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The incidence and economic impact of dual smoking by 
office workers in Poland

Agata Olearczyk 

Department of Innovation in Health Care, Warsaw School of Economics, Warsaw, Poland

Introduction .  Smoking tobacco is the first cause of deaths of men and second cause of deaths of women in Poland. 
The financial consequences reach 92 billion PLN annually. The new tobacco products gain their popularity especially 
among young adults, challenging public health and economy. 
Material and methods .  An anonymous questionnaire has been conducted in two weeks of March 2024 among office 
workers in Poland. The survey was conducted using CAWI method. Participation was voluntary. 
Results .  Two statistically significant differences were observed. The incident of smoking heated tobacco and dual smo-
king decreased with age. There was no statistically significant difference between sexes and choice of tobacco product. 
Conclusions .  The studied population chose HTPs and dual smoking on a larger scale than in other studies. The work-
place plays a significant role in a health promotion and should address the rising trend of smoking new tobacco 
products as well as dual smoking.
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Introduction
Smoking tobacco is the primary cause of death among men 
and second cause of deaths among women in Poland [1]. 
It leads to a heavy burden on the healthcare system as well 
as the budget, resulting in lost lives, lost years in health, lost 
productivity, and the significant costs of disease treatment. Ac-
cording to the research, a smoker’s life is 10 years shorter than 
in case of non-smoker [2]. The percentage of lost years in he-
alth is 20.1% for men and 11.7% for women [2]. The financial 
consequences reach 92 billion PLN annually which exceeds by 
4 times revenue from the sin tax [3]. The direct cost of smokers’ 
treatment from the National Health Fund’s budget is 50 billion 
PLN. Moreover, there is almost 42 billion PLN of indirect costs, 
for example due to employee sick leave as well as lost working 
hours due to breaks taken by employees [4]. 

Giving the above, activities aimed at tobacco limitation 
and cessation, including the ones at work, should continue to 
be a priority. The World Health Organization identifies smoking 
tobacco as one of the main public health issues and risk factors 
responsible for premature mortality from non-communicable 
diseases. Despite continuous efforts aimed at education, limita-
tion of sale, legal regulations (for example prohibition of smo-
king in public places) and significant progress in this area, 
countries face new challenges due to the introduction of pro-
ducts with heated tobacco (HTPs) and e-cigarettes. The new 
products have gained popularity [5] especially among young 
adults, who are susceptible to manipulation from the ubi-
quitous advertising in their surrounds [6]. The competition 
between legal regulations and the tobacco industry increases 
the seriousness of this issue [7]. 

https://orcid.org/0000-0002-8097-7238
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Heated tobacco products and e-cigarettes have been 
introduced as an alternative to traditional (combustible) ci-
garettes, but their impact on health is still not fully known. 
However, there are reports about the impact of HTPs on acute 
respiratory and cardiovascular health [8]. 

These alternative products have been considered to sup-
port the cessation of smoking traditional cigarettes, practiced 
by 13% of users, but their effectiveness is still inconclusive 
[9]. Yet another even more concerning trend has appeared 
— dual smoking [10] which is when one person smokes two 
types of tobacco product (for example a combustible cigarette 
and HTP).

Material and methods
An anonymous, original questionnaire was conducted over 
two weeks in March 2024 (March 4–March 18) among office 
workers of the selected company operating in Warsaw, Poland. 
The survey included questions related to lifestyle choices, inter 
alia smoking, which is the subject of this article. The questions 
received by employees were as follows:
1. “How often do you smoke traditional cigarettes?”
2. “How often do you reach out for heated tobacco?”
Each of those questions provided four-stage answers to cho-
ose:
a) 1–4 cigarettes/sticks daily;
b) More than 5 cigarettes/sticks daily;
c) Less than 1 cigarette/stick daily — occasionally;
d) Never.

The survey was conducted using the computer-assisted 
web interviewing (CAWI) method. It was sent through internal 
communication to 2070 office workers. The work is performed 
in front of a screen monitor, and for some, it also includes 
decision-making positions and driving company car, which 
is defined as occupational exposure according to the local 
regulations.  Participation in the survey was voluntary. 

Statistics
The participation rate was 25% (466). Among respondents 
90% were Polish-speaking employees and 10% were English-
-speaking. The majority of respondents were women (65.24%), 

while 33.48% were men and 1.29% did not declare their sex. 
The average age was 34 years and the average weight was 
72 kg (67 kg for women and 83 kg for men). Based on the body 
mass index (BMI) calculations, almost 27% (124) of the employ-
ees participating in the survey were overweighed and almost 
9% (41) were obese. Data are presented in Table I.

For the purposes of assessing the correlation between 
the preferred tobacco product, including dual smoking, 
and sex as well as age, a series of χ2 and Spearman correlation 
tests were performed. The group of employees who did not 
declare their sex (8 people) were excluded from the analysis, 
therefore the research group consisted of 458 employees.

Results
The majority of all respondents across both sexes declared that 
they never smoke cigarettes and never smoke heated tobacco 
— both 87.55% (401). 

In total, nearly 17% (76) of employees participating 
in the survey declared smoking: 8.3% (38) smoke combus-
tible cigarettes, 8.3% (38) HTPs and 4.15% (19) smoke both. 
Among smokers, the proportions are as follows: 40% used 
traditional cigarettes and 40% used heated tobacco products. 
It was also noted that 20% of smokers used both tobacco 
products simultaneously with different frequencies. The as-
sumption of a minimum of 5 observations in each field was 
met, so the χ2 test was applied and didn’t show a statistically 
significant difference between the sexes. However it is not-
ed that women in this group more frequently reached out 
for traditional cigarettes and were dual smokers, than men. 
The results are presented in Table II.

In the next step it was analyzed whether the age of smok-
ers is correlated to the chosen tobacco product as well as 
dual smoking. Two statistically significant differences were 
observed. The incident of smoking heated tobacco (first ob-
servation) and dual smoking (second observation) decreased 
with age. The results are presented in Table III.

Discussion
The study provides a view on dual smoking among office 
workers in Poland (combustible cigarettes and heated tobacco 

Table I . Data of participants: sex, overweight and obesity

Women Men Undeclared Total

Sex N 304 156 6 466

[%] 65.24% 33.48% 1.29% 100%

Overweight N 59 64 1 124

[%] 12.66% 13.73% 0.21% 26.61%

Obesity N 25 16 1 41

[%] 5.36% 3.43% 0.21% 8.80%
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products). Although the results did not show statistically signi-
ficant differences between sexes, there was a statistically signi-
ficant correlation between smoking and age, which showed 
that reaching out for heated tobacco as well as dual smoking 
decreased with age. Studies on the whole population showed 
that 28.8% of adults in Poland smoke on a daily basis, with 
27.1% being women and 30.8% men [1], and the tendency 
is growing comparing to the previous years. When it comes 
to the working population, 26% of professionally active men 
and 16% of women are smokers [11]. The research on office 
workers presented in this article showed a lower rate of smo-
king employees vs. population (17% vs. 28,8%), however there 
was higher rate of HTPs users (8.26% vs. 4%) [12]. Other research 
findings on the working population confirmed that smoking 
is more prevalent among physical employees (blue collar) 
[13], which can explain the lower smoking rate in this article’s 
research group. 

The conducted analysis showed a statistically significant 
correlation between smoking heated tobacco as well as dual 
smoking and age. The likelihood of smoking heated tobacco 
products decreased with age which is confirmed by other 
studies, showing that young adults prefer this type of tobacco 
over traditional cigarettes [13]. Dual smoking also decreased 
with age, which is reflected in research showing the behavior 
of young people and their motivations for smoking both ty-
pes of tobacco [14]. This research also showed that 20% of smo-
kers among employees responding to the survey declared dual 

smoking. This result is higher than figures from a nationwide 
study, which showed that 9.1% of smokers used cigarettes 
and heated tobacco products simultaneously [15]. Therefore 
the reasons behind dual smoking among employees need 
further research.

The population of the research in question are office em-
ployees in Poland. The workplace has a significant influence 
on employee health and is recognized as appropriate for 
the implementation of preventive and health promoting ini-
tiatives by both international organizations (WHO) and state 
organizations (Ministry of Health). In June 2022, a compre-
hensive study by the Prof. J. Nofer Institute of Occupational 
Medicine was devoted to the subject of health programs 
at work [16]. In this report, we can find literature proving 
the effectiveness of workplace health programs, references to 
absenteeism and presenteeism, as well as numerous recom-
mendations to support employers in mitigating the effects 
of an aging and shrinking workforce. This study confirms 
the validity and importance of further activities in the area 
of     health promotion at work. 

Many of those initiatives are addressed to groups of em-
ployees and have an educational aspect (for example thoro-
ugh webinars, training sessions). Two of the solutions propo-
sed in a recently published report from the Nofer Institute 
are: creating online support groups and enhancing stress 
management [17]. There is also a large segment of solu-
tions and products addressed to individuals, including digital 

Table II . Correlations between sex and choice of tobacco product: traditional cigarettes, heated tobacco or both

Women (1) Men (2)  Total (1) and (2)

Traditional cigarettes N 26 12 38 χ2 = 1.099
p = 0.577

[%] 42.62% 35.29% 40.00%

Heated tobacco N 22 16 38

[%] 36.07 % 47.06% 40.00%

Traditional cigarettes 
and heated tobacco 
simultaneously 

N 13 6 19

[%] 21.31% 17.65% 20.00%

Total 61 34 95

Table III . Correlation between age and choice of tobacco product: traditional cigarettes, heated tobacco or both

Age

Traditional cigarettes N Rho Spearman –0.078

[%] p 0.094

Heated tobacco N Rho Spearman –0 .145

[%] p 0.002

Traditional cigarettes and heated tobacco simultaneously N Rho Spearman –0 .098

[%] p 0.036
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interventions through smart devices and mobile applications 
for the purposes of personalized healthcare. The primary 
goal of any health promotion, including that in the work-
place, should be educating and increasing the health lite-
racy of employees, who then skillfully reach out for and use 
the available solutions to suit their individual health needs, 
including personalized health care driven by technological 
innovations, which can be more interesting for young adults. 
This is important especially when targeting the younger po-
pulation, which, as we can see from this and other studies, 
choose HTPs and practice dual smoking.

Tobacco smoking has significant financial, health, and so-
cial consequences on a wide scale. It affects the health of in-
dividuals, their own lives and those of their loved ones, as 
well as employers, the budget, and social security systems. 
The emergence of the new trend of dual smoking, especially 
among young people, is endangering their health and the futu-
re of a shrinking workforce, which has an impact on the whole 
economy. 

It is noticeable from this research as well as from other 
published literature, that action is required to address the is-
sue of dual smoking. Personalized health care is not without 
significance and can form a crucial part in managing those 
challenges, once employees are equipped with the proper 
knowledge and tools. 

Limitations
This study has several limitations. The CAWI method which 
was used and its voluntary approach results in limited impact 
on responsiveness. The participants group was dominated 
by women and some fields have few responses. The original 
questionnaire allowed to research a wider scope of lifestyle 
behaviors for the employer’s needs, but at the same time it 
limits the possibility of comparing the results with other studies 
using standard questionnaires. 

Conclusions
This article provides data on the incidence of dual smoking 
by office workers in Poland. The studied population chose 
HTPs and dual smoking on a larger scale than in other studies. 
Further research is needed to evaluate motivations and facili-
tators behind dual smoking as well as health consequences. 
The workplace plays a significant role in health promotion, 
and should address the rising trend of smoking new tobacco 
products as well as dual smoking by young employees. Em-
ployers’ initiatives should be adapted to young employees’ 
needs, taking into considering their preferences to use inno-
vative solutions. 
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Outcomes of treatment, laboratory results, adverse effects, 
and tolerability of cancer treatment in patients with 

metastatic renal cell carcinoma treated with ipilimumab 
and nivolumab after cytoreductive nephrectomy
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Introduction .  This publication aims to present the results of a retrospective analysis of the treatment outcomes of patients 
with metastatic renal cell carcinoma (mRCC) treated with ipilimumab and nivolumab (IPI-NIVO) who underwent cytore-
ductive nephrectomy (CN), radical nephrectomy (RN) or nephron-sparing surgery (NSS) and in whom surgery was omitted. 
Material and methods .  The retrospective analysis includes the results of 34 patients treated and followed at the In-
stitute of Oncology, Poznań University of Medical Sciences, from May 2022 to February 2024. 
Results .  Progression-free survival (PFS) was compared in two groups of patients — those who underwent CN (n = 8) 
and those who had no prior surgical treatment before IPI-NIVO (n = 12). There was a statistically significant difference 
in the length of PFS between the two groups compared in favour of patients who underwent CN before starting 
systemic treatment (p = 0.004). The majority of patients (n = 27) reported adverse events during IPI-NIVO treatment. 
There was no effect of CN performed before initiation of systemic treatment on the occurrence of adverse events du-
ring therapy (p = 0.677). The most common reasons for discontinuation of systemic treatment were the drugs adverse 
effects (n = 8) and disease progression (n = 7). 
Conclusions .  The results presented in the study suggest the important role of CN in the treatment of mRCC. Appro-
priate selection of patients suitable for CN is critical to achieving optimal treatment outcomes. Due to limited literature 
data, further studies are needed to evaluate the role and validity of performing CN in patients with mRCC treated with 
IPI-NIVO regimens.
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Introduction
Renal cell carcinoma (RCC) is a heterogeneous disease with 
several histological subtypes identified. The most common 

subtype is clear cell carcinoma, accounting for over 80% of all 
renal cancer cases [1]. Despite significant advances in the dia-
gnosis and treatment of cancer, advanced-stage RCC, i.e., 
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with  distant  metastases (metastatic renal cell carcinoma, 
mRCC), remains a common clinical problem. Despite increasing 
access to diagnostic tools, such as ultrasound and computed 
tomography, it is estimated that approximately 25% of patients 
with RCC have metastases at the time of diagnosis. Statistically, 
only 8% of patients survive 5 years after diagnosis [2, 3].

Due to the lack of satisfactory response of mRCC to co-
nventional chemotherapy and radiotherapy, effective syste-
mic treatment of this cancer has been sought for many years 
[4]. Immunotherapies based on cytokines, such as interleu-
kin-2 and interferon-alpha (IFN-α), were used for many years 
in the systemic therapy of mRCC until the introduction of mo-
lecularly targeted drugs [5, 6]. Immune checkpoint inhibitors 
(ICIs), such as ipilimumab and nivolumab (IPI-NIVO), have been 
used for several years and show high efficacy in the treatment 
of patients with mRCC. Ipilimumab and nivolumab are monoc-
lonal antibodies that bind to the immune checkpoints CTLA-4 
and PD-1, respectively. Studies have shown that the effect 
of IPI-NIVO at different stages of the immune response (CTLA-4 
and PD-1 checkpoints) increases the efficacy of oncological 
treatment [7, 8].

