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Editorial 

ASCO 2022 Cancer Cure: the Hype and the Hope 

Finding a cure for cancer is a quest that motivates many young physicians and researchers 

to choose the Oncology field. Later, during his or her career, confronted with the reality of cancer, 

very often an oncologist feels like a despondent samurai that has to keep on fighting against all 

odds, outnumbered by a ruthless and devious enemy. Every time a cancer clinical trial or a new 

drug is introduced by media as a “cancer cure”, I read the news with a mixture of hope and 

skepticism. Why skepticism? I distinctly remember two previous instances of “cancer cure” pep 

and hype sensationalist media announcements that made me believe for a moment that the 

unforeseen has happened. First, after several exceptional responses to angiostatin in a lung 

cancer mouse model, James Watson declared for the May 3d, 1998 edition of The New York 

Times that “Judah Folkman will cure cancer in 2 years”. Unfortunately, the clinical trials using 

angiostatin in human lung cancer were not as successful and, the pharmaceutical company that 

Judah Folkman created, filed for bankruptcy. Few years later, the patents for angiostatin and 

endostatin, two angiogenesis inhibitors isolated by Folkman, were sold to China and, in 2018, 

Endostar (endostatin) was approved by China's State Food and Drug Administration (CFDA) for 

the treatment of non-small cell lung cancer. Folkman’s brilliant idea to target angiogenesis was 

subsequently picked-up by other pharmaceutical companies and, several years later, bevaci-

zumab and other anti-angiogenic drugs were developed and demonstrated clinical benefit in 

several cancer types. Second, three years later, in May 2001, the cover of Times Magazine 

announced the introduction of Gleevec in the treatment of chronic myeloid leukemia (CML) que-

rying rhetorically whether Gleevec is “the breakthrough we’ve been waiting for”. Well, yes, yes, 

and no. Yes, because Gleevec gave patients with CML a chance for long-term survival and even 

cure. Yes, because Gleevec became the herald of the tyrosine kinase inhibitors (TKIs) era that 

introduced in the oncology armamentarium dozens of targeted small molecules. No, because 

with the exception of CML and few other instances, after a period of initial response, TKIs induce 

therapeutic resistance in most types of cancer.  

On June 5th, 2022 at the American Society of Oncology (ASCO) annual meeting, that took 

place in Chicago, a new “cancer cure” using dostarlimab, a PD-1 inhibitor was publicized. Ac-

cording to Dr. Andrea Cercek’s ASCO presentation, all of the first 14 locally advanced rectal 

cancer patients enrolled in a neo-adjuvant dostarlimab clinical trial responded and none of them 

recurred during follow-up (range, 6 to 25 months). These results, published simultaneously on 

June 5th in the New England Journal of Medicine are stunning. 100% of the 14 patients treated 

https://doi.org/10.53011/JMRO.2022.01.11 
2784 – 0131/Copyright 2022 The Author(s).  

Published by Casa Cărții de Știință
This is an open access article under a CC-BY license



vi 

achieved complete remission that was maintained for at least one year in 50% of them. The 

resolution of symptoms was also very fast, occurring within 9 weeks of starting the treatment in 

80% of the patients. A breakthrough? Of course. The toxicities associated with chemotherapy, 

radiotherapy or surgery were avoided in all the patients treated with dostarlimab. An important 

note though: all rectal tumors were mismatch-repair deficient, which made them particularly sen-

sitive to immunotherapy. Another key point: only 5-10% of rectal cancers are mismatch-repair 

deficient and, therefore, this approach applies only to a minority of rectal cancer patients. In 

conclusion, at this time, it is premature to call dostarlimab the new standard of care treatment 

for locally advanced rectal cancer, as currently we do not know for how long these remarkable 

responses will be maintained. Regardless, the results are outstanding, and, clearly, they repre-

sent a proof of principle and are a breakthrough. Administering the right drug, in the right amount, 

to the right patient, at the right time may cure some forms of cancers. Personalized/precision 

treatments work in selected patients. ASCO 2022? A lot of glitter and hype, but also some real 

hope. 

Doru Paul 

Editor-in-Chief 
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Abstract 

Importance: The epithelial-mesenchymal transition (EMT) is a well-established process 
leading to metastasis, which is responsible for the majority of cancer-related deaths. EMT repre-
sents a critical step in the development of tumors, and is distinguishable through specific charac-
teristics in tumor cells, such as the ability to invade and resist pharmacological treatments. 
Growth differentiation factor 15 (GDF-15) is a distinct member of the transforming growth factor 
β (TGF- β) superfamily which increases metastasis of cells both in vitro and in vivo by inducing 
EMT. 

Observations: High GDF-15 levels in certain cancers, including endometrial, prostate, pan-
creatic, and colorectal cancer (CRC), may be associated with poor clinical outcomes. Higher 
plasma concentrations of GDF-15 have been linked to an increased risk of developing CRC and 
colorectal CRC-related mortality prior to a diagnosis of CRC. It has been observed that surgical 
excision of CRC reduces serum GDF-15, which increases when the tumor progresses, and that 
monitoring serum levels after surgery may aid in the prediction of cancer recurrence. However, 
data showed that GDF-15 regulation promoted 5-Fluorouracil (5-FU) resistance in colon cancer 
and GDF-15 overexpression can re-sensitize 5-FU-resistant tumor cells to chemotherapy, sug-
gesting that GDF-15 may function as a tumor suppressor gene in colon cancer.  
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Conclusions: Functional investigations of GDF-15's role in malignancy are scarce and dis-
puted; prior findings indicate overexpression of GDF-15 in cancers, which contrasts GDF-15's 
potential role as a tumor suppressor. A thorough understanding of the regulatory mechanisms 
of EMT may lead to significant advancements in the treatment and prevention of cancer. 

Keywords: growth/differentiation factor-15, GDF-15, epithelial–mesenchymal transition, 
EMT, colorectal cancer, metastasis, prognostic. 

1. Introduction

Most colorectal cancers (CRCs) cases are 
sporadic and not passed down, even if inherited 
genetic predisposition plays a role in some 
cases. Early CRCs develop genetic and epige-
netic alterations that allow for rapid cell growth, 
resulting in the invasive and metastatic charac-
teristics of CRC (1).  

Epithelial–mesenchymal transition (EMT) 
is a process by which epithelial cells differenti-
ate into mesenchymal cells in response to nor-
mal or pathological stimuli (2). EMT has been 
shown to be strongly related with the dissemi-
nation of epithelial cell malignancies (3). 
Growth differentiation factor 15 (GDF-15), 
which appears in both intracellular and extra-
cellular forms, is a divergent member of the 
transforming growth factor (TGF-β) superfam-
ily. GDF-15 is broadly distributed in mamma-
lian tissues and has several roles in a variety 
of illnesses, including inflammation, cancer, 
cardiovascular disease, and obesity (4). 

Cancers with high GDF-15 levels, such as 
endometrial (5), prostate (6), pancreatic (7), 
and CRCs (8), may be linked to poor clinical 
outcomes. Although GDF-15 has been pro-
posed as a target for CRC treatment (9, 10), 
its biological role remains undefined and find-
ings regarding its biological functions and in-
volvement in carcinogenesis are at times con-
flicting (11, 12). 

2. Molecular mechanism of EMT in Colo-
rectal Cancer 

In EMT, epithelial cells acquire mesenchy-
mal characteristics. Notable examples of EMT 
include embryonic development and organ for-
mation (13), tissue repair and fibrosis 
(14), and cancer progression (15). Among the 

three types of EMT, the latter (type 3) is linked 
to the development of invasive or metastatic 
phenotype (16). 

During EMT, tumor cells lose their apical–
basal polarity, suffer disintegration of the tight 
junction, and reorganize their cytoskeletal ar-
chitecture, allowing them to become invasive. 
Extracellular stimuli from the tumor microenvi-
ronment, such as growth hormones and in-
flammatory cytokines, as well as intra-tumor 
physical stressors such as hypoxia, are im-
properly regulated in cancer cells (17). Conse-
quently, EMT programming allows tumor cells 
to efficiently metastasize by enabling them to 
readjust to the constantly shifting conditions of 
the tumor microenvironment. 

The EMT process is executed by effector 
molecules, orchestrated by transcription fac-
tors (EMT core regulators), and initiated by ex-
ternal stimuli (EMT inducers) (18). 

Most EMT effectors are subcellular struc-
tural proteins that dictate cellular phenotype. 
EMT is characterized by the downregulation of 
genes that encode cell junction proteins (E-
cadherin, claudins and occludins) and activa-
tion of genes that produce mesenchymal ad-
hesion-promoting proteins (vimentin, fibronectin 
and N-cadherin). Research suggests that 
stage III CRC with loss of E-cadherin expres-
sion has a dismal prognosis (19). Further-
more, overexpression of N-cadherin and fi-
bronectin is associated with metastasis and a 
shorter overall survival in individuals with CRC 
(20, 21). 

Developmental transcription factors that 
control epithelial and mesenchymal markers 
by influencing target genes or modulating their 
own expression are known as EMT core regu-
lators. Increased expression of EMT-related 
transcription factors such as SNAIL, SLUG, 
TWIST1, TWIST2, ZEB, ZEB2, PROX1, 
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FOXC2, FOXQ1, FOXM1, and FOXC1, has 
been correlated with CRC invasiveness and 
metastasis (1). 

Several factors have been identified as po-
tential EMT inducers in CRC. These inducers 
alter EMT-transcriptional factors directly or in-
directly, triggering a cascade of intracellular 
signaling events. Hypoxia-inducible factor 1 al-
pha (HIF-1), myocyte enhancer factor 2D 
(MEF2D) and transmembrane protease/serine 
4 (TMPRSS4) can induce EMT by activating 
ZEB transcription factors, while nucleotide 
binding protein-like (NUBPL) can upregulate 
SNAIL expression. The WNT/β -Catenin 

signaling pathway, which has been linked to 
EMT in CRC, can be induced by other proteins 
such as serine–threonine kinase receptor-as-
sociated protein (STRAP) and tumor suppres-
sor candidate 3 (TUCS3). TGF-signaling and 
EMT are also promoted by neuropilin-2 
(NRP2), GDF-15, and formin like2 (FMNL2). 
Eukaryotic initiation factor 5A2 (EIF5A2) over-
expression may trigger EMT through an uni-
dentified mechanism possibly involving C-Myc 
and metastasis-associated protein 1 (MTA-1) 
(1, 22) (Figure 1). 

Fig. 1. Schematic of EMT induction 
Adapted from “Regulation of EMT in Colorectal Cancer: A Culprit in Metastasis“ by Vu T and Datta 

PK. Cancers (Basel). 2017 Dec 16;9(12):171 (1) 

3. Oncogenic role of GDF-15 in Colorec-
tal Cancer 

Growth/differentiation factor-15, also 
known as macrophage inhibitory cytokine 1, 
nonsteroidal anti-inflammatory drug-activated 
gene-1, placental bone morphogenetic 

protein, prostate-derived factor or placental 
transforming growth factor (PTGFB), was 
identified more than two decades ago as a dis-
tant member of the transforming growth factor 
(TGF) superfamily (23). In situ hybridization 
revealed that the human GDF-15 gene is po-
sitioned on chromosome 19p13.1–13.2. The 
GDF-15 genes in humans, rats, and mice are 
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comprised of two exons and one intron that in-
terrupts the coding sequences in the pre-pro-
domain of their respective proteins (4). 

