-
noma in one patient (17%). 

Both (12%) MECs were squamous cell carci-
noma and two (12%) aPCs were mucoepidermoid 
carcinoma (50%) and adenocarcinoma (50%).

Disregarding the tumour localisation squamous 
cell carcinoma was the most common type (8 pa-
tients, 47%), followed by basal cell carcinoma (6 pa-
tients, 35%), and others (adenoid cystic carcinoma 
(6%), mucoepidermoid carcinoma (6%) and adeno-
carcinoma (6%).

Locoregionally advanced lateral skull-
base cancer

In twelve patients (71%), the tumour was lo-
coregionally advanced (i.e., grades III and IV). 
Preoperative skull-base imaging (i.e., CT or MRI) 
was performed in all of them. Pure tone average for 
air and bone conduction and air-bone gap could be 
calculated in eight patients (67%). Average value of 
pure tone average was 69 dB (SD = 39 dB) for air 
conduction, 43 dB (SD = 19 dB) for bone conduction 
and average air-bone gap was 26 dB (SD = 20 dB).

The primary surgery was the only treatment mo-
dality in five patients (42%) patients. Other treat-
ment modalities employed were salvage surgery 
in three (25%) patients (i.e., one after radiotherapy, 
one after radiotherapy and electrochemotherapy, 

FIGURE 2. Barchart of seventeen patients with lateral skull-base cancer treated with 
curative intent between 2011 and 2019.
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one after surgery and radiotherapy) and postoper-
ative radiotherapy in four patients (33%) (Table 2). 
None received postoperative chemotherapy.

Wide local excision only was performed in two 
(16.7%), mastoidectomy in one (8.3%) and lateral 
temporal bone resection with obliteration in nine 
patients (75%). Additional partial parotidectomy 
was performed in six (50%), total parotidectomy in 
one (8.3%), ipsilateral selective neck dissection of 
regions II–IV in eight (66.7%) and ipsilateral modi-
fied radical neck dissection including resection 
of the sternocleidomastoid muscle in one patient 
(8.3%). 

The post-resection lateral skull-base defect was 
reconstructed with primary closure in five (41.7%) 
and flap in six (50%) patients with locoregionally 
advanced cancer. The wound was left to heal by 

secondary intention in one (8.3%) patient with 
T1N1M0 (stage III) EACC. 

Reconstruction with ALT (Figure 3), RFFF 
(Figure 4) and PM (Figure 5) was performed in two 
patients each. There was no flap failure. In five pa-
tients (83%) with flap reconstruction, the resection 
was R0. Postoperative photon radiotherapy with a 
dose of 60 Gy and 64 Gy in 2 Gy daily fractions was 
performed in two patients, including the one with 
R1 resection.

Local control and survival after 
locoregionally advanced lateral skull-
base cancer resection

The mean follow-up time (i.e., the mean overall 
survival time) of twelve patients after locoregion-

TABLE 2. Dataset of patients with lateral skull-base cancer treated between 2011 and 2019

Age Year Site ICD-10 HP
Clinical TNM staging Preoperative 

imaging PTA Treatment 
modalities

Otosurgical 
resection Parotidectomy Neck 

dissection
TMJ 

resection Reconstruction RTC Survival
cT cN cM Grade

80M 2012 aEECR C44.2 SCC cT4* cN1* cM0* IVP CTSB, USN yes SURGàRT WLE partial iSND none PM R1 8.1

79M 2014 EACCR C44.2 BCC cT1P cN0P cM0P IP CTSB none SURG WLE none none yes skin graft R0 6.9

52M 2014 EACCL C44.2 SCC cT4P cN0P cM0P IVP MRISB, CTSB, USN yes SURG LTBR partial iSND none primary closure R0 5.7

90F 2015 EACCL C44.2 SCC T3P cN0P cM0P IIIP CTSB, USN yes SURG LTBR none none none primary closure R0 5.5

59M 2017 EACCL C44.2 ACC cT4P cN0P cM0P IVP MRISB, CTSB, USN yes SURGàRT LTBR partial iSND none primary closure R1 5.2

50M 2017 EACCL C44.2 BCC cT P cN0P cM0P IP MRISB none ECT»SURG WLE partial none none primary closure R0 4.5

85F 2017 aEECR C44.2 BCC cT2* cN0* cM0* II* USN none SURG WLE none none none primary closure R0 2.9
(†88)

75M 2018 aEECL C44.2 BCC cT1* cN0* cM0* I* none none SURG WLE none none none skin graft R0 2.8
(†78)

79M 2018 MECR C30.1 SCC cT3P cN0P cM0P IIIP MRISB, CTSB, MRIN yes SURG LTBR none none none primary closure R1 0.4
(†80)

67M 2018 aEECR C44.2 BCC cT4a* cN0* cM0* IVa* MRISB, CTSB yes SURG LTBR+ partial iSND none RFFF R0 2.3

66F 2019 EACCL C44.2 SCC cT1P cN1P cM0P IIIP MRISB, CTSB yes SURG WLE none iSND none secondary 
intention R0 2.0

76M 2019 aEECR C44.2 SCC cT3* cN0* cM0* III* MRISB, CTSB yes RT»SURG LTBR+ partial iSND none PM R0 2.4

85M 2012 MECR C30.1 SCC cT3P cN0P cM0P IIIP CTSB, USN yes SURGàRT LTBR none none none primary closure R0 0.5
(†85)

73F 2014 aEECL C44.2 BCC cT4a* cN0* cM0* IVa* MRISB, CTSB, USN yes RT»ECT»SURG LTBR+ partial iSND none RFFF R0 1.6

58F 2014 aPCR C07 MC cT4a** cN0** cM0** IVa** MRISB, CTSB yes SURGàRT»SURG LTBR+ performed 
previously iSND none ALT R0 0.6

85F 2015 aPCR C07 AC cT4a* cN2b* cM0* IVa* CTSB yes SURGàRT MWLE total iMRND none ALT R0 0.3

84M 2017 aEECL C44.2 SCC cT2* cN0* cM0* II* USN none SURGàRT WLE partial iSND none secondary 
intention R0 0.8

Locoregionally advanced cancer is shown in bold. Age and survival are depicted in years

AC = adenocarcinoma; ACC = adenoid cystic carcinoma; aEEC = advanced skin cancer of external ear (including auricle, concha or periauricular skin); Age = age at 
the time of cancer diagnosis; ALT = anterolateral thigh free flap; aPC = advanced parotid cancer; BCC = basal cell carcinoma; CTSB = skull-base computed tomography;  
EACC = primary external auditory canal cancer; ECT = electrochemotherapy; ECT»SURG = ECT was performed with primary curative intent and surgery as salvage; F = female;  
HP = histopathological diagnosis; ICD-10 = international classification of diseases, 10th revision; iMRND = ipsilateral modified radical neck dissection; iSND = ipsilateral selective neck 
dissection; L = left; LTBR = lateral temporal bone resection; LTBR+ = lateral temporal bone resection with wide local excision; M = male; MWLE = mastoidectomy with wide local 
excision; MC = mucoepidermoid carcinoma; MEC = primary middle ear cancer; MRIN = neck magnetic resonance imaging; MRISB = skull-base MRI; P = modified Pittsburgh staging 
system; PM = pectoralis major myocutaneous flap; PTA = pure tone audiometry performed prior surgery; R = right; R0 = no residual tumour; R1 = microscopic residual tumour;  
RFFF = radial forearm free flap; RT = radiotherapy; RTC = residual tumour classification according to the UICC staging system; SCC = squamous cell carcinoma;  
SURG = surgery; SURGàRT = combined surgery and postoperative radiotherapy; TMJ = temporomandibular joint; USN = neck ultrasound; WLE = wide local excision; Year = year of 
cancer diagnosis; * = Union for International Cancer Control (UICC) staging system for skin carcinoma of the head and neck ** = UICC staging system for major salivary glands;  
† with a number = an age at death
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ally advanced lateral skull-base cancer resection 
was 2.9 years (SD = 2.6 years, range: 0.3 years – 8.1 
years). At the data collection cut-off date, ten of 
these patients (83%) were alive and had no can-
cer recurrence (Table 2) (Figure 6A). Two patients 
(27%) died, but no recurrence was detected. One 
patient died with MEC since the resection was R1, 

and the patient did not receive planned postop-
erative radiotherapy due to generalised weakness. 
One patient after R0 resection of MEC died due to 
comorbidities. The survival was 100% in patients 
treated with flap reconstruction and 67% in pa-
tients treated with other reconstruction modalities 
(Figure 6B).

A B

FIGURE 3. 85-year old female with locoregionally advanced parotid adenocarcinoma (i.e., parotid metastasis after incomplete 
temporal skin adenocarcinoma cancer resection) extending to the right external auditory canal and lateral skull-base. The 
resection margin is outlined (A). Primary surgery involving mastoidectomy with wide local excision, total parotidectomy, modified 
radical neck dissection, temporary tracheostomy, static suspension of oral commissure with fascia lata and anterolateral thigh free 
flap reconstruction were performed (B).

FIGURE 4. 73-year old female with locoregionally advanced external ear basal cell carcinoma extending to the left lateral skull-
base. The resection margin is outlined (A). Salvage surgery (i.e., after primary radical radiotherapy and electrochemotherapy) 
involving lateral temporal bone resection with fat obliteration, with wide local excision, partial parotidectomy, ipsilateral selective 
neck dissection (B) and radial forearm free flap reconstruction (C) were performed.

A B C
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Discussion

Our study presents 17 patients treated surgically 
with curative intent in 9 years at Slovenia’s two 
main healthcare centres dealing with surgical and 
non-surgical head and neck cancer treatment. As 
many as 12 patients (71%) had locoregionally ad-
vanced disease at the time of surgery.

The percentage (10%) of patients included in the 
final analysis (17 patients) among initially collected 
data (177 patients) confirms that the lateral skull-
base cancer is a rare entity, and data acquisition is 
arduous. The main reason is that this cancer can be 
classified under various ICD-10 diagnoses. Middle 
ear cancer is the only lateral skull-base cancer with 
a universal ICD-10 code (C30.1). Our study pre-
sents only the minority of lateral skull-base can-
cer; therefore, other ICD-10 diagnoses should be 
included. Despite the efforts, the list of included 
diagnoses in our study is possibly not exhaustive, 
and some cases with lateral skull-base involvement 

may have been diagnosed under other diagnoses 
(i.e., C44.3). As already proposed1,3, the establish-
ment of the universal lateral skull-base cancer 
registry should be encouraged, which would over-
come obstacles in prospective data analysis and 
alleviate multicentric research in this rare type of 
cancer. 

Male predominance (65%) and discharge as the 
most common initial symptom (71%) in our group 
are consistent with the literature. Nevertheless, the 
average age at the cancer diagnosis (M = 74 SD = 
13) was higher in our study.6

Set of histopathological types recorded in our 
patients are consistent with the literature which 
reports the predominance of squamous cell carci-
noma.6 Nonetheless, its predominance over other 
cancer types is not as significant as reported in 
other studies.1 This is perchance due to the pre-
dominance (57%) of basal cell carcinoma classified 
as aEEC, which present the majority (41%) of cases 
in our study.

A B C

FIGURE 5. 76-year old male with locoregionally advanced external ear squamous cell carcinoma extending to the right lateral skull-base. The resection 
margin is outlined (A). Salvage surgery (i.e., after primary radical radiotherapy) involving lateral temporal bone resection with wide local excision, partial 
parotidectomy, ipsilateral selective neck dissection and pectoralis major myocutaneous flap reconstruction (due to recipient vessel insufficiency) were 
performed (B, C).
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The study focused on analysing surgically 
treated locoregionally advanced lateral skull-base 
cancer (i.e., TNM grades III and IV), which pre-
sented the vast majority of all cancers (71%). These 
patients suffered from a severe mixed (i.e., senso-
rineural and conductive) hearing loss according to 
the hearing level measurements. Mostly, the exten-
sive radical surgery was performed such as lateral 
temporal bone resection with obliteration (66.7%), 
ipsilateral neck dissection (66.7% selective, 8.7% 
modified radical) and parotidectomy (50% partial, 
8.3% total). In all patients with locoregionally ad-
vanced skin cancer of external ear (3 patients) and 
parotid cancers (2 patients), the extensive radical 
resection including skin prompted the tissue de-
fect reconstruction with a major regional or free 
flap. Combination of extensive radical resection 
and flap reconstruction proved efficient since all 
of these patients are still alive. According to our 
experiences, ALT, RFFF, and PM can be harvested 
simultaneously while performing the lateral skull-
base resection, which shortens surgery time but re-
quires two surgical teams. None of our ALT, RFFF 
and PM failed, despite postoperative radiotherapy 
in 2 of these patients, consistent with the litera-
ture.15 Primary closure was the reconstruction of 
choice after resection of EACC or MEC since there 
was no large skin defect (i.e., blind sac external au-
ditory canal closure and no pinna amputation). 

Results show that our patients’ local control and 
survival with locoregionally advanced cancer were 
high, especially in patients treated with flap recon-
struction (Figure 6). The cancer-free survival rate of 
100% was calculated on only four patients since oth-
ers were not followed-up for at least five years. 83% 
of alive patients at data collection cut-off confirms 
the favourable treatment outcome. This percentage 
is higher than the information collected in the perti-
nent literature (58.7%), although our patients were 
considerably older than in other reports.1 

Our study has certain limitations inherent to 
other retrospective studies. The calculation of the 
annual incidence of lateral skull-base cancer in 
our country could not be performed since the data 
involve only patients treated in a single tertiary 
otorhinolaryngology referral centre. Moreover, 
our study does not present patients treated with 
non-surgical modalities only. Namely, for a com-
prehensive overview of the field, it would be es-
sential to consider other treatment modalities such 
as primary radio(chemo)therapy3 and also electro-
chemotherapy.16

Conclusions

Extensive radical resection of the tumour, adjacent 
tissues and structures of lateral skull-base should 

FIGURE 6. Kaplan-Meier analysis of overall survival of 12 patients with locoregionally advanced lateral skull-base cancer treated 
surgically with curative intent. (A) Kaplan-Meier analysis of 12 patients regardless of the reconstruction modality. Cumulative survival 
remained at 83% after six months. (B) Kaplan-Meyer analysis of 6 patients treated with flap reconstruction and six patients with other 
reconstruction modalities. Cumulative survival remained at 67% after six months.

A B
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be planned in locoregionally advanced skin cancer 
of external ear and locoregionally advanced parot-
id cancer. The tissue defect should be reconstruct-
ed with tissue flap; therefore, otorhinolaryngolo-
gist treating this cancer should be experienced in 
free and regional flap elevation such as ALT, RFFF 
and PM. This surgical approach enables a high sur-
vival rate. 

In locoregionally advanced primary external 
auditory canal cancer, the high survival rate is al-
lowed with lateral temporal bone resection, oblite-
ration and blind sac external auditory canal closure 
without amputation of the pinna, which offers the 
best chances for durable local control.

MEC is always locoregionally advanced if modi-
fied Pittsburgh staging system is applied, and the 
risk of tumour re-appearance is high despite exten-
sive surgery and adjuvant treatment.

Collaboration within otorhinolaryngology sub-
specialists and oncologists is vital to treat lateral 
skull-base cancer. It is imperative to establish uni-
versal lateral skull-base cancer registry in tertiary 
healthcare centres involved in treating this disease.
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Background. Breast intraoperative electron radiation therapy (B-IOERT) can be used in clinical practice both as elec-
tive irradiation (partial breast irradiation – APBI) in low risk breast cancer patients, and as an anticipated boost. The 
procedure generally includes the use of a shielding disk between the residual breast and the pectoralis fascia for the 
protection of the tissues underneath the target volume. The aim of the study was to evaluate the role of intraoperative 
ultrasound (IOUS) in improving the quality of B-IOERT.
Patients and methods. B-IOERT was introduced in Trieste in 2012 and its technique was improved in 2014 with IOUS. 
Both, needle and IOUS were used to measure target thickness and the latter was used even to check the correct 
position of the shielding disk. The primary endpoint of the study was the evaluation of the effectiveness of IOUS in re-
ducing the risk of a disk misalignment related to B-IOERT and the secondary endpoint was the analysis of acute and 
late toxicity, by comparing two groups of patients treated with IOERT as a boost, either measured with IOUS and nee-
dle (Group 1) or with needle alone (Group 2). Acute and late toxicity were evaluated by validated scoring systems.
Results. From the institutional patients who were treated between June 2012 and October 2019, 109 were eligible 
for this study (corresponding to 110 cases, as one patients underwent bilateral conservative surgery and bilateral 
B-IOERT). Of these, 38 were allocated to group 1 and 72 to group 2. The target thickness measured with the IOUS probe 
and with the needle were similar (mean difference of 0.1 mm, p = 0.38). The percentage of patients in which the shield 
was perfectly aligned after IOUS introduction increased from 23% to more than 70%. Moreover, patients treated after 
IOUS guidance had less acute toxicity (36.8% vs. 48.6%, p = 0.33) from radiation therapy, which reached no statistical 
significance. Late toxicity turned out to be similar regardless of the use of IOUS guidance: 39.5% vs. 37.5% (p = 0.99).
Conclusions. IOUS showed to be accurate in measuring the target depth and decrease the misalignment between 
collimator and disk. Furthermore there was an absolute decrease in acute toxicity, even though not statistically signifi-
cant, in the group of women who underwent B-IOERT with IOUS guidance.

Key words: breast cancer; intraoperative electron radiation therapy; ultrasound; whole breast radiotherapy
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Introduction

Breast cancer is the most common malignant dis-
ease among women and about 53 000 new cases 
were estimated in Italy in 2019.1 It still represents 
the first cause of death for cancer among women, 
even though there is a downward trend in the 
mortality in recent years (0.8%/year), due to the 
spread of screening programs and to therapeutic 
progress.2 

Adjuvant radiotherapy (RT) after breast con-
servative surgery is currently considered the stand-
ard treatment for early breast cancer and plays an 
important role to reduce local recurrences (LR) and 
to improve disease-free and overall survival.3 

Traditionally whole breast radiation therapy 
(WBRT) consisted of a total dose of 50−50.4 Gy 
in 25−28 fractions. In recent years moderate hy-
pofractionated WBRT has become the preferred 
dose-fractionation scheme, with a total dose of 40 
Gy in 15 fractions or 42.50 Gy in 16 fractions, as 
loco-regional and survival endpoint analyses have 
demonstrated no inferiority compared to a con-
ventionally fractionated schedule in several meta-
analyses.4,5

The use of an additional external boost, of 10–16 
Gy to the tumor bed can reduce the local failure rate 
from 10.2% to 6.2% (p < 0.0001).6 This effect could 
be observed in all age-classes whereas the absolute 
gain is greatest in the group below 40 years. So far 
the impact of the boost has not yet been explicitly 
investigated in hypofractionation trials.4,5 

Intraoperative electron beam radiotherapy 
(IOERT) in the treatment of early-stage breast can-
cer was introduced into the clinical practice at the 
end of the 1990s, when dedicated mobile linear ac-
celerators (Linacs) became available.6 It can be used 
both as elective RT to the partial breast as acceler-
ated partial breast irradiation (APBI) and as an an-
ticipated boost.6-8 In this case, it shortens the total 
radiation treatment time by 1–1.5 weeks and im-
proves the precision of dose delivery to the tumor 
bed, which provides high local in- breast control 
rates for patients allocated to every risk group.8

Clinical data and technical details for both pos-
sible types of IOERT application, as a boost and as 
APBI, were summarized and discussed extensively 
within recently published ESTRO-guidelines.9

Beside others, in breast intraoperative electron 
radiation therapy (B-IOERT) the protection of the 
tissues underneath the target volume, as the heart, 
lungs, and bony structures, is obtained by position-
ing a shielding disk between the residual breast 
and the pectoralis muscle. The two main criticali-
ties in this step of the procedure are the misalign-
ment and the wrong orientation of the disk.10,11

B-IOERT was introduced in the “Azienda 
Sanitaria Universitaria Integrata” of Trieste in 2012 
using the Mobetron® (IntraOp Medical, Inc. Santa 
Clara, CA), a “dedicated” electron beam accelera-
tor, that produces electrons with nominal energies 
of 6, 9, and 12  MeV at dose rates up to approxi-
mately 10 Gy/min (Figure 1). Initially it was used 
as an anticipated boost in the treatment of early 
breast cancer and since March 2018 also as APBI 
in selected patients, according to the international 
recommendations.12 Its technique was improved in 
2014 with IOUS. Both needle and IOUS were used 
to measure target thickness; the latter was used 
even to check the correct position of the shielding 
disk. 

The primary endpoint of this retrospective 
study was the evaluation of the role of IOUS in re-
ducing the risk of the disk misalignment related to 
B-IOERT and the secondary endpoint was the anal-
ysis of acute and late toxicity, by comparing two 
groups of patients treated with IOERT as a boost, 
whose target was measured either with IOUS and 
needle (Group 1) or with needle alone (Group 2).

Patients and methods

This is a retrospective cohort analysis of prospec-
tively recorded data involving patients who un-
derwent B-IOERT as an anticipated boost between 

FIGURE 1. First case of breast intraoperative electron radiation therapy (B-IOERT) 
in Trieste using the dedicated electron beam accelerator Mobetron by IntraOp® 
Company.
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June 2012 and November 2019 in the “Azienda 
Sanitaria Universitaria Integrata di Trieste”.

B-IOERT boost dose prescription was 10 Gy 
specified as maximum dose; the planning target 
volume (PTV) should be encompassed by 90% of 
the prescribed dose (i.e. 9 Gy); dose inhomogene-
ity: -10% within the target volume was allowed. 
It was followed by conventionally fractionated 
WBRT with a total dose of 50 Gy (2 Gy/25 fr.). 

Since November 2014 we have taken part in 
the HIOB protocol (Hypofractionated Whole-
Breast Irradiation preceded by Intra-Operative 
Radiotherapy with Electrons as anticipated Boost − 
Prospective one-armed multi-center-trial), after the 
approval of the Regional Ethics Committee. 

The anticipated IOERT boost dose was 11,10 Gy, 
specified at the point of maximum dose on the cen-
tral axis depth dose curve, and it was followed by 
hypofractionated WBRT with a total dose of 40,5 
Gy in 15 fractions, 2,7 Gy/fr.13 First clinical results 
on treatment tolerance (toxicity and cosmetic out-
come) were published in 2020.14

In the whole series before starting IOERT (either 
as a boost or as the unique radiation treatment), a 
shielding disk was positioned beneath the tumor 
bed on the pectoralis muscle (Figure 2A). A disk 

provided by IntraOp® Company was employed, 
made by stacking a 5 mm polymethyl methacrylate 
(PMMA) layer, a 3 mm copper layer and 2 mm 
PMMA layer (Figure 2B).15

The optimum size of the shielding disk depends 
upon the electron applicator chosen for the treat-
ment. As described in our research and in some re-
cent studies, the set-up of normal tissue protection 
and applicator placement are closely correlated 
with two very relevant risks in IOERT treatments: 
misalignment and wrong orientation of the shield-
ing disk.11,16,17 The low accuracy in the alignment 
of the disk would cause the delivery of an excess 
of dose to the underlying normal tissues. The sur-
rounding healthy gland was sutured above the 
shielding disk. 

Initially target depth was measured with a 
needle in 5 different points of the tumor bed and 
the average value was assumed in order to select 
the proper electron energy. Since the end of 2014, 
when HIOB Protocol was introduced, both needle 
and IOUS were used in a certain number of cases, 
to obtain 5 measures of the target thickness and the 
latter was used even to check the correct position of 
the shielding disk. An Esaote MyLab™One/Touch 
equipment with SL 3332 linear probe was applied.

FIGURE 2B. The disk provided by IntraOp® Company, made up 
of three stacked layers.