For many years, the validity of cytoreductive nephrecto-
my (CN) has remained a controversial issue among urologists 
and oncologists treating metastatic renal cell carcinoma 
(mRCC). Cytoreductive nephrectomy is a surgical intervention 
that involves the non-radical removal of a cancer-affected 
kidney with the goal of reducing tumor mass and ultimately 
improving systemic treatment outcomes. The aim of CN is to 
remove as much cancerous tissue as possible, though not 
necessarily the entire tumor. Often, part of the tumor is left 
behind, especially if other organs are involved. Cytoreducti-
ve nephrectomy is often performed in patients with mRCC 
when a complete cure for the cancer is not possible [9]. 
Radical nephrectomy (RN), on the other hand, is a procedure 
in which the entire kidney is removed along with the sur-
rounding adipose tissue, part of the ureter, and — in some 
cases — the lymph nodes. The main goal of RN is to com-
pletely remove the tumor when it is confined to the kidney, 
and there is no evidence of metastasis to other organs. It 
is a treatment with radical intent, i.e., to cure the patient 
completely [10]. In some patients, it is possible to perform 
nephron-sparing surgery (NSS), which is the surgical removal 
of a kidney tumor while preserving as much healthy kidney 
tissue as possible. Nephron-sparing surgery is the preferred 
treatment for patients with small-diameter RCC, typically less 
than 4 cm, but it may also be performed in selected cases 
of larger tumors [11, 12].

There is still limited data in the literature regarding the effi-
cacy of treatment in patients with mRCC treated with IPI-NIVO 
who have undergone CN, and in whom CN was omitted. The-
refore, it was decided to conduct a scientific study to evaluate 
the role of CN in mRCC patients treated with IPI-NIVO.

Material and methods
This article presents the results of a retrospective analysis 
of the treatment of patients with mRCC (stage IV according 
to the TNM classification). The study included patients treated 
systemically with IPI-NIVO therapy who underwent surgery 
(CN, RN, or NSS) prior to systemic treatment, and patients who 
did not undergo surgery prior to systemic therapy (Fig. 1). 
A detailed analysis was conducted on the outcomes of patients 
treated with IPI-NIVO who underwent CN, comparing them 
to the outcomes of patients who did not undergo surgical 
treatment. The retrospective analysis includes the results of 34 
patients treated and followed at the Institute of Oncology, Po-
znań University of Medical Sciences, from May 2022 to February 
2024. Prior to the start of the study, the Bioethics Committee 
of the Poznań University of Medical Sciences issued an opinion 
that the study did not have the characteristics of a medical 
experiment.

Statistical analysis was performed using software by Dell 
Inc. (2016), Dell Statistica (data analysis software system) ver-
sion 13, and Cytel Studio version 11.1.0. The normality of the di-
stribution of the variables studied was tested using the Sha-
piro-Wilk test. Student’s t-test, Mann-Whitney, and Wilcoxon 
tests for dependent samples were used to compare individual 
statistical data. Categorical parameters were described as n (%). 
The statistical significance of the relationships examined was 
tested at the level of α = 0.05.

Results
Among the 34 patients included in the study, 64.71% (n = 22) 
were men and 35.29% (n = 12) were women. The mean 
age of patients at the start of IPI-NIVO treatment was 64.85 
years (range: 44 to 80 years). The mean age of the women 
enrolled in the study was 67.33 years, while the mean age 
of the men was 63.50 years. The tumor was more frequently 
located in the right kidney (n = 19, 55.88%) and less frequently 
in the left kidney (n = 15, 44.12%). 64.71% of patients under-
went surgery prior to systemic treatment (n = 22), of which 
RN was the most common (n = 12, 54.55%), CN less common 
(n = 8, 36.36%), and NSS the least common (n = 2, 9.09%). 
Some patients (n = 8, 23.53%) underwent tumor embolization 
before the start of treatment, of which 2 patients underwent 
surgical treatment after embolization (CN in 1 patient, RN 
in 1 patient), and 6 patients were not eligible for surgical 
treatment after embolization due to advanced neoplastic 
process. Histopathologically, the most frequently diagno-
sed tumor was clear cell carcinoma (n = 30, 88.24%), while 
clear cell carcinoma with a sarcomatoid component was 
diagnosed in 4 patients (11.76%). In most histopathological 
diagnoses, the grade of malignancy on the Fuhrman scale 
was G2 (n = 21, 61.76%), Fuhrman G3 (n = 8, 23.53%), Fuhrman 
G4 (n = 3, 8.82%), and Fuhrman G1 (n = 2, 5.89%). All patients 
included in the study (n = 34, 100%) had distant metastases 
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at the time of treatment initiation. Distant metastases were 
found in more than one organ in 70.59% of patients (n = 24) 
and in only one organ in 29.41% of patients (n = 10). Metasta-
ses were most commonly found in the lungs (n = 23, 67.65%), 
less commonly in the adrenal glands (n =  11, 32.35%), li-
ver (n = 9, 26.47%), bones (n = 5, 14.71%), pancreas (n = 4, 
11.76%), central nervous system (n = 2, 5.88%), and other 
organs (n = 7, 20.59%). Metastases in the surrounding lymph 
nodes were found in 58.82% of patients (n = 20). Some pa-
tients (n = 14, 41.18%) were eligible for additional metasta-
tic treatment with surgery, radiotherapy, or a combination 
of both. Surgical treatment of metastases was used in 6 
patients (42.86%), radiotherapy was performed in 4 patients 
(28.57%), and a combination of surgery and radiotherapy was 
used in 4 patients (28.57%). All patients included in the study 
were graded according to the International Metastatic Renal 
Cell Carcinoma Database Consortium (IMDC) scale and clas-
sified into individual prognostic groups. The study included 
patients with intermediate (1–2 risk factors) and poor pro-
gnosis (3 or more risk factors), according to the IMDC. 58.82% 
of patients (n = 20) were in the intermediate prognosis group, 
while 41.18% (n = 14) were in the poor prognosis group, 
according to IMDC. The performance status of the patients 
was assessed according to the Eastern Cooperative Oncolo-
gy Group (ECOG) scale. The performance status of 44.12% 
of patients (n = 15) was ECOG 1, 38.24% (n = 13) was ECOG 0, 
and 17.64% (n = 6) was ECOG 2. The study did not include 
patients with ECOG 3 or higher. Patients in the study were 
also assessed using the Karnofsky Performance Status Scale. 
38.24% of patients (n = 13) scored 100 points on the Kar-
nofsky scale, 23.53% of patients (n = 8) scored 70 points on 
the Karnofsky scale, 20.59% of patients (n = 7) scored 80 
points on the Karnofsky scale, and 17.64% of patients (n = 6) 
scored 90 points on the Karnofsky scale. The study did not 
include patients whose performance status was 60 or less 
on the Karnofsky scale.

The mean time from surgery (RN, CN, or NSS) to initiation 
of systemic treatment was 1703.55 days. The longest time from 
surgical treatment to systemic treatment occurred in patients 
who had previously undergone RN, averaging 2605.75 days. 
In patients who had previously undergone NSS, the mean 
time from procedure to initiation of systemic treatment was 
2523.50 days, while in patients who had previously undergone 
CN, the mean time from procedure to initiation of systemic 
treatment was 145.25 days. 

The mean duration of treatment with the IPI-NIVO regi-
men was 195.71 days. The mean number of cycles a patient 
received was 7.03 cycles. For patients who underwent RN 
prior to systemic treatment, the mean duration of treatment 
with the IPI-NIVO regimen was 226.75 days (mean of 8.17 
cycles). For patients who underwent NSS prior to systemic 
treatment, the mean duration of treatment with the IPI-NIVO 
regimen was 259 days (mean of 9 cycles). For patients who 
underwent CN prior to systemic treatment, the mean dura-
tion of treatment with the IPI-NIVO regimen was 236.13 days 
(mean of 8.50 cycles). There were no significant statistical diffe-
rences in the duration of systemic treatment with the IPI-NIVO 
regimen and the number of treatment cycles among patients 
who underwent RN, NSS, or CN prior to systemic treatment.

Treatment was discontinued in the combination phase 
of the IPI-NIVO cycle in 52.94% of patients (n = 18), while 47.06% 
of patients (n = 16) continued nivolumab therapy in the mo-
notherapy phase. 55.88% of patients included  in the study 
(n  =  19) completed systemic treatment with the IPI-NIVO 
regimen and 44.12% of patients (n = 15) continued treatment 
after completion of the study. The most common reasons for 
discontinuation of systemic treatment were drug adverse 
effects (n = 8, 42.11%), disease progression (n = 7, 36.84%), 
death due to unrelated causes (n = 2, 10.53%), and other cau-
ses (n = 2, 10.53%). Due to treatment discontinuation before 
the first control point (i.e., after completion of the IPI-NIVO com-
bination phase), 32.35% of patients (n = 11) had no radiological 

Ipilimumab + nivolumab 
n = 34

Surgery before systemic treatment  
n = 22

RN  
n = 12

CN 
 n = 8

NSS  
n = 2

No-surgery  
n = 12

Figure 1 . Distribution of patients included in the study; CN — cytoreductive nephrectomy; NSS — nephron-sparing surgery; RN — radical nephrectomy
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assessment of treatment response. Radiological diagnostics 
and Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 
response assessments were successfully completed for 67.65% 
of patients (23 out of 34). Progression after radiological eva-
luation was observed in 7 patients (20.59%), stable disease 
in 6 patients (17.65%), partial response in 8 patients (23.53%), 
and complete remission in 2 patients (5.88%). After completing 
treatment with the IPI-NIVO regimen, 23.53% of patients (n = 8) 
were eligible for subsequent lines of treatment (including 
cabozantinib).

The age of patients whose tumors progressed during 
treatment with the IPI-NIVO regimen was compared to 
the age of patients whose tumors did not progress. The mean 
age of patients at the start of systemic treatment who expe-
rienced tumor progression during treatment with the IPI-NIVO 
regimen was 55.14 years (range: 46 to 63 years), while the mean 
age of patients at the start of treatment who did not experience 
tumor progression during treatment with the IPI-NIVO regimen 
was 67.37 years (range: 44 to 80 years). A statistically higher 
incidence of tumor progression was observed in younger 
patients compared to older patients (p < 0.001).

The majority of patients (n = 27, 79.41%) reported adverse 
events during treatment with the IPI-NIVO regimen, and 19 
patients (55.88%) reported more than one adverse event. 
The most common grade 1 and 2 adverse events on the Com-
mon Terminology Criteria for Adverse Events (CTCAE) scale 
were weakness and fatigue (n = 14, 41.18%), less frequently 
observed were gastrointestinal toxicity (n = 12, 35.29%), thyroid 
dysfunction in the form of hypothyroidism or hyperthyroidism 
(n = 10, 29.41%), hepatic toxicity (n = 8, 23.53%), skin and mu-
cous membrane toxicity (n = 6, 17.65%), renal toxicity (n = 4, 
11.76%), significant weight loss (n = 4, 11.76%), cardiac disor-
ders (n = 3, 8.82%), and others (n = 2, 5.88%). The most common 
CTCAE grade 3 and 4 adverse events included hepatic toxicity 
(n = 3, 8.82%), cardiac complications (n = 2, 5.88%), gastrointe-
stinal toxicity (n = 1, 2.94%), blood count abnormalities (n = 1, 
2.94%), and anaphylactic shock (n = 1, 2.94%). There was no 
effect of CN performed before initiation of systemic treatment 
on the occurrence of adverse events during systemic treat-
ment (p = 0.677). 41.18% of patients (n = 14) required a delay 
of the next cycle due to adverse events (n = 11, 78.57%) or 
random events (n = 3, 21.43%). However, it should be noted 
that 58.82% of patients (n = 20) did not require an extension 
of the interval between IPI-NIVO cycles. Importantly, there was 
no effect of extending the interval between IPI-NIVO cycles on 
the risk of cancer progression (p = 0.410).

The study analyzed the results of basic laboratory tests 
and body weight at baseline and at the end of treatment with 
the IPI-NIVO regimen (Tab. 1). Notably, there was a statistically 
significant increase in liver parameters — alanine aminotrans-
ferase (ALT; p = 0.032) and total bilirubin (p = 0.001) in pa-
tients who completed treatment with the IPI-NIVO regimen 
compared to baseline. There were no statistically significant 

differences in other laboratory values or body weight betwe-
en the baseline and the end of treatment with the IPI-NIVO 
regimen.

The influence of CN prior to systemic treatment on 
the efficacy of the IPI-NIVO regimen was analyzed in detail. 
Progression-free survival (PFS) was compared in two groups 
of patients – those who underwent CN (treatment group, 
n = 8) and those who had no prior surgical treatment (control 
group, n = 12). Patients who underwent CN prior to systemic 
treatment had a mean PFS of 381.38 days (range: 182 days to 
696 days), while patients who were not eligible for CN had 
a mean PFS of 127.17 days (range: 20 days to 529 days). There 
was a statistically significant difference in the length of PFS 
between the two groups compared in favour of patients who 
underwent CN prior to starting treatment with the IPI-NIVO 
regimen (p = 0.004). The number of treatment cycles with 
the IPI-NIVO regimen was also compared between patients 
who underwent CN and those who did not. Patients in the tre-
atment group received an average of 8.50 cycles of IPI-NIVO, 
while patients in the control group received an average of 4.58 
cycles of the IPI-NIVO regimen (p = 0.149). The influence of CN 
prior to systemic treatment on the presence or absence of tu-
mor progression during treatment with the IPI-NIVO regimen 
was also compared. There was no statistically significant effect 
of CN on the presence or absence of tumor progression during 
treatment (p = 0.619). 

The influence of CN before the start of systemic treatment 
on the occurrence of adverse events during treatment with 
the IPI-NIVO regimen was analyzed. No effect of CN prior to 
systemic treatment was found on the occurrence of adverse 
events during treatment with the IPI-NIVO regimen (p = 0.629). 
The effect of CN on the need to extend the interval between 
IPI-NIVO cycles was also analyzed. There was no statistically 
significant effect of CN on the need to extend the interval 
between IPI-NIVO cycles (p = 1.00).

Discussion
Survival outcomes for patients with mRCC have improved 
significantly in recent years, and combination treatment re-
gimens based on immunotherapy (i.e., a combination of ipi-
limumab with nivolumab) prolong survival compared to sin-
gle-drug targeted therapies (e.g. sunitinib) [13]. The IPI-NIVO 
regimen has become the gold standard in many countries, 
including Poland, from 2022, when it was reimbursed for 
the systemic treatment of mRCC in patients with intermedia-
te and poor prognosis, according to IMDC. The impact of CN 
on the results of oncological treatment of patients with mRCC 
has been the subject of extensive scientific discussion for 
many years. From antiangiogenic drugs (e.g., sunitinib) to im-
munological drugs (e.g., ipilimumab and nivolumab), the role 
of CN in the treatment of mRCC remains unclear, which is why 
in the modern era of immunotherapy, many ongoing clinical 
trials are investigating this issue in detail [14].
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The results presented in the study suggest the important 
role CN plays in the treatment of mRCC. A statistically signifi-
cant prolongation of PFS was observed in patients who un-
derwent CN prior to IPI-NIVO treatment compared to patients 
who did not undergo CN. The above results are consistent with 
other scientific studies. Kumada et al. [15] also showed that 
performing CN prior to systemic treatment significantly pro-
longed PFS. A total of 137 patients with mRCC were included 
in the retrospective analysis. In the group of patients who did 
not undergo CN before systemic treatment (group I), the me-
dian PFS was 5 months, while in the group of patients who 
underwent CN before systemic treatment (group II), the me-
dian PFS was 13 months (p = 0.006).