GDF-15 has been shown to suppress 
early tumor promotion under normal physio-
logical settings. However, aberrant expression 
of this gene in advanced malignancies results 
in proliferation, invasion, metastasis, cancer 
stem cell production, immune evasion, and a 
diminished response to treatment (24). GDF-
15 has been shown to promote tumor cell pro-
liferation, survival, invasion, metastasis, and 
chemoresistance (12), and has been associated 
with the development of several malignancies, 
including cervical cancer, colorectal cancer, 
and multiple myeloma (8). 

A recent study examined the impact of an 
inflammatory microenvironment on colon can-
cer invasion and metastasis in vitro and in 
vivo. Anti-GDF-15 antibody therapy inhibited 
colon cancer cell invasion and migration in 
vitro, demonstrating that GDF-15 participates 
in inflammation-induced invasiveness. Lipo-
polysaccharide-induced inflammation ele-
vated GDF-15 production in vivo, while c-Fos 
deletion inhibited colon cancer cell lung me-
tastasis in a mouse model. Similarly, colon 
cancer metastases and TNM stages were 
shown to be linked with c-Fos expression in pa-
tient samples. As a result, the study established 
that GDF-15 stimulated colon cancer invasion 
and metastasis through the extracellular sig-
nal-regulated kinase 1/2 (Erk1/2)/cFos signal-
ing pathway (25). 

The results of a multivariate Cox analysis 
revealed that serum GDF-15 is an independ-
ent prognostic factor for CRC. Cancer-specific 
survival was higher for individuals with lower 
GDF-15 serum levels, according to the results 
of another study (26).  

Conversely, other findings suggest that 
GDF-15 may function as a tumor suppressor 
gene in the context of colon cancer (27).  

4. Circulating GDF-15 as a biomarker

The AJCC TNM classification is the best 
predictor of CRC prognosis. Other prognostic 
indicators include poorly differentiated or high 
histological grade, vascular or lymphatic inva-
sion, intestinal obstruction or perforation at 

diagnosis, and increased preoperative serum 
carcinoembryonic antigen presence (CEA) 
(28). However, due to the great degree of indi-
vidual heterogeneity, an individual's chance of 
recurrence following therapy cannot be pre-
dicted properly (29). Allele loss of chromo-
some 18, microsatellite instability-deficient 
mismatch repair (MSI/dMMR) , and mutations 
in KRAS have been shown to negatively affect 
prognosis in cancer patients (30, 31). Accord-
ing to the research on EMT biomarkers, low 
expression of E-cadherin (32) and high ex-
pression of N-cadherin (21), Slug, and Vi-
mentin (33) have been associated with a 
worse prognosis in CRC (34). 

Several studies have attributed GDF-15 
plasma levels to CRC diagnosis and death 
(11, 35, 36). High plasma levels of GDF-15 be-
fore diagnosis of CRC are related with an in-
creased risk of CRC incidence and CRC-spe-
cific mortality, according to two significant co-
horts evaluated in a prospective study, even 
after adjusting for other inflammatory indica-
tors, risk factors, and clinical and pathological 
features (age, sex, tumor location, polyp his-
tory, tumor grade, or disease stage) (37). 

Another study revealed that surgical exci-
sion of CRC decreases serum GDF-15, which 
was elevated in the context of tumor recurrence 
(26). Moreover, monitoring serum levels after 
surgery might help predict cancer recurrence. 
Further examination of the clinical significance 
of GDF-15 showed that serum levels are com-
plementary to CEA and that GDF-15 is associ-
ated with the development or recurrence of 
CRC with liver metastases. However, GDF-15 
blood concentrations were shown to be ex-
tremely variable in individuals with benign ill-
ness, indicating that serum levels should be 
read with caution (38), especially given the pos-
sibility of acute inflammation in CRC patients 
during chemotherapy (39). 

Numerous articles have established that 
GDF-15 plays a critical function in tumor 
growth suppression, although they did not 
specifically study CRC.  

One study tested the serum level of GDF-
15 in 260 healthy blood donors as well as in 
193 patients with adenomatous polyps or co-
lon cancer. The study found that the Tumor-
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Node-Metastasis (TNM) stage was associated 
with the level of GDF-15 serum (4, 40). 

Both the pro-domain and mature domains 
of GDF-15 may have various biological func-
tions, depending on the context in which they 
are expressed (41, 42). It's possible that dur-
ing different phases of tumor evolution, these 
diverse forms may have contradictory pur-
poses. In addition, GDF-15 may have varied 
roles in cancer depending on its intracellular 
location. 

5. Resistance to chemotherapy

The conventional treatment for colon can-
cer is chemotherapy based on 5-fluorouracil 
(5-FU). Resistance to 5-FU is a major problem 
in clinical treatment, with much still unknown 
about the processes that allow colon cancer 
cells to become resistant to 5-FU treatment. 

An investigation into whether 5-FU-re-
sistant colon cancer cells undergo EMT and 
apoptosis, as well as the involvement of GDF-
15 in controlling these processes revealed that 
5-FU resistance in colon cancer was induced
by suppression of GDF-15 and the down-
stream Smad signaling pathway. 5-FU-re-
sistant human colon cancer cells/FU cells
were created by exposing them to steadily in-
creasing doses of 5-FU over time. Subse-
quently, HCT-15/FU cells resistant to 5-FU
could be made susceptible to 5-FU by overex-
pressing GDF-15. Moreover, HCT-15/FU with
decreased GDF-15 expression showed a
more robust proliferation ability and metastatic
propensity in vivo.

The findings suggest that the suppression 
of the Smad signaling pathway caused EMT in 
HCT-15/FU cells (via the modification of N-
cadherin, E-cadherin, and MMP14 expres-
sion). The lack of E-cadherin in the HCT-
15/FU group was further verified by in vivo 
tests (27). 

6. Conclusion and outlook

The EMT is one of the most widely 
acknowledged of the pathways that lead to 
metastasis, which accounts for the majority of 
cancer-related fatalities. To complete the pro-
cess of EMT, a complex network of molecular 
signaling channels and regulators must oper-
ate together. 

Although GDF-15 has antitumor action in 
the early stages of carcinogenesis, it has been 
shown to significantly increase the rate of can-
cer invasion and metastasis in advanced 
stages of cancer. Functional investigations of 
GDF-15's role in malignancy are scarce and 
disputed: on one hand, the literature demon-
strates overexpression of GDF-15 in cancers; 
on the other, GDF-15 has been found to act as 
a tumor suppressor. 

To create optimal treatment methods for 
CRC, it is necessary to understand the funda-
mental underlying mechanisms behind these 
transformations, especially regarding how 
CRC cells gain invasive and metastatic fea-
tures. Cancer treatment might benefit from a 
better comprehension of the EMT regulating 
mechanism. As yet, the involvement of GDF-
15 in CRC metastasis and EMT is unclear. 

Abbreviations: 
5-FU - 5-fluorouracil
AJCC-American Joint Committee on Cancer
CEA - carcinoembryonic antigen
CRC - colorectal cancer
EIF5A2 - eukaryotic initiation factor 5A2
EMT - epithelial-to-mesenchymal transition
Erk1/2 - extracellular signal-regulated kinase 1/2
FMNL2 - formin-like2).
GDF-15 - growth/differentiation factor-15
HIF-1 - hypoxia-inducible factor 1 alpha
MEF2D - myocyte enhancer factor 2D
MIC-1 - macrophage inhibitory cytokine 1
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MSI/dMMR - microsatellite instability-deficient mismatch repair 
MTA-1 - metastasis-associated protein 1 
NAG-1 - nonsteroidal anti-inflammatory drug-activated gene-1 
NRP2 - neuropilin-2 
NUBPL - nucleotide binding protein-like 
PDF - prostate-derived factor 
PLAB - placental bone morphogenetic protein 
PTGFB - placental transforming growth factor 
STRAP - serine–threonine kinase receptor-associated protein 
TGF - transforming growth factor 
TMPRSS4 - transmembrane protease/serine 4 
TNM - Tumor, Node, Metastasis 
TUCS3 - tumor suppressor candidate 3 
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Abstract 

Gastric signet ring cell carcinoma (GSRCC) is an important histological type of gastric can-
cer. Its biological and clinical particularities distinguish it from other gastric cancers in ways that 
require tailored clinical management and decision-making. This short review provides an over-
view of what is known about this prevalent clinical entity, highlights recent developments in the 
research surrounding GSRCC, and covers microbiome, immunology, computational pathology, 
and clinical research findings. 

Keywords: clinical-updates, gastric cancer, oncology-review, signet-ring-cell, carcinoma

1. Introduction

The scope of this review is to briefly sum-
marize what is known about the biology and 
clinical management of gastric signet ring cell 
carcinoma (GSRCC), as well as to highlight 
the recent developments and introduce recent 
reviews that cover several key topics in 
greater depth. We leveraged modern literature 
analytics technologies to interactively analyze 
the citation graph (https://www.researchrab-
bit.ai/) and identify novel developments in the 
field of GSRCC. 

1.1. Epidemiology 

According to GLOBOCAN 2018, stomach 
cancer is a prevalent cancer with high inci-
dence (>1M new cases in 2018) and was 

responsible for an estimated 783,000 deaths 
in 2018 alone (1). Accordingly, gastric cancer 
is the fifth most frequently diagnosed cancer 
and the third leading cause of cancer death 
(1). Incidence rates are significantly higher in 
Eastern Asia in comparison to Northern Amer-
ica and Northern Europe (1). 

In high-income countries, the incidence of 
gastro-esophageal junction cancers has in-
creased (2). Recent studies highlight a de-
creased incidence rate for the intestinal subtype 
with non-cardial localization; however, there is 
increased incidence for both intestinal and Lau-
ren diffuse histological subtypes in gastric cardia 
and gastro-esophageal junction (GEJ) (2–4). 

The incidence of GSRCC has been on the 
rise, with incidence estimates in the US indicat-
ing an increase from 0.3 cases / 100,000 in 1973 
to 1.8 cases / 100,000 in 2000 (3). This increase 
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happened concurrently with a significant evolu-
tion of the histological classification of gastric 
adenocarcinoma, resulting in the hypothesis 
that the increase could largely be explained by 
the increased explicit representation of GSRCC 
in histological classifications that are widely clin-
ically used. Since 1990, GSRCC has been repre-
sented in the WHO classification for gastric can-
cers as a separate histological type (5). 

There are clinical features of GSRCC that 
are different from those of other gastric adeno-
carcinomas. For the stomach and GEJ, GSRCC 
presents at a younger age, at an advanced 
stage, with lymphatic spread, peritoneal me-
tastasis, rapid progression, and is generally 
predominant in females (2). There has been 
much controversy regarding the prognostic 
value of GSRCC, due to inconsistent results, 
however, recent research has shown that, for 
early-stage gastric and GEJ cancer, GSRCC 
is correlated with better survival in comparison 
to non-signet cell tumors, whereas the reverse 
is true for advanced stages (2). For excellent 
reviews with more coverage of presentation 
and risk factors, as well as other aspects, see 
(2,5). 