FIGURE 2A. The shielding disk positioned beneath the tumor 
bed during the operation.
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The effectiveness of the correct localization by 
IOUS was verified employing “in vivo dosimetry”. 
A properly calibrated EBT3 radiochromic film can 
be fixed on both faces of the disk, allowing to obtain 
two images that provide a detailed bidimensional 
dose distribution. From the first image, obtained 
just below the target, it is possible to measure the 
absolute entrance dose in that position. Moreover, 
the visual analysis acquired within the prepared 
target tissue can provide the surgeon with an ef-
fective feedback about the actual homogeneity 
acquired in the reconstruction of the target. From 
the second image positioned beyond the shielding 
disk, it is possible to evaluate the fraction of the 
dose passing through the disk and arriving at the 
underlying healthy tissue.15

The post-processing analysis of the dose distri-
bution measured on the films provides a quantita-
tive estimate of the misalignment between the col-
limator and the disk. 

In order to investigate possible differences in the 
target thickness between needle and IOUS, which 
could alter the results, we compared preliminarily 
these measures in a sample of 23 patients.

Between June 2012 and October 2019 a total of 
109 women (corresponding to 110 cases, as one 
patients underwent bilateral conservative surgery 
and bilateral B-IOERT for two different cancers on 
both breasts) underwent B-IOERT as an anticipated 
boost and 35 of them entered the HIOB trial.13,14 In 
38 cases both needle and IOUS were used (Group 
1) and in 72 only the needle (Group 2). 

Acute toxicity was rated according to the 
Radiation Therapy Oncology Group (RTOG) cri-
teria18 and late toxicity to the LENT-SOMA score, 
respectively.19

This study was approved by the Institutional 
Review Boards of the Hospital and all patients 
signed preoperatively a specific informed consent.

Statistical analysis

The statistical analysis was performed by R soft-
ware (version 3.5.0). Shapiro-Wilk test was applied 
to quantitative (continuous) variables to check for 
distribution normality. Continuous variables were 
reported as median with range (minimum-maxi-
mum). Qualitative (categorical) variables were re-
ported as absolute frequencies and/or percentages. 
Measures of target thickness (in mm) between nee-
dle and IOUS were compared by paired student’s t 
test for every patients and overall. Moreover, Lin’s 
concordance correlation coefficient ( ) was calcu-
lated to evaluated the agreement on target thick-

ness obtained by the two methods.  ranges from 0 
to 1, with perfect agreement at 1 while values near 
to 0 indicates no agreement. The value of ca  was 
interpreted according to the Mc-Bride classification 
(< 0.90: poor; 0.90−0.95: moderate; 0.95−0.99: sub-
stantial; > 0.99: almost perfect). Categorical varia-
bles were compared by Chi-square test or Fischer’s 
exact test whenever appropriate. All p-values were 
calculated from 2-sided tests using 0.05 as the sig-
nificance level.

Results

Description of the population

Information on patient characteristics and adju-
vant systemic treatments of the whole population 
and of the two groups are summarized in Table 1. 
Baseline characteristics are similar between treat-
ment groups. The median age of the entire cohort 
of patients was 67 years (range: 43−85).

Two patients (one belonged to Group 1 and the 
other to Group 2) refused adjuvant radiotherapy 
and one (Group 2) performed it elsewhere. 

Of note, two patients did not receive the allocat-
ed systemic therapy: one was discouraged for en-
docrine therapy due to severe osteoporosis and the 
second refused chemotherapy without compensat-
ing it by another oncological relevant medication.

With a median follow-up of 52 months (range: 
5−87), 3 patients died of breast cancer and 4 of oth-
er causes; one patient is alive with progressive dis-
ease and another one was treated for a contralat-
eral tumor and is disease-free at the last follow-up.

Effect of IOUS

The target thickness detected preliminarily with 
IOUS in a sample of 23 patients turned out to be 
completely in agreement with the measures ob-
tained with the needle, with Lin’s concordance co-
efficient  = 0.98, 95%CI: 0,96:0.99 and with a neg-
ligible average difference of  0.1 mm (range 0.1−1.2 
mm) (p = 0.38) as described in Supplementary 
Table 1. 

The EBT3 “in vivo dosimetry” showed that 
IOUS guidance achieved a reduction in the mis-
alignment with an electron field area outside the 
shielding disk reduction from 5.6 cm2 to 2.6 cm2. 

After IOUS introduction, the percentage of pa-
tients in whom the shield was perfectly aligned, 
defined as a field totally inside the shield, in-
creased from 23% to more than 70%. The proper 
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alignment with IOUS improved the absolute dose 
accuracy and tripled the number of patients with-
out disk misalignment. The results of post process-
ing analysis of the dose distribution measured on 
film, the collimator used, the estimated dose, the 
area outside the shielding disk and the dose map 
distribution are presented in Figure 3.

In the whole series acute toxicity, detected 4 
weeks after WBRT, occurred in 49 patients (44.5%): 
G1 in 36 (32.7%) and G2 in 13 (11.8%) of them. The 
most common acute reaction was erythema due to 
postoperative WBRT. As perioperative complica-
tions the occurrence of seroma (one case), hema-
toma (2 cases) and lymphocele (2 cases) were iden-
tified. With regard to clinical collateral effects, pa-
tients allocated to group 1 developed less radiation 
induced acute toxicity compared to group 2 (36.8% 

TABLE 1. Description of the population

Variables All cohort (n = 110) Group 1 (n = 38) Group 2 (n = 72) p-value

Age (years) Median (range) 67 (43−85) 67 (48−80) 67 (43−85) p = 0.51

Clinical stage
    cT1a N0
    cT1b N0
    cT1c N0
    cT1b N1
    cT2 N0

  2 (1.8%)
47 (42.8%)
59 (53.6%)
  1 (0.9%)
  1 (0.9%)

  1 (2.6%)
 20 (52.6%)
 17 (44.8%)
   0 (0.0%)
   0 (0.0%)

  1 (1.4%)
27 (37.5%)
42 (58.3%)
  1 (1.4%)
  1 (1.4%)

p = 0.42

Histological type
    Ductal carcinoma in situ (DCIS)
    Invasive ductal carcinoma
    Invasive lobular carcinoma 
    Others

  1  (0.9%)
70 (63.6%)
19 (17.3%)
20 (18.2%)

   1 (2.6%)
 26 (68.4%)
   5 (13.2%)
   6  (15.8%)

  0 (0.0%)
44 (61.1%)
14 (19.45%)
14 (19.45%)

p = 0.46

Multifocal disease   6 (5.4%)    4 (10.5%)   2 (2.8%) p = 0.21

Pathological Stage pT
    pTis
    pT1a
    pT1b
    pT1c
    pT2

1 (0.9%)
3 (2.7%)

41 (37.3%)
59 (53.6%)

6 (5.5%)

1 (2.6%)
0 (0.0%)

16 (42.1%)
20 (52.6%)
1 (2.6%)

0 (0.0%)
3 (4.2%)

25 (34.7%)
39 (54.2%)
5 (6.9%)

p=0.40

Pathological Stage pN
    pN0
    pN1mi
    pN1a
    pN3

88 (80.0%)
7 (6.4%)

14 (12.7%)
1 (0.9%)

32 (84.2%)
3 (7.9%)
3 (7.9%)
0 (0.0%)

56 (77.8%)
4 (5.6%)

11 (15.3%)
1 (1.4%)

p=0.71

Grading
    G1
    G2
    G3
    Gx

15 (13.7%)
68 (61.8%)
21 (19.1%)
  6  (5.4%)

   7(18.4%)
 24 (63.2%)
   6 (15.8%)
   1  (2.6%)

  8 (11.1%)
 44 (61.1%)
 15 (20.8%)

  5  (7%)

p = 0.67

Adjuvant therapy* 
    None
    Chemotherapy
    Endocrine therapy
    Chemotherapy + Endocrine therapy
    Chemotherapy + Trastuzumab 

    2 (1.8%) 
    6 (5.5%)
   85 (78%)
   12 (11%)
    4 (3.7%)

 0 (0.0%)
  2 (5.4%)

 29 (78.4%)
   4 (10.8%)
   2 (5.4%)

    2 (2.8%) 
    4 (5.6%)

   56 (77.7%)
     8 (11.1%)
     2  (2.8%)

p = 0.92

* Calculated on 109 patients

FIGURE 3. Post processing analysis of the dose distribution 
measured on film.
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vs 48.6%), which turned out as not statistically sig-
nificant (p = 0.33) (Table 2). 

Late toxicity, evaluated at the last follow-up, was 
observed in 42 patients (Grade 1: 36 cases; Grade 2: 
6 cases). There was a negligible difference in the 
two groups of patients: 39.5% (Group 1) vs. 37.5% 
(Group 2) (p = 0.99). (Table 3). The most common 
type of sequelae were: fibrosis/fat necrosis (G1/2: 
21.8%) and breast edema (G1/2: 6.4%). In the whole 
population no Grade 3 acute and late toxicity oc-
curred. 

Detailed results for late toxicity accord-
ing to LENT-SOMA score are summarized in 
Supplementary Table 2. As regards the different 
WBRT schedules, no significant differences were 
detected for acute and late toxicity (Supplementary 
Table 3A, 3B).

Discussion 

The primary objective of this analysis was to evalu-
ate the role of IOUS in improving the quality and in 
reducing the risks related to B-IOERT. 

We could demonstrate that IOERT is a safe 
treatment modality; the target thickness measures 

performed with the needle were comparable with 
those obtained with IOUS. Moreover IOUS con-
tributed considerably to optimize the alignment of 
the shielding disk. 

At present, a commercially available treatment 
planning system (TPS) for IOERT, which allows to 
accurately illustrate a dose distribution within the 
target as well as the surrounding tissues, is used 
only by a small number of Centers.20 The process 
leading to intraoperative radiation treatment, 
without TPS, is mostly the result of a sequence of 
manually handled actions involving the Surgeon, 
the Radiation Oncologist, the Medical Physicist, 
the Technicians and the Nurses of the operating 
room.9,11

Some papers examined the importance of risk 
assessment analysis applied to IOERT procedure: 
in the Italian publications a dedicated mobile Linac 
was used, while in the Spanish analysis the irradia-
tion was performed with a conventional Linac.11,16,17 
In all of the studies the highest risk was associated 
with the alignment of the shielding disk, as it was 
observed in our experience. 

The low accuracy in the alignment of the disk 
would cause the delivery of an excess of dose to the 
underlying normal tissues and is mainly related to 
the lack of direct visual disk control.11 Selecting 
a plate much larger than the applicator size and 
fixing it to the pectoralis fascia is some effective 
corrective actions. The introduction of intraopera-
tive ultrasound allows to check the position of the 
shielding disk as well as to better define the target 
thickness and is an important strategy for reducing 
the risk of shield misalignment and incorrect thick-
ness measures. 

The secondary endpoint of the study was the 
evaluation of early and late toxicity in the whole 
series with the comparison between the group of 
patients who underwent IOUS examination vs. the 
group who underwent only needle measures.

The target volume with IOERT boost is smaller 
than the volume with conventional EBRT boost. 
This leads to a reduction in the radiation exposure 
of the subcutaneous tissues and intra-thoracic or-
gans (i.e. lungs and heart). Besides it avoids the ir-
radiation of the skin and of the contralateral mam-
mary gland, reducing both the short-term and 
long-term sequelae correlated with RT and result-
ing in good cosmesis.9 

To date various papers have been published 
on IOERT boost in the treatment of early-stage 
breast cancer, with the largest deriving from 
a pooled analysis of the International Society 
of Intraoperative Radiation Therapy (ISIORT) 

TABLE 2. Acute toxicity of radiotherapy in the two groups

Group 1 (n = 38) Group 2 (n = 72)  Total (n = 110)

Grade 0 23 (60.5%) 36 (50%) 59 (53.6%)

Grade 1   8 (21.1%) 28 (38.9%) 36 (32.7%)

Grade 2   6 (15.8%)   7 (9.7%) 13 (11.8%)

Grade X   1 (2.6%)   1 (1.4%)   2 (1.9%)

Grade 1−2 14 (36.8%) 35 (48.6%) 49 (44.5%)

Group 1 = cases treated with breast intraoperative electron radiation therapy (B-IOERT) as a boost 
in which both needle and intraoperative ultrasound (IOUS) were used; Group 2 = cases treated 
with B-IOERT as a boost in which only the needle was used

TABLE 3. Late toxicity of radiotherapy in the two groups

Group 1 (n = 38) Group 2 (n = 72) Total (n = 110)

Grade 0 22 (57.9%) 43 (59.7%) 65 (59.1%)

Grade 1 12 (31.6%) 24 (33.3%) 36 (32.7%)

Grade 2   3 (7.9%)  3 (4.2%)   6 (5.5%)

Grade X   1 (2.6%)  2 (2.8%)   3 (2.7%)

Grade 1−2 15 (39.5%) 27 (37.5%) 42(38.2%)

Group 1 = cases treated with breast intraoperative electron radiation therapy (B-IOERT) as a boost 
in which both needle and intraoperative ultrasound (IOUS) were used; Group 2 = cases treated 
with B-IOERT as a boost in which only the needle was used
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Europe, which was updated for the Salzburg co-
hort with a 10 year follow-up in 2018.21,22 Excellent 
local control was reported in all the studies and 
side effects were generally low and acceptable. 
Merrick et al. reported 11% delayed fibrosis around 
the tumor bed and late breast or arm pain in 8% 
of patients; Lemanski et al. Grade 2 subcutaneous 
fibrosis in 14% and late breast or arm pain in 8% 
of patients.23,24 In the Salzburg experience less than 
2% of patients developed G3 late toxicity.8 In the 
prospective study by Wong et al., there was no G3 
acute toxicity; two patient developed G3 late tox-
icity (3.8%) and 5 patients (9.6%) fat necrosis.25 In 
these studies conventionally fractionated WBRT 
(total dose: 50−56 Gy/25−28 fr.) was delivered. In 
a retrospective German study 14 of 157 patients 
(8.9%) were treated with hypofractionated WBRT; 
the whole acute skin toxicity was evaluable in 153 
patients: G1 in 75.2%; G2 in 15.7% and G3 in 4.6%, 
6−8 weeks after WBRT.26

In three prospective investigations, IOERT boost 
was combined with hypofractionated WBRT. In 
the report by Ivaldi et al. G1 and G2 acute toxicity 
were found in 79/132 (59.8%) and in 22/132 (16.7%) 
respectively, and G3 in 3/132 (2.3%) patients one 
month after the end of WBRT.27 The recorded late 
skin toxicity was Grade 4 in one patient, Grade 3 
in another one and Grade 2 or less in 106/108 cases 
(98.2%) with a median follow-up of 11 months. In 
the study by Bhandari et al. only 24 patients un-
derwent IOERT as a boost; after a short follow-up 
(12 months), G1 and G2 acute toxicity was present 
in 47.8% and 4.4% of the cases, respectively; late 
toxicity in 40% (G1) and in 10% (G2) of the cases.28 
In the recent paper from HIOB prospective multi-
center trial, G0−1 acute effects were noted in 92% 
of patients and G3 in one patient, 4 weeks after the 
end of WBRT; G0−1 late toxicity in 93%, G2 in 4.3% 
and G3−4 in 2.7% of cases at 4 years.14

Our results are similar to the data reported in 
the other series and even better than the results of 
the early published reports. Additionally the ef-
fectiveness of IOUS application during IOERT pro-
cedure was analyzed and less acute toxicity, even 
if not statistically significant, was observed in the 
group of women who underwent B-IOERT with 
IOUS guidance. As regards G1−G2 late toxicity, 
no differences in the two groups of patients were 
detected. No grade 3 and 4 acute and late toxicity 
were present in both treatment groups.

To our knowledge no other studies evaluated 
shielding disk misalignment and possible correla-
tions with acute or late toxicity in B-IOERT proce-
dure. However, these results should be taken with 

caution. First of all this is a retrospective study; be-
sides the analysis was carried out on a small series 
of patients and median follow-up is rather short. A 
longer follow-up is advisable, to monitor the inci-
dence of late toxicity.

Conclusions

In this study, IOUS turned out to be an excellent in-
traoperative imaging modality that allows to meas-
ure the thickness of the tumor bed, to optimize the 
position of the shielding disk and it possibly con-
tributes to decrease adverse effects in term of acute 
toxicity. Its application is advisable also in other 
areas of intraoperative radiation treatments.
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Background. Ovarian cancer is the seventh most common cancer in women worldwide and the eighth most 
common cause of cancer death. Due to the lack of effective early detection strategies and the unspecific onset of 
symptoms, it is diagnosed at an advanced stage in 75% of cases. The cancer antigen (CA) 125 is used as a prognostic 
marker and its level is elevated in more than 85% of women with advanced stages of epithelial ovarian cancer (EOC). 
The standard treatment is primary debulking surgery (PDS) followed by adjuvant chemotherapy (ACT), but the later 
approach is neoadjuvant chemotherapy (NACT) followed by interval debulking surgery (IDS). Several studies have 
been conducted to find out whether preoperative CA-125 serum levels influence treatment choice, surgical resection 
and survival outcome. The aim of our study was to analyse experience of single institution as Cancer comprehensive 
center with preoperative usefulness of CA-125.
Patients and methods. At the Institute of Oncology Ljubljana a retrospective analysis of 253 women with stage 
FIGO IIIC and IV ovarian cancer was conducted. Women were divided into two groups based on their primary treat-
ment. The first group was the NACT group (215 women) and the second the PDS group (38 women). The differences 
in patient characteristics were compared using the Chi-square test and ANOVA and the Kaplan-Meier method was 
used for calculating progression-free survival (PFS) and overall survival (OS). 
Results. The median serum CA-125 level was higher in the NACT group than in the PDS group, 972 IU/ml and 499 IU/
ml, respectively. The PFS in the NACT group was 8 months (95% CI 6.4–9.5) and 18 months (95% CI 12.5–23.4) in the 
PDS group. The median OS was lower in the NACT group than in the PDS group, 25 months (95% CI 20.6–29.5) and 46 
months (95% CI 32.9–62.1), respectively. 
Conclusions. Preoperative CA-125 cut off value of 500 IU/ml is a promising threshold to predict a successful PDS. 

Key words: ovarian cancer; tumour marker; CA-125; primary debulking surgery; neoadjuvant chemotherapy

Introduction

Ovarian cancer is the seventh most common cancer 
in women around the world, with approximately 
240,000 new cases diagnosed each year. Epithelial 
ovarian cancer (EOC) is a very aggressive disease 
and is the eighth leading cause of cancer death 
with five-year survival rates below 45%.1 Of all 

patients diagnosed with EOC, approximately 15% 
of patients will have germline BRCA1 or BRCA2 
mutation present. The cumulative ovarian cancer 
risk to age of 80 is 36–53% in BRCA1 mutation and 
11–25% in BRCA2 mutation. Cumulative ovarian 
risk to age of 80 in population without BRCA mu-
tation is 1–2%.2,3 
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Due to the lack of effective screening strategies 
and the unspecific onset of symptoms, EOC is de-
tected in 75% of cases at an advanced stage.4 The 
initial symptoms are persistent or frequent, non-
specific and mainly include abdominal distension 
or flatulence, pelvic or abdominal pain, bloating, 
loss of appetite, unexplained weight loss, fatigue 
or changes in bowel habits. About 36% of women 
with unspecific clinical symptoms make several 
visits to their general practitioner before being di-
agnosed with ovarian cancer.5 

CA-125, also known as mucin 16 or MUC16, is 
a large membrane glycoprotein belonging to the 
wide mucin family, encoded by the homonymous 
MUC16 gene.6 It can be very useful and highly 
specific as a prognostic maker, but not as a diag-
nostic tool due to lack of sensitivity.7 CA-125 level 
is increased in more than 85% of women with an 
advanced stage EOC but is only increased in 50% 
of stage I cancers.7,8 CA-125 level may also be in-
creased in almost 6% of women without ovarian 
cancer due to adenomyosis, endometriosis, retro-
grade menstrual bleeding or other non-malignant 
diseases.7

For decades the standard treatment for EOC has 
been primary debulking surgery (PDS) followed 
by platinum- and taxane-based adjuvant chemo-
therapy (ACT). A more contemporary approach 
is neoadjuvant chemotherapy (NACT) followed 
by interval debulking surgery (IDS), but, opinions 
on the optimal treatment are still divided.9 Despite 
different treatment approaches, the prognosis is 
mainly influenced by the residual disease after 
surgical cytoreduction. Patients benefit most from 
complete gross resection or optimal cytoreduction 
(residual lesions with a diameter of 1 cm or less). 
Suboptimal cytoreduction with residual disease 
of more than 1 cm is associated with poorer sur-
vival.10 Many studies have attempted to assess dif-
ferent scoring systems which include preoperative 
serum CA-125 to determine the patient selection 
where optimal primary cytoreduction might be 
achievable but results and recommendations are 
inconsistent.11–16 

The aim of our study was to analyse experience 
of single institution as Cancer comprehensive cen-
tre with preoperative usefulness of CA-125.

Patients and methods
Study design

A retrospective observational study was conducted 
at the Institute of Oncology Ljubljana, from January 

2005 to December 2014. The data collection and its 
analysis were approved by Institutional Ethical 
committee.

Patients

Two hundred and fifty-three women with ad-
vanced stage ovarian cancer were enrolled in the 
study. All women had histologically confirmed 
FIGO stage IIIC and IV EOC. Women were divided 
into two groups based on their initial treatment. 
The first group consisted of 215 women receiv-
ing NACT (based on carboplatin and paclitaxel), 
followed by IDS. The second group consisted of 
38 women treated with PDS, followed by ACT (3 
courses of the same regimen as NACT). The selec-
tion of women for the specific treatment was based 
on the ability to perform a complete gross resection 
or to achieve a residual disease of 1 cm or less. This 
decision was based on preoperative imaging stud-
ies (abdominal and thoracic CT) and/or diagnostic 
laparoscopy in 173 patients. Levels of preoperative 
CA-125 did not influence the decision about pri-
mary treatment modality. When option to achieve 
complete gross or at least optimal cytoreduction 
was considered low, NACT was selected. Patients 
were assessed as inoperable (low probability of 
< 1cm residual disease) if the tumour penetrated 
the pelvic wall, if carcinosis of the intestine, intes-
tinal serosa or mesentery was present or if imaging 
studies showed tumour spread to distant organs. 
The time from NACT to IDS was 4–6 weeks and 
the interval from PDS to ACT was 3–4 weeks for all 
included women. 

Progression-free survival (PFS) was defined as 
the time from the date of completion of treatment 
to the first radiological evidence of progression. 
An increase of CA-125 serum level without clini-
cal signs of recurrence was not counted as progres-
sion, but triggered further radiological examina-
tions. Overall survival (OS) was defined as the in-
terval between the date of diagnosis and the date of 
death. The surviving patients were censored at the 
time of the last follow-up. 

The extent of residual disease was based on the 
diameter of the largest single lesion. At complete 
gross resection there were no macroscopic lesions, 
at optimal resection the lesions had a diameter of 
1 cm or less and at suboptimal resection the le-
sions were larger than 1 cm. The study excluded 
women with a history of other malignant tumours 
or chemotherapy, FIGO stage I or II ovarian cancer, 
or non-epithelial histology of ovarian cancer. 



Radiol Oncol 2021; 55(3): 341-346.

Merlo S et al. / Preoperative serum CA-125 level and cytoreduction in ovarian cancer 343

Data collection

Patients enrolled in the study were selected using 
the prospective clinical database of the Institute of 
Oncology Ljubljana. Clinical variables were col-
lected from electronic hospital records, paper doc-
umentation and pathology reports to determine 
eligibility for the study, general characteristics of 
the patients, FIGO stage, tumour classification and 
histological type. Vital status was determined by 
analysing electronic medical records. Data were 
collected on the patient’s age, body mass index 
(BMI), menopause status, preoperative CA-125, 
duration of follow-up and residual disease after 
surgery. 

Statistical analysis

For demographic data, descriptive statistics were 
used. The median survival of the two groups was 
calculated based on the non-normal distribution. 
The differences in patient characteristics were com-
pared using the Chi-square test and ANOVA. ROC 
analysis was performed to determine cuff off val-
ues of serum CA-125 levels. PFS and OS and were 
estimated using the Kaplan-Meier method, and the 
rates in the two groups were compared using the 
log-rank test. P < 0.05 indicated that the difference 
between the groups was statistically significant. 
The statistical software SPSS for Windows version 
26 was used for statistical analysis.