The study showed no effect of CN on the incidence of ad-
verse events during systemic treatment (p = 0.629). This means 
that CN does not reduce the quality of life of patients with 

mRCC who underwent CN compared to patients who did not 
undergo surgical treatment. There are few literature reports de-
scribing the impact of CN on the quality of life of patients with 
mRCC. Larcher et al. [16] analyzed the treatment history of 317 
patients with mRCC between 1988 and 2019. It was shown that 
43% of patients who underwent CN reported complete relief 
of symptoms, and 71% of patients reported an improvement 
in their overall health after the procedure [16]. To draw relia-
ble conclusions about the impact of CN on patients’ quality 
of life, a prospective assessment is needed immediately after 
the procedure and several weeks and months after surgery.

Renal cancer is an important source of antigens that can 
stimulate the immune system, thereby increasing the efficacy 
of immune checkpoint inhibitors (such as IPI-NIVO). Studies 
have shown that renal cancer is highly immunogenic, meaning 
it has a high ability to induce an immune response due to 

Table 1 . Laboratory test results at baseline and at the end of ipilimumab and nivolumab (IPI-NIVO) treatment

N Mean Median Minimum Maximum SD P-value

Body weight (start of treatment) [kg] 34 77.24 79.00 43.00 126.00 17.09 0.502

Body weight (end of treatment) [kg] 34 77.91 76.50 43.00 125.00 17.66

Hemoglobin (start of treatment) [mmol/L] 34 7.69 7.70 5.20 11.1 1.06 0.456

Hemoglobin (end of treatment) [mmol/L] 34 7.59 7.70 4.60 10.80 1.30

Hematocrit (start of treatment) [L/L] 34 0.38 0.38 0.28 0.54 0.05 0.696

Hematocrit (end of treatment) [L/L] 34 0.38 0.39 0.26 0.50 0.06

Platelets (start of treatment) [10’9/L] 34 291.47 275.50 177.00 689.00 107.95 0.242

Platelets (end of treatment) [10’9/L] 34 280.41 250.50 128.00 593.00 116.26

Neutrophils (start of treatment) [10’9/L] 34 5.59 5.17 1.92 13.56 2.21 0.675

Neutrophils (end of treatment) [10’9/L] 34 5.55 5.55 1.41 13.67 2.06

Creatinine (start of treatment) [umol/L] 34 126.85 107.00 67.00 761.00 116.85 0.888

Creatinine (end of treatment) [umol/L] 34 119.56 104.00 62.00 387.00 62.83

ALT (start of treatment) [U/L] 34 19.71 15.00 7.00 52.00 11.67 0.032

ALT (end of treatment) [U/L] 34 30.94 18.50 7.00 180.00 36.69

AST (start of treatment) [U/L] 34 20.74 18.00 8.00 44.00 8.80 0.085

AST (end of treatment) [U/L] 34 28.38 20.50 10.00 181.00 31.48

Bilirubin (start of treatment) [umol/L] 34 8.88 7.98 4.29 21.00 4.14 0.001

Bilirubin (end of treatment) [umol/L] 34 9.40 8.92 3.00 25.72 4.86

TSH (start of treatment) [uIU/mL] 34 1.67 1.53 0.62 3.70 0.84 0.321

TSH (end of treatment) [uIU/mL] 34 2.26 1.74 0.02 17.69 2.97

FT3 (start of treatment) [pg/mL] 34 3.52 3.24 1.32 15.31 2.17 0.584

FT3 (end of treatment) [pg/mL] 34 3.67 3.22 2.00 13.63 2.27

FT4 (start of treatment) [ng/dL] 34 1.41 1.24 0.34 5.17 0.75 0.084

FT4 (end of treatment) [ng/dL] 34 1.60 1.31 0.96 5.65 1.02

ALT — alanine aminotransferase; AST — aspartate aminotransferase; FT3 — free triiodothyronine; FT4 — free thyroxine; SD — standard deviation;  
TSH — thyroid-stimulating hormone
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the presence of multiple tumor-specific antigens. These antigens 
can activate immune cells and increase their ability to target 
and destroy cancer cells. The presence of tumor-associated 
antigens can lead to increased infiltration of immune cells, such 
as T-cells, which are key to the anti-tumor response. This immune 
activation is further modulated by immune checkpoints such as 
PD-1/PD-L1, which can be targeted by immune checkpoint 
inhibitors (such as IPI-NIVO) to enhance the immune response 
against the tumor [17, 18]. The above arguments argue aga-
inst performing CN in patients treated with IPI-NIVO because 
the presence of the tumor as a source of antigens is crucial for 
stimulating the immune system, and improving the results 
of treatment with IPI-NIVO in the treatment of mRCC.

Patients diagnosed at a younger age had a statistically 
higher rate of mRCC progression during treatment compa-
red to patients diagnosed at an older age (p < 0.001). Due 
to the small number of patients included in the study, these 
results should be interpreted with caution. Literature reports 
show that the prognosis of older patients with mRCC is worse 
compared to younger patients, mainly due to more frequent 
comorbidities, poorer physical condition, as well as potentially 
higher toxicity of drugs used in older patients [19, 20]. Clarifi-
cation of the issue of age in the context of treatment planning 
seems to be a very important aspect. Perhaps the age of pa-
tients should become an independent prognostic factor on 
which the qualification for certain systemic therapies should 
depend. This requires further prospective and randomized 
scientific analyses. Further research is needed to refine the-
rapeutic strategies and improve survival rates in different age 
groups of patients eligible for systemic treatment of mRCC.

The results obtained in this study are promising, but need 
to be continued in order to draw more precise conclusions. 
Due to limited literature data, further studies are needed to 
evaluate the role and validity of performing CN in patients with 
mRCC treated with the IPI-NIVO regimen. From a clinical point 
of view, it is also important to find the best time to perform CN 
(before or after starting IPI-NIVO therapy). If it is determined 
that systemic therapy prior to CN is optimal, the duration 
of systemic therapy prior to CN needs to be determined. This 
will allow for further prospective randomized trials to evaluate 
the role of CN in the treatment of patients with mRCC.

The conducted study is not without limitations. The main 
limitation is its retrospective nature and the small number 
of patients included in the study. In addition, all patients were 
treated at a single center, which also reduces the scientific 
value of the study. What is more, there was no comparative 
analysis between patients who underwent CN prior to systemic 
treatment and patients who underwent CN after initiation 
of systemic treatment with IPI-NIVO.

Conclusions
There is no clear effect of CN on the course of mRCC treat-
ment. The decision to perform CN should always be made 

by a multidisciplinary oncology team, including a urologist, 
oncologist, and radiation therapist, after discussing the po-
tential benefits and risks of the procedure with the patient. 
Appropriate selection of patients suitable for CN is critical to 
achieving optimal outcomes of cancer treatment.

The results obtained in this study are promising, but need 
to be continued in order to draw more precise conclusions. 
Due to limited literature data, further studies are needed to 
evaluate the role and validity of performing CN in patients with 
mRCC treated with the IPI-NIVO regimen. From a clinical point 
of view, it is also important to find the best time to perform CN 
(before or after starting IPI-NIVO therapy). If it is determined 
that systemic therapy prior to CN is optimal, the duration 
of systemic therapy prior to CN needs to be determined. This 
will allow for further prospective randomized trials to evaluate 
the role of CN in the treatment of patients with mRCC.
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The role of transanal total mesorectal excision (TaTME) 
 in the surgical treatment of rectal cancer

Marek Bębenek1, 2, Michał Kazanowski2, Bartosz Kapturkiewicz2

1Faculty of Medicine, Wroclaw University of Science and Technology, Poland 
21st Department of Surgical Oncology, Lower Silesian Oncology, Pulmonology and Hematology Center, Wroclaw, Poland

 Transanal total mesorectal excision (TaTME) is an innovative surgical approach for treating mid- and low-rectal cancers. 
The method offers several distinct advantages that make it superior to traditional techniques, with the principal benefits 
being better visualization and improved access to the lower pelvis. In this paper, we review the general assumptions 
of this method, with particular emphasis on the two-team (Cecil) approach. We also summarize our own experiences 
with the use of TaTME. Our experiences suggest that TaTME provides satisfactory oncological outcomes similar to tho-
se obtained with other commonly recognized surgical techniques. Moreover, TaTME is widely accepted by patients, 
especially those wishing to preserve their anal sphincters. However, more multicenter studies are needed to define 
objective indications for TaTME and to ultimately standardize the surgical technique, as published evidence suggests 
that many aspects of this procedure vary substantially from center to center.
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Introduction
Rectal cancer remains a challenge for oncology surgeons. 
The dynamic development of surgical techniques observed 
within the last 40 years, after Heald introduced the principles 
of total mesorectal excision (TME), has not ended. Newly emer-
ged surgical procedures have many supporters but also some 
opponents. Treatment outcomes obtained with these methods 
can be verified objectively with multicenter studies, which 
results in the introduction of new surgical treatment standards. 
Attempts to verify the outcomes of rectal cancer treatment 
were also undertaken in Poland [1, 2]. During the previous de-
cade, a new technique for rectal cancer surgery, the transanal 
total mesorectal excision (TaTME) proposed by Lacy, has been 
the subject of an ongoing debate within the Polish surgical 
community. Below, we present the general assumptions of this 
method and our own experiences with the use of TaTME at 

the Lower Silesian Oncology, Pulmonology and Hematology 
Center in Wroclaw (Poland).

Benefits of TaTME
Transanal total mesorectal excision has emerged as an innova-
tive surgical approach for the treatment of mid- and low-rectal 
cancers. The method offers several distinct advantages that 
make it superior to traditional techniques, such as laparoscopic 
or open TME. One of the key benefits of TaTME is its ability to 
provide enhanced visualization and access to the lower pelvis. 
Approaching the rectum transanally, surgeons gain a direct 
view into the mesorectum from below, which is particularly 
advantageous in patients with challenging pelvic anatomy, i.e. 
those with a narrow pelvis, obesity, or bulky tumors. The im-
proved access offered by TaTME facilitates a more accurate 
dissection of the distal rectum, with the resultant improvement 
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in the quality of the mesorectal excision and clearer circumfe-
rential and distal margins [3]. As a result, TaTME is associated 
with lower rates of incomplete resections and positive circum-
ferential resection margins — two factors that are crucial for 
minimizing local recurrence of rectal cancer [4, 5].

Aside from the oncological benefits mentioned above, 
TaTME has demonstrated superior outcomes in sphincter 
preservation. Due to its accuracy, the transanal approach al-
lows the surgeon to dissect tumors located in close proximity 
to the anal canal more carefully, thus reducing the demand 
for a permanent colostomy. This benefit is particularly impor-
tant in the case of patients with low-rectal tumors, in whom 
traditional approaches might necessitate a more radical sur-
gery, such as abdominoperineal resection (APR) [6]. Preserving 
the sphincter, TaTME contributes to better postoperative func-
tional outcomes, particularly in terms of continence and overall 
quality of life [7].

Furthermore, TaTME has been associated with lower conver-
sion rates to open surgery than conventional laparoscopic appro-
aches. The minimally invasive nature of TaTME reduces the need 
for conversion and contributes to shorter recovery times, decre-
ased postoperative pain, and reduced duration of hospital stay 
[3]. A combination of transanal and transabdominal techniques 
allows for a more comprehensive and accurate resection, minimi-
zing the risk of complications and wound infections [4].

In patients with locally advanced rectal cancers, TaTME 
offers an opportunity for a tailored approach, adjusted for 
complex pelvic anatomy and challenging tumor location. 
The ability to address tumors in the deep pelvis or those in-
volving adjacent structures makes TaTME a versatile option 
in complex oncological cases [3]. Overall, the advantages 
of TaTME, such as improved access, higher rates of sphincter 
preservation, reduced conversion to open surgery, and faster 
recovery, make it an increasingly preferred option in the sur-
gical treatment of rectal cancer.

Indications and contraindications for TaTME
Indications
Transanal total mesorectal excision is primarily indicated for 
the surgical management of rectal cancer, particularly in pa-
tients who present with the following characteristics:
1) mid- to low-rectal cancer:

 — TaTME is highly suitable for patients with rectal cancers 
located in the mid to distal rectum (within 10 cm from 
the anal verge). The technique allows for superior visualiza-
tion and accurate dissection in this anatomically confined 
space [4, 6];

2) challenging pelvic anatomy:
 — patients with a narrow pelvis, obesity, or male sex can 

present a technical challenge in the case of conventional 
laparoscopic or open surgery. Transanal total mesorectal 
excision offers improved access to the lower rectum, ma-
king it a preferable option in such cases [4, 5];

3) locally advanced rectal cancer:
 — patients with stage II or III rectal cancer who require neo-

adjuvant chemoradiotherapy prior to surgery can benefit 
from TaTME. This approach allows for better mesorectal 
excision with negative resection margins, both crucial 
determinants of outcome in advanced cases [3, 4];

4) patients requiring sphincter-sparing surgery:
 — in patients with low-rectal cancer who are candidates for 

sphincter-sparing surgery, TaTME allows for more accurate 
dissection of the rectum in close proximity to the anal 
canal, increasing the likelihood of preserving continence 
and avoiding a permanent colostomy [6, 7];

5) multidisciplinary cancer care:
 — TaTME is often employed as part of a multimodal treatment 

plan involving neoadjuvant therapy, multidisciplinary di-
scussion, and careful patient selection to maximize onco-
logical outcomes [8].

The role of anorectal manometry
While anorectal manometry is not a primary indication for 
TaTME, it can be an essential tool in the preoperative asses-
sment of patients, especially those with low-rectal cancers 
considered for sphincter-preserving surgery. In such cases, ano-
rectal manometry is used to evaluate the function of the anal 
sphincters, rectal sensitivity and coordination — crucial factors 
for maintaining postoperative continence.