1.2. Classification 

It is important to understand where GSRCC 
resides within the histological classification of 
gastric adenocarcinomas. Before 1990, 
GSRCC was not treated as a distinct histologi-
cal subtype. Instead, it was included within 
other categories: diffuse by Lauren, infiltrative 
subtype by Ming, undifferentiated by Nakamura 
classification, and high grade by The Union In-
ternational of Cancer Control (UICC) (5). All the 
enumerated types of tumors are aggressive, 
suggesting that although GSRCC was not allo-
cated a distinct histological class prior to 1990, 
it was nevertheless classed within an aggres-
sive family of tumors. Currently, the WHO clas-
sification of tumors of the digestive system (6) 
defines GSRCC as a loosely cohesive adeno-
carcinoma composed of cancer cells with a mu-
cin-rich cytoplasm and an eccentric, crescent-
shaped nucleus. (Fig. 1A). 

Molecular classifications for gastric can-
cers are well-established and include various 
classifications i.e. intrinsic subtypes, Lei sub-
types, The Cancer Genome Atlas (TCGA) 
subtypes and Asian Cancer Research Group 
(ACRG) subtypes (7–9).  

Figure 1A. Gastric signet-cell carcinoma H&E x 40. Image courtesy of Prof. Diana Ionescu - 
University of British Columbia, Vancouver 
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The inclusion of GSRCC within a molecular 
subtype is somewhat inconclusive, possibly 
due to the fundamental incompatibilities be-
tween histological and molecular classifica-
tions. Nevertheless, the study that defined the 
ACRG classification (9), observed that 43.5% 
of GSRCC belonged to the microsatellite sta-
ble/ epithelial-to-mesenchymal transition (MSS/ 
EMT) molecular subtype, while 8.4% belonged 
to MSS/TP53- with other molecular subtypes 
covering <7%. Although the association was 
not statistically significant, possibly because of 
the low sample size for this histological type 
(37 GSRCC patients). The MSS/EMT subtype 
by ACRG is closest to the genomically stable 
subtype of the TCGA classification (10). In-
cluding GSRCC in the predominant molecular 
subtypes of both classifications suggests that 
it exhibits specific molecular features. Namely, 
GSRCC bears low mutational load and loss-
of-function mutations in cadherin 1 gene 
(CDH1). The clinical features implied by the 
molecular classifications are consistent with 
the observed clinical features of GSRCC, i.e. 
younger age of presentation, the worst prog-
nosis coinciding with advanced stage GSRCC, 
and high recurrence rate. 

 
1.3. Molecular alterations 
 
The main pathological hallmarks of GSRCC 

are cytoplasmic mucin accumulation and de-
crease in cell-cell adhesion. GSRCC is generally 
associated with germline mutations in the 
CDH1 gene whose product, E-cadherin, is in-
volved in intercellular junctions in epithelia. 
Radical total gastrectomy with extensive lym-
phadenectomy is required for patients with 
CDH1 mutations (2). Moreover, somatic loss of 
E-cadherin is characteristic of signet ring cell tu-
mors in multiple organs and has been associ-
ated with EMT, a process that is essential to 
disease progression. E-cadherin loss has been 
observed to occur early in the progression of 
GSRCC (2). An interesting question is whether 
mucin accumulation is a consequence of other 
oncogenic processes or whether the mucin ac-
cumulation itself drives the disease. The latter 
possibility is supported by strong evidence from 
mechanistic studies which have identified a 
positive feedback loop in which mucin 4 

activates the ERBB2/ERBB3 complex which, 
via multiple molecular intermediaries, leads to 
the loss of junctions and production of mucins 
(thereby forming the loop), leading to the for-
mation of signet cancer cells (11). Gain-of-func-
tion mutations in RhoA are specific to the ge-
nomically stable molecular subtype of TCGA 
classification (10), which is the molecular sub-
type primarily associated with GSRCC. For an 
excellent recent review that explores in a 
greater depth molecular alterations, including 
alterations in other genes, gene fusions, miR-
NAs, methylation and histone modifications, the 
reader is referred to (2). 

 
1.4. Clinical management 
 
There are no currently available high-im-

pact and high-confidence recommendations 
specifically for the clinical management of 
GSRCC (12). Clinical management is different 
in early GSRCC and advanced GSRCC or 
GEJ signet ring cell carcinoma (13), with sig-
nificant differences in survival: the estimated 
5-year overall survival rate in early gastric can-
cer with signet ring cells is 90.7% and 83.2% 
in non-signet ring cell carcinoma; for advanced 
gastric cancer, the estimated survival rate with 
signet ring cells is 32.1% and 37.9% in non-
signet ring cancers. (13). In terms of clinical 
presentation (13), GSRCC was found to com-
prise 22.5% of early gastric cancers and, 
26.5% of advanced gastric cancers. Note that 
the presented results originate from the De-
partment of Surgery at Taipei Veterans Gen-
eral Hospital, which could explain the overall 
higher survival values versus other geographic 
regions ((The Surveillance Epidemiology, End 
Results (SEER)) database, an authoritative 
source of cancer statistics in the US, reports a 
27.5% 5-year overall survival rate for GSRCC 
(Tang et al. 2020)). For  recent reviews that 
detail clinical management, the reader is re-
ferred to (2,12,14). 

The recommended treatment for early 
GSRCC is surgery, and endoscopic methods 
are employed in select cases. This line of 
treatment differs from that of general early 
gastric cancers, where endoscopic resection 
is a recommended option alongside definitive 
surgery. An important question is whether the 
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survival rate of early GSRCC is better due to 
specifics of its tumor biology or other con-
founding factors. It has been suggested that 
the better outcomes in early GSRCC with respect 
to non-signet ring cell gastric cancers could be 
due to earlier presentation, mucosal restriction 
of the tumor, and less frequent lymph node in-
vasion (2,5). This suggests that signet ring cell 
histology is not necessarily an independent 
predictor for survival. Instead, it appears to be 
related to survival due to confounding varia-
bles such as age of presentation. 

Treatment of advanced GSRCC (which is 
defined by mucosal invasion) is challenging. 
Although gastrectomy with radical lymph node 
dissection (D2) is recommended, the role of 
chemotherapy is not well established (2). In 
general, perioperative chemotherapy is recom-
mended for advanced gastric cancer (15), but 
due to the unclear chemosensitivity of 
GSRCC, it is not clear whether neoadjuvant 
therapy brings more benefits than the risk of 
significant disease progression due to the de-
lay of surgery (2). This is supported by studies 
that have reported no survival benefit from 
perioperative chemotherapy (16). On the other 
hand, other studies indicate improved out-
comes of neoadjuvant therapy, such as the 
FLOT4 trial (17), which included a significant 
proportion of GSRCC cases among all gastric 
cancer patients, while another study     
showed improved outcomes in signet ring cell 
esophagogastric adenocarcinomas (18). Clini-
cal management of advanced GSRCC would 
greatly benefit from further research into clari-
fying which treatment algorithms are optimal.  

2. Developments

In the following section, we highlight some 
of the more recent developments in the re-
search of GSRCC biology and clinical manage-
ment. 

2.1. Microbiome 

Recent evidence showing the involvement 
of microbiota in gastric carcinogenesis (19) is 
not surprising given that the microbiota is be-
ginning to be considered a metabolically active 
organ (20). Notably, in a recent study (20), 

investigations have begun delving into the mi-
crobiota differences among subtypes of gas-
tric cancer. The authors separately analyzed 
formalin-fixed paraffin-embedded (FFPE) 
samples from GSRCC and adenocarcinoma 
through 16S rRNA analysis. A major result of 
the study is that there are significant microbial 
composition differences among GSRCC and 
gastric adenocarcinoma, differences which 
could eventually become microbial biomarkers 
of disease. The phyla Fusobacteria, Bac-
teroidetes, Patescibacteria, and BC1 were sig-
nificantly enriched in GSRCC in comparison to 
gastric adenocarcinoma (20). The authors 
note that Fusobacteria and Bacteroidetes, 
phyla which include anaerobic bacteria, have 
been observed to be enriched in some can-
cers, including oral and head cancers (20). 
Fusobacteria could become an important bio-
marker for GSRCC. Interestingly, the authors 
evaluated the differences in active microbial 
metabolic pathways that are implied by the dif-
ferences in microbial composition. This led to 
the observation that the pyrimidine biosynthe-
sis pathway is employed by the microbial com-
munity that is specific to GSRCC. Pyrimidine 
metabolism pathways, which have been asso-
ciated with progression in lung and breast can-
cer, could therefore represent specific targets 
within the microbiota in GSRCC r (20,21). Mul-
tiple recent emerging reviews cover the excit-
ing area of cancer-related microbiome re-
search (22–24). 

2.2. Immunoregulatory landscape 

A recent study measured serum levels of 
certain immunoregulatory molecules (GITR, 
OX40L and programmed cell death protein 1 
PD-1) and identified a 1.25-fold increase in 
soluble GITR (sGITR) in GSRCC in compari-
son to adenocarcinomas, suggesting that this 
could become a marker for discriminating 
GSRCC (26). Biologically, GITR is expressed 
on some regulatory T cells (Tregs) and is a co-
stimulatory molecule. Clinical trials have at-
tempted to use GITR agonists to inhibit sup-
pressive Tregs in combination with other com-
pounds used as immunotherapies. More 
broadly, a recent study that explored predic-
tive factors for response to immunotherapy 
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(specifically anti-PD-L1 therapy) found that the 
presence of signet ring cancer cells correlates 
with non-responder status to PD-L1 targeting: 
within the GSRCC cases, only 1 responder 
and 18 non-responders to PD-L1 targeting 
(27). Nevertheless, the authors highlight that 
there are only a few reports on the clinical im-
pact of immune checkpoint inhibitor markers 
on signet ring cells in gastric cancer (27). A 
2017 study (28) reports an association be-
tween signet ring cancer cells and PD-L1, alt-
hough the association did not appear to affect 
prognosis. This foreground the observations of 
Noh et al, who bring evidence for the high as-
sociation between non-response status and 
signet ring cancer cells histology. A likely ex-
planation for the low response rates of im-
mune checkpoint inhibitors in this disease is a 
low total mutational burden. 

2.3. Lymph node metastasis 

Early gastric carcinoma (not necessarily 
GSRCC) is often treated with endoscopic re-
section, but it is important to perform an eval-
uation for the requirement of surgery after en-
doscopic resection. This further requires an 
assessment of lymph node metastasis likeli-
hood. Conventionally, tumor budding (TB, tra-
ditionally defined as isolated single cancer 
cells or <5 cancer cells in the invasive front 
(29)) is used for evaluation. Nevertheless, a 
recent study (29) developed a modified tumor 
budding (mTB) scoring system as a better in-
dependent predictor for lymph node metasta-
sis. mTB is evaluated similarly to TB, the dif-
ference being in that mTB excludes signet ring 
cells from its budding evaluation. The authors 
argue for excluding signet ring cells on the ba-
sis that early stage GSRCC has shown favor-
able survival (29). 

Another study (30) developed a novel pre-
operative biomarker for predicting lymph node 
metastasis of GSRCC. The authors show that 
the derived monocyte to lymphocyte ratio 
(dMLR = monocyte count / (white blood cell 
count - neutrophil count)) is an independent 
predictor of lymph node metastasis and exhibits 
60.3% sensitivity and 72.2% specificity, making 
it a potentially promising biomarker.  

2.4. Response to neoadjuvant therapy 

A recent study (31) brings further evidence 
for the association between the presence of 
signet ring cancer cells and the decreased 
likelihood of response to standard regimens of 
neoadjuvant therapy. The authors note that 
gastric cancer is a heterogeneous disease and 
that the current approach does not rely on pa-
tient selection, but rather on administering 
broad clinical trial-based regimens to all pa-
tients, which is likely leading to many patients 
not benefiting from neoadjuvant chemotherapy 
(31). It is therefore suggested that further efforts 
should be taken to develop methods for effec-
tively predicting response to neoadjuvant 
therapy.  