Results

A retrospective analysis of 253 patients with 
advanced stage EOC treated at the Institute of 
Oncology Ljubljana between January 2005 and 
December 2014 was performed. There were 215 
(84.9%) women enrolled in the NACT group and 
38 (15.1%) women in the PDS group. The character-
istics of the patients are shown in Table 1. Patients 
in the PDS group were statistically significantly 
younger (53.7 vs. 62.2 years), with lower disease 
stage (FIGO IIIC 89.5% vs. 66.6%) and had lower 
CA-125 levels (499 IU/ml vs. 972 IU/ml).

In patients with NACT, 57.6% (124/215) had 
complete gross resection, 14.0% (30/215) had opti-
mal resection and 28.4% (61/215) had suboptimal 
resection (p = 0.002; Table 1). 

In women with PDS, 23.7% (9/38) had complete 
gross resection, 18.4% (7/38) had optimal resec-
tion and 57.9% (22/38) had suboptimal resection. 
Patients with complete gross resection had low-

TABLE 1. Clinical characteristics (N = 253)

Characteristic PDS
(N = 38)

NACT
(N = 215) P value

Age-years

    Median 53.7 62.2 < 0.001

    Range 29–84 39–85

BMI-kg/m2

    Median 24.5 23.8 0.210

    Range 17.4–45.2 18.2–32.1

Parity-number

    Median 2 2 0.080

    Range 0–5 0–4

Menopause-years

    Median 50 51.5 0.340

    Range 37–60 45–58

ASA score

    1 7 (18.4) 23 (10.7)

0.780
    2 22 (57.9) 141 (65.6)

    3 9 (23.7) 49 (22.8)

    4 0 (0) 2 (0.9)

WHO performance status

    0 26 (68.4) 96 (44.7)

0.130

    1 8 (21.0) 85 (40.0)

    2 4 (10.6) 26 (12.1)

    3 0 (0) 5 (2.3)

    4 0 (0) 3 (1.4)

FIGO stage

    IIIC 34 (89.5) 143 (66.6)
0.010

    IV 4 (10.5) 72 (33.4)

Histologic type

    Serous 32 (84.2) 202 (94.0)

0.100
    Endometrioid 6 (15.8) 8 (3.7)

    Mucinous 0 (0) 3 (1.4)

    Clear-cell 0 (0) 2 (0.9)

Preoperative CA-125– IU/ml

    Median 499 972 0.058

    Range 59–5739 10–31481

Surgical outcome

    Complete gross resection 9 (23.7) 124 (57.6)

0.002    Optimal visible residual (≤1 cm) 7 (18.4) 30 (14.0)

     Suboptimal (>1 cm) 22 (57.9) 61 (28.4)

Hospitalisation time-days

    Median 10 9 0.555

    Range 7–28 5–59

ASA = American Society of Anesthesiologist; BMI = body mass index; FIGO = International 
Federation of Gynecology and Obstetrics; NACT = neoadjuvant chemotherapy; PDS = primary 
debulking surgery; WHO = World Health Organization 
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est CA-125 level at the time of diagnosis, 359 IU/
ml respectively. Highest CA-125 level was found 
in the group with suboptimal resection, 1522 IU/
ml, respectively.

CA-125 level in NACT group with complete 
gross resection at the time of diagnosis was 943 IU/
mL and after NACT 25 IU/ml (97.3% decline). CA-
125 level in NACT group with optimal resection 
at the time of diagnosis was 1006 IU/ml and after 
NACT 36 IU/ml (96.4% decline). Serum CA-125 
level in NACT group with suboptimal resection 
at the time of diagnosis was 1063 IU/ml and after 
NACT 68 IU/ml (93.6% decline) (Table 2).

Cut off values of serum CA-125 levels and sen-
sitivity to obtain complete gross or optimal cytore-
duction are shown in Table 3. If CA-125 preopera-
tive serum level is 250 IU/ml, there is 74 % chance 
to obtain at least optimal cyoreduction (Table 3).

PFS in the NACT group was 8 months (95% CI: 
6.4–9.5) and 18 months (95% CI: 12.5–23.4) in the 
PDS group (P = 0.008).

The median OS in the NACT group was 25 
months (95% CI: 20.6-29.5) and 46 months (95% CI: 
32.9–62.1) in the PDS group (p = 0.009). 

Discussion

PDS followed by platinum- and taxane-based ACT 
was the standard treatment for patients with ad-
vanced stage EOC until 2016, when the American 
Society of Clinical Oncology (ASCO) and the 
Society of Gynecologic Oncology (SGO) developed 
new clinical practice guidelines.17 

According to these guidelines in patients with 
high likelihood of achieving cytoreduction with 
residual disease < 1cm (ideally no visible disease) 
with acceptable morbidity, PDS is recommended 
over NACT. For women with high perioperative 
risk or a low likelihood of achieving a cytoreduc-
tion with residual disease < 1cm (ideally no vis-
ible disease) NACT is the treatment of choice. For 
women who are fit for PDS but cytoreduction with 
residual disease < 1cm (ideally no visible disease) 
is unlikely, NACT is also the treatment of choice. 
IDS should be performed after three to six cycles 
of NACT for women who respond to chemother-
apy or with stable disease.9,17 Patients with disease 
progression during NACT have a poor prognosis. 
Options include alternative chemotherapy regi-
mens, inclusion in clinical trials and/or discontinu-
ation of active cancer therapy and initiation of pal-
liative supportive care. The role of surgery in pal-
liative care is limited.18,19 

There were studies published before year 2016 
which showed non-inferiority of NACT compared 
to PDS.20–23 Therefore also at our institute patients 
were treated with NACT where low chances to 
achieve at least optimal PDS were expected. 

We studied the use of preoperative serum CA-
125 levels to predict the likelihood of achieving at 
least optimal PDS or IDS in patients with advanced 
stage EOC.

Many studies have attempted to assess the abil-
ity of preoperative serum CA-125 level and vari-
ous scoring systems to determine the patient selec-
tion where optimal primary cytoreduction can be 
achieved. 

As expected, our results confirmed that the 
higher the CA-125 level is, the lower is probabil-
ity to achieve optimal cytoreduction. At the pre-
operative CA-125 cut off value of 500 IU/ml the 
probability of achieving complete gross or at least 

TABLE 2. Median and range CA-125 levels in different surgical outcomes in primary 
debulking surgery (PDS) and = neoadjuvant chemotherapy (NACT) group

Surgical outcomes PDS (N = 38) NACT (N = 215) P value

CA-125 at diagnosis IU/ml

    Complete gross resection 359
59–5739

943
10–12803

0.006    Optimal resection 512
85–1117

1006
48–24824

    Suboptimal resection 1522
200–3569

1063
28–31481

CA-125 post NACT IU/ml

    Complete gross resection 25
5–2074

0.020    Optimal resection 36
15–2180

    Suboptimal resection 68
9–2657

CA-125 = cancer antigen 125

TABLE 3. Statistical cut off values of serum CA-125 level and 
probability to obtain complete gross or optimal cytoreduction

CA-125 level 
(IU/ml)

Sensitivity 
(%)

Number and percentage  
of patients

50 96.5 9 3.5 %

100 86.5 33 13.0 %

250 74.0 66 26.1 %

500 58.0 98 38.7 %

750 50.0 128 50.6 %

1000 42.0 150 59.3 %

CA-125 = cancer antigen 125
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optimal cytoreduction in patients with advanced 
stage EOC was 58%. The probability increased to 
74% at the cut off value of 250 IU/ml. These results 
add further data on usefulness of CA-125 levels as 
predictive factor for type of resection  and are con-
sistent with results published by other authors.12,13 

Vorgias et al.12 and Kang et al.13 showed that 
CA-125 level above 500 IU/ml correlates with a 
more complex and radical surgical procedure and 
a worse outcome. Cut off value of 500 IU/ml had 
sensitivity ranging from 49% to 78% and specific-
ity ranging from 59% to 77%. They reported that 
CA-125 levels above 500 IU/ml were strongly cor-
related with a suboptimal cytoreduction and poor-
er overall survival in patients with advanced EOC. 

Furthermore, Arab et al.11 established a model for 
predicting optimal surgical outcome, in which a CA-
125 value of 420 IU/ml or less, the absence of massive 
ascites and liver metastases were shown to be sig-
nificant factors in achieving optimal cytoreduction.

However, Chi et al.14 reported that preoperative 
CA-125 value of more than 500 IU/ml had no pre-
dictive usefulness on the surgical outcome after an 
extensive upper abdominal surgery. A preopera-
tive value of CA-125 above 500 IU/ml was associ-
ated with a probability of only 22% for optimal cy-
toreduction, but when extensive upper abdominal 
surgery was performed, the rate of optimal cytore-
duction increased to 75% and the preoperative CA-
125 value was no longer an independent predictor 
of surgical outcome.14 

If optimal PDS is not achievable or patients are 
not suitable for extensive surgery, NACT and IDS 
are indicated. These patients usually have higher 
preoperative CA-125 levels and a higher disease 
burden than patients treated with a PDS. This was 
also the case in our patients where patients with 
NACT and IDS had higher disease stage (FIGO IV 
33.4% vs. 10.5%) and higher preoperative CA-125 
levels (972 IU/ml vs. 499 IU/ml).

Rodriguez et al.15 reported that a preoperative 
CA-125 level of less than 100 IU/ml may be a suit-
able predictor of complete gross resection rather 
than optimal cytoreduction. According to our re-
sults preoperative CA-125 levels of less than 100 
IU/ml can be expected in only 13% of patients. At 
an arbitrary cut off value of 250 IU/ml the prob-
ability to obtain complete gross or optimal cytore-
duction is 75% and roughly one forth (26.1%) of 
all patients with EOC belong to this group. If we 
increase the cut off value to 500 IU/ml about one 
third (38.7%) of patients will be included and the 
probability to obtain complete gross or optimal cy-
toreduction will be 58%.

After NACT the role of CA-125 to predict com-
plete gross or optimal cytoreduction is even more 
complex. Pelissier et al.16 found out that a preop-
erative CA-125 level of less than 75 IU/ml after the 
third cycle of NACT predicted a complete IDS. CA-
125 of less than 200 IU/ml can be an independent 
predictor of complete gross IDS and also a predic-
tor of chemosensitivity according to Zeng et al.24. 
However, after NACT the percentage of reduction 
is probably even more important than the absolute 
decrease in the CA-125 value. A reduction of at 
least 90% indicates a better response of the tumour 
to treatment and therefore correlates with a better 
surgical outcome and better overall survival.25

Our study showed that patients with CA-125 se-
rum reduction of more than 96.4% achieved higher 
complete gross and optimal IDS rate in comparison 
to patients with lover reduction of serum CA-125 
level. It is well established that CA-125 serum lev-
el represents the tumour burden in most patients 
with advanced stage EOC. Sharp CA-125 serum 
level reduction during NACT might reflect the 
chemosensitivity of the tumour. This might be a 
predictive factor for surgical outcome. However, 
we cannot predict in advance the reduction of CA-
125 level and therefore cannot predict the benefit 
of NACT.

A study published by Gupta et al.26 showed that 
a 95% reduction of CA-125 levels and an absolute 
preoperative CA-125 level of 100 IU/ml or less pre-
dicted complete gross resection after NACT. 

Kessous et al.27 think that the regression coef-
ficient is impractical for clinical daily routine and 
found out that an early reduction of CA-125 levels 
by the third cycle of NACT can best predict surgi-
cal outcome and patients overall survival. 

Our study showed that NACT group had short-
er OS and PSF compare to PDS group. The median 
PFS and OS for patients in the NACT group was 8 
and 25 months, compared to 25 and 49 months in 
the PDS group, respectively. This is consistent with 
data published by Mueller et al.28 but in contrast to 
EORTC/NCIC and CHORUS study.20,29 The expla-
nation for our results is that women treated with 
NACT had a higher disease burden, a higher FIGO 
stage, a higher CA-125 level at time of diagnosis 
and were older in comparison to PDS group. 

Patients included in before mentioned three 
studies were of comparable age, FIGO stage and 
had comparable preoperative CA-125 levels. 

According to Maner and Machida NACT can 
be associated with lower peri- and postoperative 
morbidity and mortality and shorter hospital stay 
but PDS may offer a better chance of survival in 
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selected patients.30,31 Median hospital stay in our 
patients treated with IDS (9 days) was not differ-
ent from patients treated with PDS (10 days, p = 
0.555) which is consistent with the study published 
by du Bois.32 However, patients treated with PDS 
had better survival as already mentioned. 

There are limitations to our study among which 
are its retrospective nature and that there were no 
generally accepted selection criteria at that time for 
which patients are candidates for PDS or NACT.

Conclusions

Preoperative CA-125 cut off value of 500 IU/ml is 
a promising threshold to predict a successful PDS. 
After NACT a decline of CA-125 of more than 96.4% 
predicts at least optimal cytoreduction of IDS.
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Background. The aim of the study was to evaluate pretreatment inflammatory markers as prognostic factors in pa-
tients with unresectable uveal melanoma liver metastases treated with transarterial hepatic chemoperfusion.
Patients and methods. 54 patients (44% male, median age: 61 years) were retrospectively assessed. A median of 3 
(range: 1–11) treatment sessions were performed with melphalan (92%) or fotemustin (8%). Inflammatory indices were 
calculated as follows: neutrophils/nl to lymphocytes/nl ratio (NLR), systemic immune-inflammation index ([platelets/nl 
× neutrophils/nl]/[lymphocytes/nl]; SII), and platelets/nl to lymphocytes/nl ratio (PLR). The cut-off for dichotomization 
purposes was set at the median (inflammatory indices, hepatic tumor burden) or the upper level of normal. Kaplan 
Meier analysis was performed for median overall survival (OS) in months, and Cox proportional hazard model for uni- 
(UVA) and multivariate (MVA) hazard ratio (HR, 95%CI) analyses were performed. 
Results. Median OS of the study cohort was 7.7 (6.3–10.9) months. In UVA OS was prolonged for low C reactive 
protein (CRP) (13.5 vs. 5.2; p = 0.0005), low SII (10.8 vs. 5.6; p = 0.0005), low NLR (11.1 vs. 6.3; p = 0.0045), low aspartate 
aminotransferase (AST) (11.5 vs. 5.6; p = 0.015), alanine aminotransferases (ALT) (11.5 vs. 5.6; p = 0.01), and tumor bur-
den ≦ 50% (8.2 vs. 4.8; p = 0.007). MVA confirmed low CRP (HR: 0.29, 0.11–0.7; p = 0.005), low SII (HR: 0.19, 0.11–0.7; p = 
0.008), and low ALT (HR: 0.13, 0.02–0.63; p = 0.011) as independent predictors for prolonged OS. Patients with ≦ 1, 2, 3 
elevated significant MVA-factors survived a median of 14.9, 7.7, and 3.9 months, respectively (p = 0.0001).
Conclusions. Pretreatment inflammatory markers (CRP, SII) and AST were independent prognostic survival markers 
in patients with uveal melanoma liver metastases treated with transarterial hepatic chemoperfusion. A combination 
of factors may help to identify patients potentially benefitting from treatment. 

Key words: uveal melanoma; liver metastases; transarterial hepatic chemoperfusion; melphalan; inflammatory markers
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Introduction

Uveal melanoma is the most common primary oc-
ular malignancy in adults accounting for around 
5% of all melanomas.1,2 Although local tumors are 
usually treated aggressively, about 50% of all pa-
tients will eventually develop metastases, with in 
60.5% of cases involvement of the liver at the time 
of diagnosis of metastatic disease.3 In patients with 
predominant and unresectable hepatic disease, 
we routinely perform transarterial hepatic chem-
operfusion (THC) as a palliative treatment option 
demonstrating prolonged progression-free surviv-
al and fewer hematological severe adverse events 
compared to intravenous chemotherapy.4

Setting expectations for treatment benefit and life 
expectancy is crucial for informed clinical decision-
making and may guide patients and their families 
to set expectations. To date, few pretreatment prog-
nostic factors on treatment outcomes, including but 
not limited to tumor burden, lactate dehydrogenase 
(LDH), and gamma-glutamyl transferase (GGT) se-
rum values have been reported.5,6

The role of inflammation has long been ac-
knowledged as a hallmark during cancerogenesis 
and tumor progression in malignant disease.7,8 In 
the context of tumor-associated inflammation, the 
systemic inflammatory response is linked with 
poorer outcomes and as of significant prognostic 
relevance in various cancer types.9,10 This system-
ic inflammatory response is usually measured in 
the peripheral blood with numbers of differential 
blood cell counts (lymphocytes, neutrophils, plate-
lets) as well as serum proteins (C-reactive protein, 
albumin). Here, the inflammation-based indices of 
differential cell counts, the neutrophil to lympho-
cyte ratio (NLR), the platelet to lymphocyte ratio 
(PLR), and the systemic immune-inflammation in-
dex (SII) have been proven as significant prognos-
tic factors in several cancer types.11

The purpose of this study was to evaluate inflam-
matory markers routinely assessed before THC as 
pretreatment prognostic factors in patients with un-
resectable uveal melanoma liver metastases.

Patients and methods

Study population

This study is a retrospective single-center database 
analysis that has been approved by the local institu-
tional review board with waived informed consent 
(IRB#: 20-9799-BO). All procedures performed in 
studies involving human participants were in ac-

cordance with the ethical standards of the institu-
tional and/or national research committee and with 
the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. The deci-
sion to perform transarterial chemoperfusion was 
based on multidisciplinary tumor board meetings. 

Fifty-four consecutive patients first treated 
in the years 2014 and 2015 were included in this 
study. Inclusion criteria were as follows: I) At least 
18-years of age, II) imaging or biopsy-proven uveal 
melanoma liver metastases, and III) treatment of 
liver metastases with THC. Patient data were ob-
tained from the medical record system, including 
disease history and laboratory testing results be-
fore treatment. 

Treatment

Transarterial hepatic chemoperfusion was per-
formed by gaining access via the femoral artery by 
inserting a 5 Fr catheter sheath and placing a micro-
catheter into the hepatic arteries, either in the prop-
er hepatic artery or consecutively in the left, right, 
and/or accessory hepatic arteries. Chemoperfusion 
of the liver was performed for 45–60 minutes. If 
the dose was infused into two lobes, a median of 
30% for the left and 70% for the right lobe of the 
total dose were administered. All patients started 
with 40 mg of melphalan. In case of progression, 
either the melphalan dose was escalated (45 mg, 50 
mg), or the chemotherapeutic agent was switched 
to fotemustin.

Data collection

Laboratory blood test values were measured with-
in thirty days before the first THC: Alanine ami-
notransferases (ALT; normal: < 35 U/L), aspartate 
aminotransferase (AST, normal: < 35 U/L), alkaline 
phosphatase (AP, normal: 20–100 U/L), gamma-
glutamyl transpeptidase (GGT, normal <35 U/L), 
lactate dehydrogenase (LDH, normal 120–247 
U/L). Furthermore, absolute neutrophils (ANC, 
normal: 1.7–6.2/nl), lymphocytes (ALC, normal: 
1.0–3.4/nl), and platelets (APC, normal: 180–380/nl) 
counts were obtained for calculating inflammatory 
indices. The neutrophil to lymphocyte ratio (NLR) 
was defined as the ratio of ANC/ALC, the platelet 
to lymphocyte ratio (PLR) as the ratio of APC/ALC, 
and the SII as the platelet count x ANC/ALC. For 
dichotomization purposes, the cut-off values were 
set at the upper level of normal (ULN) for labora-
tory values, at the median for inflammatory indi-
ces and tumor burden, or according to categorical 
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status. Analysis of albumin and bilirubin have not 
been performed due to inconsistent and low num-
bers of reporting. The date of death was obtained 
regardless of etiology.

Statistics

The Kaplan-Meier method (log-rank test) was ap-
plied for estimating the overall survival (OS) with 
95% confidence intervals (95%CI). Uni- (UVA) & 
multivariate (MVA) analyses for determining the 
hazard ratios (HR), including the 95% CI were 
calculated utilizing the Cox proportional hazards 
model. Factors statistically significant in UVA were 
included in MVA. For correlation analysis, the 
Spearman analysis was performed. Contingency 
testing was calculated using Pearson’s chi-squared 
test. Calculations were performed using JMP Pro 
13.2.1 for Windows (SAS Institute Inc.). P-values < 
0.05 were considered statistically significant.

Results
Patient baseline and treatment 
characteristics

The study consisted of fifty-four patients (44% 
male, 100% Caucasians, median age: 61 years; 
range: 26–81 years). Death was recorded in 42 pa-
tients, and 12 patients were lost to follow-up with 
a median follow-up of 15.8 months (95% CI: 2.3–24 
months). The median time between primary diag-
nosis and occurrence of hepatic metastases was 24.4 
months (range: 0–122 months). The first THC ses-
sion was performed after a median of 4.6 months 
following diagnosis of liver metastases (range: 0.3–
38.7 months) with a median of 3 (range: 1–11) THC 
sessions/patient. The median time between treat-
ments was 1.6 months (range 0.9 – 6.2). In total, 
198 THC sessions were performed with melphalan 

FIGURE 1. Overall survival of the entire study cohort. Estimated overall survival (OS) after diagnosis of primary, diagnosis of liver metastases, and after 1st 
transarterial chemoperfusion (THC).

TABLE 1. Overview of patient baseline characteristics

Characteristics Number of patients 
(%) / median values

Total number of patients 54

Gender (male). 24 (44%)

Median age in years at 1st THC (range) 61 (26–81)

Prior systemic/liver-directed therapies

    Prior systemic therapy 29 (53.7%)

        Sorafenib 25 (46.3)

        MEK and PKC inhibitors 3 (5.6%)

        Ipilimumab 1 (1.9%)

        Conventional chemotherapy 5 (9%)

    Prior liver resection 4 (7.4%)

    Prior ablation 1 (1.9%)

Further therapy after last transarterial chemoperfusion 18 (33.3%)

Limited extrahepatic metastases at the time of 1st THC 20 (37%)

Median maximal tumor size in cm (range) 5.9 (1.3–19.8)

Lobar tumor involvement

    Bilobar 54 (96.4%)

    Unilobar 2 (3.6%)

Hepatic tumor burden

    0–25% 23 (46%)

    > 25–50% 12 (24%)

    > 50–75% 9 (18%)

    > 75% 6 (12%)

ECOG

    0 43 (80%)

    1 6 (11%)

    2 2 (4%)

Unknown 3 (6%)

Karnofsky Index

    100 4 (7%)

    90 33(61%)

    80 7 (13%)

    < 80 3 (6%)

    Unknown 7 (13%)

MEK = mitogen-activated protein kinase kinase enzymes MEK1 and/or MEK2; PKC = protein kinase C; 
THC = transarterial hepatic chemoperfusion
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in 186 (median: 40 mg, range: 40–50 mg) and fote-
mustin in 12 (median: 188 mg, range: 160–208 mg) 
cases. Eighteen patients (33%) received subsequent 
therapy after the last THC with systemic therapy in 
13 Patients (8 patients received immune checkpoint 
inhibitors), radioembolization of liver metastases 
in 2 patients, and three patients received palliative 
external beam radiation of extrahepatic lesions for 
symptom control. Additional patient baseline char-
acteristics are presented in Table 1.

Survival analysis

Following the diagnosis of primary tumor median 
survival of all patients was estimated to be 44.7 

months (95% CI: 37.1–61.2). After the diagnosis 
of liver metastases, the median overall survival 
of 15.3 months (95% CI: 11.1–20.7) was observed. 
Median OS following first THC therapy was 7.7 
months (95% CI: 6.3–10.9) (Figure 1). 6 months, 
1- and 2 years survival rates were 67.4% (95% CI: 
53.7–78.8%), 29.5% (95% CI: 18.7–43.8), and 16.5% 
(95%CI: 8.0–31.7) respectively. 