Key scenarios in which manometry is useful:
1) sphincter-sparing surgery:

 — in patients with low-rectal tumors located close to the anal 
canal who desire sphincter preservation, manometry is 
helpful in assessing sphincter integrity and function. In 
patients with poor sphincter function (e.g. low anal resting 
pressure or weak squeeze pressures), the risk of postopera-
tive incontinence may be high. Therefore, if the patient pre-
sents with poor sphincter function, a more radical surgery, 
such as APR, might be recommended instead of TaTME to 
avoid complications related to impaired continence [6, 7];

2) preoperative evaluation of functional outcomes:
 — manometry can guide the surgical decision-making pro-

cess, providing information about baseline anorectal 
function, especially in patients with pre-existing ano-
rectal dysfunction. Manometry is helpful in identifying 
patients with potentially increased risk of poor functio-
nal outcomes after TaTME, such as fecal incontinence, 
and allows the surgical team to adjust the treatment 
plan accordingly [5];

3) non-oncological indications (functional disorders):
 — in rare instances, TaTME may be considered a treatment 

option in complex benign conditions, such as recurrent 
rectal prolapse. In such cases, anorectal manometry can 
help assess sphincter competence and anorectal function 
to determine whether the procedure would be beneficial 
or should be replaced by an alternative approach [3].
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Contraindications
Despite its previously discussed advantages, TaTME is contra-
indicated in several clinical scenarios in which the risks may 
outweigh the benefits:
1) locally unresectable tumors:

 — tumors that have invaded adjacent organs or structures, 
e.g. the bladder, prostate, or sacrum, are not amenable to 
TaTME, as the approach does not provide sufficient access 
for multivisceral resections required in such cases [4];

2) high-rectal tumors:
 — tumors located in the upper rectum (more than 10 cm 

from the anal verge) are generally managed better with 
conventional laparoscopic or open TME. As mentioned 
before, the advantages of TaTME are primarily limited to 
tumors located in the mid and low rectum [5, 6];

3) severe comorbidities or poor surgical candidates:
 — patients with significant cardiovascular and respiratory 

comorbidities or other systemic conditions that severely 
limit their ability to tolerate surgery should not undergo 
TaTME. While as minimally invasive as it may be, TaTME is 
still a complex procedure that requires prolonged ane-
sthesia and meticulous postoperative management [7];

4) previous extensive pelvic surgery or radiation:
 — patients with extensive adhesions from previous surgeries 

or those with a history of multiple rounds of pelvic radia-
tion may not be ideal candidates for TaTME. Scar tissue 
formation and fibrosis can significantly limit the technical 
advantages of the transanal approach in such cases, incre-
asing the risk of complications [8];

5) advanced anastomotic techniques required:
 — when performing an anastomosis involves a high degree 

of complexity (e.g., intersphincteric resection), alternative 
approaches may be more applicable, as TaTME does not 
always facilitate an optimal anastomotic technique in such 
challenging cases [3].

The two-team approach (Cecil approach) 
— a collaborative surgical revolution
In the ever-evolving field of rectal cancer surgery, TaTME has re-
defined the way surgeons approach complex pelvic anatomy. 
At the heart of this innovation is the two-team approach, also 
referred to as the Cecil approach, where two surgical teams, 
one working abdominally and another working transanally, 
collaborate in real-time to optimize the outcomes. The Cecil 
approach has been gaining widespread attention not only for 
its efficiency but also for the precision and finesse it brings to 
the operating table.

The two-team approach is very demanding logistically 
and requires excellent coordination of work between both 
teams, the one operating from the bottom and the one ope-
rating from the abdominal side (Fig. 1).

Two surgical teams operate in coordination, with their 
efforts converging on the tumor from both the abdominal 

and transanal approaches. The abdominal team carefully navi-
gates the upper rectum and colon, releasing tissues and mana-
ging blood supply. Meanwhile, the transanal team works from 
below, meticulously dissecting the rectum near the tumor to 
obtain clean, safe resection margins. This synchronized chore-
ography allows for a dual approach to tackling rectal cancer, 
and the results have been transformative.

The efficiency of two hands over one
The most striking benefit of the two-team approach is its 
impact on operation time. During a conventional surgery, one 
team performs the procedure in a step-by-step manner, whe-
reas in the Cecil approach, both teams operate simultaneously. 
This significantly reduces the overall duration of the surgery, 
which is beneficial both for the surgical team and for the pa-
tient who spends less time under anesthesia [4]. Shorter time 
in the operating room corresponds also to fewer risks and fa-
ster recovery. Using the two-team approach, surgeons can 
achieve the same goals in a markedly shorter time without 
compromising the quality of the procedure.

Enhanced visualization — two perspectives, one 
objective
Perhaps one of the greatest challenges in rectal surgery 
is the necessity of navigating within the confined space 
of the pelvis, especially in patients with complex anatomies, i.e. 
those with a narrow pelvis or suffering from obesity. The two-
-team approach provides surgeons with an unmatched view 
of the surgical field. While the abdominal team dissects the co-
lon and upper rectum from above, the transanal team obtains 
unprecedented access to the lower rectum and mesorectum. 
This dual visualization reduces the risk of incomplete resec-
tions and increases the precision of the procedure, especially 
in patients with low-rectal tumors in whom achieving clear 
resection margins is of utmost importance [4, 6].

By approaching the tumor from both sides, surgeons can 
avoid “tunnel vision,” a common problem during single-team 

Figure 1 . Transanal total mesorectal excision (TaTME) using the two-team 
(Cecil) approach
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operations. Instead, the operators have access to a widely 
open surgical field, which allows them to perform a more 
comprehensive and controlled dissection of the tumor and sur-
rounding tissues.

Oncological and functional mastery
One of the paramount concerns in rectal cancer surgery is 
achieving clear circumferential and distal margins, which is key 
to reducing the risk of local recurrence. The two-team appro-
ach, involving simultaneous abdominal and transanal dissec-
tion, and improves the accuracy of the resection margins. In 
particular, the ability of the transanal team to dissect tissues 
from below contributes to cleaner distal margins, a crucial 
factor for reducing cancer recurrence and improving long-
-term outcomes [7].

The use of the two-team approach also increases the li-
kelihood of preserving anal sphincters in low-rectal tumors. 
In patients in whom sphincter-sparing surgery is an option, 
the transanal approach improves control and precision of dis-
section near the sphincters. This translates into better functio-
nal outcomes, particularly in terms of continence, allowing 
patients to avoid a permanent colostomy and improving their 
quality of life post-surgery [3, 7].

Tailoring surgery for complex cases
For patients with challenging pelvic anatomies, such as a nar-
row male pelvis, obesity, or the presence of bulky tumors, 
the two-team approach offers a strategic advantage. The si-
multaneous effort of both teams allows them to overcome 
the space constraints more easily. While the abdominal team 
creates a space and mobilizes tissues from above, the transanal 
team works meticulously from below to access and dissect 
tissues that would otherwise be difficult to reach [5]. This 
dual approach opens up the pelvis in a way that could not 
be achieved by a single team operating from just one side.

Relieving surgeon’s fatigue — a collaborative 
benefit
The reduction of surgeon’s fatigue is a frequently overlooked 
advantage of the two-team approach. Transanal total meso-
rectal excision is a technically demanding procedure that can 
last several hours when performed by a single team. With 
the Cecil approach, the workload is split between two teams. 
Surgeons working in tandem can maintain their concentration 
and precision for the duration of the procedure, which leads 
to better outcomes for the patient and less exhaustion for 
the operating team [3].

Two teams, one goal
The two-team (Cecil) approach in TaTME represents remarka-
ble progress in rectal cancer surgery, whereby collaborative 
speed and precision translate into superior clinical outcomes. 
By allowing two teams to work in parallel, the Cecil approach 

reduces operating time, facilitates visualization, and improves 
oncological and functional outcomes. In patients with complex 
and challenging pelvic anatomies, the Cecil approach was 
demonstrated to be an innovative solution. It allows the sur-
geons to achieve their goals with greater efficiency yet without 
compromising the patient’s safety.

With the two-team approach, rectal cancer patients are 
more likely to benefit from sphincter preservation, faster re-
covery, and, ultimately, cancer-free survival.

Surgical steps
Abdominal approach:
1) patient positioning:

 — the patient is placed in a lithotomy position with legs raised, 
providing access to both the abdomen and the perineum;

2) pneumoperitoneum and trocar placement:
 — the abdominal team creates a pneumoperitoneum (insuf-

flation of the abdomen with CO₂) and inserts laparoscopic 
or robotic trocars for instrument access;

3) mobilization of the sigmoid colon:
 — the abdominal team mobilizes the sigmoid colon by 

incising the lateral peritoneal attachments. this ensures 
adequate mobilization of the colon for later anastomosis;

4) ligation of the inferior mesenteric vessels:
 — the inferior mesenteric artery and vein are identified and li-

gated to ensure proper blood supply to the remaining 
colon and to provide adequate mobility of the bowel;

5) dissection of the upper rectum and mesorectum:
 — the abdominal team begins the dissection of the upper 

part of the rectum, releasing the mesorectum from the sur-
rounding tissues while protecting critical structures, such 
as the hypogastric nerves and ureters;

6) division of the sigmoid colon:
 — once sufficient mobilization is achieved, the sigmoid colon 

is divided using a surgical stapler, preparing it for eventual 
anastomosis.
Transanal approach:

1) placement of the transanal platform:
 — a specialized transanal platform (e.g. GelPOINT or SILS 

port) is inserted into the anal canal, providing access for 
instruments and visualization;

2) circumferential mucosal incision: 
 — the transanal team makes a circumferential mucosal inci-

sion at the rectal level below the tumor (Fig. 2), to facilitate 
accurate dissection of the distal part of the tumor;

3) dissection of the mesorectum:
 — the mesorectum is carefully dissected in a “bottom-up” 

approach. the transanal team works toward the abdominal 
team’s dissection, ensuring a total mesorectal excision 
and maintaining clear resection margins;

4) transanal transection of the rectum:
 — once the rectum is thoroughly dissected and mobilized, 

the transanal team transects the rectum below the tumor 
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using a surgical stapler or scalpel, depending on the tu-
mor’s location;

5) connection with abdominal dissection:
 — the transanal and abdominal dissections meet in the mid-

dle, completing the full mobilization of the rectum and me-
sorectum;

6) extraction of the specimen:
 — the tumor and the surrounding rectal tissue are typically 

removed transanally, minimizing trauma to the abdomen 
and reducing the size of any necessary incisions.
Final steps:

1) colorectal anastomosis:
 — after the tumor is excised, the two teams work in coordi-

nation to create a colorectal anastomosis, often using a cir-
cular stapler, reconnecting the healthy ends of the colon 
to restore bowel continuity;

2) protective ileostomy (if needed):
 — in some cases, a temporary diverting ileostomy is created 

to protect the anastomosis and to facilitate its appropriate 
healing, thus reducing the risk of complications;

3) closure:
 — the transanal platform is removed, and the abdominal 

incisions are closed. the patient is then prepared for po-
stoperative recovery.

Our own experiences with TaTME
In our material patients with rectal cancers located up to 6 
cm from the anorectal junction (AJ) and normal sphincter 
function have been qualified for TaTME at the Department 
of Oncological Surgery, Lower Silesian Oncology, Pulmonology 
and Hematology Center in Wroclaw (Poland). Patients with 
tumors located more than 6 cm from the AJ were qualified 
for standard surgical techniques using the abdominal appro-
ach. In our opinion, extending the indications for TaTME to 
tumors in other locations and with non-malignant conditions, 
as reported at some centers abroad, is unnecessary.

The first TaTME at the Lower Silesian Oncology, Pulmono-
logy and Hematology Center was performed on May 5, 2016. 
Until the end of September 2024, 237 TaTME procedures have 
been performed on 165 men (69.6%) and 72 women (30.4%) 
aged between 26 and 86. 

The group of patients qualified for TaTME included 226 
with rectal cancer, 7 with benign rectal polyps that could 
not be treated endoscopically, 3 with rectal neuroendocrine 
tumors (NET), and 1 with a submucosal tumor. The tumors 
represented groups I-III according to the Rullier classification 
[8]. The average distance of the tumor from the AJ was 2.92 cm, 
with a range from 0 cm to 6 cm.

Published evidence suggests that obese patients and men 
are the groups that benefit most from TaTME [9]. The average 
body mass index (BMI) of patients operated on using TaTME 
at our center was 26.58 kg/m², with a range from 17.75 kg/m² 
to 41.28 kg/m².

The qualification for preoperative treatment, conducted 
by a multidisciplinary team, was based on guidelines pub-
lished by various scientific bodies, including the Polish Society 
of Clinical Oncology (PTOK), Polish Society of Surgical Oncolo-
gy (PTChO), European Society for Medical Oncology (ESMO), 
and the European Society of Surgical Oncology (ESSO). Based 
on clinical data, 172 patients were qualified for preoperative 
treatment. The remaining patients were qualified directly for 
TaTME, either as a primary surgery (n = 50) or as a secondary 
procedure after an initial non-radical local excision of the rectal 
tumor (n = 15). Patients qualified for neoadjuvant treatment 
received standalone radiotherapy 5 × 5 Gy (n = 91), radiother-
apy combined with chemotherapy (n = 79), or standalone 
chemotherapy (n = 2).

Early outcomes of TaTME in our group were similar to 
those obtained with classical TME performed either via open 
or laparoscopic techniques, which is consistent with the results 
published by other authors [10, 11]. Subradical resection (R1) 
was obtained in only 5 (2.1%) patients operated on using 
TaTME, with the remaining 232 (97.9%) patients satisfying 
the criteria of radical resection (R0).

Low anterior resection syndrome (LARS) appears to be 
an important clinical issue in patients subjected to TaTME. 
According to the literature, LARS may occur in up to 76% 
of patients operated on using TaTME, with the primary risk 
factor being the distance between the tumor and the AJ [12]. 
However, despite performing very low anterior rectal resec-
tions (with a mean distance between the anastomosis and AJ 
of 2.5 cm), we did not observe an increased incidence of LARS 
in our material. Thus, the true frequency and the exact causes 
of LARS as a potential frequent complication of TaTME should 
be addressed in detail in future studies.

Conclusions
Transanal total mesorectal excision is a valuable option for 
the surgical treatment of rectal cancers and extensive polyps 

Figure 2 . Circumferential mucosal incision at the rectal level performed 
by the transanal team during transanal total mesorectal excision (TaTME) 
using the two-team (Cecil) approach
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of the lower rectum. In selected cases of rectal cancer, TaTME 
may constitute an alternative to abdominosacral (ASAR) or 
perineal (APR) resection of the tumor. However, it needs to 
be emphasized that TaTME is a demanding, minimally invasive 
technique with a long learning curve. Our own experiences 
suggest that TaTME provides satisfactory oncological outcomes 
similar to those obtained with other commonly recognized 
surgical techniques. Moreover, TaTME is widely accepted by 
patients, especially those wishing to preserve their anal sphinc-
ters. Despite performing very low anterior rectal resections, we 
did not observe an increased incidence of LARS, which was re-
ported by other authors as a common complication of TaTME. 
While TaTME is used in many clinics, the principles of patient 
qualification and many technical aspects vary from center to 
center. Thus, more multicenter studies are needed to define 
objective indications for TaTME and to ultimately standardize 
this surgical technique.

Article information and declarations
Data availability statement
The data have not been published in any other journal.

Ethics statement
The study was conducted with the approvalof the Bioethics 
Committee of the Wrocław Medical University.