2.5. Clinicopathological characteristics, 
prognosis and treatments 

An interesting study (25) sheds new light on 
the impact of GSRCC histology on prognosis, 
a question which, as previously noted, con-
fused the field due to unsatisfactory and con-
tradictory results. The single-center study in-
vestigated the issue by comparing mucinous 
gastric cancer (a rare histological subtype) 
and GSRCC, and observed that patients with 
GSRCC have overall worse survival rates, but 
that mucinous gastric cancer was predictive of 
poorer prognosis at an early stage (25), which 
is consistent with the more general tendency 
that has been observed when comparing 
GSRCC to other gastric cancers. The differences 
were observed when comparing cancer-spe-
cific survival (CSS), as opposed to overall sur-
vival (OS). 

Another recent study reevaluates GSRCC 
clinicopathological data (32) in order to attempt 
to clarify some of the more controversial find-
ings, including some of those discussed in this 
text. The study brings solid evidence to further 
support that there are distinct features that sepa-
rate GSRCC from gastric adenocarcinoma. 
Moreover, independent prognostic factors are 
inferred: age, T stage, N stage, surgery, tumor 
size and tumor site (32). Being independent, 
these factors are effectively employed into the 
design of a nomogram for predicting overall 
survival with high accuracy. Nomograms are 
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commonly used tools in oncology and medicine 
(33) that allow for rapid and user-friendly com-
putation, e.g. of probabilities and scores. Wei
et. al show that GSRCC occurs more frequently
in the middle and lower stomach region and
that GSRCC is more likely to have bone metas-
tasis (in comparison to other gastric cancers,
which tend to have liver and lung metastasis).
Importantly, the study found that signet ring
cancer cell histology is not independently asso-
ciated with mortality when disease stage is con-
trolled for, in which case signet ring cell carci-
noma is not more aggressive than differentiated 
cancers (32).

There is a lack of consensus on the optimal 
non-surgical treatment of GSRCC. This is 
compounded by the observed lack of chemo-
sensitivity of GSRCC. Therefore, a promising 
direction is the exploration of targeted thera-
pies for approaching pathways relevant to 
GSRCC, such as EMT, through chemical in-
hibitors, monoclonal antibodies or other target-
ing approaches (12). One active clinical trial 
has been identified on clinicaltrials.gov (ID 
NCT03355612) that explores XELOX (oxali-
platin with capecitabine) vs Apatinib with 
XELOX. Apatinib is a tyrosine kinase inhibitor 
targeting VEGFR2 that has been previously 

explored in metastatic gastric adenocarci-
noma. 

2.6. Classification in whole slide images 

Due to cellular morphology and diffuse in-
vasion, GSRCC tends to be more difficult to 
detect by pathologists (34) (Fig.1B). More pre-
cisely, false negatives may occur because of 
signet ring cancer cells’ resemblance to 
crushed oxyntic glands, crushed mucous neck 
cells, goblet cells of intestinal metaplasia, and 
gastric xanthoma (34). In this regard, compu-
tational pathology has made progress in de-
veloping assistive tools to improve GSRCC 
detection by pathologists. These efforts have 
been facilitated by the increasing digitization of 
Haematoxilin and Eosin slides into whole slide 
images (WSIs). A recent study (34) success-
fully developed a deep learning system for sig-
net ring cell carcinoma WSI classification 
(ROC-AUC = 0.99). The tool has good perfor-
mance, and can highlight regions with high 
density of signet ring cancer cells on top of 
WSI, allowing for interpretation of the tool’s 
output and assisting pathologists by guiding 
the focus to specific regions that are more 
likely to harbor signet ring cancer cells. 

Figure 1B. Gastric signet-cell carcinoma H&E x 10. Image courtesy of Prof. Diana Ionescu - 
University of British Columbia, Vancouver

https://sciwheel.com/work/citation?ids=2697943&pre=&suf=&sa=0
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https://sciwheel.com/work/citation?ids=12643922&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=12643922&pre=&suf=&sa=0
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3. Conclusion 
 
Research into gastric signet ring cell carci-

noma is on the rise, with 135 research papers 
published in 2021 alone, as identified using 
PubMed. Comprising an estimated 16.9% of 

all gastric cancers (35), it remains a prevalent 
clinical entity that distinguishes itself from 
other gastric cancers and identifies a popula-
tion of high unmet medical need and thus re-
quires further results for guiding optimal. 

 
 
Abbreviations: 
ACRG - Asian Cancer Research Group 
CSS - cancer-specific survival 
dMLR - derived monocyte count to lymphocite ratio 
EMT - epithelial-mesenchymal transition 
FFPE - formalin-fixed, paraffin-embedded 
GEJ - gastroesophageal junction 
GSRCC - gastric signet ring cell carcinoma 
MSS - microsatellite-stable 
OS - overall survival 
ROC-AUC - area under the curve for receiver operating characteristic curve 
PD-1 - programmed cell death protein 1 
SEER - surveillance, epidemiology, end results 
TCGA - The Cancer Genome Atlas 
TNM - Tumor, nodes, metastasis classification of malignant tumors 
Tregs - regulatory T cells 
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Abstract 

Introduction. Hepatocellular carcinoma (HCC) is a malignant tumor that frequently develops 
in conjunction with chronic liver disease and cirrhosis, and is often identified late in its course, with 
a median survival of around 6 to 20 months following diagnosis. Although surgical excision is the 
gold standard of treatment, most patients are ineligible due to tumor size or underlying liver dis-
ease. The hepatic reserve of the patient, as determined by the Child-Turcotte-Pugh classification, 
frequently influences treatment options. 

Method. Between January 2016 and June 2018, 42 patients admitted to Fundeni Clinical In-
stitute's Department of Medical Oncology who had previously been treated with Sorafenib for more 
than two months were recruited in this retrospective analysis. We evaluated the etiology and stage 
of illness (BCLC), residual liver function (CHILD), performance status (ECOG), treatment response 
and side effects, progression-free survival, and overall survival. 

Results. The study group had good short and long-term outcomes: median progression-free 
survival was 7.7 months and median overall survival was 11.6 months. The most frequently-re-
ported adverse effects were skin rashes, diarrhea, hypertension, and hand-foot skin reaction. 

Conclusion. This retrospective, single-center study confirmed the benefit of sorafenib in the 
treatment of advanced HCC, particularly in patients with good liver function and performance sta-
tus. 

Keywords: Sorafenib, hepatocellular carcinoma, BCLC stage, ECOG performance 
status, overall survival, progression free survival. 
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1. Introduction

According to World Health Organization 
(WHO), hepatocellular carcinoma (HCC) is 
one of the most common malignancies, being 
the sixth most common cancer worldwide and 
the fourth leading cause of cancer-related 
deaths. There are around 841.000 new cases 
diagnosed every year, with an increasing inci-
dence globally and 782.000 HCC-related 
deaths annually (1).  

Major risk factors for HCC include cirrhosis 
(regardless of etiology), chronic infection with 
the hepatitis B virus (HBV) or hepatitis C virus 
(HCV), foods that are contaminated with afla-
toxins, nonalcoholic fatty liver disease (obe-
sity, diabetes and/or insulin resistance), alco-
hol consumption and smoking (2). 

Hepatectomy can be used for patients with 
early-stage HCC. However, these cases are 
less common because patients with HCC of-
ten present with advanced-stage disease. 
Consequently, many of them require systemic 
therapies or palliative treatment (3). 

Sorafenib is a tyrosine kinase inhibitor with 
activity against many protein kinases (RAF ki-
nases), vascular endothelial growth factor re-
ceptors (VEGFR) and platelet-derived growth 
factor receptor (PDGFR), which also blocks tu-
mor cell proliferation and tumor angiogenesis 
(4).  

Sorafenib is generally well tolerated, with 
a manageable side effect profile. Diarrhea and 
hand-foot skin reaction are the most common 
side effects (5). The efficiency of sorafenib in 
patients with unresectable HCC has been 
evaluated in several clinical trials. In registra-
tion trials, sorafenib improved median overall 
survival (OS) in patients with advanced HCC 
by a median of 2.3-2.8 months (6,7). In the 
SHARP study, a randomized controlled trial, 
the median OS in the sorafenib-treated group 
was 10.7 months compared with 7.9 months in 
the placebo group, with a good safety profile 
(7). Based on the results of the two landmark 
trials (6,7), sorafenib is indicated only in pa-
tients with good liver function (Child-Pugh A) 
and advanced tumors (Barcelona Clinic Liver 
Cancer (BCLC) C) or intermediate stage tu-
mors (BCLC B) who are not eligible or who 
progressed after locoregional therapy. 

However, sorafenib is sometimes used out-
side of these criteria in the real-world setting, 
mainly due to the absence of alternative treat-
ment options (8,9). As these patient sub-
groups were not evaluated in registration tri-
als, only observational, non-randomized co-
hort studies can inform clinical practice. There-
fore, we performed a retrospective real-world 
cohort study of patients with advanced HCC 
treated with sorafenib to investigate its efficacy 
and safety profile. 

2. Materials and methods

This was a retrospective cohort study con-
ducted between January 2016 and June 2018, 
including 42 patients admitted to the Depart-
ment of Medical Oncology, Fundeni Clinical In-
stitute, Bucharest. To be included in the study, 
patients with HCC needed to have been 
treated with sorafenib for at least two months. 
Patients received a daily dose of 800 mg of so-
rafenib, 400 mg (two tablets of 200 mg) taken 
twice daily, in the morning and in the evening. 
The treatment was continued for as long as the 
patients had clinical benefit or until unaccepta-
ble toxicity or death. In the case of toxicity, the 
dose was either reduced to 400 mg/day or 
stopped. The study was performed in accordance 
with standard ethical guidelines approved by 
the local institutional review board and with the 
Declaration of Helsinki (10). 

Individual medical records were reviewed 
for demographic and clinical information, as all 
patients gave written informed consent prior to 
treatment, according to our institutional guide-
lines. Data on the clinical profile at admission, 
etiology and stage of the disease (BCLC), liver 
function (Child-Pugh score), Eastern Cooper-
ative Oncology Group (ECOG) performance 
status, portal vein thrombosis, lymphadenopa-
thy, the presence of extrahepatic disease at di-
agnosis, alpha-fetoprotein (AFP) values, and 
previous treatments were recorded. The pri-
mary outcome was overall survival (OS) from 
the initiation of sorafenib. Secondary out-
comes were progression-free survival (PFS), 
the frequency of specific adverse effects and 
requirements for dose reduction or drug ces-
sation due to intolerability. Tumor response 
assessment was performed every 6 months 
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with CT-scan or MRI and was evaluated ac-
cording to mRECIST criteria (11). Complete 
blood count, liver and kidney function tests, 
coagulation tests and serum AFP were as-
sessed every month. The treatment with soraf-
enib was continued for patients with clinical or 
radiological benefit. 