Inflammatory prognostic factors

Median absolute cell counts were 5.13/nl for neu-
trophils (interquartile range [IQR]: 3.11–6.37), 1.36/
nl for lymphocytes (IQR: 1.02–1.71), and 267/nl for 
platelets (IQR: 209–346). When dichotomized at the 

TABLE 2. Uni- and multivariate analysis of overall survival (OS)

Median OS in months 
(95% CI) Univariate analysis Multivariate analysis

Subgroups HR (95% CI) p-value HR (95% CI) p-value

NLR
≦ median (3.58) 11.1 (7.1–20.6) 0.39 (0.2–0.75)

0.0045
0.73 (0.25–2.2)

0.57
> median (3.58) 6.3 (3.5–7.8) 1 1

SII
≦ median (1076) 10.8 (7,2–20.6) 0.33 (0.17 – 0.65)

0.0013
0.19 (0.11–0.7)

0.008
> median (1076) 5.6 (3.4 – 7.7) 1 1

PLR
≦ median (203.8) 8.2 (5.6–15.8) 0.69 (0.37–1.27)

0.23
-

-
> median (203.8) 7.5 (4.7–11.1) 1 -

CRP
normal 13.5 (7.2–20.6) 0.3 (0.15–0.6)

0.0005
0.29 (0.11–0.7)

0.005
> ULN 5.3 (3.9–7.8) 1 1

Neutrophils
normal 8.2 (6.4–11.5) 0.6 (0.3–1.28)

0.18
-

-
> ULN 6.3 (3.9–11.1) 1 -

Thrombocytes
normal 8.2 (63–11.1) 0.8 (0.35–2.13)

0.62
-

> ULN 7.5 (0.64–13.5) 1 -

LDH
≦ ULN 12.8 (7.2–20.6) 0.54 (0.23–1.11)

0.1
-

-
>ULN 7 (4.8–8.2) 1 -

AST
≦ ULN 11.5 (7.2–20.6) 0.45 (0.22–0.85)

0.015
0.34 (0.07–1.44)

0.15
> ULN 5.6 (4.5–8.2) 1 1

ALT
≦ ULN 11.5 (7.5–15.8) 0.43 (0.2–0.8)

0.01
0.13 (0.02–0.63)

0.011
> ULN 5.6 (4.2–7.8) 1 1

GGT
≦ ULN 10.9 (7.2–15.8) 0.94 (0.32–2.2)

0.9
-

-
> ULN 7.13 (5.3–10.2) 1 -

AP
≦ ULN 10.94 (4.8–20.6) 0.54 (0.22–1.26)

0.15
–

-
> ULN 6.3 (3.4–10.1) 1 -

Hepatic tumor 
burden

≦ 50% 8.2 (7.12–11.5) 0.36 (0.18–0.74)
0.007

0.5 (0.17–1.6)
0.24

> 50% 4.8 (1.2–7.8) 1 1

Prior systemic 
treatment

Yes 8.2 (7.5–11.5) 0.78 (0.42–1.45)
0.43

-
-

No 6.3 (4.5–11.1) 1 -

Extrahepatic 
metastases

No 7.12 (4.6–10.1) 1.1 (0.59–2.17)
0.75

-
-

Yes 10.2 (6.3–11.1) 1 -

ALT = alanine aminotransferase; AP = alkaline phosphatase; AST = aspartate aminotransferase; CRP = C-reactive protein; GGT = gamma-glutamyl transpeptidase; HR = hazard 
ratio; LDH = lactate dehydrogenase; NLR = neutrophil to lymphocyte ratio; PLR = platelet to lymphocyte ratio; SII = systemic immune-inflammation index; ULN = upper level of normal
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median and upper level of normal, absolute cell 
counts were not significant regarding OS (p>0.05). 
Median values of inflammatory indices for the 
study cohort were 3.58 for NLR (IQR: 2.43–5.04), 
1076 for SII (IQR: 539–1645), and 208.8 for PLR 
(IQR: 151.2–278). In Spearman’s analysis, the cor-
relation between inflammatory markers ranged 
from very good (SII & NLR, Spearman’s ρ = 0.92) 
to good (SII & PLR, Spearman’s ρ = 0.72; PLR & 
NLR, Spearman’s ρ = 0.66). Decreased NLR and SII, 
as well as non-elevated C reactive protein (CRP), 
were both associated with more prolonged median 
OS, whereas PLR was not (Table 2).

Non-inflammatory prognostic factors

Patients with serum values of the liver enzymes 
ALT and AST within the normal range had pro-
longed overall survival in contrast to AP and GGT. 
Aside from laboratory markers, the tumor burden 
was identified as a significant factor with patients 
with ≤ 50% hepatic tumor burden doing signifi-
cantly better. In contrast, pretreatment status (yes 
vs. no; p = 0.18), presence of limited extrahepatic 
disease not considered life-limiting compared to 
liver metastases (yes vs. no; p = 0.3), ECOG Status 
(ECOG 0 vs. >= 1; p = 0.99), and Karnofsky Index 
(100–90% vs. < 90%; p = 0.44) were not significant 
(Table 2). Of note, patients who received treatment 
after last chemoperfusion showed a significant 
longer survival (13.9 vs. 7.2 months, p = 0.01; HR: 
0.41; 95% CI: 0.21–0.83; p = 0.009). There was no 
significant difference regarding the SII between the 
patients with and without further treatment in con-
tingency testing (p = 0.11).

Results from the multivariate analysis

In multivariate analysis, the overall strongest pre-
dictor with the lowest hazard ratio for values below 
the median was found for ALT (HR: 0.13; p = 0.011). 
SII proved as the strongest independent inflamma-
tory predictor with a hazard ratio of 0.19 (p = 0.008) 
followed by CRP (HR: 0.29, p = 0.005). NLR and 
GOT were not identified as independent predictors 
for overall survival in this study population.

Scoring with significant factors from the 
multivariate analysis

Yet, as none of the identified independent predic-
tors for overall survival was clearly stronger than 
the others, an additive scoring was performed to 

test for an additional predictive value of significant 
parameters (Figure 3). Patients with an elevation 
of none to one elevated parameter (SII, CRP, or 
ALT) survived significantly longer with a median 
overall survival of 14.9 months (95% CI: 10.1-0.0) 
compared to patients with two (6.7 months, 95% 
CI: 4.5–8.2) and all three parameters elevated (3.9 
months, 95% CI: 1.15–6.3); p < 0.0001. Performed 

FIGURE 2. Pretreatment inflammation-based markers predict overall survival. Overall 
survival is stratified for low (≦ median) vs. high (> median) neutrophil to lymphocyte 
ratio (NLR), systemic immune-inflammation index (SII), platelet to lymphocyte ratio 
(PLR), and C-reactive protein (CRP).

FIGURE 3. Scoring further improves overall survival estimation. 
Patients with zero to one elevated independent significant 
factors from multivariate analysis (C-reactive protein 
[CRP], systemic immune-inflammation index [SII], alanine 
aminotransferases [ALT]) had a significantly longer overall 
survival than patients with two or three elevated factors p < 
0.0001.
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univariate analysis demonstrated a statistical dif-
ference between each group (Table 3). 

Discussion

Uveal melanoma patients with liver metastases 
have a grim prognosis with a median overall sur-
vival of 4–6 months and a 1-year survival rate of 
12–15% when left untreated.12 Nowadays, thanks 
to treatment advances, the median overall survival 
after diagnosis of liver metastases is around 13.4 
months, with a 2-year survival rate of 8%, which is 
similar to our study cohort.13-16 As no treatment ap-
pears to be clearly superior over the others, identi-
fication of patients potentially benefitting from the 
treatment approach is vital for therapy allocation 
to provide the best care possible for each patient.17 

Inflammatory cells in cancers have been thought 
to represent an antitumor response for many years. 
Nevertheless, there is a growing body of evidence 
that inflammation also plays a vital role in the initi-
ation, malignization, and metastasis process of tu-
mors driven by different immune cell subtypes.7,8,18 
In cancer patients, increased blood neutrophils and 
platelet counts have been associated with tumor 
progression and worse clinical outcomes in sev-
eral solid tumors and can, therefore, be considered 
pro-tumorigenic.19,20 Neutrophils achieve this by 
activating the endothelium and parenchymal cells 
through the secretion of soluble factors promoting 
adhesion to tumor cells at remote sites and thus 
promoting tumor spread.21-23 Platelets, by gather-
ing around and thus also shielding tumor cells, 
promote adhesion, metastatic spread, and prevent 
cancer cell death.20

In contrast, lymphocytes play a crucial role in 
immuno-monitoring cancer by hampering tumor 
cell proliferation and migration by causing cyto-
toxic cell death.24 Thus, a high SII, comprising of 
elevated neutrophils and platelets and low counts 

of lymphocytes, suggests greater pro- than anti-
tumorigenic activity with more unsatisfactory out-
comes for patients. Not only could SII be identified 
as an independent prognostic factor for overall 
survival in this study, but it was also found to be 
statistically relevant in a recent meta-analysis on 
solid tumors.25 

Similar to SII, an increased NLR could also be 
identified as a prognostic factor for overall survival 
in metastatic uveal melanoma disease.26,27 Although 
NLR significantly predicted overall survival in the 
univariate analysis, it could not be confirmed as an 
independent. Considering the significant overlap 
and high correlation between SII and NLR, it is not 
unsurprising that only one remained significant in 
multivariate analysis, potentially emphasizing the 
additive value of incorporating platelet counts on 
the overall survival. Additionally, neutrophils also 
seem to be a relevant factor, as PLR was not signifi-
cant in this analysis.

CRP, an acute-phase reactant reflecting tissue in-
jury and inflammation, has long been suggested as 
a prognostic marker in several cancer types.28,29 In a 
systematic literature review, elevated CRP was as-
sociated with higher mortality in patients with sol-
id tumors in 90% of studies underlining the general 
prognostic relevance.30 In patients with metastatic 
uveal melanoma treated with immune checkpoint 
inhibitors showed that patients with high CRP 
had a significantly shorter survival in multivariate 
analysis (HR: 12.12; p = 0.001).28 Similarly, patients 
in this study succumbed significantly earlier when 
an elevated CRP before therapy was recorded. 

Aside from immune markers, elevated Liver 
enzymes (AST and ALT) >ULN were identified as 
prognostic factors in univariate analysis for over-
all survival with ALT proving as independent as 
also by others in metastatic liver disease.31 It may 
be speculated that ALT and/or AST rise due to 
“space-occupying effects” associated with higher 
tumor burden, which could be confirmed in this 
patient set. 

When stratified according to the numbers of ele-
vated independent factors (CRP, SII, ALT), an even 
more distinct risk-based survival estimation may 
be achieved than just considering single factors.

Several study limitations should be acknowl-
edged as enrollment of patients was retrospective-
ly and limited to one institution with a treatment 
protocol and patient cohort characteristics that 
may substantially differ from other institutions 
hampering comparability to different patient co-
horts. Moreover, the sample size did not allow for 
a validation cohort to confirm the results. 

TABLE 3. Scoring with significant independent factors from multivariate analysis. The 
number of elevated CRP, SII, ALT in patients further helps to predict median overall 
survival

Group Median OS in 
months (95% CI)

Hazard ratio  
(95% CI) p-value

≦ 1 elevated factor 14.9 (10.1–0.0) 0.08 (0.3–0.2) -

2 elevated factors 6.7 (4.5–8.2) 0.38 (0.17–0.86) 0.0003

3 elevated factors 3.9 (1.15–6.3) 1 < 0.0001*

 * = The difference between the of 2 and 3 elevated factors groups was statistically significant in 
univariate analysis, p = 0.022
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Conclusions

In Patients treated with uveal melanoma liver me-
tastases treated with transarterial chemoperfusion, 
lower pretreatment values of CRP, SII and ALT 
were independent prognostic factors associated 
with prolonged overall survival suggesting a role 
of systemic inflammation in this setting. Moreover, 
as the benefit of low pretreatment CRP, SII & ALT 
act synergistically, an even more distinct outcome 
stratification can be achieved. As physicians aim to 
provide the best possible care, the results from this 
study may help to identify patients who may ben-
efit most from treatment or how best to stratify pa-
tients based on clinical risk factors in future clinical 
trials. Nevertheless, future prospective studies are 
warranted to confirm the relevance of pretreatment 
inflammatory markers and ALT for patient selec-
tion.
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Background. Immunotherapy with CTLA-4 inhibitors and PD1 checkpoint inhibitors has initiated a breakthrough in 
the treatment and prognosis of patients with metastatic melanoma. The survival of these patients has increased from 
the expected survival time of less than 12 months to at least forty months. However, immunotherapy with either anti-
CTLA-4 antibodies or PD1 inhibitors alone or in combination has a broad palette of significant immune-related adverse 
events. The aim of the study was to assess the correlation of immune-related adverse events with treatment outcomes 
defined as significant differences in the overall response rate (ORR) and progression-free survival (PFS) of patients, who 
developed immune-related adverse events during immunotherapy.
Patients and methods. A retrospective analysis of patients with metastatic melanoma treated with immuno-
therapy in 2020 at the Oncology Institute of Ljubljana was performed. Only patients with radiological evaluation of 
the immunotherapy response were included. The patients were divided into two cohorts: a cohort of patients with 
immune-related adverse events (irAE group) and a cohort of patients with no immune-related adverse events (NirAE 
group). Significantly better overall response and progression-free survival in the irAE cohort defined the primary aim of 
our study. To investigate the differences in progression-free survival between the irAE cohort and NirAE cohort, we used 
survival analysis. In particular, a Cox proportional hazards model with covariates of time to progression and adverse 
events was used for survival analysis. The Kruskal-Wallis H-test was applied, and a p-value of p <= 0.05 was considered 
the cut-off point for a statistically significant difference between the groups.
Results. Among the 120 patients treated with immunotherapy, radiological response evaluation was performed for 
99 patients: 38 patients in the irAE cohort and 61 patients in the NirAE cohort. The ORRs for the irAE and NirAE cohorts 
were 57% and 37%, respectively. The PFS was significantly better for the irAE cohort (301.6 days) than for the NirAE co-
hort (247.29 days). The results of the survival regression analysis showed a significant increase in the survival probability 
from less than 60% for the NirAE cohort to almost 80% for the irAE cohort.
Conclusions. Patients with metastatic melanoma treated with immunotherapy who developed immune-related 
adverse events showed better treatment outcomes with longer times to disease progression and better overall re-
sponse rates than patients treated with immunotherapy who did not develop immune-related adverse events, with a 
significant increase in the survival probability from less than 60% for the NirAE cohort to almost 80% for the irAE cohort.

Key words: immune related adverse events;  immunotherapy; melanoma; metastases; response; survival
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Introduction

Ipilimumab, an anti-CTLA-4 antibody, was the 
first immunotherapy approved for the treatment 
of metastatic malignant melanoma and is associ-
ated with a median 5-year overall survival rate of 
20 months.1 Significantly longer response times 
were achieved with the checkpoint PD1 inhibi-
tors pembrolizumab and nivolumab, with a 5-year 
overall survival rate of approximately 40 months.1-3 

Ipilimumab in combination with nivolumab re-
sults in an extension of the overall survival time to 
60 months.1

Immunotherapy with either anti-CTLA-4 anti-
bodies or PD1 inhibitors alone or in combination 
has a broad spectrum of significant immunologi-
cally related adverse events, such as immunologi-
cally related skin toxicity, pneumonitis, thyroid 
dysfunction and other endocrinopathies, hepatitis, 
and renal dysfunction.1-3

At the Institute of Oncology Ljubljana, a national 
centre for the treatment of patients with metastatic 
melanoma, we used immunotherapy on a daily 
basis. The PD1 inhibitors pembrolizumab and 
nivolumab are the main inhibitors used, as well 
as anti-CTLA-4 antibodies in combination with 
nivolumab, in accordance with the Slovenian na-
tional guidelines, based on the European Society 
for Medical Oncology (ESMO) and National 
Comprehensive Cancer Network (NCCN) guide-
lines for the treatment of metastatic melanoma.4-6 
The past years of work with patients on immuno-
therapy have led us to the unusual observation that 
patients who experience immune-related adverse 
events have a better treatment outcome in terms 
of time to relapse. Several recent studies from dif-
ferent melanoma centres and one meta-analysis 
showed that regardless of the cancer type, irAEs 
exhibited a positive correlation with ORR, PFS and 
OS.7-9 The meta-analysis revealed that the ORR 
of irAE patients with melanoma was 37.67% but 
was 23.44% in NirAE patients. PFS and OS were 
significantly longer in the irAE population. In par-
ticular, the PFS for irAE ranged from 17.61 months 
to unreached and for NirAE ranged from 2.23 to 3 
months. The OS for irAEs and NirAEs was 15.24 
months and 8.94 months, respectively.9 Hence, the 
aim of this study was to assess the correlation of 
immune-related adverse events and treatment 
outcomes defined as significant differences in the 
overall response rate (ORR) and progression-free 
survival (PFS) of patients who developed immune-
related adverse events during immunotherapy 
treatment.

Patients and methods

A retrospective analysis of patients with metastat-
ic melanoma treated with immunotherapy from 
January to July 2020 was performed at the Institute 
of Oncology Ljubljana. Data were collected from 
the clinical database. The study included only 
metastatic melanoma patients with radiographic 
evaluations of immunotherapy treatment. The 
iRECIST (immune Response Evaluation Criteria in 
Solid Tumours) criteria were used to evaluate the 
tumour response. Patient characteristics, includ-
ing age, sex, Eastern Cooperative Oncology Group 
(ECOG) performance status, systemic treatment 
prior to immunotherapy, stage of melanoma, his-
tology type and location of primary melanoma, 
were recorded. The patients were divided into 
two cohorts: the cohort of patients with immune-
related adverse events (irAE group) and the co-
hort of patients without immune-related adverse 
events (NirAE). The irAEs were evaluated by a 
clinician based on the findings of laboratory tests, 
clinical examinations, and imaging studies. The 
irAEs (with a potential immunologic cause) were 
graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events, 
version 4.0.

The Python programming language was used 
for statistical calculations. The Kruskal-Wallis 
H-test was applied, and a p-value of p <= 0.05 was 
considered the threshold for statistical significance.

For survival analysis, we used the Cox propor-
tional hazards model with the covariates time to 
progression and adverse events. For each patient, 
we considered the length of time from introduction 
of immunotherapy to the time the study analysis 
was performed. We considered whether the patient 
remained alive throughout the study duration and 
the occurrence of an adverse event. The hazard rate 
was assumed to be a Weibull distribution. Posterior 
survival probabilities were obtained by Monte 
Carlo simulation implemented in Python using the 
package pymc3.

The study was approved by the Institutional 
Review Board Committee and was carried out ac-
cording to the Declaration of Helsinki.

Results

From January to July 2020, 120 patients with meta-
static melanoma were treated with immunothera-
py. Seventy-six patients did not develop immune-
related adverse events, and 44 patients developed 
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immune-related adverse events. Radiological eval-
uation (PET CT or CT) of the immunotherapy treat-
ment response was performed for 99 out of 120 
patients who were included in our study. The in-
cluded patients were divided into two cohorts. The 
cohort of immunotherapy-treated patients who 
did not develop immune-related adverse events 
(NirAE cohort) included 61 (61, 62%) patients, and 

26%

47%

11%

0%

16%

Type of irAE

pneumonitis hepatitis
other

thyroid skin toxicity

TABLE 1. Baseline characteristics of the cohorts

Characteristics irAE cohort 
n (%)

NirAE cohort 
n (%)

Number 38 (38)  61 (62)

Age mean 67.4 61.6

Sex Male 18 (47.4) 37 (60.7)

Female 20 (52.6) 24 (39.3)

Treatment Naive 34 (89.5) 51 (83.6)

Previously treated 4 (10.5) 10 (16.4)

Immunotherapy Pembrolizumab 34 (89.5) 52 (85.2)

Nivolumab 2 (5.3) 5 (8.2)

Nivolumab + ipilimumab 2 (5.3) 4 (6.6)

BRAF status BRAF mutated 10 (26.3) 17 (27.9)

BRAF wild type 21 (55.3) 27 (44.3)

Not reported 7 (18.4) 17 (27.9)

M1a/b Cohort a and b 22 (57.9) 35 (57.4)

M1c/d Cohort c and d 16 (42.1) 26 (42.6)

LDH increased 7 (18.4) 15 (24.6)

LDH normal 31 (81.6) 46 (75.4)

irAE cohort = patients with metastatic melanoma who developed immune-related side effects 
during immunotherapy; LDH = lactate dehydrogenase; M1a/b = Distant metastasis to skin, soft 
tissue including muscle and/or nonregional lymph node and lungs; M1c/d = Distant metastasis to 
other visceral sites and to the central nervous system (CNS); NirAE cohort = patients with metastatic 
melanoma who did not develop immune-related side effects during immunotherapy

FIGURE 1. Distribution 
of immune-related 
adverse events by 
type in the irAE cohort.

irAE cohort = patients with 
metastatic melanoma 
who developed immune-
related side effects during 
immunotherapy

FIGURE 2. Distribution of immune-related adverse events by 
grade (1-3) regarding the type of immune-related adverse 
event in the irAE cohort presented as a percentage (%).

irAE cohort = patients with metastatic melanoma who developed 
immune-related side effects during immunotherapy

the cohort of patients who developed immune-
related side effects (irAE cohort) included 38 (38, 
38%) patients. The baseline characteristics of both 
cohorts are presented in Table 1.

Of the 38 patients in the irAE cohort, 10 patients 
had thyroiditis (hyperthyroiditis/hypothyroiditis), 
18 patients had skin toxicity (vitiligo, rash, itchy 
skin, dermatitis), 4 had pneumonitis, none had 
hepatitis, and 6 had other adverse events (arthritis, 
colitis, fatigue). The distribution of the immune-re-
lated adverse events of the immunotherapy in the 
irAE cohort is presented in Figure 1 below.

Most of the immune-related adverse events 
were grade 1 or 2. One patient developed grade 3 
immune-related adverse events in the form of pso-
riasiform dermatitis, and immunotherapy had to 
be discontinued. One patient with colitis presented 
with diarrhoea, and four patients with pulmonary 
toxicity presented with pneumonitis (Figure 2). 
No immune-related adverse events of grade 4 or 5 
were present.

The radiological response evaluation was per-
formed for 99 patients, 61 patients representing 
the NirAE cohort and 38 patients representing the 
irAE cohort. The overall response rates (ORRs) for 
the irAE and NirAE cohorts were 57% and 37%, 
respectively. Complete response was achieved in 
14% of patients in the irAE cohort and in 4% of 
patients in the NirAE cohort. The irAE cohort had 
a higher rate of partial response (44%) than the 
NirAE cohort (34%). One-third (31%) of the NirAE 
cohort had progressive disease, and only 14% of 
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the irAE cohort had progressive disease. The data 
are presented in Figure 3.

irAE cohort = patients with metastatic mela-
noma who developed immune-related adverse 
events during immunotherapy; NirAE cohort = 
patients with metastatic melanoma who did not 
develop immune-related adverse events during 
immunotherapy

Our data show that no patient who developed 
severe immune-related adverse events (grade 3), 
had progressive disease, as presented in Figure 4 
below.

Grade 4 and 5 immune-related adverse events 
were not present. irAE cohort: patients with meta-
static melanoma who developed immune-related 
adverse events during immunotherapy.

FIGURE 4. Correlation between the treatment response and 
the grade (1-3) of the immune-related side effect adverse 
events in the irAE cohort presented as a percentage (%). 

CR = complete response; PD = partial response; PR = progression of 
disease; SD = stable disease

FIGURE 5. CORRELATION between the treatment response and 
the type of immune-related adverse events in the irAE cohort 
presented as percentages (%).