Author contributions
Marek Bębenek — conceptualization, investigation, meth-
odology, supervision, writing — original draft preparation, 
writing — review & editing.
Michał Kazanowski — data curation, investigation, methodol-
ogy, writing — original draft preparation.
Bartosz Kapturkiewicz — formal analysis, investigation, resour-
ces, validation, writing — original draft preparation.

Funding
None.

Acknowledgments
None. 

Conflict of interest
None declared.

Supplementary material
None.

Marek Bębenek
1st Department of Surgical Oncology
Lower Silesian Oncology, Pulmonology and Hematology Center
Pl. Hirszfelda 12, 53–413 Wrocław, Poland
e-mail: marek.bebenek@pwr.edu.pl; marek.bebenek@dcopih.pl

Received: 14 Oct 2024
Accepted: 22 Oct 2024
Early publication: 18 Nov 2024

References
1. Błaszkowski T, Celban G, Domagała M, et al. Surgical treatment of rectal 

cancer in Poland — a report from a prospective, multi-centre obser-
vational study PSSO_01 conducted under the auspices of the Polish 
Society of Surgical Oncology. Nowotwory. Journal of Oncology. 2018; 
68(3): 118–126, doi: 10.5603/njo.2018.0019.

2. Jankowski M, Rutkowski A, Zegarski W, et al. The surgical treatment 
of rectal cancer in Poland. The findings of a multi-center observational 
study by the Polish Society of Surgical Oncology (PSSO-01). Nowotwory. 
Journal of Oncology. 2021; 71(5): 282–289, doi: 10.5603/njo.a2021.0050.

3. Penna M, Hompes R, Arnold S, et al. TaTME Registry Collaborative. 
Transanal Total Mesorectal Excision: International Registry Results 
of the First 720 Cases. Ann Surg. 2017; 266(1): 111–117, doi: 10.1097/
SLA.0000000000001948, indexed in Pubmed: 27735827.

4. Deijen CL, Velthuis S, Tsai A, et al. COLOR III: A multicentre randomized 
clinical trial comparing transanal TME versus laparoscopic TME for mid 
and low rectal cancer. Colorectal Dis. 2016; 18(8): 802–809.

5. Lacy AM, Adelsdorfer C, Delgado S, et al. Transanal Total Mesorectal 
Excision (TaTME): An Updated Perspective. Tech Coloproctol. 2015; 
19(9): 505–507.

6. Atallah S, Albert M, Monson JR. Critical Review of Transanal Total 
Mesorectal Excision: Is It Really a Game Changer? Dis Colon Rectum. 
2013; 56(6): 115–119.

7. Andersen LH, Klein M, Gögenur I, et al. Long-Term Functional Outcome 
Following Transanal Total Mesorectal Excision (TaTME) for Rectal Cancer. 
Ann Surg Oncol. 2018; 25(4): 1031–1036.

8. Rullier E, Denost Q, Vendrely V, et al. Low rectal cancer: classification 
and standardization of surgery. Dis Colon Rectum. 2013; 56(5): 560–567, 
doi: 10.1097/DCR.0b013e31827c4a8c, indexed in Pubmed: 23575394.

9. Tejedor P, Arredondo J, Simó V, et al. The role of transanal compared to 
laparoscopic total mesorectal excision (taTME vs. lapTME) for the treat-
ment of mid-low rectal cancer in obese patients: outcomes of a mul-
ticenter propensity-matched analysis. Updates Surg. 2023; 75(8): 
2191–2200; Erratum in: Updates Surg. 2024; 76(1): 329, doi: 10.1007/
s13304-023-01676-4, indexed in Pubmed: 37903996.

10. Li Ze, Liu H, Luo S, et al. Long-term oncological outcomes of transanal 
versus laparoscopic total mesorectal excision for mid-low rectal 
cancer: a retrospective analysis of 2502 patients. Int J Surg. 2024; 
110(3): 1611–1619, doi:  10.1097/JS9.0000000000000992, indexed 
in Pubmed: 38091943.

11. Ammann Y, Warschkow R, Schmied B, et al. Is survival after transanal 
total mesorectal excision (taTME) worse than that after traditional total 
mesorectal excision? A retrospective propensity score-adjusted cohort 
study. Int J Colorectal Dis. 2024; 39(1): 28, doi: 10.1007/s00384-023-
04591-7, indexed in Pubmed: 38376756.

12. Parnasa SY, Mizrahi I, Helou B, et al. Incidence and Risk Factors for Low 
Anterior Resection Syndrome following Trans-Anal Total Mesorectal 
Excision. J Clin Med. 2024; 13(2), doi: 10.3390/jcm13020437, indexed 
in Pubmed: 38256571.

mailto:marek.bebenek@pwr.edu.pl
mailto:marek.bebenek@dcopih.pl
http://dx.doi.org/10.5603/njo.2018.0019
http://dx.doi.org/10.5603/njo.a2021.0050
http://dx.doi.org/10.1097/SLA.0000000000001948
http://dx.doi.org/10.1097/SLA.0000000000001948
https://www.ncbi.nlm.nih.gov/pubmed/27735827
http://dx.doi.org/10.1097/DCR.0b013e31827c4a8c
https://www.ncbi.nlm.nih.gov/pubmed/23575394
http://dx.doi.org/10.1007/s13304-023-01676-4
http://dx.doi.org/10.1007/s13304-023-01676-4
https://www.ncbi.nlm.nih.gov/pubmed/37903996
http://dx.doi.org/10.1097/JS9.0000000000000992
https://www.ncbi.nlm.nih.gov/pubmed/38091943
http://dx.doi.org/10.1007/s00384-023-04591-7
http://dx.doi.org/10.1007/s00384-023-04591-7
https://www.ncbi.nlm.nih.gov/pubmed/38376756
http://dx.doi.org/10.3390/jcm13020437
https://www.ncbi.nlm.nih.gov/pubmed/38256571


357

The phenomenon of the BRAF and TERTp mutational duet 
in melanoma and other cancers

Dagmara Rusinek1  , Aleksandra Pfeifer1  , Artur Zajkowicz1  , Karolina Tęcza1  ,  
Jolanta Pamuła-Piłat1  , Anna M. Czarnecka2  , Małgorzata Oczko-Wojciechowska1  

1Department of Clinical and Molecular Genetics, Maria Sklodowska-Curie National Research Institute of Oncology, Gliwice Branch, Poland 
2Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland

 The unique oncogenic duo of BRAF and TERT promoter (TERTp) variants was demonstrated to be associated with 
aggressiveness and poor prognosis in several different cancer types, including melanoma and thyroid cancer. It has 
been shown that the coexistence of BRAF and TERTp variants has a significantly more substantial impact on clinical 
outcomes than the presence of mutated BRAF or TERTp alone. At the same time, the co-occurrence of BRAF and TERTp 
variants may also be the Achilles Heel of cancer cells in the context of targeted therapies’ effectiveness. This paper 
aims to summarize data from tumors in which clinically significant variants in BRAF and TERTp were documented as 
prognostic or predictive markers. 
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Introduction
Cutaneous melanoma (cuMM) represents only 4% of all skin 
cancers. However, it is responsible for 80% of all skin cancer 
deaths, which makes it the most lethal of all primary cutaneous 
neoplasm types. In the last few decades the cuMM incidence 
rate has risen steadily worldwide among light-skinned popula-
tions. The National Cancer Institute Surveillance, Epidemiology, 
and End Results Program (SEER) database ranked melanoma 
of the skin in 5th place of frequency for 2024, estimating it will 
account for 5% of all new cancer cases in the United States 
[1]. In Poland, in turn, according to the World Health Organi-
zation (WHO) statistics, cuMM was the 16th most common 
cancer type in men and women in 2022 [2]. While increase 
of cuMM incidence is still substantial in most European coun-
tries, in several high-risk countries, like Australia, a decrease/ 
/stabilization in melanoma incidence has been reported, 
thanks to effective public health campaigns and increased 
sunscreen accessibility [3]. 

Early cuMM detection is critical since it gives a better 
prognosis. According to the SEER database, the 5-year re-
lative survival rate for melanoma skin cancer is 100% when 
it is localized. However, the 5-year relative survival drops to 
74% and 35% in regional and distant cuMM, respectively [1]. 
Until recently, cuMM was considered a cancer that is highly 
resistant to traditional treatment involving surgical resection 
of the lesion and adjuvant treatment (chemo- and radiothera-
py). Nevertheless, a better understanding of the biology of me-
lanoma and the introduction of targeted therapies and im-
munotherapy have significantly improved the effectiveness 
of therapeutic approaches in recent years. That said, there is 
a strong need for biomarker identification that would enable 
the usage of personalized medicine that can be individually 
tailored to the patient and/or tumor. An ideal solution would 
be to identify unique molecular markers that would improve 
patients’ diagnostics and/or risk stratification and treatment. 
However, published data show that many oncogenic drivers 
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are common for different tumor types and do not segregate 
by organ of tumor origin. These observations provide new 
opportunities in therapies by classifying cancers based on 
genomic aberrations and using similar molecular therapeutic 
approaches regardless of tumor histology. This has allowed 
the development of so-called tumor-agnostic targeted thera-
pies that use the same drug to treat different cancer types with 
the same genetic variant detected [4]. To date, six molecular 
markers have achieved tissue-agnostic indications in patients 
with advanced solid tumors. Among them, there is a BRAF 
variant, NM_004333.6(BRAF):c.1799T>A (p.Val600Glu) (from 
now on referred to as the BRAF V600E variant), the presence 
of which is related to the possibility of applying a combination 
of BRAF and MEK inhibitors. This therapy is used primarily in me-
lanoma and anaplastic thyroid cancer. The presence of NTRK 
fusions in solid tumors, in turn, allows the use of larotrectinib or 
entrectinib that targets TRK (tyrosine kinase domain). The other 
biomarkers mentioned above include RET fusions, mismatch 
repair deficiency (dMMR), HER2 overexpression, and TMB-high 
(tumor mutation burden) [4, 5]. 

In the following review, we will focus on two molecular mar-
kers that co-occur in different cancer types, including melanoma, 
and are used as diagnostic, prognostic, and predictive markers: 
BRAF V600 pathogenic variants with emphasis on the BRAF 
V600E one and TERT promoter (TERTp) pathogenic variants. 
These two genes are mutated in a variety of different cancer 
types and have been associated with aggressiveness and poor 
prognosis. However, even though their prognostic role in some 
cancers is beyond doubt, in others, it is still a matter of debate.

BRAF as an oncogene
BRAF is one of the most commonly mutated and best-known 
oncogenes in human tumorigenesis. BRAF kinase belongs 
to the RAF family of serine/threonine kinases, and is a part 
of the mitogen-activated kinase pathway (MAPK), altered 
in most cancers. Its activation results from a ligand binding to 
receptor tyrosine kinases (RTKs), followed by RTKs phospho-
rylation that leads to RAS GTPases activation and dimerization 
of RAF family members. Activated RAF kinases, including BRAF, 
trigger activation of MEK1/2 and ERK1/2 kinases, leading to 
direct and indirect regulation of transcription of genes involved 
in cell proliferation and survival [6]. 

Germline pathogenic variants in the BRAF gene are ra-
rely observed and are associated with developmental syn-
dromes termed RASopathies, like Noonan and LEOPARD 
syndromes,  but mainly the cardiovascular-cutaneous 
(CFC)  syndrome. BRAF germline activating variants are pre-
sent in 50–75% of patients with CFC syndrome [7, 8]. It is a rare 
autosomal dominantly inherited disorder characterized by 
several birth defects, including a distinctive facial appearance, 
short stature, ectodermal tissue abnormalities, congenital heart 
defects, gastrointestinal motility disorders, and intellectual 

disability. There are isolated reports in the literature indicating 
a germline mutation of the V600 variant in CFC syndrome. Most 
observed germline variants of the BRAF gene typically involve 
codons other than V600, and are characterized by milder ERK/
MAPK pathway activation. Analyses performed on cell lines 
show that germline BRAF variants present reduced transfor-
ming capability compared to the most frequent somatic BRAF 
V600E mutation, and have less potency in deregulating BRAF 
function [7]. In turn, somatic variants of the BRAF gene are 
strong oncogenic events reported in aggressive and indolent 
tumors — solid and liquid — in both children and adults. 
The frequency of BRAF oncogenic variants in human mali-
gnancies is reported at 6% [9]. These are the most prevalent 
molecular alterations in melanoma (40–60% of cases), hairy cell 
leukemia (circa 100% of patients), and papillary thyroid carci-
noma (PTC; 29–83% of cases) [10–12]. BRAF V600 variants are 
reported to be present also in many other cancers, including 
cholangiocarcinoma, colorectal cancer, chronic lymphocytic 
leukemia, glioblastoma, GIST (gastrointestinal stromal tumors), 
lung cancer adenocarcinoma, ovarian cancer, kidney cancer, 
pancreatic cancers and others [13]. More than 200 BRAF-mu-
tant alleles have been discovered, with 30 variants functionally 
characterized [14]. BRAF V600E is the most common one (ac-
counts for 70–90% of all BRAF variants) and has the highest 
oncogenic potential. This alteration and other variants within 
the 600 codon belong to class 1 BRAF variants, which are 
RAS-independent and enable BRAF kinase to function as an 
active monomer [15]. Although BRAF V600E presence is usually 
related to a more aggressive course of cancer, it is not only 
present in malignant tumors. It has been reported in some 
benign lesions and neoplasms of low malignant potential, 
like endosalpingiosis [16], metanephric adenoma [17], Erdhe-
im-Chester disease, and Langerhans cell histiocytosis [18] or 
papillary craniopharyngioma [19]. BRAF V600E is also present 
in about 80% of melanocytic nevi, suggesting that it is insuf-
ficient alone to drive oncogenesis [20]. It is well known that 
despite the mutated BRAF kinase activity, most melanocytic 
nevi remain harmless over the course of an individual’s lifetime. 
It has been indicated that oncogenic BRAF plays a dual role: 
induce hyperproliferation and subsequent cell cycle arrest. 
This intriguing duality in the role of oncogenic BRAF adds 
a layer of complexity to our understanding of cancer biology. 
The prevalent theory explaining this phenomenon is onco-
gene-induced senescence (OIS), with elevated expression 
of p16INK4a and other cyclin-dependent-kinase inhibitors. 
However, the term “senescence”, conventionally defined as 
permanent cell-cycle arrest, has been questioned for the pro-
liferation arrest of melanocytic nevi because nevus recurren-
ce and transformation to primary melanoma is associated 
with cell cycle re-entry. McNeal et al. [21] identified that BRAF 
V600E induces a reversible arrest in human melanocytes di-
rected by MIR211-5p/MIR328-3p regulation of AURKB (aurora 
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kinase B) and conditional on the melanocyte differentiation 
state (differentiated melanocytes vs. melanocyte progenitor or 
stem cells). The Aurora B kinase, as an enzymatic component 
of the Chromosomal Passenger Complex, plays a critical role 
in cell division, but also cell cycle checkpoint, DNA damage 
response by interaction with p53, and normal physiological 
processes. Overexpression and amplification of Aurora B have 
been observed in several human cancers, including melanoma, 
and predict tumor recurrence and poor prognosis [22]. McNeal 
et al. [21] suggested that acquiring the BRAF V600E variant 
permits melanocytes to switch between hyperproliferation 
and mitotic arrest. Moreover, many studies have shown that 
in most tumors with BRAF variants, inactivation of tumor sup-
pressor genes is essential for malignant transformation [23–25].