 
Statistical analysis  
 
The Kaplan-Meier method was used to es-

timate curves corresponding to the average 
patient follow-up period, progression-free sur-
vival, and overall survival. The obtained 
curves were compared using log-rank tests 
(Mantel-Cox test) to determine the prognostic 
factors for longer survival. OS was defined as 
the time from treatment initiation to death. Pa-
tients alive at the time of last follow-up were 
censored in the OS analysis. PFS was calcu-
lated as the time from treatment initiation to the 
date of disease progression or death from any 
cause. The patients alive at the time of last fol-
low-up were censored. Univariate analysis 
was performed for the main known prognostic 
factors of advanced HCC: age, sex, perfor-
mance status (ECOG), liver function (Child-
Pugh), HCC stage (BCLC), and AFP value. 

The following programs were used for data 
processing and graphical representation of re-
sults: Hipocrate Clinic, IBM SPSS 23, and 
XLSTAT-Biomed 2016. The database was clo-
sed for analysis in June 2018. The threshold 
for statistical significance was 5%. All p-values 
are two-sided and reported with 95% confi-
dence intervals. The mean follow-up time was 
12.9 months (95% CI: 9.8-14.8 months). The 
Common Terminology Criteria for Adverse 
Events (CTCAE, version 4.0) was used to eva-
luate and grade adverse events (AE). 

 

 

3. Results 
 
Among the 42 patients included in our 

study, HCC occurred more often in male pa-
tients (33 patients – 78.57%), with a mean age 
at diagnosis of 60.9 years (range 33-78). Re-
garding the etiology, HCV infection was the 
most common risk factor that led to the deve-
lopment of HCC (17 patients - 40%), followed 
by HBV (14 patients - 33.33%), while the rest 
of the cases (11 patients – 26.2%) were due to 
HBV + hepatitis D virus (HDV) infection, NASH 
and toxic hepatitis (see Table 1).  

According to the Barcelona Clinic Liver 
Cancer staging system, most patients (29 pa-
tients – 69%) were BCLC stage C. Twenty-
eight (66.66%) patients were ECOG 1 at the 
time of diagnosis. 32 (76.2%) patients were 
Child-Pugh A. We also found that 18 (42.86%) 
patients had AFP levels of over 400 ng/ml, 16 
(38%) of them had AFP levels of 20–400 
ng/ml, and 8 (19%) patients had normal levels 
of AFP. 

At the time of the diagnosis, 16 (38%) pa-
tients presented with portal vein thrombosis 
and 29 (69%) patients presented with extrahe-
patic disease. The most common site of meta-
static spread was the peritoneum (5 patients - 
12%), followed by the lung (three patients - 
7.14%), bone (two patients - 4.86%) and one 
(2.38%) patient had adrenal metastases (see 
Table 1). 

Twenty-seven (64%) patients received 
other treatment prior to sorafenib. Nine 
(21.42%) patients underwent at least one 
transarterial chemoembolization (TACE) ses-
sion, eight (19%) patients underwent hepatec-
tomy, four (9.5%) patients received radiofre-
quency ablation (RFA) and one (2.38%) pa-
tient underwent liver transplantation. 

 
 

Table 1. Clinical characteristics of patients included in the study 
 

Patients and disease 
characteristics 

 Number PERCENTAGE 

Gender Male 33 78.57% 
 Female 9 21.42% 

Etiology HCV 17 40.47% 
 HBV 14 33.33% 
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HBV+HDV 
NASH 

11 26.2% 

BCLC Stage B 13 31% 
C 29 69% 

ECOG PS 0-1 28 66.66% 
2 14 33.33% 

Child pugh A 32 76.2% 
B 10 23.8% 

AFP LEVEL <400 ng/ml 24 57.14% 
>400 ng/ml 18 42.86% 

Portal vein thrombosis 16 38% 
 Metastatic 

sites 
peritoneum 5 12% 

lung 3 7.14% 
bone 2 4.76% 

adrenal 1 2.38% 

Overall survival 
Of the 42 patients, 16 who were alive at the 
time were censored when the database 
closed in June 2018. Fourteen were still 

receiving sorafenib at the time. The median 
OS for the study group was 11.6 months 
(95% CI: 9.2-14.1 months) (Figure 1). 

Figure 1. Kaplan Maier Survival Curve for all patients 

Univariate analysis showed that reduced 
survival was associated with 2 ECOG 
performance status (p < 0.001). The median 
OS of patients with ECOG 1 was 13.8 months 

(95% CI: 11.3–16.4 months), while the median 
OS of patients with ECOG 2 was 4.5 months 
(95% CI: 3.4–5.5 months) (Figure 2). 

mOS-11.6months 
(95%9.2-14.1months)
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Figure 2. Kaplan Maier Survival Curve;  
Overall Survival according to ECOG Performance Status. 

 
For patients with HCC and Child-Pugh A 

liver cirrhosis, the median OS was 12.6 
months (95% CI: 10.0-15.2 months). For pa-
tients with Child-Pugh B, the median OS 

decreased to 5.3 months (95% CI: 3.8-6.7 
months), but the difference was not statisti-
cally significant (p = 0.104) (Figure 3).

 

 
Figure 3. Kaplan Maier Survival Curve Median Overall Survival according to Child-Pugh  

classification of cirrhosis. 
 
 
The median OS was calculated according 

to BCLC stage: the median OS of BCLC B pa-
tients was 15.4 months (95% CI: 12.4-19.4 
months) and the median OS for BCLC C was 
8.8 months (95% CI: 6.7-10.9 months) (Figure 
4). Median OS by AFP value was calculated; 
for patients with AFP < 20 ng/ml, median OS 
was 8.3 months (95% CI: 4.6-12.0); for 

patients with AFP levels between 20-400 
ng/ml, median OS was 12.3 months (95% CI: 
8.9-15.7); and for patients with AFP levels > 
400 ng/ml, median OS was 10 months (95% 
CI: 6.9-13.1). The comparative difference be-
tween these variables was not statistically sig-
nificant. 

mOS of patients with ECOG:13.8 months 
(95% CI: 11.3–16.4 months) 
mOS of patients with ECOG 2 4.5 months 
(95% CI: 3.4–5.5 months) (p < 0.001) 

median OS  for patients with Child-Pugh 
A:12.6 months (95% CI: 10.0-15.2 months) 
median OS for patients with Child-Pugh B 5.3 
months (95% CI: 3.8-6.7 months) (p = 0.104) 
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Figure 4. Kaplan Maier Survival Curve Median Overall Survival 
according to BCLC classification. 

The median PFS was 7.7 months (95% CI: 
5.8-9.6 months) for the whole study group. 
Baseline performance status had a effect on 
PFS. Thus, the median PFS for patients with 
ECOG 1 was 9.1 months (95% CI: 7.9-11.2 
months), while the median PFS for patients 
with ECOG 2 was 3.9 months (95% CI: 2.9-4.7 
months), p<0.001. Child-Pugh score and 
BCLC stage had no statistically significant im-
pact on PFS for the patients included in the 
study. 

All 42 patients enrolled in the study re-
ceived an initial dose of 800 mg/day sorafenib, 
with dose adjustments based on toxicity. Most 
adverse events occurred within 30 days of be-
ginning sorafenib. Approximately 59% of pa-
tients had at least one adverse event and 9% 
had grade 3–4 adverse events. Drug-related 
adverse events were experienced by 40% of 
patients and 7% had grade 3–4 drug-related 
adverse events. Overall, 23,8% of patients (n 
= 10) experienced serious adverse events, 
among which only 1 event was drug-related 
(0.2%). No differences in overall adverse 
events, serious adverse events or deaths were 
observed between Child-Pugh A and Child-
Pugh B patients. The most common adverse 
event was fatigue (76%), followed by diarrhea 
(51%), hypertension (33%), weight loss (30%) 
and hand-foot skin reaction (14.3%). 

 Serious adverse events requiring discon-
tinuation of sorafenib were reported in four pa-
tients and included diarrhea, uncontrolled ar-
terial hypertension, and hand-foot skin reac-
tion. 

4. Discussions

This study aimed to evaluate the 
effectiveness and safety profile of sorafenib in 
patients with advanced HCC. The median OS 
of the whole study group was 11.6 months 
(95% CI: 9.2-14.1). The patients included in 
the SHARP trial had a median OS of 10.7 
months, followed by the Italian SOFIA study 
(SOraFenib Italian Assessment) with a median 
OS of 10.5 months and the Asia-Pacific study 
with a median OS of 6.5 months (6,7,12). 
Other studies conducted around the world had 
the following results: the Egyptian study 
reported a median OS of 6.25 months, while 
the median OS in the Danish study was 6.2 
months (13,14). The GIDEON study (Global 
Investigation of therapeutic DEcisions in HCC 
and Of its treatment with SorafeNib) reported 
different results between the ethnic and 
regional groups treated with sorafenib for 
unresectable HCC (15). Patients from Japan 
had the longest median OS of 14.7 months 
(16). The use of sorafenib in our patients with 
advanced stage HCC is superior compared to 
other studies regarding the median OS, mainly 
because sorafenib has been administered to 
patients with clinical benefit after radiological 
progression. 

According to our results, the median PFS 
was 7.7 months (95% Cl: 5.8-9.6), longer 
compared to the SHARP trial (4.1 months) and 
also compared to the Asia-Pacific trial (5.5 
months) (6,7). Our data suggested a higher 
median OS for women (12.6 months) than for 
men (11.2 months), without finding a statistical 

median OS of BCLC B patients:15.4 months 
(95% CI: 12.4-19.4 months)  
median OS for BCLC C 8.8 months (95% CI: 
6.7-10.9 months)
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significance (p=0.533). However, CT or MRI 
evaluated treatment response to sorafenib for 
the patients included in our study every 6 
months, and this could be a possible 
explanation for the longer PFS. 

According to the BCLC staging system, 
most patients (29/42) were BCLC stage C, 
while the remaining 13 were BCLC stage. The 
median OS of patients with BCLC stage B was 
higher than the median OS of patients with 
BCLC stage C (15.4 months vs. 8.8 months), 
but the difference was not statistically 
significant. The median PFS was 10.7 months 
(95% Cl: 7.2–13.2) for BCLC stage B and 6.2 
months (95% Cl: 4.1–8.4) for BCLC stage C 
HCC. 

Median OS of patients with ECOG 1 was 
significantly (p < 0.001) higher than patients 
with ECOG 2 (13.8 months vs. 4.5 months). In 
the Asia-Pacific study, patients with ECOG 1 
and ECOG 2 had a median OS of 6.1 months 
(6). In the Egyptian study, median PFS was 7 
months in patients with ECOG 1 and 3 months 
in patients with ECOG 2 (13). In our study, 
median PFS was 9.1 months (95% CI: 7.9-
11.2) for ECOG 1 and 3.9 months (95% CI: 
2.9-4.7) for ECOG 2 (p = 0.001). ECOG 
performance status reflects how the disease 
affects patients’ daily lives, thus being a strong 
prognostic factor. 

Most patients in our study (32 patients) 
were Child-Pugh A. The median OS in Child-
Pugh A patients was higher than in Child-Pugh 
B patients (12.6 months vs. 5.3 months), but 
the difference did not reach statistical 
significance. Patients enrolled in the Egyptian 
study were similar, with a median OS of 12 
months in patients with Child-Pugh A and a 
median OS of 5.2 months in patients with 
Child-Pugh B (13). According to our results, 
the median PFS was 8.3 months (95% CI: 6.2-
10.5) for Child-Pugh A patients and four 
months (95% CI: 3.1-4.9) for Child-Pugh B 
patients.   