CR = complete response; PD = partial response; PR = progression of 
disease; SD = stable disease

FIGURE 6. Progression-free survival difference in patients with 
metastatic melanoma between the two cohorts, cohort with 
immune-related adverse events (irAEs) and cohort with no 
immune-related adverse events (NirAEs), presented in days. 
The orange line indicates the median, while the patients who 
belong to the fourth quartile are represented with plus signs 
(“+”).

irAE cohort = patients with metastatic melanoma who developed 
immune-related adverse events during immunotherapy; NirAE cohort 
= patients with metastatic melanoma who did not develop immune-
related adverse events during immunotherapy

FIGURE 3. Distribution of the treatment response between the irAE and NirAE. The 
numbers above the bars represent the percentages with respect to its cohort, while 
the bar height is the absolute number of patients and is given on the Y axis. 

irAE cohort = patients with metastatic melanoma who developed immune-related adverse events 
during immunotherapy; NirAE cohort = patients with metastatic melanoma who did not develop 
immune-related adverse events during immunotherapy
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No patient who developed immune-related 
pneumonitis had disease progression, as shown in 
Figure 5.

Grade 4 and 5 immune: related adverse events 
were not present; irAE cohort: patients with meta-
static melanoma who developed immune-related 
adverse events during immunotherapy.

Finally, the time to progression of the disease 
in the cohort (Figure 6) that experienced immune-
related adverse events was significantly longer 
than the time to progression in the cohort that did 
not experience immune-related adverse events (p 
= 0.001). There was no significant difference be-
tween the time of progression and the severity of 
immune-related adverse events.

To investigate the differences in progression-
free survival between the irAE cohort and NirAE 
cohort, we used survival analysis, which showed a 
significant increase in the survival probability from 
less than 60% for the NirAE cohort to almost 80% 
for the irAE cohort (Figure 7). This supports our 
study hypothesis that patients with immune-re-
lated adverse events due to immunotherapy treat-
ment have better treatment outcomes (Figure 7).

A Cox proportional hazards model with co-
variates time to progression and AE was used for 
survival analysis. The hazard rate was assumed to 
be a Weibull distribution. The posterior survival 
probabilities were obtained through Monte Carlo 
simulation implemented in Python with the pymc3 
package.

Furthermore, the irAE cohort with elevated 
LDH had better PFS with a 60% survival probabil-
ity than the 40% survival probability for the NirAE 
cohort with elevated LDH (Figure 8). The same 
trend was present for the subgroup of patients 
with irAE stage M1a/b melanoma with a survival 
probability higher than 80% (Figure 9). For the co-
hort of patients with irAE stage M1c/d melanoma, 
the results were reversed, showing lower survival 
probability in comparison with the subgroup of 
NirAE patients with stage M1c/d melanoma. The 
survival probability for irAE stage M1c/d patients 
and NirAE stage M1c/d patients was 50% and 70%, 
respectively (Figure 10). 

A Cox proportional hazards model with co-
variates time to progression and AE was used for 
survival analysis. The hazard rate was assumed to 
be a Weibull distribution. The posterior survival 
probabilities were obtained through Monte Carlo 
simulation implemented in Python with the pymc3 
package.

Cox proportional hazards model with covari-
ates time to progress and AE were used for sur-

FIGURE 7. Difference in progression-free survival between the irAE and NirAE cohorts, 
with a significant increase in the survival probability from less than 60% for the NirAE 
cohort to almost 80% for the irAE cohort. 

irAE cohort = patients with metastatic melanoma who developed immune-related adverse events 
during immunotherapy; NirAE cohort = patients with metastatic melanoma who did not develop 
immune-related adverse events during immunotherapy

FIGURE 8. Difference in progression-free survival between the irAE and NirAE cohorts 
with increased LDH, with a significant increase in the survival probability from less 
than 40% for the NirAE cohort to more than 60% for the irAE cohort. 

irAE cohor = patients with metastatic melanoma who developed immune-related adverse events 
during immunotherapy; NirAE cohort = patients with metastatic melanoma who did not develop 
immune-related adverse events during immunotherapy
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vival analysis. The hazard rate was assumed to 
be a Weibull distribution. The posterior survival 
probabilities were obtained through Monte Carlo 
simulation implemented in Python with pymc3 
package.

Discussion

The main goal of the oncological treatment for 
metastatic melanoma is progression-free survival 
while obtaining good quality of life with as few 
adverse events as possible. Usually, the treatment 
of adverse events results in treatment delays, de-
creases quality of life and, consequently, results in 
loss of disease control and disease progression.

The introduction of immunotherapy in the 
treatment of metastatic melanoma has improved 
the prognosis of this disease, prolonging the sur-
vival time from less than a year to more than three 
years.1-3 Additionally, recent data show evidence 
that immunotherapy is much more tolerable, with 
fewer adverse events than chemotherapy. A meta-
analysis of 3450 patients suffering from non-small 
lung carcinoma and melanoma who were treated 
with the PD1 inhibitors nivolumab and pem-
brolizumab and the PDL1 inhibitor atezolizumab 
showed that compared to chemotherapy, the afore-
mentioned drugs had a significantly lower risk of 
any all- and high-grade adverse events (fatigue, 
sensory neuropathy, diarrhoea, haematologic tox-
icities, anorexia, nausea, and constipation) and 
consequently a lower rate of treatment discontinu-
ation.10

For more than a decade, it has been known that 
malignant melanoma has a unique immunogenic 
nature, and the presence of vitiligo in melanoma 
patients seems to improve the prognosis of mela-
noma in animals and humans, presenting effective 
strategy for antitumour immunity.15-17

Among immunotherapy drugs used in meta-
static melanoma treatment, the CTLA4 inhibitor 
ipilimumab and the PD1 inhibitors pembrolizum-
ab and nivolumab have immune-related adverse 
events. Ipilimumab is a fully humanized anti-CT-
LA-4 monoclonal antibody; pembrolizumab and 
nivolumab are humanized monoclonal anti-pro-
grammed cell death-1 (PD-1) antibodies.11-13 With 
the use of CTLA4 inhibitors or anti-PD1 antibodies, 
also called checkpoint inhibitors, as monotherapy 
or in combination (nivolumab and ipilimumab), 
the increased risk of immune-related lung, intes-
tinal, liver, kidney, skin, or endocrine adverse 
events persists.11-14 Due to the severity of the ad-

FIGURE 9. Difference in progression free survival between the irAE and NirAE cohort 
with M1a and M1b (M1a/b) patients, with a significant increase in the survival 
probability of approximately 50% for NirAE cohort to more than 80% for irAE cohort. 

irAE cohort = patients with metastatic melanoma that developed immune-related adverse events 
during immunotherapy; M1a/b = distant metastasis to skin, soft tissue including muscle and/or 
nonregional lymph node and lungs; NirAE cohort = patients with metastatic melanoma that did 
not develop immune-related adverse events during immunotherapy; 

FIGURE 10. Difference in progression free survival between the irAE and NirAE cohort 
with M1c and M1d (M1c/d) patients, with a significant increase in the survival 
probability of almost 70% for NirAE cohort to less than 50% for irAE cohort. 

irAE cohort = patients with metastatic melanoma that developed immune-related adverse events 
during immunotherapy; M1c/d = distant metastasis to other visceral sites than lungs and to the 
central nervous system (CNS); NirAE cohort = patients with metastatic melanoma that did not 
develop immune-related adverse events during immunotherapy
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verse events caused by immunotherapy treatment, 
in some cases, discontinuation of the treatment is 
required. It has been shown that an early discontin-
uation of immunotherapy due to an adverse event 
does not negatively affect the long-term survival 
among these patients.1,3

The results of this study show that patients 
treated with immunotherapy who developed im-
mune-related adverse events had better treatment 
outcomes than patients without immune-related 
adverse events. This retrospective study, per-
formed on 99 patients with metastatic melanoma 
who were treated with immunotherapy, showed 
that patients with immune-related adverse events 
had an improved ORR in comparison to the ORR 
of patients without immune-related adverse events 
(75% vs. 37%). The PFS was significantly longer for 
the patients with immune-related adverse events, 
301.6 days, compared to 247.29 days for patients 
without immune-related adverse events. Neither 
the severity nor the type of immune-related ad-
verse events correlated with the ORR or PFS.

The presented data are in line with recent pub-
lications reporting a positive correlation between 
immune-related adverse events and survival.7-9 
A Dutch prospective study on 147 patients with 
metastatic melanoma treated with pembrolizumab 
showed that high-grade toxicity at any time during 
treatment was associated with higher objective re-
sponse rate, progression-free survival, and overall 
survival.7 A retrospective study on 144 metastatic 
melanoma patients treated with pembrolizumab 
showed similar results, as the development of any 
irAE (HR, 0.24, P < .001) was significantly associ-
ated with longer OS times.8

The Cox proportional hazards regression analy-
sis in this study shows a difference in progression-
free survival between the irAE and NirAE cohorts, 
with a significantly increased survival probability 
from less than 60% for the NirAE cohort to almost 
80% for the irAE cohort. Furthermore, the sub-
group of patients with irAEs with elevated LDH, 
before the start of immunotherapy, had better 
PFS, with a 60% survival probability compared 
to the 40% survival probability for the subgroup 
of NirAE patients with elevated LDH. The same 
pattern was observed for the subgroup of patients 
with irAEs and stage M1a/b with a survival prob-
ability of greater than 80%. The findings were re-
versed for the subgroup of patients with irAEs 
and stage M1c/d melanoma, where the survival 
probability was lower than that of the subgroups 
of patients with NirAEs and stage M1c/d mela-

noma, with survival probabilities of 50% and 70%, 
respectively. There were only a few patients with 
increased LDH for each M1 stage; hence, we omit-
ted these patients from multivariate analysis.

Elevated LDH is a poor prognostic marker for 
melanoma patients; however, LDH and immune-
related side effects are widely used for the progno-
sis of immunotherapy outcomes.18 Immunotherapy 
is effective for melanoma patients with dissemina-
tion locations indicating poor prognosis (M1c/d)19; 
however, there is a lack of data regarding the nega-
tive correlation in patients with immune-related 
side effects. As reported, developing immune-
related adverse events correlates with better treat-
ment outcomes.7-9,18 Dissemination of melanoma in 
visceral organs other than the lungs and CNS, his-
torically, is related to poor prognosis and outcome. 
The response rate of melanoma patients with brain 
metastases ranges from 26% with PD1 inhibitors to 
55% with a combination of CTLA4 and PD1 inhibi-
tors.20,21 The expected time to response is longer, 
and the risk for hyperprogression in this subgroup 
of melanoma patients is higher.22,23 Our data, 
though represented by a small group of patients, 
contribute to the possibility of new melanoma enti-
ties with worse immunotherapy outcomes-i.e., the 
subgroup of irAE patients with stage M1c/d dis-
ease. Potentially, the small group of patients may 
lead to bias; hence, a broader retrospective analy-
sis of patients with metastatic melanoma treated 
with immunotherapy at the Institute of Oncology 
Ljubljana is planned in the future.

Conclusions

Our study indicates a positive correlation of the 
higher autoimmunogenicity caused by immuno-
therapy in patients with metastatic melanoma with 
the treatment outcome and thus improves knowl-
edge about immunotherapy. In the present co-
hort, patients with immune-related adverse events 
during immunotherapy had better ORRs, OS and 
PFS than patients with metastatic melanoma with-
out any immune-related adverse events. The Cox 
proportional hazards regression analysis showed 
a difference in PFS between the irAE and NirAE 
cohorts, with a significant increase in the survival 
probability from less than 60% for the NirAE co-
hort to almost 80% for the irAE cohort even in the 
presence of elevated LDH. This pattern was not 
observed for the group of patients with M1c/d dis-
ease, stipulating the need for further research.
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Background. Pregnancy associated breast cancer is a rare disease. It presents a unique entity of breast cancer 
with aggressive phenotype. The main aim was to evaluate how the international guidelines were followed in daily 
practice. 
Patients and methods. Data concerning patients’ and tumours’ characteristics, management, delivery and ma-
ternal outcome were recorded from institutional electronic database. In this paper a case series of pregnant breast 
cancer patients treated at single tertiary institution between 2007 and 2019 are presented and the key recommenda-
tions on managing such patients are summarized.
Results. Fourteen patients met the search criteria. The majority of tumours were high grade, triple negative or HER2 
positive, two patients were de novo metastatic. Treatment plan was made for each patient by multidisciplinary team. 
Eight patients were treated with systemic chemotherapy with no excess toxicity or severe maternal/fetal adverse ef-
fects. In all but two patients, delivery was on term and without major complications. Only one event, which was not in 
whole accordance with international guidelines, was identified. It was the use of blue dye in one patient.
Conclusions. Women with pregnancy associated breast cancer should be managed like non-pregnant breast 
cancer patients and should expect a similar outcome, without causing harm to the unborn child. To achieve a good 
outcome in pregnancy associated breast cancer, a multidisciplinary approach is mandatory.

Key words: breast cancer; pregnancy; clinical characteristics; prognosis; therapeutic strategy

Introduction

Breast cancer is the most common malignancy 
among women in the developed world and is one 
of the most common cancer diagnosis during preg-
nancy.1,2 Nevertheless, it is relatively rare, the re-
ported incidence of pregnancy-associated breast 
cancer (PABC) is 15 to 35 breast cancer patients per 
100,000 births.3,4 Although rare, the incidence of 
PABC is increasing as women are delaying child-
birth.5 PABC is defined as breast cancer diagnosed 
during pregnancy or in the first postpartum year 
and it represents the second most common ma-
lignancy during pregnancy worldwide, second to 
cervical cancer.1,6 Diagnostic and treatment recom-

mendations have been mainly based on evidence 
from retrospective single institutional or small 
case-control studies and expert consensus, as ran-
domized trials on this entity are understandably 
lacking. In the present paper, we present a case 
series of patients diagnosed with breast cancer 
during pregnancy treated at Institute of Oncology 
Ljubljana between 2007 and 2019. The aim of the 
study was to evaluate the adherence of the man-
agement of PABC in daily clinical practice to the 
international clinical guidelines.

Diagnostic procedures for pregnant breast can-
cer patients should not significantly differ from 
those for non-pregnant women and the first step in 
treatment planning is to determine the extent of the 
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disease.6 As in non-pregnant women, a pathomor-
phological characterisation of breast cancer is cru-
cial for optimal decision about systemic treatment. 
Therefore, a core needle biopsy of the tumour has 
to be done.7 The biology of PABC is considered dif-
ferent from that of non-pregnant women with usu-
ally more aggressive phenotype.8-12 Recommended 
diagnostic procedures in pregnant woman with 
breast cancer are presented in Table 1.7 Since the in-
cidence of mutation in BRCA 1 or 2 gene is higher 
in younger breast cancer patients genetic testing 
should be offered to pregnant women with breast 
cancer.7,13 Once a diagnosis of breast cancer has 
been made, it is important not to delay treatment. 
It is recommended that optimal treatment strategy 
for individual patient is planned by a multidisci-
plinary team.14

There is no epidemiological, clinical or prog-
nostic evidence to suggest that pregnancy, or its 
termination, will alter the natural history of breast 
cancer or improve survival. Further, pregnancy by 
itself need not compromise effective breast cancer 
treatment, although the selection of and order of 
modalities need to consider fetal safety.6 The most 
important decision upon diagnosis is thus selec-
tion of and order of modalities which need to con-
sider fetal safety.6,14,15 The decision about optimal 
treatment sequence should depend mainly on the 
extent of the disease and gestational age. Surgery 
is preferable in the 1st trimester, however, for pa-
tients in the 2nd or 3rd trimester, the treatment strat-
egy should depend mainly on the extent of the dis-
ease.14 Historically, a modified radical mastectomy 
was considered the standard of care for PABC be-
cause this approach eliminates the need for postop-
erative radiotherapy, and definitively managed the 
axillary region. However, breast conservation is a 
valid surgical option for many, although limited by 
the postoperative radiotherapy which is contrain-
dicated during all trimesters of pregnancy.

Systemic treatment should not begin before the 
end of 1st trimester, upon completion of organo-
genesis, however chemotherapy in the 2nd and 3rd 
trimester is considered safe therapeutic options for 
the majority of patients with PABC and thus post-
poning treatment until after delivery is not advised 
since it was associated with a worse outcome of the 
malignant disease.7,16,17 It is recommended to end 
with chemotherapy before the 36th week of gesta-
tion or within 3 weeks of planned delivery to avoid 
potential hematologic complications at the time of 
delivery.15 The greatest experience of chemothera-
py in pregnancy has been with anthracyclines and 
there is limited data on the use of taxanes in preg-

nancy and thus taxane use is not recommended 
during pregnancy but, if indicated, may be used 
after delivery.

Endocrine therapy is also not recommended 
during pregnancy. The literature regarding breast 
radiotherapy during pregnancy is scarce and ac-
cording to current international guidelines, radio-
therapy is not recommended during pregnancy.7 
Delivery should be scheduled on the estimated 
date of delivery. Early induction of delivery is not 
recommended unless so indicated for other medi-
cal reasons.15,18 Table 2 presents recommended 
treatment modality according to gestational age.

Although in the past PABC was thought to have 
a poor prognosis recent studies showed that prog-
nosis is comparable to non-pregnant patients when 
adjusted for age and disease stage.18,19

Patients and methods

This is a retrospective case series of patients 
who were treated for breast cancer at Institute of 

TABLE 1. Diagnostic procedures for pregnant breast cancer patients

Diagnostic procedures Patients selection

Breast US with CNB All patients

Mammography All patients

Chest X-ray All patients

CNB: tumor grade, ER, PR, HER2 status All patients

Laboratory test (CBC, ALP, LFT, CA 15-3) All patients

Liver US Liver metastases suspected

Bone MRI Bone metastases suspected

ALP = alkaline phosphatase; CBC = complete blood counts; CNB = core needle biopsy; ER = 
estrogen receptor; LFT = liver function tests; MRI = magnetic resonance imaging; PR = progesterone 
receptor; US = ultrasound

TABLE 2. Treatment of pregnant breast cancer patients

Gestational 
age Surgery Systemic 

treatment
Treatment after 

delivery

1st trimester
Mastectomy

+
SNB/ALND

Adjuvant ChT 
beginning in 
2nd trimester

Adjuvant ET/anti-HER2 
therapy (if indicated)

+
RT (if indicated)

2nd and  
3rd trimester

Mastectomy/BCS
+

SNB/ALND

ChT
(adjuvant/neo-

adjuvant)

Adjuvant ET/anti-HER2 
therapy (if indicated)

+
RT (if indicated)

Late  
3rd trimester

Mastectomy/BCS
+

SNB/ALND

Adjuvant ET/anti-HER2 
therapy (if indicated)

+
RT (if indicated)

ALND = axillary lymph node dissection; BCS = breast conserving surgery; ChT = chemotherapy; ET 
= endocrine therapy; RT = radiotherapy; SNB = sentinel node biopsy
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Oncology Ljubljana between 2007 and 2019 and 
were pregnant at the time of confirmed malignant 
disease. Data were recorded from institutional 
electronic database using the following search cri-
teria: “breast cancer” and “pregnancy” and “ges-
tational” or “breast cancer during pregnancy”. 
Patients and tumours characteristics as well as data 
about treatment and delivery were collected from 
individual patient’s charts.

Data were analysed applying descriptive statis-
tics. SPSS version 19.0 was used for analysis (IBM, 
Armonk, NY).

The study was approved by the Institutional 
Review Board Committee and was carried out ac-
cording to the Declaration of Helsinki.

Results

Fourteen patients matched the search criteria in the 
period between January 1, 2007 and December 31, 
2019. The average age of the patients was 33 (from 
27 to 39) years. The gestational age upon diagno-
sis was between 6 and 40 weeks, with an average 
of 21 weeks. The details of the individual patients 
regarding the stages and histopathological charac-
teristics of tumours and types of systemic and sur-
gical treatment as well as radiotherapy are listed 
in Table 3. In almost half of the patients, the tumor 
was classified as triple-negative and most of the 
tumours were poorly differentiated. Almost half 
of the patients had HER2 positive tumours. All 
patients were offered genetic testing. Ten patients 
decided to do it. Out of them, four were found to be 
BRCA1 or BRCA2 gene mutation carriers. 

Eight patients received chemotherapy during 
pregnancy. All were treated with anthracyclines 
in combination with cyclophosphamide, and only 
one received taxanes (paclitaxel). As part of sup-
portive treatment, they mainly received antiemetic 
ondansetron and corticosteroids. Patients tolerated 
the treatment with no significant adverse effects. In 
addition to alopecia which was reported in all pa-
tients treated with chemotherapy, anaemia was the 
second most common adverse event, three patients 
had grade 2 anaemia.20 

Two patients were diagnosed with primary 
metastatic breast cancer. In both cases, the disease 
was detected in the 3rd trimester; they continued 
with pregnancy and gave birth on term (more than 
38 weeks of gestation). Primary metastatic disease 
was suspected based on symptoms (hip pain) and 
abnormal laboratory values. Both patients had 
high levels of tumour marker Ca 15-3 (1673, 157; 

normal level below 30 kU/L) and elevated levels of 
alkaline phosphatase (ALP; 2.02, 2.91; normal level 
below 1.74 ukat/L) at presentation.

Most of deliveries occurred on the scheduled 
date, in most cases by vaginal delivery. One patient 
decided to terminate pregnancy at week 10 to start 
treatment, one patient gave birth prematurely at 
week 27 due to placenta praevia. In another patient 
delivery was induced at week 34 due to recom-
mended adjuvant trastuzumab therapy.

No serious post-natal complications were re-
ported. Twelve patients received systemic treat-
ment (cytostatic, endocrine and/or antiHER2 
treatment) post-partum. The median period from 
delivery to initiation of post-partum systemic treat-
ment was 16 days (from 7 to 24 days). The median 
follow-up period was 64 months. Two patients 
died due to breast cancer, one of them was primary 
metastatic, in the second case, the patient died due 
to central nervous system relapse that occurred 
only two months after completion of neoadjuvant 
chemotherapy and surgery. At presentation there 
were no signs or symptoms of metastatic disease. 
All the others continue with regular follow-ups at 
Institute of Oncology Ljubljana.

Discussion

In the present paper, we present 14 cases of breast 
cancer patients diagnosed during pregnancy. With 
regard to the primary aim of the study, which was 
to evaluate the adherence of the treatment of PABC 
in daily clinical practice to the international clini-
cal guidelines, we found that most patients were 
treated accordingly.

Over the observed period 14 cases were identi-
fied. According to the incidences of PABC reported 
in the literature one would expect between one to 
five cases per year in Slovenia.2,4 The number of 
cases in our study is low which may be due to case 
identification method and/or a fact that only pa-
tients who were pregnant at the time of diagnosis 
were included, which does not fit to the definition 
of PABC. For the purpose of this study, we focused 
on the management of pregnant women with new-
ly diagnosed breast cancer.