TERT as an oncogene
The TERT gene encodes the telomerase’s catalytic subunit, 
which regulates telomeres’ length. The telomerase activity is 
silenced in most normal cells, which is related to the shorten-
ing of telomeres in each round of cell division until a critical 
length is reached and the cell enters replicative senescence. 
The number of cell divisions before the senescence is known 
as the Hayflick limit [26–28]. Telomerase expression is main-
tained in selected cells, like stem-like cells and germ cells. In 
cancer cells, telomerase reactivation is a known hallmark of tu-
morigenesis, as more than 90% of all human cancers express 
this enzyme [29]. TERT induction leads to telomerase activation, 
which, by stabilizing the length of telomeres, gives cancer 
cells unlimited proliferative potential. Recent studies indicated 
additional telomere-independent, oncogenic TERT functions. 
These include the impact on non-telomeric DNA damage 
responses, promotion of cell growth and proliferation, control 
of mitochondrial integrity following oxidative stress, and par-
ticipation in the transcriptional regulation of gene expression 
[30]. TERT was found to interact with β-catenin, which stimu-
lates epithelial-mesenchymal transformation (EMT), stemness 
of cancer cells, and thereby cancer metastasis and recurrence 
[31]. Moreover, via interaction with NF-kappaB p65, TERT is 
involved in the up-regulation of metalloproteinases (MMPs) 
expression, contributing to cancer progression [32]. Those 
mentioned above and many more TERT molecular linkages 
and mechanisms of action indicate its strong involvement 
in multiple cancer hallmarks.

The reactivation of TERT in most tumors is mainly a con-
sequence of TERTp variants and focal amplification/rearran-
gements [33]. The most common TERTp variants are C>T 
transitions, located at hot spots -124 bp and -146 bp from 
the transcription start site, referred to as NM_198253.3(TER-
T):c.-124C>T (from now on referred to as C228T variant) 
and NM_198253.3(TERT):c.-146C>T (from now on referred to as 
C250T variant), respectively. These variants were initially found 
in 2013 and reported in 71% of melanoma cases [34, 35]. It has 
been indicated that C228T and C250T affect TERT expression, 

telomerase activity, and telomere length. Both these alterations 
generate an 11 bp nucleotide fragment, “CCCGGAAGGGG”, 
that provides a new binding site for E-twenty-six (ETS) family 
transcription factors [34, 36]. Not long after the discovery, 
TERTp variants were reported as frequent in several different 
tumor types, including 83% of glioblastoma [37], 66% of blad-
der cancer [38], and 47% of hepatocellular carcinoma (HCC) 
[39]. There is a clear separation in the frequency of TERTp 
alterations between tumors with high and low proliferative 
potential [36]. TERTp variants are more prevalent in tumors 
with low proliferative potential, like the melanoma mentio-
ned above, glioblastoma, bladder cancers, and HCC, and less 
frequent in tumors that have high proliferative potential like 
breast cancer (0.9%) [40], testicular germ cell tumors (~3%) 
[41], and myeloid malignancies [42]. So far, TERTp variants have 
been reported in more than 50 distinct cancer types. These two 
hot spot alterations are believed to be a secondary genetic 
event following the deregulation of MAPK or Wnt signaling 
pathways [43]. Moreover, a recent study by Zarif et al. [44] de-
monstrated that the prevalence of TERTp variants varies among 
patients with different cancer types based on race and sex [44]. 
The authors observed a higher frequency of TERTp variants 
in melanomas of patients self-reported as White compared 
to melanomas of patients self-reported as Asian and Black. 
However, Asian patients had more often TERTp-mutated head 
and neck cancer than White patients. Regarding the associa-
tion with sex, in males, TERTp variants were more frequent 
in melanoma, hepatobiliary, and thyroid cancers compared 
to females. In contrast, females were more enriched for TERTp 
variants than males for head and neck cancer.

BRAF and TERTp variants separately and as 
a molecular duet in cutaneous melanoma
Most BRAF variants in melanoma are missense ones deter-
mining amino acid substitution at valine 600. BRAF V600E 
accounts for 70–88% of all BRAF variants in melanoma, followed 
by variants: NM_004333.6(BRAF):c.1798_1799delinsAA (p.Val-
600Lys) (referred to V600K; 5-12%), and NM_004333.6(BRA-
F):c.1799_1800delinsAT (p.Val600Asp) (referred to V600D), 
which, together with the NM_004333.6(BRAF):c.1798_1799de-
linsAG (p.Val600Arg) variant (referred to V600R) account for 
≤ 5% [45]. Detection of BRAF mutational status — post-che-
motherapy — plays a crucial role in determining progno-
sis, together with other factors like age, gender, metastases, 
Eastern Cooperative Oncology Group (ECOG) scale, and lactate 
dehydrogenase (LDH) levels [46]. Shinozaki et al. [47] showed 
decreased overall survival (OS) in patients treated with bio-che-
motherapy for melanoma when the BRAF variant was detected 
in ctDNA compared to patients in whom the BRAF variant was 
not found in serum (13 vs. 30.6 months). In a study by Ardekani 
et al. [48], higher BRAF expression was also associated with 
poor OS in primary melanoma patients, and a correlation 
between BRAF expression and both thickness and ulceration 
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of the tumor was demonstrated [48]. Nevertheless, the presen-
ce of the BRAF V600 variant is a predictive marker determining 
the targeted therapy choice. The first inhibitor of mutated BRAF 
approved by the U.S. Food & Drug Administration (FDA) was 
vemurafenib, and it showed objective response rates of ~50% 
in patients with metastatic melanoma and tumors positive for 
BRAF V600E [49, 50]. Melanomas treated with BRAF inhibitors 
only, develop mechanisms to reactivate MAPK/PI3K/Akt/alter-
native pathways in a short time, and resistance occurs. These 
pathways may be activated through mutations, copy-number 
alterations, and other mechanisms. The most frequent are 
NRAS variants and MEK1/2 variants. Less frequently, PI3K/Akt 
pathway alterations are observed [51]. In order to overcome 
this resistance, a combination of BRAF and MEK inhibitors has 
been proposed. Compared to vemurafenib monotherapy, it 
provides improved OS and a more than 64% response rate [52]. 
At present, analysis of BRAF mutational status is recommended 
in tumors of cutaneous melanoma stage III or IV, and when 
a BRAF V600 variant is detected, a combined BRAF/MEK inhi-
bitors therapy is advised (dabrafenib/trametinib; vemurafenib/ 
/cobimetinib; encorafenib/binimetinib). This targeted therapy 
may be applied as the first-line or after progression on immu-
notherapy with PD-1 inhibitors [53]. Nevertheless, the efficacy 
and effects of this combined therapy may be highly different. In 
some cases, it may result in tumor shrinkage or even complete 
tumor resolution; in others, drug resistance/tumor recurrence 
may be the effect [54, 55]. For this reason, new therapeutic 
strategies are being sought to combat resistance mechanisms, 
and attention has turned to other processes whose inhibition 
could aid in inhibiting cancer cell growth. Inhibition of mitotic 
cell division may be a goal. Targeting Aurora B, the kinase we 
mentioned earlier, with inhibitors is a promising therapeutic 
strategy for cancer treatment [56]. Nevertheless, at present, 
there are no markers that would support clinicians in predic-
ting therapeutic responses of BRAF-altered cancers to BRAF/ 
/MEK inhibitors. 

BRAF V600E was found to be associated with the presence 
of TERTp variants in human cancers, particularly in melano-
ma and thyroid cancers [57–59]. Moreover, this duet has also 
been reported in gliomas [60] and low-grade serous ovarian 
carcinoma [61]. Most TERTp variants in melanoma include two 
aforementioned hot spots — C228T and C250T — that have 
a UV signature with C>T nucleotide substitution [62]. TERTp 
variants were indicated as an independent marker of poor 
survival in patients with cutaneous melanoma [59]. Several 
studies have also demonstrated an association between TERTp 
variants and increased Breslow thickness, as well as tumor 
ulceration [59, 63, 64]. 

The frequency of BRAF V600 and TERTp variant co-oc-
currence in melanoma was reported at 20–25% [63, 65]. 
In a study concerning a selected BRAF-mutated melano-
ma cohort, 72% of cases were positive for TERTp alterations 
[66]. However, there are population-dependent differences 

in the TERTp variant’s frequency. In the Asian population, for 
instance, the prevalence of TERTp C228T and C250T in me-
lanoma was significantly lower compared to the Caucasian 
population, reported as 5.9% and 5.5%, respectively [67]. 
These differences may be due to the dominance of acral 
and mucosal melanomas in the Asian population. Similar 
to the Caucasian population, TERTp mutations were more 
commonly observed in BRAF-mutated tumors. The unique 
coexistence of these two genes’ hot spot alterations is an 
important discovery due to its biological and clinical conse-
quences since BRAF V600 and TERTp variants as a duet are 
a robust driver for the aggressiveness of human cancer. In 
cutaneous melanoma, this mutational duet was reported 
to be strongly correlated with adverse clinicopathological 
parameters, like thickness, high mitotic rate, sentinel node 
metastases, presence of ulceration, and absence of regression 
[63], and these correlations were not significant when each 
of these variants was analyzed alone (BRAF V600 and TERTp va-
riants). This synergistic oncogenicity of BRAF V600E and TERTp 
alterations is associated with strong cooperation betwe-
en these two oncogenes. The mechanism of BRAF V600E/ 
/MAPK pathway-dependent up-regulation of TERT expression 
is the following: the BRAF V600E/MAPK pathway promotes 
the expression of GABPB protein via FOS transcription factor 
phosphorylation and its binding to the GABPB promoter; 
increased GABPB expression leads to formation of the GAB-
PA-GABPB complex, which selectively binds to the mutated 
TERT promoter and in consequence, strongly up-regulates 
its expression (Fig. 1) [65, 68]. Despite the strong negative 
impact of this molecular duo on the clinical course of mela-
noma, recent studies emphasize its simultaneous potential as 
a therapeutic target. Tan et al. [69] showed that the genetic 
duet of BRAF V600E and TERTp variants is the Achilles Heel 
of cancer cells, the most vulnerable therapeutic target. Using 
thyroid cancer, melanoma, and colon cancer cell models, 
the authors showed that dabrafenib and trametinib induced 
apoptosis of cancer cells harboring both variants. Yet, they 
displayed little proapoptotic effect in cells with only the BRAF 
variant. The same results were observed in vivo. What is more, 
after drug withdrawal, tumors harboring only the BRAF variant 
regrew rapidly in contrast to tumors with both alterations 
that remained hardly measurable. It has been hypothesized 
that cancer cells with these alterations evolve to rely on 
BRAF V600E-dependent high TERT expression, which results 
in apoptosis suppression. Therefore, using BRAF/MEK in-
hibitors may lead to apoptosis of cancer cells and tumor 
elimination. In a clinical setting, Thielmann et al. [66] also 
demonstrated better therapeutic responses in patients with 
melanoma harboring BRAF/TERTp variants with more pro-
longed progression-free survival (PFS) and OS compared 
to patients with only BRAF-positive melanoma. However, 
the authors did not observe a plateau of durable responses, 
as reported by Tan et al. [69] in an in vitro study.
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BRAF and TERTp variants as a molecular duet 
in other cancers
Thyroid cancers
Thyroid cancers (TC) are at the forefront in terms of BRAF V600E 
frequency, which plays a fundamental role in tumorigenesis 
and progression of TC, and papillary thyroid carcinoma (PTC) 
in particular. TERTp variants — C228T and C250T — are most 
common in more aggressive TCs with a frequency as follows: 
11.3% in PTC, 17.1% in follicular thyroid carcinoma (FTC), 14.6% 
in Hurthle cell carcinoma (HCC), 43.2% in poorly differentiated 
carcinoma (PDTC), and 40.1% in anaplastic thyroid carcinoma 
(ATC) [57]. No TERTp variants were found in medullary thyroid 
carcinoma or benign thyroid tumors. Regarding the clinical 
impact of BRAF V600E and TERTp variants in TCs, mutated 
BRAF alone demonstrated associations with poor prognosis 
factors. However, the coexistence of BRAF V600E/TERTp variants 
showed a much more substantial negative impact in terms 
of clinical outcome. Shen et al. [70], in the analysis of the 388 
PTC cohort (TCGA database), reported that BRAF/TERTp positive 
mutational status was associated with older patient age, extra-
thyroidal invasion, advanced disease stages III/IV, larger tumors, 

distant metastases, disease recurrence and patient mortality. 
BRAF V600E alone, in turn, was only associated with extrathyro-
idal invasion. In our study, although a smaller PTC cohort was 
analyzed, similar data were obtained supporting the meaning 
of the BRAF V600E/TERTp duet in the progression of PTC [71]. 
We reported a strong association of BRAF and TERTp alteration 
coexistence with gender, advanced age of patients, T3 and T4 
stage of disease, lymph node metastases, larger tumor size, 
and infiltration of the tumor capsule. It was also demonstrated 
that these two alterations might play a role in the dedifferen-
tiation of thyroid cancer, leading to TC formation with a status 
known as RAI (radioactive iodine)-refractory DTC (RAIR-DTC) 
[72]. Currently, multikinase inhibitors — sorafenib and lenvati-
nib — are recommended for treating patients with RAIR-DTC. 
Yet, these drugs are associated with significant adverse effects 
that lead to dose reduction and temporary or permanent di-
scontinuation in many patients. Because of the positive effects 
of BRAF/MEK inhibitors in BRAF-mutated melanoma patients, 
their use was also studied in RAIR-DTC patients with promising 
results in some cases [73, 74]. However, the mutational status 
of TERTp was not considered in these studies. Su et al. [75] were 
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Figure 1 . BRAF and TERT oncogenic cooperation mechanisms. The main model of BRAF V600E and TERTp variants’ oncogenic cooperation is through the BRAF 
V600E-activated MAPK pathway — FOS phosphorylation — acting as a transcription factor of the GABPB gene. The GABPB, in turn, is part of the GABP complex 
that recognizes the ETS binding motif within the TERT gene promoter, created de novo due to either C228T or C250T variants. The BRAF V600E-activated 
MAPK pathway may also promote TERT expression via MYC. This model is TERTp variant independent
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the first to report the effectiveness of anlotinib (a multitarget 
tyrosine kinase inhibitor) treatment in a patient with BRAF- 
and TERTp-mutated RAIR-DTC. The authors speculated that 
the presence of BRAF V600E/TERTp mutational duet might be 
a predictive marker for the beneficial effect of anlotinib therapy. 
More data is needed to confirm this hypothesis. 