Interestingly, patients with AFP levels < 20 
ng/ml had a median OS of 8.3 months (95% 
CI: 4.6-12), which was lower than those with 
AFP between 20-400 ng/ml who showed a 
median OS of 12.3 months (95% CI: 8.9-15.7). 
Also, 18 patients had AFP levels > 400 ng/ml 
and they had a better OS (10 months, 95% CI: 

6.9-13.1) than those with normal AFP levels, 
but without statistical significance (p = 0.257). 
The median duration of sorafenib treatment in 
our study was 8.2 months (95% CI: 6.9-10.4 
months). Some patients received sorafenib 
beyond radiological progression, which could 
explain why OS is higher than PFS in our 
study.  Apostolodis et al. published similar 
results, showing that patients who continue 
sorafenib for three months beyond 
progression have higher OS compared to 
patients that discontinue sorafenib in under 
three months or immediately after radiological 
progression (17).   

 Therefore, we can say that sorafenib is 
a treatment that brings a clinical benefit to 
Romanian patients if it is administered to 
patients with a good performance status 
(ECOG 0,1) and with compensated liver 
function (Child-Pugh class A). The outcomes 
of patients with impaired performance status 
and impaired liver function are measurably 
worse.The use of sorafenib in patients with 
advanced stage HCC has been shown to be 
superior in terms of overall survival when 
compared to other studies (Sharp: 10.7 
months; Asia-Pacific study: 6.5 months; 
Egyptian study: 6.25 months) (6,7,13). This 
can be explained by the fact that sorafenib 
was administered to patients after radiologic 
confirmation of progressive disease, based 
only on clinical benefit and the dose was 
reduced or the treatment was discontinued if 
unacceptable toxicity occurred.  

Several limitations of the current study 
must be acknowledged. This was a 
retrospective single-center study with a small 
sample size. Tumor response to sorafenib 
therapy was evaluated after at least 5 months 
of treatment, which could explain the longer 
median OS and PFS of patients included in the 
study compared to sorafenib registration trials. 

 
5. Conclusions 
 
Hepatocellular carcinoma continues to be 

a significant public health problem in Romania. 
Its incidence and mortality rate continue to in-
crease, and the disease has significant socio-
economic consequences. This retrospective 
single-center study confirmed the benefit of 
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sorafenib in treatment of advanced HCC, par-
ticularly in patients with well-preserved liver 
function and performance status. The median 
OS of the entire study group was 11.6 months, 

which was significantly longer than the median 
OS in phase III trials. Patients with ECOG 1, 
Child-Pugh A, or BCLC stage B HCC had an 
improved survival rate. 
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Abstract 

Purpose: Whole breast radiation therapy (WBRT) with a boost to the tumor bed following 
conservative primary surgery in women with breast cancer (BC) plays a central role in reducing 
local recurrences and mortality. Volumetric modulated arc therapy (VMAT) technique has been 
shown to allow better dose conformation with low dose levels to organs at risk (OARs), compared 
to static fields three-dimensional Conformal Radiotherapy (3D-CRT). The aim of this study was to 
evaluate the feasibility and dosimetric advantages of sequential boost (SB), administered with 
VMAT technique in hybrid plans with tangential beams for whole breast treatment. 

Material and methods: BC patients undergoing adjuvant RT from June to October 2020 were 
selected. ESTRO guidelines for the Clinical Target Volume (CTV) delineation were used. Total 
delivered dose was 60-66 Gy; 50 Gy in 2 Gy daily fractions for whole breast and 10-16 in 2 Gy 
daily fractions Gy to tumor bed was 10-16 Gy in 2 Gy daily fractions.  

Results: The analysis included 31 patients with BC treated with adjuvant RT following con-
servative surgery. Hybrid treatment plans characterized by a 3D-CRT plan using tangential medi-
olateral and lateromedial fields for the irradiation of the whole breast Planning Target Volume 
(PTV)  and a sequential VMAT plan with 2 coplanar arches for boost PTV irradiation were gener-
ated. Dosimetric analysis resulted in homogeneous target volumes coverage and OARs 
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constraints compliance. As regarding to organs at risks (OARs), contralateral breast, ipsi- and 
contralateral lung and heart constraints values were analysed. 

Conclusions: In the frame BC RT, this dosimetric study showed that hybrid plans performed 
with 3D-CRT and VMAT techniques are feasible in terms of dosimetric outcomes.  

Keywords: Breast Cancer, Radiotherapy, Hybrid plans, VMAT, 3D-CRT 

Introduction 

Breast conservative surgery followed by 
whole breast radiation therapy (WBRT) and a 
boost to the tumor bed is the treatment of 
choice for most patients with stages I–II breast 
cancer (BC) (1–3).  

Breast radiotherapy (RT) has been histori-
cally performed by two tangential fields for a to-
tal dose of about 50 Gy with a conventional 
fractionation of 1.8-2 Gy (4). More recent evi-
dence have demonstrated the non-inferiority of 
hypofractionated RT also showing a reduction 
in acute toxicity (5–9).  

Breast conservative approaches have in-
creased significantly in the last decades and 
techniques have improved with greater aware-
ness of the impact of radiation on the heart (10). 

The tumor bed boost can be performed in 
different modalities, electrons beam radiother-
apy, particles RT, photons beam RT or brachy-
therapy (BT). Electrons beam RT and photons 
beam RT delivered in sequential boost (SB) 
have been shown to be  the most common mo-
dalities  (11,12). 

Even though particles RT and photons beam 
RT seem to guarantee  better planning solutions, 
no randomized trials have been designed to iden-
tify the best modality to use (13,14). 

In recent years, static fields three-dimen-
sional Conformal Radiotherapy (3D-CRT) mo-
dality has been replaced by Intensity-Modu-
lated Radiation Therapy (IMRT) modality assur-
ing more conforming doses and volumes. Ex-
perience have also showed that IMRT could 
also provide a minimization of unwanted radia-
tion dose inhomogeneity in the breast leading 
to late adverse effects reduction (15,16). 

Volumetric modulated arc therapy 
(VMAT) technique is preferred to conventional 
direct electron in tumor bed boost both for 

better conformation of the dose and for lung 
sparing (17). 

Electrons should be reserved to very super-
ficially located tumor bed without contact with 
the thoracic wall (18). 

To our knowledge, in literature no studies 
have analyzed a hybrid treatment with static 
tangential fields for WBRT and with the use of 
VMAT technique for the sequential boost. 

The aim of this study is to demonstrate the 
feasibility and dosimetric advantages of SB de-
livered with VMAT technique in hybrid plans 
with tangential beams for whole breast treat-
ment. 

Material and methods 

Patients characteristics 
Thirty-one patients from a single institution 

who received RT following conservative sur-
gery for early BC from June to October 2020 
were retrospectively enrolled. Patients enrolled 
signed a consent for data collection according 
to the study design requirements and also to 
department regulation. 

Patients had stage I disease according to 
the 7th edition of the American Joint Committee 
on Cancer (AJCC)/Union for International Can-
cer Control (UICC) staging system (19).  

In this study 12 left-sided and 19 right-sided 
tumors were evaluated.  

A heterogeneous patient population was 
considered for analysis with large or small 
breast volume and deeply or superficially lo-
cated tumors.  

The boost regions were sixteen in upper 
outer quadrant (UOQ), two in upper-lower inner 
quadrants (UIQ – LIQ), two in lower outer quad-
rant (LOQ), eleven in central quadrant (CQ). 

Patients characteristics are reported in ta-
ble 1. 
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Table 1 - Patients characteristics 

Patient Side Quadrant Gy/fraction 
Whole breast 

Total dose 
Whole 
breast 

Gy/fraction 
Tumoral bed 

Total dose 
Tumoral bed 

1 R UOQ 2 50 2 10 
2 R LOQ 2 50 2 10 
3 L UOQ 2 50 2 10 
4 R CQ 2 50 2 10 
5 R LOQ 2 50 2 10 
6 R UOQ 2 50 2 16 
7 L CQ 2 50 2 10 
8 L CQ 2 50 2 16 
9 R CQ 2 50 2 10 
10 L UOQ 2 50 2 10 
11 R CQ 2 50 2 10 
12 R UIQ-LIQ 2 50 2 10 
13 L CQ 2 50 2 10 
14 R UOQ 2 50 2 16 
15 L UOQ 2 50 2 10 
16 R UOQ 2 50 2 10 
17 R UOQ 2 50 2 10 
18 R UIQ-LIQ 2 50 2 10 
19 R UOQ 2 50 2 10 
20 R UOQ 2 50 2 10 
21 R UOQ 2 50 2 10 
22 L UOQ 2 50 2 10 
23 L QC 2 50 2 10 
24 L UOQ 2 50 2 10 
25 L UOQ 2 50 2 10 
26 R UOQ 2 50 2 10 
27 R UOQ 2 50 2 10 
28 R CQ 2 50 2 10 
29 L CQ 2 50 2 10 
30 R CQ 2 50 2 10 
31 L CQ 2 50 2 10 

R: right; L: left; UOQ: upper outer quadrant; LOQ: lower outer quadrant. UIQ: upper inner 
quadrant; LIQ: lower inner quadrant; CQ: central quadrant;  

 
Contouring 
The patients underwent a 2.5-mm slice 

thickness, free-breathing computed tomography 
(CT) scan in  supine position on breast board 
(C-qual) with both arms raised above the 
head. 

The clinical target volume of whole breast 
(CTVbreast) was contoured according to Euro-
pean Society for Radiotherapy and Oncology 
(ESTRO) guidelines (20). 

The CTVboost was defined as the tumor bed 
identified through the study of pre-operative 
mammography and/or MRI images and the 
visualization of the surgical alteration, with the 
help of a metal marker on the scar; any sero-
mas near the tumor bed were included. 

The PTVbreast and PTVboost were created by 
adding an isotropic 5 mm margin expansion to 
CTVbreast and CTVboost respectively.  

The PTVs were cropped to 5 mm from the 
body as Italian guideline recommendation (1). 

The organs at risk (heart, ipsilateral lung, 
contralateral lung and lungs) were delineated 
according to National guidelines (1). 

 
Planning 
31 hybrid treatment plans were generated 

characterized by a 3D-CRT plan using tangen-
tial mediolateral and lateromedial fields for the 
irradiation of the PTVbreast  and a sequential 
VMAT plan with 2 coplanar arches for PTVboost 
irradiation  with an amplitude of 120° (240°- 
40° for right breast, 320°- 120° for left breast). 
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All treatment plans were calculated using 
the Pinnacle3 vers.16.02 from Philips, col-
lapsed cone algorithm and 3x3x2.5 mm calcu-
lation grid and were optimized for Elekta Syn-
ergy® linear accelerator equipped with an 80-
leafs multi-lamellar collimator. 

The dose prescribed to the whole breast 
was 50 Gy in 2 Gy daily fractions according to 
internal department regulamentation. The 
dose to the tumor bed was 10-16 Gy in 2 Gy 
daily fractions, higher boost dose was pre-
scribed for patients with close margins status 
at pathological examination. The total deliv-
ered dose was 60-66 Gy. 

The target volume and prescription dose 
were defined according Report 50, 62 and 83 
recommendations of the International Commis-
sion on Radiation Units and Measurements 
(ICRU) (21–23). 

Both plans aimed to  PTV V95% and CTV 
98% higher than 95% of the prescribed dose, 
and also to PTV V107% inferior to 5% and 
PTV Dmax not exceeding 110%. 