Breast cancer diagnosed during pregnancy is 
most often detected as a palpable mass. This was 
true for all our 14 patients. Due to hormonal chang-
es palpation of breasts during pregnancy and 
breastfeeding is often unreliable and this is one of 
the reasons why PABC is often diagnosed in more 
advanced stage in comparison to other patients.6,21 
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TABLE 3. Individual patients and tumours characteristics with details of treatment

Patient
Patient’s 

age at BC 
diagnosis 

(years)

GA at BC 
diagnosis
(weeks)

BC stage,
tumor grade

HR
HER2
BRCA

Systemic 
treatment 

during 
pregnancy

Mode of 
delivery

Complications 
at delivery, 
post-partum

Type of BC 
surgery

Post-partum 
treatment

1 34 28
T2N1M0

IIB
G3

ER/PR neg
HER2 poz
BRCA pos

EC Vaginal - MRM
Doce, 

trastuzumab
RT

2 28 13
T2N0M0

IIA
G3

ER/PR neg
HER2 neg
BRCA neg

EC CS

Placenta 
praevia, 

delivery at 
27 weeks of 

gestation

BCS and ALND EC, pacli
RT

3 37 32
T2N0M0

IIA
G3

ER/PR neg
HER2 neg
BRCA neg

EC Vaginal - BCS and SNB EC, pacli
RT

4 38 40
T3N1M0

IIIA
G2

ER/PR pos
HER2 pos

BRCA neg
- Vaginal - MRM

FEC, doce, 
trastuzumab, 
tamoxifen, RT

5 27 14
T1N0M0

IA
G3

ER/PR neg
HER2 neg
BRCA pos

EC Vaginal -

Mastectomy 
and SNB and 

reconstruction 
(expander)

-

6 34 8
T2N0M0

IIA
G3

ER/PR pos
HER2 pos
BRCA ND

- NR

Pregnancy 
termination 
advised, 10 

weeks of 
gestation

MRM
FEC, doce, 

trastuzumab, 
tamoxifen, RT

7 30 24
T3N0M0

IIB
G3

ER/PR neg
HER2 neg
BRCA pos

AC, pacli CS -

Mastectomy 
and SNB and 

reconstruction 
(expander)

Cape, RT

8 32 26
T4dN2M1

IV
G2

ER/PR pos
HER2 pos
BRCA ND

AC Vaginal -  No surgery
Doce, 

trastuzumab, 
tamoxifen, RT

9 39 13
T2N1M0

IIB
G2

ER/PR pos
HER2 neg
BRCA ND

AC Vaginal - MRM Pacli, 
tamoxifen

10 32 30
T1cN0M0

IA
G3

ER/PR pos
HER2 neg 
BRCA pos

- CS

Induced 
delivery, 35 

weeks of 
gestation

Mastectomy 
and SNB EC, tamoxifen

11 29 6
T2N2M0

IIIA
G3

ER/PR neg
HER2 pos

BRCA neg
EC Vaginal - MRM Trastuzumab, 

RT

12 33 6
T1miN0M0

IA
G3

ER/PR neg
HER2 neg
BRCA neg

- Unknown - Mastectomy 
and SNB -

13 31 38
T3N2M0

IIIA
G3

ER/PR neg
HER2 neg
BRCA ND

- Vaginal - MRM FEC, doce, RT

14 38 36
T3N2M1

IV
G3

ER/PR pos
HER2 pos

BRCA neg
- Vaginal - No surgery

Doce, 
pertuzumab, 
trastuzumab, 

tamoxifen

AC = doxorubicin and cyclophosphamide; BC = breast cancer; BCS = breast conserving surgery; BRCA = BRCA status; Cape = capecitabine; CS = caesarean section; doce 
= docetaxel; EC = epidoxorubicin and cyclophosphamide; ER = estrogen receptor; FEC = 5-fluorourcil, epidoxorubicin and cyclophosphamide; GA = gestational age, HR = 
hormone receptor status; HER2 = HER2 status; MRM = modified radical mastectomy; ND = not done; NR = not relevant; pacli = paclitaxel; PR = progesterone receptor; RT = 
radiotherapy; SNB = sentinel lymph node biopsy

Diagnostic procedures should not significantly dif-
fer from those for non-pregnant women. Breast 
ultrasound (US) is considered the standard first 
line imaging modality with known high sensitiv-
ity, specificity and safety.22,23 Due to the increased 
density of the breast tissue mammography is less 
sensitive in this population.24 It is indicated for US 
confirmed solid lesions to determine the spread 

of calcifications, which is important for surgical 
treatment planning. By adequate shielding of the 
abdomen, mammography exposes the fetus to a 
minimal dose of radiation (0.001-0.01 mGy).25,26 
Opinions on safety of breast magnetic resonance 
imaging (MRI) in pregnant women are contradic-
tory.27 According to the latest guidelines on the use 
of contrast agents in pregnant women by European 
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Society of Urogenital Radiology breast MRI using 
gadolinium-based contrast may be done in preg-
nant woman and no extra neonatal tests are pro-
posed in these cases.28 In none of our patients MRI 
was performed during pregnancy, however, all of 
them had breast US and mammography done.

Staging investigations are not routinely indicat-
ed in newly diagnosed operable PABC, although if 
they have symptoms suggestive of distant metas-
tases, selective imaging can be performed, includ-
ing chest radiograph and an abdominal US. When 
bone metastases are suspected, MRI is currently a 
preferred diagnostic modality.26 In two of our pa-
tients primary metastatic disease was suspected at 
presentation based on elevated levels of tumour 
marker Ca 15-3 and abnormal values of ALP. In 
one patient abdominal US and lung X-ray were 
performed during pregnancy, both were normal. 
Although bone metastases were suspected due to 
reported pain in her left hip, skeletal MRI was not 
performed, since at that time it was not regarded 
as safe diagnostic procedure during pregnancy. 
However, bone scan, the standard diagnostic pro-
cedure for detection of bone metastases at that 
time, was postponed until after delivery when 
bone metastases were confirmed. In second patient 
breast cancer was diagnosed close to the end of 
pregnancy, therefore, staging of breast cancer was 
performed postpartum and included abdominal 
and thoracic CT. Liver metastases were diagnosed 
and were later on confirmed by fine needle aspira-
tion biopsy.

As in non-pregnant women a pathomorphologi-
cal characterisation of breast cancer is crucial for 
optimal decision about systemic treatment.7 Core 
needle biopsy of the tumor was performed in all 
14 patients from our series. The biology of PABC 
is considered different from that of non-pregnant 
women.8 These tumours usually present with 
more aggressive phenotype. They are frequently 
poorly differentiated, estrogen-receptor negative, 
of either triple-negative or HER2 positive sub-
type. Therefore, the disease is often diagnosed at 
higher stage.9-12 The majority of our patients had 
poorly differentiated tumours and almost half had 
a triple-negative breast cancer subtype, which is 
in concordance with other reports.7,11,12,14 As per 
guidelines genetic testing has been offered to all 
patients since it is known that the incidence of mu-
tation in BRCA 1 or 2 gene is higher in younger 
breast cancer patients and was performed in 10 pa-
tients, 4 of them were positive for germline BRCA 
mutations. In general, however, there is a lack of 
studies on this topic and its incidence in PABC is 

unknown. Beside that it is unclear how the knowl-
edge of germ line mutations in established PABC 
may affect treatment decisions, especially with re-
gard to risk‐reducing operative procedures and/
or systemic treatments. On the other hand, genetic 
testing results may however affect the extent of 
breast surgery and regimen of further follow-up.7,13

Once a diagnosis of breast cancer has been 
made, it is important not to delay treatment. As 
recommended, the optimal treatment strategy for 
all of our 14 patients was planned by a multidisci-
plinary board, which consisted of surgical oncolo-
gist, medical oncologist, radiotherapist and gy-
naecologist.14 Per guidelines surgery can be safely 
performed in all three trimesters. Mastectomy and 
breast-conservation surgery are both safe, while 
breast reconstruction surgery is not recommended 
during pregnancy.7,14,24,29 The extent of axillary sur-
gery should follow the same guidelines that apply 
to the rest of the breast cancer population.14,30,31 In 
patients with clinically negative axillary lymph 
nodes, sentinel lymph node biopsy is the method 
of choice to minimize the likelihood of lymphede-
ma. Data about the safety of this procedure in preg-
nant patients are limited, but mostly show that this 
approach is safe if used in modified manner.32,33 
The safety of radioactive tracer (eg technetium 99m 
sulphur colloid) during pregnancy was verified by 
measuring the uterine dose of radiation from lym-
phoscintigraphy. Doses were found to be much 
lower than teratogenic threshold. Therefore, some 
experts believe sentinel lymph node biopsy should 
be considered standard of care in clinically nega-
tive axilla.34 On the contrary, the use of any dye is 
not permitted during pregnancy due to concern for 
maternal anaphylaxis and the possibility for tera-
togenicity.14,31,34 We found that in regard of surgery 
our patients were mostly treated in accordance to 
current clinical guidelines, but some minor devia-
tions were detected.7,14,24 In one patient blue dye was 
used to detect the sentinel lymph node. Sentinel 
node biopsy was performed in five patients, in two 
of them also breast reconstruction with expanders 
placed during the initial mastectomy. Although ac-
cording to current guidelines breast reconstruction 
surgery should not be performed during pregnan-
cy small studies support the safety of immediate 
expander placement with improved psychologic 
and aesthetic outcomes.31,32,35

The literature regarding breast radiotherapy 
during pregnancy is scarce and radiotherapy is 
according to current international guidelines con-
traindicated during pregnancy. However, some 
authors believe that modern approaches, such as 
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3D-conformal radiotherapy (3DCRT) or intraop-
erative radiotherapy (IORT), can be considered 
during the first two trimesters in selected cases.36 
None of our patients received radiotherapy during 
pregnancy.

Eight of our patients received chemotherapy 
during pregnancy. According to guidelines sys-
temic treatment should follow the recommenda-
tions that apply to the rest of the breast cancer 
population. It should not begin before the end of 
1st trimester, upon completion of organogenesis.7,16 
Postponing treatment until after delivery may be 
associated with a worse outcome of the malignant 
disease and is therefore not advised.37,38 The dosage 
is supposed to be calculated according to the pa-
tient’s actual body weight and the intervals should 
remain the same as for non-pregnant patients.39 
Pregnancy is not a restraining factor for treatment 
with a dose-dense regimen supported by granulo-
cyte growth factors. However, more frequent blood 
counts tests are advised due to the risk of anaemia 
and neutropenia.15,40 Use of anthracyclines and 
cyclophosphamide during pregnancy was found 
to be safe, regarding the safety of other cytotoxic 
drugs during pregnancy data are scarce.41-43 Most 
of the reports on taxanes relate to the safety of pa-
clitaxel.44,45 Use of trastuzumab is contraindicated 
during pregnancy due to increased occurrence of 
oligo and anhydramnion. The same applies to oth-
er anti-HER2 therapy.15,46 Endocrine therapy is also 
not permitted during pregnancy due to many re-
ported developmental abnormalities, particularly 
with tamoxifen treatment.15,47,48

Among anti-emetics, ondansetron is classified 
as group B drug in terms of safety during preg-
nancy and metoclopramide is also recognized to 
be safe.49,50 Data regarding safety of glucocorticoids 
during pregnancy are conflicting, some favour the 
use of methylprednisolone.51

Systemic treatment of pregnant patients from 
our cohort was based on anthracyclines and did 
not start before the end of 1st trimester. One pa-
tient also received taxanes. Although some ex-
perts still warn about the routine use of taxanes in 
pregnant women, some case reports series suggest 
similar safety profiles of taxanes to doxorubicin.45 
Therefore, we do not consider this approach as 
guidelines violation. None of our patients received 
endocrine or anti-HER2 therapy during pregnancy.

In the past, PABC was thought to have a poor 
prognosis.18 Multiple less extensive, retrospective 
cohort and case-control studies conducted in re-
cent decades have demonstrated different findings. 
When adjusted for age, disease stage and morpho-

logical characteristics of the tumours many studies 
have failed to demonstrate a significantly worse 
outcome for women who were diagnosed with 
early and locally advanced breast cancer during 
pregnancy compared to non-pregnant patients.19 
On the contrary, prognosis of metastatic PABC is 
generally poor and the expected 5-year survival is 
only about 10%.

Although the median follow-up period in our 
case series is fairly short and the sample size small 
and thus is impossible to assess the impact of PABC 
on prognosis of these patients. However, no breast 
cancer relapse in initially non-metastatic patients 
was detected so far. This might suggest no signifi-
cantly worse prognosis in our series of patients.

Conclusions

Treatment of breast cancer diagnosed during preg-
nancy is a major professional and ethical challenge 
for all members of the multidisciplinary team. We 
found that the incidence of breast cancer diag-
nosed in pregnant women was low in the observed 
period. Patients were mostly treated in accordance 
with current international clinical guidelines. Only 
one event that was not in accordance was identi-
fied. It was the use of blue dye in one patient. The 
reason for this event is unknown.
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Background. Radiochromic films have many applications in radiology and radiation therapy. Generally, the dosim-
etry system for radiochromic film dosimetry is composed of radiochromic films, flatbed scanner, and film analysis soft-
ware. The purpose of this work is to present the effectiveness of a protocol for accurate radiochromic film dosimetry 
using Radiochromic.com as software for film analysis.
Materials and methods. Procedures for image acquisition, lot calibration, and dose calculation are explained and 
analyzed. Radiochromic.com enables state-of-the-art models and corrections for radiochromic film dosimetry, such 
as the Multigaussian model for multichannel film dosimetry, and lateral, inter-scan, and re-calibration corrections of 
the response.
Results. The protocol presented here provides accurate dose results by mitigating the sources of uncertainty that 
affect radiochromic film dosimetry. 
Conclusions. Appropriate procedures for film and scanner handling in combination with Radiochromic.com as 
software for film analysis make easy and accurate radiochromic film dosimetry feasible.

Key words: radiochromic film; dosimetry; protocol, film analysis software

Introduction

Radiochromic films are extensively employed 
in radiology and radiation therapy because they 
have excellent spatial resolution, near water-
equivalence,1,2 and weak energy dependence.3-8 
Furthermore, they can be immersed in water,9 
can be cut, do not need chemical processing, and 
present low sensitivity to visible light. The active 
component of radiochromic films are diacetylene 
monomers which polymerize upon irradiation.10 
Polymerization makes films increasingly dark with 
the absorbed dose. Changes in the visible absorp-
tion spectrum can be measured with a flatbed scan-
ner. Scan pixel values are converted into doses with 

software for radiochromic film analysis. Hence, the 
dosimetry system for radiochromic film dosimetry 
commonly consists of radiochromic films, flatbed 
scanner, and film analysis software.

The purpose of this work is to present a proto-
col for accurate radiochromic film dosimetry using 
Radiochromic.com (Radiochromic SL, Benifaió, 
Spain) as software for film analysis.

Radiochromic.com is a software as a service 
(SaaS) program for radiochromic film dosimetry, 
radiotherapy QA, and image analysis. It aims to 
implement state-of-the-art methods and correc-
tions for radiochromic film dosimetry. At the time 
of writing this work, Radiochromic.com was at 
version 3.3.
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Materials and methods
The film-scanner system

Radiochromic films

This protocol is designed for the analysis of 
GafChromic films (Ashland Inc., Bridgewater, NJ, 
USA). In radiation therapy, GafChromic EBT3 and 
EBT-XD films are recommended. The difference 
between EBT3 and EBT-XD films lies in the length 
of the needles of the active component. EBT-XD 
needles are shorter, which leads to less darkening 
for the same absorbed dose and to higher satura-
tion doses. Therefore, EBT-XD films are recom-
mended for higher doses. EBT3 films can be used 
for applications with doses in the range of 0.01–20 
Gy. However, for doses larger than 10 Gy and up 
to 40 Gy, EBT-XD films are preferred.10

EBT3 and EBT-XD films are considered energy 
independent for MV photon beams. However, they 
under-respond to photon energies lower than 100 
keV8, and exhibit LET dependence for protons.10

In kV X-rays applications, such as dose meas-
urements in interventional radiology or IORT11, 
XR-RV3 films should be used instead. In the energy 
range of these applications, films are strongly en-
ergy dependent and should be calibrated for each 
energy in use.12

Flatbed scanner

Epson Expression 10000-12000XL and Epson 
Perfection V700-850 flatbed scanner models (Seiko 
Epson Corporation, Nagano, Japan) are recom-
mended. They have been extensively studied in 
the literature and possess suitable characteristics 
for film dosimetry, such as RGB color channels, 16 
bit color depth per channel, resolution up to 4800 
dpi, reflection and transmission scanning modes, 
and lamp autocalibration. Epson Expression 10000-
12000XL have A3 size, while Epson Perfection 
V700-850 scanners have A4 size. Epson Expression 
10000-12000XL are favored because they are less 
affected by the lateral artifact.13-20 Epson scanners 
can be controlled with the associated Epson Scan 
software or with alternatives such as VueScan 
(Hamrick Software, Phoenix, AZ, USA).

Papaconstadopoulos et al.21 found that the slope 
of the sensitometric curve in reflection scanning 
was flatter than in transmission mode and consid-
ered that the dose range should be reduced accord-
ingly to doses lower than 2 Gy (red channel) and 
8 Gy (green channel) in reflection mode. This as-
sumption was called into question by Ramos and 

Pérez Azorín22 who argued that the dose range 
should not be defined in terms of absolute changes 
of the signal with the dose but in relative terms by 
taking into consideration the signal to noise ratio. 
The protocol presented here is valid for both scan-
ning modes.

Sources of uncertainty

Several sources of uncertainty contribute to the 
total uncertainty of the film-scanner system. Some 
of them affect radiochromic films, others are exclu-
sive of the scanner, while the rest arise from the 
interaction between film and scanner.

Uncertainties of radiochromic films

Films display variations in the thickness of the 
active layer23,24, causing film heterogeneities and 
differences between films of the same lot (i.e., in-
tra-lot variations). Also, film darkening continues 
indefinitely following irradiation, although at an 
ever slower pace.25 Humidity and temperature al-
ter film response, yet this influence is reversible as 
long as the temperature does not reach more than 
60°C.9,10,26,27 Active layer polymerization can be 
noncatalytic or can also be induced by ultraviolet 
light.26 Finally, dust, scratches, and marks modify 
the response of the system.

Uncertainties of the scanner

Despite autocalibrating before each scan, scanners 
experience inter-scan variations, which cause that 
repeated scans do not deliver constant respons-
es.15,18 The signal of the scanner have noise.14,28,29 The 
scanner lamp should warm-up before use.30,31 And 
other minor sources of uncertainty of the scanner 
include grid patterns and positional inaccuracies.15

Uncertainties of the interaction between film and 
scanner

For a given dose value, the response of the film-
scanner system in pixel value decreases with the 
distance to the center of the scan on the axis paral-
lel to the lamp. Furthermore, this lateral response 
artifact becomes more important for higher dos-
es.16,19,32 Radiochromic films polarize light, which 
means that the response of the system depends 
on the orientation of the film on the scanner bed.33 
Also, the response depends on film-to-light source 
distance.18,34 The effect of the point spread func-
tion of the film-scanner system is usually negligi-
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ble, however, in high contrast regions may become 
significant.16 Lastly, even though the addition of 
microscopic silica particles to the film surface pre-
vents the occurrence of Newton rings35, they are 
still a relevant source of uncertainty for older film 
models (i.e., EBT2).

Image acquisition

A protocol for accurate radiochromic film dosim-
etry must minimize the impact of all those sources 
of uncertainty. To this end, and regarding image 
acquisition, our protocol recommends:
1.	 Keep films in a dry and dark environment.
2.	 Handle films with care, do not touch them 

without wearing gloves to prevent marks and 
scratches.

3.	 Keep films away from light whenever possible.
4.	 If films are submerged in water, minimize the 

time of submersion.
5.	 Do not bend films when cutting them. Use 

sharp scissors or, preferably, a guillotine.
6.	 Films, either entire films or film fragments, 

shall always keep the same orientation (i.e., por-
trait or landscape) on the scanner. Label them 
to keep the orientation with the original sheet 
and place them consistently on the scanner.

7.	 Scanning the films prior to and after irradiation 
delivers more accurate results.23 However, it 
compels the use of a frame to place the films at 
the same position in both occasions and, accord-
ing to our experience, reduces the uncertainty 
of film doses in less than 0.5%. Consequently, 
scanning the films prior to irradiation is option-
al in this protocol.

8.	 After irradiation, wait for polymerization to 
stabilize. For convenience, films are usually 
scanned 24 h after irradiation. Short waiting 
times can be employed as well, however, in this 
case, time windows must be narrower to avoid 
losing accuracy. For instance, Devic et al.36 found 
similar errors with waiting-time windows of 24 
± 2 h and 30 ± 5 min. Different waiting-time win-
dows are associated with different sensitomet-
ric curves. Even though these differences can 
be reduced with re-calibration methods37, this 
protocol recommends using the same waiting-
time window employed during the calibration 
to prevent avoidable uncertainties.

9.	 Warm up the scanner for at least 30 min before 
use.

10.	Before acquisitions, and after pauses, perform 
several (e.g., five) empty scans to stabilize the 
scanner lamp.

11.	Center the film on the scanner. A convenient 
way to do so is with a frame. To prevent high 
contrast between frame and film, frames can 
be built from transparent materials, such as 
acetate transparencies or PMMA sheets. A set 
of technical drafts for frames and compression 
sheets suitable for the scanners recommended 
in this protocol can be found in the supplemen-
tary materials (Figures S1-S8). Figure 1 shows 
an example on how films can be positioned on 
the scanner with a frame.

12.	Films shall be in perfect contact with the surface 
of the scanner bed to avoid curling. In trans-
mission mode, place a 2–4 mm thick glass or 
PMMA sheet on top of the film. The position-
ing of the compression sheet shall be consist-
ent, therefore, either cover or keep free the au-
tocalibration area for all the scans. In reflection 
mode, the scanner lid itself compresses the film 
adequately.

13.	Always use the same scanning mode, either re-
flection or transmission, that was used for the 
calibration.

14.	Maintain a fix scanning area by saving it into 
the scanning software settings. In this manner, 
pixel positions on the film match with scanner 
coordinates, which is imperative when apply-
ing lateral corrections or scanning before and 
after irradiation.

15.	Scan with 48 bit RGB mode and all image pro-
cessing tools turned off.

16.	A resolution of 50–75 dpi (0.51–0.35 mm) fits 
most applications. While for treatments using 

FIGURE 1. Positioning films on the scanner with a frame.
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FIGURE 2. Scanner settings for (A) a calibration and (B) a treatment using small fields.
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small fields 100–150 dpi (0.25–0.17 mm) may be 
necessary. In this protocol, higher resolutions 
are discouraged because they produce larger 
noise14,15 and slow down film scanning and 
analysis. Figure 2 depicts scanner settings for a 
calibration and a treatment using small fields.

17.	Perform four or five repeated scans and discard 
the first one for each film.

18.	Upload the scans to Radiochromic.com select-
ing the orientation of the scanner lamp on the 
scans. The orientation should be correct to ap-
ply lateral corrections. The software will ac-
quire the average image of the film after irra-
diation (irradiated film), and optionally before 
irradiation (non-irradiated film). Figure 3 illus-
trates how films are uploaded to Radiochromic.
com.

Calibration and lateral correction

Calibration

A calibration is needed to convert film images into 
absorbed dose distributions. On Radiochromic.
com, film images are converted into doses follow-
ing the Multigaussian model23 for multichannel 
radiochromic film dosimetry. The Multigaussian 
model considers that the probability density func-
tion of the film-scanner system’s response given a 
dose D follows a multivariate Gaussian distribu-
tion, where the response is a vector of pixel val-
ues including all color channels and both irradi-

ated and non-irradiated films. Or, in mathematical 
form,

� [1]

where  is the response vector,  is the expectation 
vector, and  is the covariance matrix.

On Radiochromic.com, a set of known reference 
doses are associated to regions of interest (ROIs) of 
a film image during the calibration. The outcome 
of the software consists of pairing each dose (D) 
with the median pixel values  and covariance 
matrix  of the response on the associated 
ROI. Radiochromic.com does not fit sensitometric 
curves, for dose values not included in the calibra-
tion,  and  are interpolated with natural 
cubic splines.

Lateral response correction

Commonly, to correct the lateral artifact, it is neces-
sary to fit the parameters of a function that relates 
dose and distance to the center of the scan on the 
axis parallel to the lamp with changes in pixel val-
ues. Radiochromic.com integrates the calibration 
with the fitting of the lateral correction. To do so, 
the software applies the Lewis and Chan model for 
the lateral correction:17,38

� [2]

where v is the pixel value after correction, x is the 
coordinate on the axis parallel to the lamp, xc is 

FIGURE 3. Upload films to Radiochromic.com with the correct orientation.
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the coordinate of the center of the scanner,  is the 
pixel value before correction, and , , , and  
are fitting parameters. As explained by Méndez et 
al23, scanning an unexposed film can simplify the 
process of fitting the parameters. We can rewrite 
the lateral correction formula as

�
[3]

where  is the pixel value at zero  and  is 
the pixel value before correction as a function of , 
both of them on the unexposed film. Furthermore, 
if the dose is homogeneous along the axis parallel 
to the lamp, equation (3) becomes

�
[4]

Radiochromic.com follows equation (4). Thus, 
in order to calibrate and fit the lateral correction 
simultaneously, the reference doses should be ho-
mogeneous along the axis parallel to the lamp and 
the image of an unexposed film has to be uploaded 
to the application too.