The interaction of mutated BRAF and TERTp on the mo-
lecular level in TCs may differ from mechanisms observed 
in melanoma, as reported by Song et al. [76]. The Authors 
demonstrated that GABP and ETS1 expression, previously as-
sociated with BRAF V600E/MAPK-dependent up-regulation 
of TERT, was not significantly affected by mutated BRAF in PTCs. 
Instead, BRAF V600E/MAPK activation triggered ETV1, ETV4, 
and ETV5 up-regulation in TCs. These ETS factors, induced by 
mutated BRAF, bind directly to the TERTp and activate it.

Gliomas
Gliomas represent the most common central nervous system 
(CNS) tumors. The prevalence of BRAF V600 variants in glio-
mas is reported as 15.4% in adults and 17.0% in pediatric 
patients [77]. TERTp variants, in turn, are present in 24.4%, 
38.7%, and 44.9% of glioma cases with grades II, III, and IV 
(according to the WHO classification from 2016), respectively 
[78]. Discovery of BRAF alterations in CNS tumors opened new 
therapeutic possibilities for these patients [79]. Still, the effica-
cy of mutated BRAF inhibitors varies qualitatively by glioma 
histologic subtype. It has been demonstrated that additional 
molecular events, including loss of CDKN2A or telomerase 
reactivation, may significantly influence the clinical outcome 
in BRAF-mutated tumors [80, 81]. According to the latest 
WHO classification of CNS tumors, TERTp variants should 
be analyzed in patients with IDH-wild type diffuse glioma, 
and their presence is sufficient for diagnosing glioblastoma 
G4 [82]. The role of TERTp mutations in glioblastoma onco-
genesis is beyond any doubt. Nevertheless, its prognostic 
impact remains controversial [83]. It has been indicated that 
the prognostic value of TERTp variants may depend on tumor 
grade and IDH mutational status [84]. The co-occurrence 
of TERTp and IDH variants in low-grade gliomas (LGG) was 
shown to be associated with better overall survival, similar 
to gliomas with TERTp, IDH variants, and 1p/19q co-deletion. 
However, patients without TERTp and IDH variants and those 
with 1p/19q co-deletion showed poor survival. The presence 
of TERTp variants only, in turn, seems to be associated with 
aggressive tumors and poor prognosis [85].

The coexistence of BRAF V600E and TERTp variants was 
observed to be enriched in more aggressive, high-grade 
tumors [81, 86]; still, it is not as common as in melanoma or 
PTC. The molecular mechanism of mutated BRAF and TERTp 
interaction in glioma is similar to that described in melano-
ma, and is based on the ETS1 up-regulation via the MAPK 
pathway and its binding to mutated TERTp, which leads to 
TERT activation [60].

Serous ovarian carcinoma
Serous carcinoma is a predominant type of epithelial ovarian 
cancer (EOC) and is classified into two main subtypes: high-grade 
serous carcinoma and less common low-grade serous carcinoma 
(LGSC). The frequency of the BRAF V600E variant varies from 2% 
to 38% in LGSC [87–89]. It is also found in up to 48% of serous 
borderline tumors [90]. There are studies showing an association 
between the presence of the BRAF V600E and early-stage dise-
ase and improved prognosis in LGSC [89]. Moujaber et al. [91], 
in turn, reported that most women with BRAF-mutated LGSC 
were diagnosed at an advanced stage. Moreover, recurrent BRAF 
V600E-positive LGCS was not responsive to chemotherapy. Ho-
wever, the use of a BRAF inhibitor, dabrafenib, gave a sustained 
response. The data about BRAF/TERTp mutational duet in ovarian 
cancer are scarce. Tavallaee et al. [61] first reported a case study 
of LGSC recurring as a carcinosarcoma in a lymph node with BRAF 
V600E and TERTp C228T alterations present in both primary and re-
current tumors. This case may support a hypothesis of the syner-
gistic effect of this mutational duet in this patient’s LGSC that led 
to an aggressive clinical course and high-grade transformation. 

Soft tissue sarcoma
BRAF alterations are rare in soft tissue sarcoma (STS) cases, 
with a frequency of 1.2% and BRAF V600E presence between 
0.3–0.6% [92]. Kobayashi et al. also showed that the most fre-
quent variants accompanying BRAF V600E mutation in STS con-
cerned the CDKN2A gene and TERTp. The percentage of BRAF/ 
/TERTp mutated STS is small, yet it should not be marginalized 
considering the clinical importance of these two molecular 
events’ co-occurrence. Several case reports have documented 
the presence of the BRAF variant in various sarcoma subtypes, 
including malignant peripheral nerve sheath tumors (MPNST), 
clear cell sarcoma, synovial sarcoma GIST, undifferentiated ple-
omorphic sarcoma, and Ewing sarcoma. However, these cases 
exhibit significant differences in treatment approaches, such 
as the use of specific drugs and whether BRAF/MEK inhibition 
was combined or used as monotherapy [93–96].

Conclusions
There is no doubt that the BRAF/TERTp mutational duet plays 
an important role in tumorigenesis, progression, and the ag-
gressiveness of cancer cells. It has also been demonstrated that 
the coexistence of these two alterations makes cancer cells 
more sensitive to BRAF and MEK inhibitors, as their survival be-
comes dependent on BRAF V600E-induced TERT up-regulation. 
Further studies are needed to elucidate the dual role of this 
molecular duet and its translation into targeted therapies that 
could be used in different types of cancer.
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 Various dermatoscopic algorithms are used to diagnose skin lesions. There are specific dermatoscopic structures that 
suggest malignancy. Despite constant progress in dermatoscopy, the method has its limitations. There is a group 
of pigmented lesions that we cannot name in dermatoscopy, or even determine whether they are benign or mali-
gnant. Many benign lesions are excised. The article aims to explain the factors that may cause the discrepancies be-
tween dermatoscopic and histopathologic diagnoses of pigmented skin lesions. The reasons for the discrepancies are 
complex. Different structures are evaluated in dermatoscopy (pigment distribution) and histopathology (architecture 
and morphology of melanocytes). Every single dermatoscopic structure can be seen both in benign and malignant 
lesions. Some early melanomas lack specific dermatoscopic criteria. Finally, there is no consensus among pathologists 
regarding the final diagnosis in the group of melanocytic lesions. Despite its limitations, dermatoscopy significantly 
increased melanoma detection, especially in the early stages.
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Introduction
Dermatoscopy is a noninvasive technique for diagnosing skin 
lesions. One of the applications is the diagnosis of pigmen-
ted skin lesions (PSL) and differentiation between melanoma 
and nevus. The meta-analysis of Vestergard et al. [1] showed 
that the relative diagnostic odds ratio for melanoma, for der-
matoscopy vs. the naked eye examination, was 9.0 [95% confi-
dence interval (CI) 1.5–54.6; p = 0.03] and 15.6 (95% CI 2.9–83.7; 
p = 0.016), (depending on studies included in the analysis). 
Moreover, the sensitivity for dermatoscopy was estimated as 
0.9 (95% CI 0.8–0.95) — higher than the naked eye examination 
[0.71 (95% CI 0.59–0.82)] [1]. In the same study, the specificity 
of dermatoscopy was evaluated as 0.9 (95% CI 0.57–0.98) [1].

Over the decades, the approach to clinical, dermatoscopic, 
and pathological diagnosis of melanoma has evolved towards 
earlier recognition of cancer [2]. Medical training focused on 
“how not to miss melanoma”, which led to increased awareness, 
detection, and treatment of melanocytic tumors. The threshold 
for diagnosing melanoma has been lowered. Failure to reco-
gnize melanoma may have serious consequences for patients 
and doctors. The decision to excise the lesion is based mainly 
on dermatoscopy examination.

This narrative review aims to clarify the discrepancies be-
tween dermatoscopic and histopathologic diagnoses of PSL 
on non-facial non-acral skin. These discrepancies may explain, 
at least in part, why so many benign lesions are removed.
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Basic rules of dermatoscopy of pigmented skin 
lesions
Dermatoscopic criteria for PSL evolved over decades, which re-
flects the process of understanding the method and the need 
for simple algorithms that can be easily used in everyday 
practice. Different algorithms help to diagnose pigmented skin 
lesions, such as the ABCD rule, the 3-point checklist, the 7-point 
checklist, color, architecture, symmetry, and homogeneity 
(CASH), and chaos and clues [3]. One of the most widespread 
methods is an algorithmic system based on pattern analysis 
developed by Kittler et al. [4]. In short, the method uses basic 
elements (lines, dots, clods, circles, pseudopods) and colors to 
describe a lesion. The same elements form basic patterns (for 
example, reticular pattern, parallel pattern, pattern of dots). Col-
ors depend on the type and distribution of pigment. The main 
pigment is melanin, followed by hemoglobin and keratin. Apart 
from patterns and colors, there are also clues to malignancy 
and specific diagnosis.

To sum up, patterns + colors + clues = diagnosis. The le-
sions could present many patterns and colors, distributed sym-
metrically or asymmetrically. Chaos is the asymmetry of struc-
tures, border abruptness, or colors [4]. The basic melanoma 
model includes more than one pattern or/and more than 
one color distributed asymmetrically with at least one clue 
to malignancy [5].

Discrepancies between dermatoscopic 
and histopathologic examination
The main difference between dermatoscopy and patomorpho-
logy of PSL is that dermatoscopy evaluates mainly the distribu-
tion and color of pigment (melanin), whereas histopathological 
examination is based on the architecture and cytomorphology 
of melanocytes. In dermatoscopy, structures are two-dimensio-
nal on a horizontal plane, and we cannot see the deeper parts 
of the lesion. With dermatoscopy, we can examine the whole 
lesion, compare it with the patient’s other lesions, and follow it 
up. Histopathological examination remains the gold standard. 
We can assess the whole depth of the lesion and the cell mor-
phology on vertical sections, but only about 2% of the lesion 
is examined [6]. It is crucial to understand that not every me-
lanocytic lesion is pigmented, such as amelanotic melanomas 
and a group of dermal nevi. In such cases no pigment can be 
found in dermatoscopy, and other structures are evaluated 
(mainly the pattern of vessels). On the other hand, not every 
PSL has a melanocytic origin.

Melanin
The process of melanin synthesis is called melanogenesis. 
Melanocytes, localized in the basal layer of the epidermis, 
produce melanin in melanosomes. They contact up to 40 ke-
ratinocytes to form epidermal-melanin units. Melanin-loaded 
melanosomes concentrate at melanocytic dendrites and are 

transferred to keratinocytes. In keratinocytes, melanin forms 
caps upon the nuclei to protect against ultraviolet radiation 
(UV). Then, via a process called autophagy, the melanin is 
degraded upon keratinocyte terminal differentiation [7–9].

The accumulation of melanin is higher in the basal layer 
of the epidermis but can be in the upper layers, including 
the stratum corneum. Melanin granules could be found 
in the dermis, as well. They could fall from the epidermis or 
be released by melanocytes. Some melanin is phagocyted 
by macrophages called melanophages. To sum up, we can 
find melanin granules in 1) melanocytes, 2) keratinocytes, 3) 
macrophages (melanophages), or 4) lie free in the epidermis 
or dermis. Figure 1 shows irregular melanin deposits on dif-
ferent levels of the epidermis and the dermis. Figure 2 shows 
dermatoscopy and histopathology of lentigo simplex (A, B) 
and the melanocytic nevus with melanin deposits in stratum 
corneum (C, D).

Nonmelanocytic lesions classified as nevus or 
melanoma
Reticular lines are probably the most common pattern 
of melanocytic lesions. The formation of reticular lines co-
mes from the skin structure. The dermo-epidermal junction 
is not a flat line but is wavy to form rete ridges and dermal 
papillae. In nonmelanocytic lesions in rete ridges, pigmen-
ted keratinocytes are grouped and look darker in dermato-
scopy than keratinocytes over dermal papillae. In melanocy-
tic lesions, the formation of reticular lines is more complex. 
When melanocytes are not pigmented, the reticular lines 
are created like in nonmelanocytic lesions (only by me-
lanin in keratinocytes). When melanocytes are pigmen-
ted, reticular lines can be formed by nests of melanocytes 
in rete ridges with or without pigmentation of keratinocy-
tes [4]. Among nonmelanocytic lesions that can present 
with reticular lines are solar lentigo, seborrheic keratosis, 
and dermatofibroma. Figure 3 shows the pigment network 
in melanocytic (nevi, lentigo simplex) and nonmelanocytic 
lesions (dermatofibroma).

Figure 2 shows dermatoscopy and histopathology of len-
tigo simplex (A, B) and the melanocytic nevus with melanin 
deposits in stratum corneum (C, D).

Many nonmelanocytic lesions have pigmented variants 
and may mimic melanocytic lesions. Among them are be-
nign and malignant epidermal and appendageal tumors [such as 
basal cell carcinoma (BCC), actinic keratosis (AK), squamous cell 
carcinoma (SCC), melanoacanthoma, poroma, lichen planus- 
-like keratosis (LPLK)], cutaneous metastases of malignancy, 
exogenous pigmentation. In these lesions, pigmented struc-
tures such as lines, globules, dots, structureless areas, and circ-
les can be found. The topic is extensive, and the discussion 
of the dermatoscopy pathology correlations in each pigmen-
ted lesion goes beyond the scope of the article.
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Melanoma vs. nevus
In dermatoscopy, we cannot see where melanin is deposited 
(melanocytes, keratinocytes, melanophages, extracellularly) 
but we can see colors. Colors (black, dark brown, light brown, 
gray, blue) correspond to the layer in the epidermis or dermis 
of pigment (melanin) deposition (Tab. I) [4].

According to the chaos and clues method introduced 
by Rosendahl et al., there are nine clues to malignancy: 

1) eccentric structureless area, 2) peripheral black dots 
or clods, 3) thick reticular lines, 4) grey or blue structures, 
5)  segmental radial lines or pseudopods, 6) white lines, 
7) polymorphous vessels, 8) angulated lines, 9) parallel lines 
on the ridges (acral) [5, 10]. The algorithm helps a clinician 
select lesions that should be excised or biopsied. We do not 
discuss parallel lines on the ridges as we focus on non-facial 
non-acral lesions.

Figure 1 . Irregular melanin deposits on different levels of the epidermis and the dermis; A . Lentiginous nevus; B . Junctional nevus; C, D . Superficial 
spreading melanoma

Figure 2 . A . Lentigo simplex with irregular pigmentation. The lesion was misdiagnosed as atypical nevus and excised; B . Histopathology of lentigo simplex. 
Hyperpigmentation of basal layer of keratinocytes with proliferation of melanocytes; C, D . Melanin deposits in stratum corneum. The melanocytic nevus 
A . before and B. after removing the horny layer of the epidermis
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Eccentric structureless area
The meaning of an eccentric structureless area is defined by its 
color. When it’s black, dark brown, light brown, grey, or blue, it 
represents melanin deposits on different levels in the epidermis 
and dermis. Irregular deposits of melanin may correlate with 
the proliferation of malignant melanocytes. Moreover, grey 
and white colors may represent areas of regression when 
lymphocytes attack neoplastic melanocytes and induce fi-
brosis. Red areas may correspond to increased blood flow 
in the lesion. Lallas found that irregular areas (blotches) were 
present in 41% of invasive melanomas, 18% of melanoma 
in situ (MIS), as well as in 14% of excised nevi, and 5% of non-
-excised nevi [11].