The conformity index (CI95%) was calcu-
lated as  

CI =
TVRI
TV

∙
TVRI
VRI

where TVRI represents the target volume 
covered by the reference isodose (95% of the 
prescription dose); TV is the target volume, VRI 
is the volume of the reference isodose. The 
value of CI ranges from 0-1, with a value closer 

to 1 indicating better conformity of the dose to 
the PTV (24). 

The dose constraints considered for Or-
gans at risk (OARs) were:  

- Heart V10Gy < 10%, V40Gy < 4% and
Dmean < 3 Gy 

- Ipsilateral lung Dmean < 18 Gy and
V20Gy < 25% 

- Contralateral lung Dmax < 5 Gy
- Bilateral lungs V5Gy < 60%
- Contralateral breast Dmax < 5 Gy and

V10 Gy < 5%. (25–27) 

Plan evaluation 
The dosimetric data of the individual and 

the sum plans considered were: 
- CTV boost bed V95% and V107%
- PTV boost bed V95%, V107% and CI95%

- Ipsilateral lung mean dose and V20Gy
- Contralateral lung max dose and mean

dose 
- Bilateral lungs V5Gy
- Heart V20Gy, V40Gy and mean dose
- Contralateral breast max dose and V10Gy

3. Results
Plan evaluation resulted in homogeneous

dosimetric values for target coverage as Mean 
PTV boost V95% resulted in 98,2% ± 1,8 DS 
with a mean PTV boost CI 95% result of 1,0 ± 
0,0 DS. Coverage of both PTVbreast and 
PTVboost are shown in Figure 1 and 2. 

A



31 
 

B  
PTV: planning target volume 

 

Figure 1 – Dose Volumes Histograms for PTVbreast  (A) and PTVboost (B) 

A  

B  
PTV: planning target volume 

Figure 2 – Dose coverage for PTVbreast  (A) and PTVboost (B) 
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Heart constraints were respected as mean 
heart V20 Gy resulted in 1,4 Gy ± 2,5 DS and 
1,5 Gy ± 2,7 DS in WBRT plans and boost 
plans sum. Also constraints for the other 
OARs were respected. 

Table 2 and 3 resume data of target cov-
erage and OARs doses in both WBRT and 
boost plans sum. 

Table 2 - Target coverage values 

CTV boost 
V95% 

CTV 
boost 
V107% 

PTV 
boost 
V95% 

PTV boost 
V107% 

PTV boost 
V110% 

PTV boost 
Dmax 

PTV CI 
95% 

MEAN 99.8 1.3 98.2 1.4 0.0 10.4 1.0 

ST. 
DEV 

0.3 1.5 1.8 1.6 0.1 2.7 0.0 

CTV: Clinical Target Volume; PTV: Planning Target Volume; CI: Conformity Index; ST. DEV: 
Standard Deviation 

Table 3 - OARs dose constraints values 

Heart 
V20Gy 
Boost 

Heart 
V20Gy 
WBRT 

Heart 
V20Gy 
Plan 
Sum 

Heart 
V40Gy 
Boost 

Heart 
V40Gy 
WBRT 

Heart 
V40Gy 
Plan 
Sum 

Heart 
Dmean 
Boost 

Heart 
Dmean 
WBRT 

Heart 
Dmean 

Plan 
Sum 

MEAN 0.0 1.4 1.5 0.0 0.6 0.7 1.0 1.7 2.7 

ST. 
DEV 

0.0 2.5 2.7 0.0 1.1 1.3 0.7 1.4 1.6 

Contrala-
teral Breast 

Dmax 
Boost 

Contrala-
teral 

Breast 
Dmax 
WBRT 

Contra-
lateral 
Breast 
Dmax 
Plan 
Sum 

Contra-
lateral 
Breast 
V10Gy 
Boost 

Contralateral 
Breast V10Gy 

WBRT 

Contralateral 
Breast V10Gy 

Plan Sum 

MEAN 1.2 2.8 3.8 0.0 0.2 0.3 
ST. 
DEV 

0.5 1.0 1.0 0.0 0.6 0.8 

Ipsilateral 
Lung 

Dmean 
Boost 

Ipsilat-
eral Lung 

Dmean 
WBRT 

Ipsilat-
eral 

Lung 
Dmean 

Plan 
Sum 

Ipsilat-
eral 
lung 

V20Gy 
Boost 

Ipsilateral Lung 
V20Gy  
WBRT 

Ipsilateral 
Lung V20Gy 

Plan Sum 

MEAN 1.3 8.1 9.4 0.0 13.7 14.8 
ST. 
DEV 

0.6 3.3 3.2 0.0 5.0 5.3 
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Contrala-
teral Lung 

Dmean 
Boost 

Contrala-
teral 
Lung 

Dmean 
WBRT 

Contrala-
teral 
Lung 

Dmean 
Plan Sum 

Contrala-
teral Lung 

Dmax 
Boost 

Contrala-
teral Lung 

Dmax 
WBRT 

Contralateral 
Lung Dmax  
Plan Sum 

MEAN 0.4 0.3 0.7 1.9 2.4 3.7 
ST. 
DEV 

0.1 0.3 0.3 0.7 0.9 1.1 

Lungs V5Gy 
Boost 

Lungs V5Gy WBRT Lungs V5Gy Plan Sum 

MEAN 2.4 13.7 17.8 
ST. 
DEV 

2.1 5.0 6.2 

ST. DEV: Standard Deviation; WBRT: Whole Breast Radiotherapy 

No statistically significant differences in 
Heart Dmean of PTV boost (p=0,14) were 

shown. Dose volume histograms for OARs ais 
shown Figure 3. 

OARs: Organs at risk 

Figure 3 – Dose Volumes Histograms for OARs 

4. Discussion

This study analyzes the dosimetric data of 
adjuvant radiation treatment plans in patients 
with early stage BC, using hybrid plans deliv-
ered through a 3D-CRT plan for WBRT and a 
sequential VMAT plan for tumor bed boost. 

The use of hybrid plans could allow us to 
improve the dose homogeneity without ex-
ceeding the low doses rates typical of WBRTs 
performed entirely with the IMRT / VMAT tech-
nique. 

In addition, the delivery of the single boost 
with the VMAT technique proved to be really 
simple and fast, with excellent visualization 
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and reproducibility of the target through daily 
cone beam computed tomography (CBCT).  

A recent experience showed that whole 
breast IMRT and Hypofractionated VMAT RT 
are feasible and well tolerated in elderly pa-
tients affected by early-stage BC, also show-
ing lower risks of acute and late RT-related 
side effects (28). 

Several experiences have been published 
regarding RT treatments with IMRT-VMAT 
technique with simultaneous integrated boost 
(SIB) and Accelerated Partial Breast Irradia-
tion (APBI) (28–31; 47). Further studies also 
compared sequential boost with simultaneous 
boost. 

A significant reduction in the severity of 
acute radiation dermatitis in IMRT-SIB RT 
compared to 3D-CRT-SB was shown (32). 

Preliminary data from the prospective 
IMRT-MC2 trial, reported a non-inferiority of 
IMRT-SIB versus 3D-CRT sequential boost 
with respect to cosmesis and LC at 2 years of 
follow up (33). 

IMRT planning also has been shown to 
provide higher dose conformity and to assure 
shorter treatment duration, even though with a 
slightly higher planning maximum and in-
creased lung doses (34). 

Other experiences showed a significantly 
reduced surface dose with IMRT compared to 
3D-CRT, in the adjuvant treatment of BC (35). 

However, many authors have shown tan-
gential fields RT approach delivered with mod-
ern techniques such as IMRT and tomother-
apy could be an optimal modality especially for 
minimizing organs at risk (OAR) low-doses. 
Nissen et al have demonstrated as deep inspi-
ration breath hold (DIBH) in conjunction with 
tangential-field, forward-planned IMRT treat-
ment plans can lead to a significant reduction in 
heart and lung dose while optimizing  PTV cov-
erage (36). Other experience showed as tan-
gential fields tomotherapy could result in better 
dose coverage and OARs constraints compli-
ance compared to other RT modalities (37,38). 

A recent experience from Joseph et al,  re-
cently showed that IMRT SIB does not seem to 
have any dosimetric advantage compared to 
field-in-field 3D-CRT (39). Significantly higher 
doses to contralateral lung and heart and 

radiation exposure in terms of Monitor Units 
were also shown in IMRT SIB treatments (39). 

Limited benefits of IMRT have been shown 
in specific patients subsets, mainly in treat-
ments with large boost planning tumor volume 
(PTV) and an overlap between heart and 
breast PTV (40). 

Several authors have proposed hybrid 
plans with SIB to take advantages of both 3D 
technique and IMRT(41,42). Onal et al demon-
strated that the D2, D98, and V107 values for 
PTVbreast and PTVboost, and  Homogeneity In-
dex of PTVbreast  with VMAT technology were 
higher with SB technique compared to the SIB 
technique (43). 

In the frame of dosimetric analysis, an ex-
cellent target coverage and dose homogeneity 
is shown with mean values of PTV boost CI 
95% 1.0 and media of CTV boost V95% 
99.8%. Mean  PTV boost V107% is always 
less than 5% except in 1 case where it is 
5.1%.PTV boost V110% is always less than 
1% and almost always is 0%. This high homo-
geneity of dose distribution is typical of IMRT / 
VMAT techniques. 

As regarding to OARs, the dosimetric data 
show that the dose contribution of the boost 
plan is minimal and does not lead to large var-
iations in the costraints used in clinical practice 
for  treatment plan approvement. 

In particular the difference of the heart V20 
values between WBRT performed by 3D-CRT 
technique alone and the plan sum, is always 
less than 0.5% exception a case that is 1.4%; 
in most cases the difference is 0%. 

Given the latest evidence in the article by 
Killander et al (26), where  no correlation was 
found between cardiac toxicity and Dmean 
value inferior to 4 Gy, we have verified that the 
VMAT boost low doses did not go to affect the 
increase of this constraint. 

We performed a subset analysis of pa-
tients with left BC and found no statistically sig-
nificant differences between right and left side. 
The mean value of Heart Dmean was 1.0 Gy 
± 0.7 SD and allowed not to exceed 3-4 Gy in 
the plan sum. Authors are aware of the limita-
tions of this study such as the small simple 
size and the limited number of patients with in-
ternal quadrants for whom hearth doses could 
be increased. 
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In literature there are no studies investigat-
ing the use of hybrid plans with 3D-CRT plan 
with tangential fields for WBRT and with VMAT 
/ IMRT plan for boosting the tumor bed. Balaji 
et al demonstated the feasibility of flattening 
filter-free (FFF) photon beams in hybrid volu-
metric modulated arc therapy (23). (41). 

However, we have found studies that sup-
port the use of the VMAT technique for the 
boost (17,18). Most of the recent literature re-
garding BC tumor bed boost focuses on SIB 
studies in full IMRT/VMAT plans. 
(30,32,33,40,43–46). But some studies sug-
gest that the low doses given by many frac-
tions in IMRT / VMAT may not justify the use 
of this technique for the entire treatment 
(34,39). 

5. Conclusion  
 
This study aimed to demonstrate the very 

low impact of boost with VMAT technique on 
constraints and low doses, to suggest the use 
of hybrid plans that can avoid the low doses of 
many fractions with IMRT / VMAT technique 
but exploit their potential in few fractions of the 
boost. 