Procedure for the calibration

In this protocol, we expose a calibration procedure 
for external photon beams, yet, other methods, ra-
diation sources, and applications are possible, pro-
vided that they observe four basic principles:

Calibrations are valid for films from the same 
lot, therefore, each lot of films has to be calibrated 
at least once. However, since films slowly autopo-
lymerize over time, it is advisable to repeat lot cali-

brations from time to time. Furthermore, since film 
response depends on humidity and temperature, 
more accurate film doses can be expected when 
calibration and film dose measurements are done 
together.

Uncertainties in the absorbed reference doses 
will be translated into film dose uncertainties. 
Hence, it is important to maximize the accuracy of 
the reference doses. Generally, this can be achieved 
by irradiating at reference conditions and selecting 
ROIs with homogeneous doses.

To avoid the lateral response artifact, the ROIs 
with reference doses should be centered on the scan.

Finally, the reference doses should cover the 
range of doses of interest to prevent extrapolations.

In accordance with these principles, to calibrate 
photon beams from a linear accelerator we recom-
mend:
1.	 If the calibration will include the lateral correc-

tion, acquire also the image of an unexposed film.
2.	 Cut a film into several (e.g., seven) strips with 

the longer side of the strips parallel to the lamp.
3.	 Keep one strip unexposed. One-by-one, irradi-

ate the other strips at reference conditions in a 
water equivalent phantom. Strip doses should 
go from zero to a dose around 20% larger than 
the largest dose of interest. If the calibration will 
include the lateral correction, irradiate the strips 
with approximately homogeneous doses by us-
ing a beam with flatenning filter and a 25 cm × 
25 cm field.

4.	 Scan all the calibration strips simultaneously. 
The irradiated areas of the strips should be cen-
tered on the scan. Figure 4 presents scans for a 

A B C
FIGURE 4. Scans for a calibration including lateral correction: (A) unexposed image, (B) calibration fragments prior to irradiation, and  
(C) calibration fragments after irradiation.
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calibration including lateral correction. An un-
exposed image and fragments irradiated with 
approximately homogeneous doses are neces-
sary, the scan of the calibration fragments prior 
to irradiation is optional.

5.	 Keep the unexposed strip on the scanner and do 
not remove it until the next calibration. This will 
allow easier inter-scan corrections when meas-
uring other films.

6.	 Acquire images into Radiochromic.com verify-
ing that they are correctly oriented. For the cali-
bration, doses should change on the left-right 
axis of the screen. Correct the orientation if they 
change on the vertical axis.

7.	 On the Calibration functionality of 
Radiochromic.com, select the calibration image. 
Select also the unexposed film image if the cali-
bration will include lateral correction.

8.	 Associate reference doses to ROIs. The ROIs 
should be centered on the image (and on the 
scan). To provide enough statistics for the cali-
bration while avoiding the lateral artifact, the 
length of the ROIs on the axis parallel to the scan 
should be between 1–4 cm approximately. An 
example of this process can be found in Figure 5.

9.	 Radiochromic.com provides the mean error of 
the calibration, which computes the difference 
between film doses after applying the calibration 

to the pixels of the ROIs and reference doses. In 
our experience, calibrations have mean errors 
around 1–2.5%. Larger errors may point to flaws 
in the procedure. Also, they can be expected for 
low doses, since uncertainties in radiochromic 
film dosimetry grow fast for doses lower than 1.5 
Gy.39 To reduce uncertainties when measuring 
low doses with radiochromic films, we recom-
mend to scale the number of MUs. For instance, 
when measuring MLC transmission with films, 
we recommend to irradiate with thousands of 
MUs to achieve film doses around 2 Gy.

Dose calculation

Once a calibration is made, the procedure to con-
vert film pixel values into doses consists of:
1.	 Scan the film together with the unexposed strip 

of the calibration. Figure 6 shows an example of 
film scans before and after irradiation. A piece 
of transparency sheet was used, in addition to 
a frame, to position the film consistently on the 
scanner. However, scanning before irradiation 
is optional in this protocol.

2.	 Acquire the film image into Radiochromic.com 
and verify the orientation.

3.	 On the Dosimetry functionality of Radiochromic.
com, select the film image and the calibration. 

FIGURE 5. Associating reference doses to ROIs for a calibration which includes lateral correction.
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As previously mentioned, the software com-
putes film doses with the Multigaussian meth-
od. The Multigaussian method is a multichan-
nel method that employs all irradiated color 
channels or all irradiated and non-irradiated 
color channels simultaneously to obtain the 
dose distribution. To include the non-irradiat-

ed channels, both the calibration and the film to 
measure should be scanned before and after ir-
radiation. Otherwise, only the irradiated chan-
nels are evaluated.

4.	 Keep the default noise reduction, which applies 
a 3 × 3 square median filter to the dose distribu-
tion.

5.	 Apply the inter-scan correction. To do so, select 
a ROI on the unexposed strip. The ROI should 
be centered on the scan to avoid the lateral arti-
fact. For each color channel, the inter-scan cor-
rection multiplies each pixel of the image with 
a factor such that the median pixel value in the 
ROI coincides with the median pixel value of 
the unexposed ROI during the calibration. 
Figure 7 illustrates this process.

6.	 Re-calibration correction is optional in this pro-
tocol. In Radiochromic.com it is composed of 
inter-scan correction and dose rescaling. To ap-
ply dose rescaling, before the irradiation, cut a 
strip from the film to measure. This strip should 
be irradiated with a known homogeneous dose 
and scanned together with the rest of the film 
and the unexposed strip. Finally, select a ROI of 
the exposed strip centered on the scan and in-
troduce its dose. Radiochromic.com will rescale 
film doses in order to match the median dose 
of the ROI.

A B

FIGURE 6. Scans of a film (A) before and (B) after irradiation. A piece of transparency 
sheet was used, in addition to a frame, to position the film consistently on the 
scanner.

FIGURE 7. Applying the inter-scan correction in the film dosimetry functionality of Radiochromic.com.



Radiol Oncol 2021; 55(3): 369-378.

Mendez et al. / Accurate radiochromic film dosimetry 377

Results and discussion

The purpose of this work is to propose an accurate 
protocol that minimizes the sources of uncertainty 
that affect radiochromic film dosimetry by imple-
menting appropriate procedures and up-to-date 
models and corrections. The protocol presented 
here incorporates the Multigaussian model for 
multichannel film dosimetry, and lateral, inter-
scan, and re-calibration corrections of the response. 
Procedures for image acquisition, lot calibration, 
and dose calculation are stated in detail. The accu-
racy of this protocol has been validated repeatedly 
in several published studies.23,40,41

Uncertainties of radiochromic films

With respect to the way uncertainties are reduced, 
variations in the thickness of the active layer are 
mitigated in this protocol with the Multigaussian 
model, and to a larger extent if films are scanned 
before and after irradiation. The evolution of 
film darkening with post-irradiation time can be 
managed with a constant waiting-time window 
post-irradiation. Alternatively, the re-calibration 
correction can be used, which also mitigates hu-
midity and temperature changes, intra-lot vari-
ations, and noncatalytic or ultraviolet-catalyzed 
polymerization. Dust, scratches, and other 
marks require a repetition of the measurements. 
However, repeated measurements with different 
films also reduce uncertainties due to film hetero-
geneities, intra-lot variations, and noncatalytic or 
ultraviolet-catalyzed polymerizations. Therefore, 
repeating measurements with different films is 
endorsed when the highest level of accuracy is 
needed.

Uncertainties of the scanner

The inter-scan correction mitigates inter-scan vari-
ations, which are also reduced by taking repeated 
scans of the same film. The noise of the scanner 
signal is reduced by taking repeated scans, by ap-
plying a square median filter to the dose distribu-
tion, and by the Multigaussian model. By repeting 
scans, minor positional inaccuracies of the scanner 
are averaged as well. Multiple measurements with 
different films reduce scanner noise, inter-scan 
variations, grid patterns and positional inaccura-
cies.

Uncertainties of the interaction between 
film and scanner

The lateral artifact is mitigated by the lateral cor-
rection. The dependency on the orientation of the 
film on the scanner bed is removed if films always 
keep the same orientation. And, by scanning in re-
flection mode or employing a compression sheet 
if scanning in transmission mode, dependency 
on film-to-light source distance can be reduced as 
well.

Conclusions

This work presents a protocol for accurate radi-
ochromic film dosimetry using Radiochromic.com 
as software for film analysis. Detailed procedures 
for image acquisition, lot calibration, and dose cal-
culation are explained and analyzed. State-of-the-
art models and corrections for film dosimetry, such 
as the Multigaussian model, and lateral, inter-scan, 
and re-calibration corrections of the response, are 
applied. Proper procedures for film and scanner 
handling in combination with Radiochromic.com 
software provide the means for easy and accurate 
radiochromic film dosimetry.
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Primerjava mikrovalovne in radiofrekvenčne 
ablacije pri zdravljenju raka jeter. Sistematični 
pregled in metaanaliza
Spiliotis AE, Gäbelein G, Holländer S, Scherber PR, Glanemann M, Patel B

Izhodišča. Priporočila izpostavljajo prednosti mikrovalovne pred radiofrekvenčno ablacijo, vendar še 
vedno ni popolnoma jasna njena superiornost glede učinkovitosti in varnosti. Zato je bil namen raziskave 
primerjati mikrovalovno in radiofrekvenčno ablacijo pri zdravljenju raka jeter s sistematičnim pregledom 
literature in metaanalizo pridobljenih podatkov. 
Metode dela. Metaanalizo smo naredili iz objavljenih raziskavah od leta 2010 naprej po priporočilih 
PRIZMA. Uporabili smo model naključnih učinkov (angl. random-effects) za metaanalizo. Analizirali smo 
popolno ablacijo, lokalno napredovanje bolezni, oddaljene intrahepatalne ponovitve bolezni ter zaple-
te po zdravljenju. 
Rezultati. V analizo smo vključili 4 randomizirane in 11 observacijske raziskave, s skupnim številom 2.169 
vključenih bolnikov. Celokupna analiza ni pokazala statistično značilnih razlik med mikrovalovno in radi-
ofrekvenčno ablacijo pri lokalnih napredovanjih bolezni. Analiza podskupine randomiziranih raziskav pri 
bolnikih z jetrnoceličnim rakom pa je pokazala statistično značilno manj lokalnih napredovanj bolezni po 
mikrovalovni ablaciji (razmerne obetov [OR] 0,40; 95 % interval zaupanja [CI] 0,18–0,92; p = 0,03). Nismo 
zaznali statistično značilnih razlik med obema ablativnimi tehnikama pri popolnih ablacijah, oddaljenih 
intrahepatalnih ponovitvah bolezni in pri zapletih, ko smo zdravili tumorje tako manjše kot večje od 3 cm. 
Zaključki. Uporaba mikrovalovne ablacije je pokazala boljši izhod zdravljenja pri lokalnem napredo-
vanju bolezni v primerjavi z radiofrekvenčno ablacijo pri bolnikih z jetrnoceličnim rakom. Zato bi lahko 
mikrovalovno ablacijo uporabljali kot metodo izbora pri zdravljenju bolnikov z jetrnoceličnim rakom.
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Ocena radiološko neopredeljivih pljučnih 
nodulov z dinamično pozitronsko emisijsko 
tomogafijo združeno z računalniško 
tomografsko preiskavo ter perfuzijskimi 
parametri
Marin A, Murchison JT, Skwarski KM, Tavares AAS, Fletcher A, Wallace WA, Salapura V,  
van Beek EJR, Mirsadraee S

Izhodišča. Razvoj novih slikovnih diagnostičnih tehnologij nam omogoča funkcionalno sledenje radi-
ofarmakov in kontrastnih sredstev v pljučnih nodulih. Namen raziskave je bil oceniti vlogo dinamične 
18F-FDG PET/CT in perfuzijske računalniške tomografije (CT) pri karakterizaciji pljučnih nodulov.
Bolniki in metode. V raziskavo smo vključili 20 zaporednih preiskovancev z naključno odkritimi pljuč-
nimi noduli, pri katerih smo opravili preiskavi dinamično 18F-FDG PET/CT in perfuzijsko CT. V nodulih smo 
izmerili kopičenje izotopa kot standardno vrednost prevzema (SUVmax); na dinamičnem 18F-FDG PET/CT 
smo s Patlakovo metodo določili konstanto fosforilacije (Ki); na perfuzijski CT smo s Patlakovim modelom 
izračunali parameter volumen krvi; z metodo maksimalnega naklona smo določili perfuzijski parameter 
arterijskega pretoka. Nodule smo razdelili v benigno in maligno skupino na osnovi histološke diagnoze ali 
2-letnega sledenja s CT. Parametre smo statistično primerjali med skupinama z neparemtričnim testom 
Mann-Whitney.
Rezultati. Analizirali smo 21 pljučnih nodulov (povprečen premer ± standardna deviacija [SD]: 20,1 ± 
7,5 mm; 9–29 mm) pri 20 bolnikih (11 moških, 9 žensk, povprečna starost 65,3 leta, starostni razpon 50–76 
let). Povprečna SUVmax ± SD v benigni skupini je bila 2,2 ± 1,7, v maligni 7,0 ± 4,5, p = 0,0148. Parameter Ki 
v benigni skupini je bil 0,0057 ± 0,0071 min-1, v maligni skupini 0,0230 ± 0,0155 min-1, p = 0,0311. Povprečen 
volumen krvi med benignimi noduli je bil 11,6857 ± 6,7347 ml/100ml ter 28,3400 ± 15,9672 ml/100ml med 
malignimi noduli, p = 0,0250. Povprečen arterijski pretok v malgini skupini je bil 74,4571 ± 89,0321 ml/100g/
min, v maligni skupini 89,200 ± 49,8883 ml/100g/min, p = 0,1613. 
Zaključki. Metabolični parameter Ki in perfuzijski parameter volumen krvi sta bila značilno višja v mali-
gnih pljučnih nodulih. Parameter arterijskega pretoka perfuzijske CT pa ni bil značilno različen.
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Magnetnoresonančna preiskava pri leziji Morel-
Lavallee - serija primerov
Šrot Volavc T, Rupreht M

Izhodišča. Namen raziskave je bil narediti pregled značilnosti lezij Morel-Lavallée, ki jih ugotovimo z ma-
gnetno resonanco (MR).
Bolniki in metode. Retrospektivno smo pregledali dokumentacijo 14 bolnikov s povprečno starostjo 
35 let, pri katerih smo z MR diagnosticirali lezijo Morel-Lavallée. Analizirali smo mehanizem poškodbe, čas 
med poškodbo in preiskavo MR, lokacijo poškodbe, obliko, intenziteto signala na T1 sekvenci in sekvenci 
protonske gostote z izničenjem signala maščevja, prisotnost (psevdo)kapsule, sept ali vozličev v kolekciji, 
odrivanje okolnih struktur in nivoje različnih gostot tekočine. Za razvrstitev lezij smo uporabili klasifikacijo 
Mellado Bencardino.
Rezultati. Najbolj pogosta mehanizma poškodbe sta bila zvin ali udarec. Povprečen čas med po-
škodbo in preiskavo MR je bil 17 dni. Pri 9 bolnikih so bile lezije ob kolenu, pri 5 bolnikih pa ob kolku. Pri 
12 bolnikih so bile kolekcije vretenaste oblike, pri dveh pa ovalne. Pri 9 bolnikih so bile hipointenzivne na 
sekvenci T1 in hiperintenzivne na sekvenci protonske gostote z izničenjem signala maščevja. 4 kolekcije 
so imele srednjo intenziteto signala na T1 in visoko na sekvenci protonske gostote z izničenjem signala 
maščevja. Ena je imela srednjo intenziteto signala na obeh sekvencah. (Psevdo)kapsulo smo našli v 3 
ter septa in vozliče v 4 primerih. Znakov odrivanja ali nivojev različnih gostot tekočine v kolekcijah nismo 
našli. Po klasifikaciji Mellado Bencardino smo 9 primerov uvrstili v tip 1 (serom), enega v tip 2 (subakutni 
hematom) in 4 v tip 3 (organizirajoč kronični hematom).
Zaključki. Značilnost lezije Morel-Lavallée je vretenasta kolekcija med globokim podkožnim maščevjem 
ter mišično fascijo po strižni poškodbi. Z MR lahko lezije razdelimo v šest tipov, od katerih so najpogostejši 
serom, subakutni hematom in kronični organizirajoči hematom.



Slovenian abstracts

Radiol Oncol 2021; 55(3): I-XIII.

IV

Radiol Oncol 2021; 55(3): 274-283.

doi: 10.2478/raon-2021-0032 

So z radioterapijo povzročeni kavernomi 
pomembna klinična najdba? Rezultati 
dolgotrajnega spremljanja preživelih z rakom 
v otroštvu z magnetnoresonančnim slikanjem 
možganov
Becker L, Gebauer J, Küchler J, Staackmann C, Schacht H, Lauten M,  
Jensen-Kondering U, Schramm P, Langer T, Neumann A

Izhodišča. Z radioterapijo povzročeni kavernomi, ki nastanejo po obsevanju glave, imajo neznano 
tveganje za krvavitev. Tveganje za krvavitev iz kavernomov, ki jih ni povzročilo obsevanje sicer lahko 
predvidimo z razvrščanjem magnetnoresonančnih (MR) posnetkov po Zabramskem. Namen pričujoče 
raziskave je bil, da bi z dolgotrajnim sledenjem bolnikov, ki so preživeli rak v otrostvu, z MR slikanjem oceniti 
tveganje za krvavitev iz takšnih kavernomov.
Bolniki in metode. Retrospektivno smo analizirali podatke dolgotrajnega sledenja 36 preživelih bolni-
kov z rakom v otroštvu. Imeli so izhodiščno diagnozo akutno levkemijo (n = 18) ali možganski tumor (n = 18) 
in smo jih zdravili z obsevanjem glave. V obdobju dolgotrajnega sledenja smo z radioterapijo povzročene 
kavernome, ki smo jih ugotovli na MR posnetkih (1,5 ali 3 Tesla), razvrstili s klasifikacijo po Zabramskem. 
Bolnike smo uvrstili v skupino z visokim (Zabramski tip I, II ali V) ali nizkim (tip III ali IV) tveganjem za krvavitev.
Rezultati. Pri 18 bolnikih (50 %) smo našli z radioterapijo povzročeni kavernom, ki je bil pomembno po-
vezan z izhodiščno tumorsko entiteto (p = 0,023) in kumulativno dozo sevanja na možgane (p = 0,016). 
Pri vseh 9 preživelih, ki so imeli v mladosti meduloblastom, se je razvil kavernom. Samo pri 3/36 (8 %) 
preživelih z rakom v otroštvu (1 bolnik z akutno limfoblastno levkemijo [Zabramski tip II] in 2 bolnika z me-
duloblastomom [tip I in tip II]) smo kavernom razvrstili v skupino z visokim tveganjem za krvavitev; ostale z 
radioterapijo povzročene kavernome smo opredelili ko Zabramski tipa IV z nizkim tveganjem za krvavitev. 
Pri nobenem izmed preživelih z rakom v otroštvu in z radioterapijo povzročenim kavernomom ni prišlo do 
simptomatske krvavitve.
Zaključki. Z radioterapijo povzročenim kavernomom je pogost kasen učinek pri preživelih bolnikih, ki so 
zboleli za raka v otroštvu in smo jih zdravili z obsevanjem glave. Pojavi se pri polovici teh bolnikov. Vendar 
pa je bilo samo nekaj z radioterapijo povzročenim kavernomom (pri 8 % preživelih z rakom v otroštvu) raz-
vrščenih v skupino z visokim tveganjem za krvavitev. Pri nobenem izmed naših bolnikov, ki so preživeli raka 
v otroštvu in imeli z radioterapijo povzročeni kavernom se ni pojavila simptomatska krvavitev. Sklepamo 
lahko, da je z radioterapijo povzročeni kavernom na MR posnetkih možganov najdba z nizkim tveganjem 
in praviloma benignim potekom.



Slovenian abstracts

Radiol Oncol 2021; 55(3): I-XIII.

V

Radiol Oncol 2021; 55(3): 284-291.

doi: 10.2478/raon-2021-0015 

Sialendoskopsko in CT navigacijsko usmerjanje 
pri kirurškem zdravljenju sialolitiaze
Aničin A, Urbančič J

Izhodišča. Kombinirani sialendoskopsko asistirani pristop je dodobra uveljavljen v kirurgiji sialolitiaze. V 
primeru proksimalno ležečih kamnov je transkutani sialendoskopsko asistirani pristop z ohranitvijo obuše-
sne in odstranitev podčeljustne žleze prvi namen zdravljenja. Nedavno smo za izboljšanje rezultatov teh 
zahtevnih operacij dodali tudi kirurško računalniškotomografsko (CT) navigacijo.
Bolniki in metode. V raziskavo smo vključili vse bolnike, ki so bili napoteni na sialendoskopijo ali sialen-
doskopsko asistirano operacijo v terciarno ustanovo med januarjem 2012 in oktobrom 2020. Od novem-
bra 2019 smo v primerih domnevno slabega endoskopskega prikaza kamna dodali tudi CT navigacijo. 
Ocenjevali smo parametre bolezni, diagnostične postopke, sialendoskopske najdbe in izide z ali brez 
uporabe optične kirurške navigacije.
Rezultati. Pri 372 bolnikih smo opravili 178 uspešnih odstranitev slinskih kamnov, med katerimi je bilo 
118 kombiniranih sialedoskopsko asistiranih pristopov, vključno s 16 transkutanimi operacijami proksimal-
nih kamnov, 10 submandibularnimi in 6 parotidnimi. Kirurško navigacijo smo uporabili pri šestih bolnikih, 
štirikrat pri podčeljustni in dvakrat pri obušesni sialolitiazi. V vseh primerih so bili to neotipljivi kamni, med 
sialendoskopijo nevidni ali delno vidni. Uspeli smo ohraniti pet od šestih žlez slinavk.
Zaključki. Dodatek CT navigacije k sialendoskopsko asisitiranim posegom za odstranitev neotipljivih, 
sialendoskopsko slabo vidnih in zagozdenih kamnov predstavlja pomembno prednost pri obvladovanju 
sialolitijaze. Z doslednim izvajanjem sialendoskopije in z njo povezanih ohranitvenih postopkov smo znatno 
zmanjšali potrebo po sialadenektomiji pri bolnikih z obstruktivno boleznijo žlez slinavk.
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Morfološke značilnosti cirkulirajočih tumorskih 
celic raka dojke po fizikalnem in biološkem 
načinu izolacije
Jesenko T, Modic Ž, Grašič Kuhar C, Čemažar M, Matkovič U, Miceska S, Varl J, Kuhar A, 
Kloboves-Prevodnik V

Izhodišča. Cirkulirajoče tumorske celice (CTC) so postale pomemben napovedni dejavnik pri raku doj-
ke. Vzpostavili so različne metode za njihovo izolacijo, ki temeljijo na njihovih fizikalnih ali bioloških lastno-
stih. Za njihovo vizualizacijo po izolaciji večinoma uporabljajo imunofluorescenčna barvanja, s katerimi 
pa ne moremo dobiti podatkov o celični morfologiji.
Materiali in metode. Izvedli smo raziskavo, v kateri smo primerjali, kako dva različna načina izolacije 
CTC vplivata na morfologijo celic. Morfologijo smo analizirali z metodami, ki jih uporabljamo v rutinski 
citopatološki diagnostiki. Neposredno smo primerjali morfologijo celic po fizikalni (Parsortix®) in biološki 
(MACS®) metodi izolacije CTC.
Rezultati. V predkliničnem delu raziskave smo ugotovili, da obe metodi ohranita viabilnost in antigen-
ske lastnosti celične linije raka dojke MCF7. Opazili smo nekaj znakov degeneracije – nabrekanje celic, 
brste citoplazme, nitaste izrastke ter citoplazemske vakuole. V kohorti bolnic z metastatskim rakom dojke 
se je izkazalo, da so morfološke lastnosti odvisne od metode izolacije. Po fizikalnem načinu izolacije smo 
določili CTC z ohranjenimi morfološkimi lastnostmi. Po biološkem načinu izolacije je bila večina CTC tako 
morfološko degeneriranih, da je bilo njihovo identiteto težko potrditi na podlagi morfološke ocene.
Zaključki. Glede na rezultate lahko zaključimo, da je fizikalen način izolacije primerna metoda za detek-
cijo CTC z ohranjeno morfologijo in je zato primerna za uporabo v rutinskem citopatološkem laboratoriju. 