Peripheral black dots or clods
Peripheral clods are clues to the growth of the lesion, which 
is a frequent event in adolescence, but suggests malignancy 
in adult patients.

One of the vital histopathologic criteria of melanoma is 
pagetoid spread of atypical melanocytes. That means that aty-
pical melanocytes go up to superficial layers of the epidermis. 
Figure 4 shows melanocytes in A) melanoma, B) normal skin, 
and C) blue nevus. If melanocytes contain melanin deposits, 
we can see dark brown or black globules and clods. However, 
similar structures (dark brown or black) could be observed in ir-
ritated nevi, when melanin deposits lie free in the horny layer. 
Lallas et al. [11] found irregular dots or globules in 69% of in-
vasive melanomas, 50% of MIS, 54% of excised nevi, and 54% 
of non-excised nevi. They also found that not only peripheral 
dots and clods but also irregular small black or dark brown 
areas in the central parts of a lesion (irregular hyperpigmen-
ted areas and blotches) were indicators of MIS [11].

Thick reticular lines
As mentioned above, reticular lines in nevi are formed by 
pigmented nests of melanocytes in rete ridges or by pig-
mented keratinocytes. In such cases, reticular lines are thin, 
and lines are narrower than holes. On the opposite in thick 
reticular lines, holes are small, and lines are broader. This 
pattern is developed when pigmented nests of melanocytes 
are in a horizontal position and go beyond the rete ridges. 
In melanoma, this may correspond to the confluence of in-
traepidermal nests or confluent proliferation of neoplastic 
melanocytes along the basal layer of the epidermis. In nevi, 
a large amount of melanin deposited in the upper layers 
of the epidermis creates thick lines. In metaphoric langu-
age thick reticular lines are part of an atypical network. In 
the study by Lallas et al. [11], an atypical network was present 

Table 1 . Colors in dermoscopy correspond to melanin deposits at different 
levels of the epidermis and dermis. Adapted from Kittler et al. [4]

Color in dermoscopy Melanin deposits

Black Horny layer

Dark brown Epidermis, big deposits

Light brown Epidermis, small deposits

Grey Papillary dermis

Blue Reticular dermis

Figure 3 . Pigment network; A, B . Melanocytic nevi; C . Lentigo simplex; D . Dermatofibroma
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in 66% of invasive melanomas, 85% of MIS, 83% of excised 
nevi, and 55% of non-excised nevi.

Grey and blue structures
Grey and blue structures are observed in melanomas, pigmen-
ted basal and squamous cell carcinomas, as well as in common 
and blue nevi. Grey and blue structures include lines, clods, 

dots, circles, and structureless areas. A grey color corresponds 
to melanin deposition in the papillary dermis, whereas a blue 
color correlates with melanin in the reticular dermis (deep 
dermis). In histopathological examination, pigment is in me-
lanocytes, macrophages, or both. Figure 5 shows melanin 
deposits in the reticular dermis. Grey circles correspond to 
melanin around the hair infundibula, and are more common 

Figure 4 . SOX-10 nuclear staining highlighting melanocytes; A . Melanoma with pagetoid spread of atypical melanocytes; B . Normal skin adjacent to 
melanoma with melanocytes only in the basal layer of epidermis; C . Blue nevus with melanocytes in the reticular dermis

Figure 5 . Melanin deposits in the reticular dermis. The pigment is in melanocytes or macrophages; A, B . Blue nevus; C, D . Melanoma metastasis. Compare 
the morphology of melanocytes in blue nevus (regular spindle cells with regular nuclei) and melanoma metastasis (atypical cells of various sizes with 
hyperchromatic nuclei)
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in the face, but can be found in any part of the body. Lallas 
et al. [12] found blue structures in benign (blue nevi, angiomas, 
seborrheic keratoses) and malignant tumors (melanomas, 
BCC). It was shown that blue clods or irregular structures, 
combination of blue color and gray or linear vessels are clues 
to malignancy. Braun et al. [12] found multiple blue-grey dots 
(granularity) in 26,5% of benign lesions and in 93,5% of me-
lanomas. In the prospective part of the study, 3773 lesions 
were examined. They found 41 (1%) lesions with blue-grey 
granularity (11 melanomas, 12 high-grade dysplastic nevi, 
eight congenital nevi, four low-grade dysplastic nevi, and three 
lichen planus-like keratosis) [12].

In metaphoric language, blue and white structureless are-
as are called a blue-white veil. In a study by Lallas et al. [11], 
a blue-white veil was present in 24% of invasive melanomas, 
10% of MIS, 16% of excised nevi, and 4% of non-excised nevi. 
Blue-grey regression was present in 66% of invasive melano-
mas, 80% of MIS, 80% of excised nevi, and 49% of non-excised 
nevi [11].

Recently, peripheral hyperpigmented microcircles were 
proposed as a novel dermatoscopic clue to non-facial non-
-acral melanoma [13].

Segmental radial lines or pseudopods
Irregular radial lines or pseudopods in melanoma correspond 
to the extension of the intraepidermal nests beyond the der-
mal component, and are signs of radial growth of the le-
sion. Symmetrical radial lines or pseudopods are also observed 
in Spitz nevi: benign neoplasms with specific genetic altera-
tions and a distinctive histological presentation. Moreover, 
radial lines are found in pBCC and pSCC. Lallas et al. [11] sho-
wed irregular lines (streaks) in 26% of invasive melanomas, 
28% of MIS, 28% of excised nevi, and 7% of non-excised nevi.

White lines
White lines are whiter than normal skin and correlate to incre-
ased collagen and stromal alteration. Some white lines can 
only be seen in polarised light, they are shiny and oriented 
perpendicularly. They are detected in both malignant and be-
nign lesions, such as melanomas, basal cell carcinomas, nevi, 
seborrhoeic keratoses, dermatofibromas, and others. It was 
shown that the presence of white lines increases the risk of ma-
lignancy and risk of invasive melanomas vs. in situ melanomas 
by a factor of 10 [14].

Polymorphous vessels
In polymorphous vessels (also called atypical vessels), more 
than one pattern is seen (including lines, dots, and clods). In 
histopathology, they reflect increased vessel formation/dilata-
tion due to uncontrolled tumor growth. Polymor phous vessels, 
especially with dotted type, suggest melanoma diagnosis. 
Lallas et al. [11] showed that atypical vessels were present 
in 35% of invasive melanomas, and 30% of MIS, but also in 34% 

of excised nevi and 10% of non- excised nevi. Polymorphous 
vessels can be found also in BCC (1.8–8.6%) [15, 16] and SCC 
(8.9%) [17] .

Angulated lines
Angulated lines are lines that connect at different angles for-
ming polygons. Histopathology of extrafacial lentigo maligna 
can show lines of atypical melanocytes with melanophages 
below neoplastic cells, with no relation to hair follicles (in con-
trast to facial lentigo maligna) [18]. Jaimes et al. [19] found an-
gulated lines in 44% of melanomas. They are more common on 
chronic sun-damaged skin. Lallas et al. found angulated lines 
in 20% of invasive melanomas, 11% of melanomas in situ, 5% 
of excised nevi, and 2% of non-excised nevi [11, 12].

As presented above, the clues for malignancy can be 
seen not only in melanoma or skin cancers but also in nevi 
and non-melanocytic tumors. However, regardless of which 
diagnostic algorithm you choose to diagnose skin lesions, 
the diagnostic  value is comparable. Carrera et al. [3] analy-
zed  the diagnostic accuracy of six simplified algorithms 
(the 7-point checklist, CASH, Menzies method, the ABCD rule, 
the 3-point checklist, and chaos and clues). Their sensitivity 
varied between 69 and 95%, and their specificity was 25 to 59%. 
The diagnostic accuracy was estimated as modest variable 
agreement between doctors was demonstrated for various 
dermatoscopic criteria [3].

Hemoglobin and keratin
In certain situations, hemoglobin and keratin may mimic me-
lanin deposits and suggest a diagnosis of a melanocytic lesion. 
On dermatoscopy, hemoglobin is usually red or purple, but 
thrombosed blood produces a dark red or black color. The best 
example is subungal hematoma imitating acral melanoma. Ke-
ratin comes from the stratum corneum and is white or yellow, 
but when mixed with melanin, it turns orange or light brown. 
For this reason, many seborrheic keratoses are misdiagnosed 
as nevi or melanomas [4].

Micromelanomas and featureless melanomas
“Micro-melanoma”, “small diameter melanoma”, and “mini-me-
lanoma” are names for melanoma with a diameter less than 5 or 
3 mm [20–22]. Some small melanomas cannot be diagnosed 
by dermoscopy during the first examination [20–26]. However, 
as Słowińska et al. [22] showed, the 7-point checklist and TADA 
dermoscopic algorithms can help in the majority of cases. 
Spitzoid patterns were the most common in this group of MM, 
followed by multicomponent asymmetric patterns [22]. In 
addition, Ferrara et al. [27] underlined that the diagnostic value 
of dermoscopy over clinical examination is higher in small 
lesions. The difficulty with micro-melanomas is that although 
they are small in diameter, they can already be invasive. In one 
study, only 44 of the 103 mini-melanomas (≤ 5 mm) were mela-
nomas in situ [21]. In another study, 206 suspicious pigmented 
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skin lesions with a diameter ≤ 3 mm were evaluated. Among 
them, 23 cases were diagnosed as melanomas: 4 MIS and 19 
invasive melanomas with Breslow thickness of 0.2 to 1.08 mm 
[20]. The small diameter of a lesion does not exclude the possi-
bility of melanoma diagnosis. In light of these data, it is hard to 
agree with Welch et al. [28] that lesions with a diameter below 
6 mm should not be examined and excised.

“Featureless melanoma” is melanoma that cannot be di-
agnosed on first examination, and only digital dermatoscopy 
monitoring (DDM) and side-by-side comparison of derma-
toscopic pictures allow correct diagnosis [29, 23]. Słowińska 
et al. [22] showed that among 50 micro-melanomas (< 5 mm) 
staged pTis and pT1a, 40% did not present with specific mel-
anoma criteria. Babino et al. [29] compared melanomas (di-
agnosed on first examination or with digital dermoscopy 
monitoring) and benign lesions. They showed that approxi-
mately 60% of melanomas detected on DDM did not present 
with specific melanoma criteria, and were found only based 
on a comparison of dermatoscopic images taken at specific 
time intervals. On follow-up visits, when melanomas showed 
melanoma-specific criteria, irregular hyperpigmentation was 
the most frequent one [29]. 

Kittler et al. [23] evaluated 499 lesions that were qualified 
for digital dermatoscopy monitoring and then excised on fol-
low-up visits (after 1.5 to over 8-month intervals). Among these 
lesions, 91 (18%) were melanomas and 408 melanocytic nevi. 
The study confirmed that the evaluation of changes during 
monitoring can improve melanoma detection. On the other 
hand, 408 melanocytic nevi presented with changes in DDM 
were removed as well. Kittler et al. [23] found no significant 
differences between melanoma and nevi in terms of derma-
toscopic changes with short-term follow-up (1.5–4.5 months). 
With longer follow-up (over 8 months), 62% of melanomas 
showed asymmetrical enlargement in comparison to 20% 
of nevi (p < 0.001). Among the independent predictors of ma-
lignancy after a follow-up longer than 4.5 months were broad-
ening of pigment network, focal increase in pigmentation, 
and increase in black dots. Kittler et al. [23] also suggested 
excising the lesion (when the lesion grows irregularly or pres-
ents with regression elements,  or changes in color (new color), 
pigmentation, and structure.

Another vital issue is that histopathologic diagnoses 
of a melanocytic lesion are not always definitive. The study 
by Hosler et al. [30] showed that 24% of melanocytic lesions 
received equivocal diagnoses after independent, blinded eva-
luation by dermatopathologists. In terms of dermatoscopy 
pathology correlation, it was shown that  difficult lesions with 
regression structures in dermatoscopy were also difficult in hi-
stopathological examination.

Conclusions
The reasons for the discrepancies between dermatoscopy 
and histopathology of PSL are complex. First of all, we evaluate 

different structures in dermatoscopy (pigment distribution) 
and histopathology (architecture and morphology of melano-
cytes). Next, dermatoscopic algorithms have limited accuracy 
with varied interobserver agreements. Every single dermosco-
pic structure can be seen both in benign and malignant lesions 
[11, 12, 19]. Nevi may present with melanoma-specific clues 
and change over time to suggest malignancy. On the other 
hand, we must be aware of the lack of specific dermoscopic 
criteria in a selected group of melanomas, including featureless 
and micro-melanomas. Finally, there is discordance among 
pathologists in terms of final diagnoses in a group of melano-
cytic lesions. Difficult dermoscopic lesions may be confusing 
for pathologists as well.

Knowing discrepancies in dermatoscopy pathology cor-
relation is crucial for understanding the method and its limi-
tations. We must be aware that there is a group of pigmented 
lesions we cannot name in dermatoscopy, or even say whether 
the lesion is benign or malignant. Despite its limitations, der-
matoscopy has significantly increased melanoma detection, 
especially in the early stages.
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Basal cell carcinoma (BCC) is a malignant skin cancer. The risk 
of recurrence of BCC within 5 years after surgical excision was 
estimated as 1–8%. [1] Treatment of facial malignant lesions is 
challenging due to the need for complete removal and good 
aesthetic effect. [2] 

A 67-year-old female patient presented erythematous 
lesion and erosion within the right side of the forehead. The le-
sion was surgically removed. Histopathological examination 
confirmed diagnosis of superficial BCC (sBCC) but single 
cancerous cells were found in the lateral margins. Due to 
lack of dermoscopic signs of BCC within the scar and the pa-
tient’s preferences, the lesion stayed under further observa-
tion. The clinical and dermoscopic findings after 6 months 
of observation indicated recurrence of BCC (Fig. 1, 2). Due to 
the patient’s preference for good aesthetic effect, treatment 
with 5% imiquimod was initiated with cream application for 

6 weeks, once daily 5 times a week. During the 3 year follow up, 

the clinical and dermoscopic findings did not reveal any signs 

of recurrence of BCC. Good aesthetic outcome was obtained.

The presented case underlines the importance of careful 

observation in patients with a history of BCC, and shows the ef-

ficacy of the imiquimod in the treatment of recurrent BCC. Thus 

in some cases, non-surgical methods could be considered as 

an alternative for surgical ones. 
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Figure 1 . Clinical presentation of recurrent basal cell carcinoma (BCC) 
on the forehead

Figure 2 . Dermoscopic image of recurrent basal cell carcinoma (BCC) on 
the forehead — linear vessels in the peripheral area and pink and white 
area in the middle of the lesion
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