Radiol Oncol 2021; 55(3): 305-316.

doi: 10.2478/raon-2021-0020

Simvastatin učinkovito ubija radiorezistentne 
celice raka dojke
Aschenbrenner B, Negro G, Savic D, Sorokin M, Buzdin A, Ganswindt U, Čemažar M,  
Serša G, Skvortsov S, Skvortsova I

Izhodišča. Statini so nizko molekularni inhibitorji 3-hidroksi-3-metilglutaril-koencima A reduktaze, ki jih 
uporabljamo za zniževanje ravni holesterola in lipidnih neravnotežij. Novejše raziskave nakazujejo po-
zitivne učinke statinov pri zdravljenju raka dojke s podaljšanjem časa do ponovitve bolezni. Mehanizmi 
delovanja pa ostajajo neraziskani. 
Materiali in metode. V raziskavi na starševskih in radiorezistentnih celicah raka dojke smo uporabili 
simvastatin, ki je eden od najbolj pogosto predpisanih statinov. Na treh različnih celičnih linijah raka dojke 
in njihovih rezistentnih podlinijah smo raziskali njegov potencialen radiosenzibilizirajoči učinek ter vpliv na 
preživetje in migracijo celic.
Rezultati. V primerjavi s starševskimi celičnimi linijami je bilo v radiorezistentnih celičnih linijah MDA-MB-
231-RR, T47D-RR in Au565-RR povečano izražanje MHGCR, ki je bilo povezano z aktivacijo epitelno-me-
zenhimalnega prehoda. Ubijanje radiorezistentnih rakavih celic je bilo povezano z aktivacijo različnih si-
gnalih poti, ki so vpletene v apoptozo in avtofagijo. V prisotnosti simvastatina je bila zmanjšana migracija 
celic, ter izražanje vimentina, povečano pa je bilo izražanje E-kadherina. 
Zaključki. Rezultati raziskave nakazujejo, da lahko simvastatin učinkovito odstranjuje radiorezistetntne 
celice raka dojke in zmanjšuje njihov mezenhimalni fenotip.
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Petletno spremljanje in klinični izid pri 
evtirotičnih bolnikih z nodusi v ščitnici
Bajuk Studen K, Gaberšček S, Pirnat E, Zaletel K

Izhodišča. Nodusi v ščitnici so zelo pogosti. Določanje optimalnih intervalov spremljanja nesumljivih 
nodusov v ščitnici še vedno predstavlja izziv. V raziskavi smo obravnavali kohorto bolnikov, ki smo jim dia-
gnosticirali nodus v ščitnici ter ga ocenili kot nesumljivega in zdravljenje ni bilo indicirano. Bolnike smo pet 
let po diagnozi povabili na pregled, da bi ponovno ultrazvočno ocenili velikost nodusa in da bi ugotovili, 
ali potrebujejo klinično obravnavo.
Bolniki in metode. Retrospektivno smo zbrali osnovne podatke o bolnikih in ultrazvočnih značilnostih 
nodusov. Ob ponovnem obisku smo opravili ultrazvok ščitnice.
Rezultati. V raziskavo smo vključili 118 bolnikov (107 žensk / 11 moških, starih 56,8 ± 13,4 let), ki so imeli 
izhodiščno 203 noduse v ščitnici s povprečnim največjim premerom nodusa 10,5 ± 7,4 mm. Po 5 letih se 
je 58 (28,6 %) od 203 nodusov pomembno povečalo, 27 (13,3 %) pomembno zmanjšalo, 104 (51,2 %) 
pa je ostalo nespremenjenih. Štirinajst (6,9 %) nodusov je izginilo, odkritih je bilo 26 novih s povprečnim 
največjim premerom 7,7 ± 5,0 mm. Ob preverjanju kliničnega poteka bolezni nismo odkrili nobenega 
primera raka ščitnice. Zdravljenja ni potrebovalo 107 (90,7%) bolnikov. Štirje (4,2%) bolniki so bili napoteni 
na tiroidektomijo zaradi rasti nodusov. Dva bolnika (1,7 %) sta potrebovala zdravljenje hipertiroze. Štirje 
bolniki (3,4 %) raziskave niso zaključili.
Zaključki. Z raziskavo smo preverili naravni potek bolezni pri bolnikih z nesumljivimi nodusi v ščitnici. 
Ugotovili smo, da je 71,4 % nodusov ostalo glede na velikost nespremenjenih, se je zmanjšalo ali so celo 
izginili. Večina bolnikov je ostalo klinično stabilnih in pet let po diagnozi ni potrebovalo zdravljenja.
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Vloga režnjev v rekonstrukciji tkivnih vrzeli 
po resekciji lokoregionalno napredovalega raka 
lateralne lobanjske baze. Izkušnje terciarnega 
otorinolaringološkega centra
Vozel D, Pukl P, Grošelj A, Aničin A, Strojan P, Battelino S

Izhodišča. Namen raziskave je bil prikazati pomen obsežne resekcije in rekonstrukcije z režnji pri zdravlje-
nju lokoregionalno napredovalega raka lateralne lobanjske baze.
Bolniki in metode. Naredili smo retrospektivno analizo bolnikov z rakom lateralne lobanjske baze, ki 
smo jih zdravili z namenom ozdravitve v terciarnem otorinolaringološkem centru med leti 2011 in 2019.
Rezultati. Opravili smo analizo 12 bolnikov z lokoregionalno napredovalim rakom lateralne lobanjske 
baze. Lateralno resekcijo temporalne kosti smo izvedli pri devetih (75 %) bolnikih, delno parotidektomijo 
pri šestih (50 %), totalno parotidektomijo pri enem (8,3 %), ipsilateralno selektivno disekcijo vratu pri osmih 
(66,7 %) in ipsilateralno modificirano radikalno  disekcijo vratu pri enem bolniku (8,3 %). Tkivno vrzel smo 
rekonstruirali s prostim sprednje-stranskim stegenskim režnjem, prostim radialnim podlahtnim režnjem 
ali z vezanim mišično-kožnim režnjem mišice pectoralis major pri dveh bolnikih (17 %) za vsak reženj. 
Povprečno celokupno preživetje je bilo 3,1 leta (standardna deviacija [SD] = 2,5), preživetje brez bolezni 
pa 100 %. Ob prekinitvi zbiranja podatkov je bilo živih 83 % analiziranih bolnikov in 100 % bolnikov, pri ka-
terih smo opravili rekonstrukcijo z režnjem.
Zaključki. Ugoden lokalni nadzor raka lateralne lobanjske baze lahko dosežemo z obsežno lokoregi-
onalno resekcijo, ki ji sledi rekonstrucija tkivne vrzeli s prostim ali vezanim režnjem. Smiselno je razmisliti o 
univerzalnem registru tovrstnega raka v centrih, ki zdravijo to bolezen, da bi olajšali analizo in multicen-
trične raziskave.
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Sodobno stanje v intraoperativni radioterapiji 
dojk z elektroni po intraoperativni uvedbi 
ultrazvoka
Vidali C, Severgnini M, Bellio G, Giudici F, Milan V, Pellin Z, Savatovic S, Scomersi S, 
Fastner G, Ciabattoni A, Bortul M

Izhodišča. Intraoperativno radioterapijo dojk z elektroni lahko uporabimo v klinični praksi tako za elektiv-
no (delno) obsevanje dojk pri bolnicah z nizkim tveganjem za ponovitev bolezni, kot tudi za predvideno 
dodatno dozo. Pri tem namestimo zaščitni disk med preostalo dojko in prsno fascijo, da za zaščitimo 
tkivo pod tarčnim volumnom. Cilj pričujoče raziskave je bil oceniti vlogo intraoperativnega ultrazvoka pri 
izboljšanju kakovosti intraoperativne radioterapije dojk z elektroni. 
Bolniki in metode. Intraoperativno radioterapijo dojk smo v Trstu uvedli leta 2012, tehniko pa izbolj-
šali leta 2014 z intraoperativnim ultrazvokom. Za merjenje debeline obsevalne tarče smo uporabili iglo 
in intraoperativni ultrazvok. S slednjim smo tudi preverjali pravilni položaj zaščitnega diska. Primarni cilj 
raziskave je bila ocena učinkovitosti intraoperativnega ultrazvoka pri zmanjševanju tveganja za premik 
diska povezanega z intraoperativno radioterapijo, sekundarni cilj pa je bila analiza akutne in pozne to-
ksičnosti. Primerjali smo dve skupini bolnic, ki smo jih zdravili z intraoperativno radioterapijo dojk z elektroni 
kot dodatkom doze, ob uporabi intraoperativnega ultrazvoka in igle (skupina 1) ali samo iglo (skupina 
2). Akutno in pozno toksičnost smo ocenili s potrjenimi sistemi točkovanja.
Rezultati. Med junijem 2012 in oktobrom 2019 je bilo 109 primernih bolnic, ki smo jih vključili v raziskavo 
(kar ustreza 110 primerom, ena bolnica je bila namreč zdravljena z dvostransko konzervativno operacijo 
in dvostransko intraoperativno radioterapijo dojk z elektroni). 38 bolnic smo razvrstili v skupino 1 in 72 v 
skupino 2. Ciljna debelina, izmerjena z ultrazvočno sondo in z iglo, je bila podobna (povprečna razlika 
0,1 mm; p = 0,38). Odstotek bolnic, pri katerih je bil zaščitni disk popolnoma poravnan, se je po uvedbi 
intraoperativnega ultrazvoka povečal iz 23 % na več kot 70 %. Poleg tega so imele bolnice, kjer smo 
uporabili intraoperativni ultrazvok, manj akutne toksičnosti zaradi radioterapije (36,8 % vs. 48,6 %; p = 
0,33), razlika pa ni bila statistično pomembna. Pozna toksičnost je bila podobna ne glede na uporabo 
intraoperativnega ultrazvoka: 39,5 % vs. 37,5 % (p = 0,99).
Zaključki. Pri intraoperativni radioterapiji dojk z elektroni je intraoperativni ultrazvok omogočil natanč-
nejše merjenje ciljne globine in hkrati zmanjšal premik med kolimatorjem in zaščitnim diskom. Z ultrazvoč-
no vodenim posegom smo zmanjšali akutno toksičnosti, čeprav ne statistično značilno.
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Predoperativna serumska koncentracija 
tumorskega označevalca CA-125 kot napovedni 
dejavnik obsega citoredukcije pri bolnicah z 
epitelijskim rakom jajčnikov
Merlo S, Drmota E, Bešić N, Kovačević N

Izhodišča. Rak jajčnikov je sedmi najpogostejši rak pri ženskah in osmi najpogostejši vzrok smrti zaradi 
raka. Zaradi pomanjkanja učinkovitih diagnostičnih postopkov in nespecifičnih simptomov ga v 75 % pri-
merov odkrijemo v napredovali fazi. Vrenodst tumorskega označevalca CA-125 je povišana pri več kot 
85 % žensk z napredovalim epitelijskim rakom jajčnikov. Standardno zdravljenje je primarna citoreduktiv-
na operacija z dopolnilno kemoterapijo, novejši pristop pa je predoperativna kemoterapija, ki ji nato sledi 
intervalna citoreduktivna operacija. Več raziskav je želelo odgovoriti, ali predoperativna koncentracija 
serumskega CA-125 lahko vpliva na izbiro in izid zdravljenja. Namen pričujoče raziskave je bil analizirati 
izkušnje posamičnega celostnega onkološkega centra glede preoperativne uporabnosti določanja se-
rumskega nivoja tumorskega označevalca CA-125.
Bolnice in metode. Na Onkološkem Inštitutu Ljubljana smo izvedli retrospektivno raziskavo pri 253 bolni-
cah, ki smo jih zdravili zaradi raka jajčnikov, FIGO stadij IIIC in IV. Bolnice smo razdelili v dve skipini glede 
na osnovni način zdravljenja. V prvo skupino, ki smo jo zdravili s predoperativno kemoterapijo, smo vklju-
čili 215 bolnic, v drugo skupino, ki smo jo zdravili s primarno citoreduktivno operacijo pa 38 bolnic. Razlike 
med značilnostmi bolnic smo primerjali s hi-kvadrat testom in ANOVO. S pomočjo Kaplan-Meierjeve 
metode smo izračunali preživetje brez ponovitve bolezni in celokupno preživetje.
Rezultati. Mediana vrednost tumorskega označevalca CA-125 je bila višja v prvi skupini, ki smo jo zdra-
vili s predoperativno kemoterapijo v primerjavi drugo skupino s primarno citoreduktivno operacijo (972 
IU/ml vs. 499 IU/ml). Preživetje brez ponovitve bolezni pa je bilo je bilo v prvi skupini nižje kot v drugi (8 
mesecev [95 % IZ: 6,4–9,5] vs. 18 mesecev [95 % IZ: 12,5–23,4]). Prav tako je bilo celokupno preživetje v 
prvi skupini, ki smo jo zdravili s predoperativno kemoterapijo, nižje kot v drugi, ki smo jo zdravili s primarno 
citoreduktivno operacijo (25 mesecev [95 % IZ: 20,6–29,5]) vs. 46 mesecev [95 % IZ: 32,9–62,1]).
Zaključki. Predoperativna vrednost tumorskega označevalca CA-125 do 500 IU/ml je obetajoč napo-
vedni dejavnik, s katerim bi lahko predvideli vsaj optimalno primarno citoredukcijo.
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Napovedni vpliv z vnetjem povezanih 
označevalcev pri bolnikih z jetrnimi 
metastazami uvealnega melanoma, ki smo jih 
zdravili s transarterijsko jetrno kemoperfuzijo 
Ludwig JM, Haubold J, Bauer S, Richly H, Siveke JT, Wimmer J, Umutlu L,  
Schaarschmidt BM, Theysohn JM

Izhodišča. Namen raziskave je bil oceniti, kakšen napovedni pomen imajo z vnetjem povezani ozna-
čevalci pri bolnikih z neoperabilnimi jetrnimi metastazami uvealnega melanoma, ki smo jih zdravili s 
transarterijsko jetrno kemoperfuzijo.
Bolniki in metode. Retrospektivno smo ocenili 54 bolnikov (44 % moških, mediana starost: 61 let). 
Bolnike smo zdravili z melfalanom (92 %) ali fotemustinom (8 %), enkratno ali z več ponovitvami (mediana 
3 zdravljenja; razpon: 1−11). Upoštevali smo naslednje z vnetjem povezane označevalce: razmerje (nev-
trofilci/nl)/(limfociti/nl) (NLR), sistemski imunskovnetni indeks (trombociti/nl×nevtrofilci/nl)/(limfociti/nl) (SII) 
in razmerje (trombociti/nl)/(limfociti/nl) (PLR). Mejo z namenom dihotomizacije smo postavila na media-
no (z vnetjem povezani označevalci, teža bolezni) ali pa na zgornjo raven normalnih vrednosti. Analizo 
Kaplan-Meier smo naredili za mediano vrednost celokupnega preživetja v mesecih in Coxov proporci-
onalni model tveganj za uni- in multivariatno razmerje ogroženosti (HR) z 95 % intervalom zaupanja (IZ).
Rezultati. Mediano skupno preživetje bolnikov, ki smo jih vključili v raziskavo, je bilo 7,7 (6,3−10,9) meseca. V uni-
variatni analizi je bilo celokupno preživetje daljše za bolnike z nizkim C reaktivnim proteinom (CRP; 13,5 proti 5,2;  
p = 0,0005), nizkim SII (10,8 proti 5,6; p = 0,0005), nizkim NLR (11,1 proti 6,3; p = 0,0045), nizko aspartat 
aminotransferazo AST (11,5 proti 5,6; p = 0,015), alanin aminotransferazo (ALT; 11,5 proti 5,6; p = 0,01) in 
tumorskim bremenom 50 % (8,2 proti 4,8, p = 0,007). Multivariatna analiza je potrdila nizek CRP (HR: 0,29, 
0,11-0,7; p = 0,005), nizek SII (HR: 0,19, 0,11−0,7; p = 0,008) in nizko ALT (HR: 0,13, 0,02−0,63; p = 0,011) kot 
neodvisne napovedne dejavnike podaljšanega celokupnega preživetja. Bolniki z zvišanimi pomembnimi 
dejavniki v multivariatni analizi ≦ 1, 2, 3 so imeli mediano preživetja 14,9, 7,7 in 3,9 meseca, p = 0,0001.
Zaključki. Z vnetjem povezani označevalci (CRP, SII) in AST določeni pred zdravljenjem so bili neodvisni 
napovedni dejavniki preživetja pri bolnikih z uvealnimi melanomskimi metastazami v jetrih, zdravljenimi s 
transarterijsko jetrno kemoperfuzijo. Kombinacija označevalcev bi lahko pomagala prepoznati bolnike, 
ki bi lahko imeli koristi od zdravljenja.
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Neželeni učinki zdravljenja z imunoterapijo 
pri slovenskih bolnikih z metastatskim 
melanomom kažejo sorazmerje z boljšimi 
rezultati zdravljenja
Mesti T, Čeplak Mencin V, Boshkoska BM, Ocvirk J

Izhodišča. Imunoterapija z zaviralci CTLA-4 in zaviralci PD1 kontrolnih točk je prinesla preboj v zdravljenju 
in napovedi poteka bolezni pri bolnikih z metastatskim melanomom. Preživetje teh bolnikov se je od pri-
čakovanega časa preživetja, krajšega od 12 mesecev, povečalo na vsaj štirideset mesecev. Vendar ima 
imunoterapija s protitelesi proti CTLA-4 ali z zaviralci PD1 samimi ali v kombinaciji široko paleto pomemb-
nih imunskih posledic. Cilj raziskave je bil oceniti korelacijo imunsko pogojenih neželenih dogodkov z izidi 
zdravljenja. Izide zdravljenja smo opredelili kot pomembne razlike v skupni stopnji odziva in preživetju 
bolnikov brez napredovanja bolezni.
Bolniki in metode. Naredili smo retrospektivno analizo bolnikov z metastatskim melanomom, ki smo jih 
zdravili z imunoterapijo leta 2020 na Onkološkem inštitutu v Ljubljani. V raziskavo smo vključili samo bolnike 
z radiološko oceno odziva na imunoterapijo. Bolnike smo razdelili v dve kohorti: kohorto bolnikov z imun-
sko povezanimi neželenimi dogodki (skupina irAE) in kohorto bolnikov brez imunsko povezanih neželenih 
dogodkov (skupina NirAE). Za raziskovanje razlik v preživetju brez napredovanja bolezni med kohorto irAE 
in kohorto NirAE smo uporabili analizo preživetja, Coxov model sorazmerij tveganj s kovariantami časa do 
napredovanja in neželenih dogodkov. Uporabili smo tudi H-test Kruskal-Wallis.
Rezultati. Med 120 bolniki, zdravljenimi z imunoterapijo, smo odziv na zdravljenje radiološko ocenili pri 
99 bolnikih: pri 38 bolnikih v kohorti irAE in pri 61 bolnikih v kohorti NirAE. Skupni stopni odziva za kohorti 
irAE in NirAE sta bila 57 % in 37 %. Preživetje brez napredovanja bolezni je bil bistveno boljše za kohorto 
irAE (301,6 dni) kot za kohorto NirAE (247,29 dni). Rezultati regresijske analize preživetja so pokazali znatno 
povečanje verjetnosti preživetja, 80 % za kohorto irAE in manj kot 60 % za kohorto NirAE.
Zaključki. Bolniki z metastatskim melanomom, zdravljeni z imunoterapijo, pri katerih so se razvili imunsko 
povezani neželeni dogodki, so pokazali boljše rezultate zdravljenja z boljšo skupno stopnjo odziva in dalj-
šim časom do napredovanja bolezni kot bolniki, ki niso razvili imunsko povezanih neželenih dogodkov. 
Prav tako se je pomembno povečala verjetnosti preživetja.
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Nosečniški rak dojke. Retrospektivna kohortna 
raziskava
Matos E, Ovčariček T

Izhodišča. Nosečniški rak dojke je redka bolezen. Je posebna oblika raka dojke, za katerega je značilen 
agresiven fenotip. Osrednji namen raziskave je bil oceniti, kako mednarodne smernice za obravnavo teh 
bolnic uresničujemo pri vsakodnevnem kliničnem delu. 
Bolnice in metode. V retrospektivni raziskavi predstavljava skupino nosečih bolnic z rakom dojke, ki 
smo jih zdravili v terciarni ustanovi med leti 2007 in 2019 in povzemava ključna priporočila za njihovo 
obravnavo. Podatke sva pridobili iz elektronske podatkovne baze Onkološkega inštituta Ljubljana. Zajeli 
sva podatke o značilnosti bolnicah, njihovih tumorjev ter podatki o izhodu bolezni matere in stanju otroka.
Rezultati. Vključitvenim zahtevam je ustrezalo 14 bolnic. Tumorji so bili večinoma visoke stopnje mali-
gnosti, trojno negativni ali HER2 pozitivni, pri dveh bolnicah je bila bolezen že ob postavitvi diagnoze raz-
sejana. Za vsako bolnico smo načrt zdravljenja izdelali v okviru multidisciplinarnega tima. Vse, razen dveh 
bolnic, so rodile ob načrtovanem terminu in brez pomembnih zapletov. Osem bolnic je bilo zdravljenih s 
sistemsko kemoterapijo, vse so dobile antracikline, ena tudi taksane. Odstopanje od mednarodnih pripo-
ročil smo našli samo pri eni bilnici, kjer je bilo uporabljeno modrilo za ugotavljanje varovalne bezgavke.
Zaključki. Obravnava raka dojke v nosečnosti predstavlja velik strokovni in etični izziv. Načrt zdravljenja 
mora biti za vsako posamezno bolnico narejen v okviru multidisciplinarnega tima. Nosečniški rak dojke 
zdravimo podobno kot pri ostalih bolnicah z rakom dojke in tako da hkrati upoštevamo nosečnost.
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Protokol za natančno radiokromsko dozimetrijo 
z uporabo programske opreme Radiochromic.
com
Méndez I, Rovira-Escutia JJ, Casar B

Izhodišča. Radiokromski filmi imajo širok spekter uporabe v radiologiji in radioterapiji. Dozimetrični sistem 
za radiokromsko filmsko dozimetrijo sestoji iz radiokromskih filmov, ploščatega optičnega bralnika in pro-
gramske opreme za analizo filmov. Namen tega dela je predstavitev učinkovitost protokola za natačno 
radiokromsko filmsko dozimetrijo z uporabo programske opreme za analiziranje filmov Radiochromic.
com.
Metode. Predstavili in pojasnili smo postopke za pridobivanje in analizo slik, kalibracijo filmov in izračun 
absorbirane doze. Programska oprema Radiochromic.com omogoča uporabo najsodobnejših modelov 
za izračun in popravke pri radiokromski filmski dozimetriji: multigaussov model za večkanalno filmsko dozi-
metrijo, module za popravke odzivov v stranski smeri in med posameznimi skeni ter modul za ponovitveno 
umeritev odziva filmov.
Rezultati. Predstavljen protokol zagotavlja natančno določitev absorbirane doze s sočasno omejitvijo 
merilnih negotovosti, ki vplivajo na kakovost rezultatov pri radiokromski filmski dozimetriji.
Zaključki. Opisani postopki za uporabo filmov in ploščatega optičnega bralnika zagotavljajo enostavno 
in natančno izvajanje radiokromske filmske dozimetrije ob uporabi programske opreme Radiochromic.com.
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