Comparative dosimetric studies on this hy-
brid technique applied in different modalities of 
treatment and large-scale studies to evaluate 
clinical outcomes should be designed to ad-
dress the potential benefit of hybrid treat-
ments. 

 
 

Abbreviations: 
WBRT - whole breast radiation therapy 
BC - breast cancer 
VMAT - volumetric modulated arc therapy 
OARs - organs at risk 
3D-CRT - three-dimensional Conformal Radiotherapy 
SB - sequential boost 
CTV - clinical target volume 
PTV - planning tumor volume 
RT – radiotherapy 
BT – brachytherapy 
IMRT  - intensity-modulated radiation therapy 
AJCC - American Joint Committee on Cancer 
UICC - Union for International Cancer Control 
UOQ - upper outer quadrant 
UIQ – LIQ - lower inner quadrants 
CQ - central quadrant 
CT - computed tomography 
ESTRO - European Society for Radiotherapy and Oncology 
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CBCT - cone beam computed tomography 
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Abstract 

Pineoblastomas are rare, malignant pineal parenchymal tumors encountered predominantly in 
pediatric patients. They are distinct from primitive neuroectodermal tumors (PNET) at other sites 
in that they exhibit photosensory differentiation including Flexner–Wintersteiner rosettes and fleu-
rettes. Diagnosis can be challenging since they share morphologic and immunohistochemical fea-
tures with other embryonal tumors and the developing pineal gland. Pineal anlage tumor is a rare 
variant of pineoblastoma defined by divergent neuroepithelial and ectomesenchymal differentia-
tion without an endodermal component. To date the five published cases of anlage tumors be-
haved aggressively. We describe a case series which includes one patient with pineal anlage tu-
mor and the clinical, radiological and pathological characteristics of pediatric pineoblastomas. 

Keywords: pineoblastoma, immunohistochemistry, pediatric tumors, anlage tumors, 
primitive neuroectodermal tumors/PNET 

1. Introduction

Pineoblastomas (PBs) are rare, highly ma-
lignant (grade IV in the 2021 World Health Or-
ganization (WHO) classification of the tumors 
of the central nervous system (CNS) (1) pineal 
parenchymal tumors (PPT) occurring mainly in 
the pediatric population. They are part of the 
broad category of central primitive neuro-ecto-
dermal tumors (cPNET) and may exhibit 

photosensory differentiation including Flexner–
Wintersteiner rosettes and fleurettes (2). Diag-
nosis can be challenging since they share mor-
phologic and immunohistochemical features 
with other embryonal tumors and the develop-
ing pineal gland (2). Pineal anlage tumor is a 
rare variant of PB. It is defined by divergent 
neuroepithelial and ectomesenchymal differ-
rentiation without an endodermal component 
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(2). The few published cases of anlage tumors 
behaved aggressively (3-5). 

We describe the clinicopathologic charac-
teristics of thirteen pediatric cases of PBs and 
compare responses to therapy and prognosis 
to better understand the clinical course of PBs 
in the pediatric population. 

2. Material and Methods

Pathology records from 1980 to 2012 were 
searched for PBs at a tertiary pediatric hospital 
(Children Hospital Wisconsin). Thirteen consec-
utive cases of PBs, consisting of 12 classical 
PBs and one anlage tumor were identified. 
Cases were reviewed and classified using the 
presence/absence of anlage/divergent differen-
tiation component, rosette formation, pigment 
production, mitoses and necrosis. Radiology re-
ports and clinical data were reviewed. Formalin 
fixed, paraffin-embedded tissue was sectioned 
and stained with hematoxylin and eosin. We as-
sessed the histologic diagnoses according to the 
2021 WHO classification of tumors of the CNS 
(1). Mitoses were counted in 10 high-power 
fields (HPF, 400x) and expressed as the number 
of mitoses per 10 consecutive HPFs. Immuno-
histochemistry was performed with the following 
commercially available antibodies: anti-synapto-
physin (SY38, mouse, monoclonal, 1:100, cata-
log# IS776, Dako, Tokyo, Japan), glial fibrillary 
acidic protein (GFAP) (polyclonal, rabbit, 1:4000, 
catalog# Z0334, Dako,Glostrup, Denmark), vi-
mentin (clone V9, mouse, monoclonal, 1:1000, 
catalog# M0725, Dako, Tokyo, Japan), anti-neu-
rofilament (2F11, mouse, monoclonal, 1:50, cat-
alog# M0762, Dako, Tokyo, Japan ), antineu-
ronal nuclear antigen (anti-NeuN; A60, 1:100, 
catalog# MAB377 Millipore, Billerica, Massachu-
setts, USA), and anti-Ki67 (MIB-1, mouse, mon-
oclonal, 1:100, catalog# IS626, Dako, Tokyo, Ja-
pan). The MIB-1 indices represent rate of im-
munopositive cells, determined by examining 
more than 1000 tumor cells. 

3. Results

Histopathology 
Microscopic examination showed densely 

cellular neoplasms composed of sheets of 
haphazardly arranged, variably sized 

immature cells with scant eosinophilic cyto-
plasm. The smaller cells had small angulated 
to oval nuclei with hyperchromatic smudged 
nuclear chromatin and indistinct nucleoli. The 
larger cells had lobulated vesicular nuclei with 
small nucleoli and moderately abundant gran-
ular to eccentric glassy eosinophilic cyto-
plasm. Mitotic figures were present from rare 
mitoses (1-2/10HPF) to 40/10 HPF in one in-
stance. Variable degrees of apoptosis, necro-
sis and karyorrhexis were noted. In areas the 
sheets of tumor cells were interrupted by inter-
spersed bands of fibrovascular stroma with 
scattered blood vessels. Rosette-like for-
mations were variably present. The average 
MIB-1 index was 41% (median is best) (range 
30-60%). The anlage tumor had areas of glio-
neuronal differentiation (Figure 1C) alternating
with areas of high grade small round blue cells
with focal/minimal necrosis (Figure 1B), mor-
phologically similar to medulloblastoma.
Homer Wright and Flexner-Wintersteiner ro-
settes were present. Melanin production, car-
tilaginous, and rhabdomyoblastic differentia-
tion were also present (Figure 1A). Immunop-
eroxidase stains for synaptophysin was dif-
fusely positive (Figure 1E). while glial fibrillary
acidic protein (Figure 1D) is negative. The
MIB1 index was 50% (Figure 1F).

Clinical characteristics 
We report thirteen cases of biopsy-proven 

PBs including one anlage tumor (Table 1). The 
female to male ratio was 2.2 and the age 
ranged from 8 months to 17 years (median 10 
years). The radiological findings by brain com-
puter tomography (CT) scan and magnetic 
resonance imaging (MRI) showed heteroge-
neous enhancing, lobulated pineal gland le-
sions with dimensions ranging from 2.5 to 5 
cm. Hydrocephalus was identified in nine
(69%) patients. Five cases (38.4%) had spinal
cord metastasis, three (23%) were negative
for what (cerebrospinal fluid) CSF dissemina-
tion and no information was available in the re-
maining five cases (38.4%). Nine patients
(69%) received a combination of surgical re-
section, irradiation (whole brain: 7, craniospi-
nal: 3) and chemotherapy and one patient had
a combination of resection and irradiation.
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Table 1 

Case 
no. 

Age at di-
agnosis 

Gen-
der 

Therapy Hydro-
cephalus 

Out-
come 

Survival from 
initial Dx 

1 12 y M resection and XRT Yes Alive 19 y 
2 11 y F NA N/A Alive 22 y 
3 11 y M resection, XRT and 

chemo 
Yes Alive 6 y 

4 10 y M resection, XRT and 
chemo 

N/A Alive 16 y 

5* 11 mo F resection, XRT and 
chemo 

Yes Alive 12 mo 

6 17 y F resection, XRT and 
chemo 

Yes Alive 12 y 

7 8 mo F NA N/A De-
ceased 

(3 yo) 

8 4 y M resection, XRT and 
chemo 

Yes De-
ceased 

(11 yo) 

9 9 y F resection, XRT and 
chemo 

Yes De-
ceased 

(13 yo) 

10 5 y F resection, XRT and 
chemo 

No Alive 6 mo 

11 13 y F resection, XRT and 
chemo 

Yes De-
ceased 

(18 yo ) 

12 4 y F NA Yes Alive 15 y 
13 11 y F resection, XRT and 

chemo 
Yes Alive 25 y 

Legend:*- Anlage tumor; 
XRT- Radiation therapy; Dx- diagnosis 

Two of these patients (15.4%) had third 
ventriculostomy due to severe headache and 
altered consciousness (secondary to hydro-
cephalus). No information was available re-
garding treatment of three (23%) patients. 
Nine patients (69%) are alive with survival 
times between 6 months and 25 years (me-
dian 13 years). Four patients (30.7%) died, 
with an average survival time from the diagno-
sis of 4.25 years (range 2-6 years). The mean 
duration of follow-up was 14.5 months (range: 
6 months-25 years). The anlage tumor was di-
agnosed in a 11- month-old female. The MRI 
of the brain showed a focally enhancing, well 
circumscribed, lobulated pineal gland mass le-
sion (44.6 mm x 45.6 mm x 43.3 mm) with at-
tenuated apparent diffusion coefficient (ADC) 

signal on diffusion-weighted imaging MRI and 
prominent calcification along its posterior right 
margin on CT (Figure 1). MRI of the cervical 
spine appeared unremarkable without evi-
dence of tumor seeding. Adjuvant therapy was 
given using high dose methotrexate arm of 
ACNS0334 Phase III clinical trial with induc-
tion therapy to include 3 cycles of vincristine, 
high-dose methotrexate, etoposide, cyclo-
phosphamide, and cisplatin and consolidation 
therapy to include 3 cycles of carboplatin and 
thiotepa with autologous stem cell rescue. 
This regimen has been chosen based upon its 
potential effectiveness towards the embryonal 
(PB) component of the tumor. The patient is 
free of disease 12 months after the diagnosis. 
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Figure 1: 11-month-old female with pineal anlage tumor: Sagittal, T1-weigthed sequence without 
contrast shows a large, well-circumscribed, lobulated hypointense pineal region mass (left). Histo-
logic sections show melanin production and cartilaginous differentiation (A, 100x), alternating with 
areas of high grade small round blue cells with focal/minimal necrosis, Homer Wright and Flexner-
Wintersteiner rosettes (B, 200x) admixed with rhabdomyoblastic and glioneuronal differentiation (C, 
400 x). GFAP is negative (D, 200x), synaptophysin demonstrates diffuse positivity (E, 200x) while 
mitoses are common and the MIB1 index is approximated at 50% (F, 200x). 

4. Discussion

Pineal parenchymal tumors (PPTs) are a 
subcategory of primary neoplasms of the pin-
eal gland. They comprise less than 1% of all 
brain tumors and are most commonly diag-
nosed in pediatric patients or young adults. 
They include PBs, pineocytomas, and pineal 
parenchymal tumors of intermediate differenti-
ation (PPTID). The 2021 WHO Classification 
of Tumors of the Central Nervous System 
added desmoplastic myxoid tumour of the pin-
eal region and SMARCB1-mutant tumor. In 
light of the 2021 WHO classification, molecular 
subtyping of pineoblastomas is becoming in-
creasingly important (1, 17, 45). Pineocytomas 
are well-differentiated, less aggressive tumors 
composed of cells with abundant eosinophilic 
cytoplasm and pineocytic rosette formation (1, 
6). PPTID have features intermediate between 
those of well-differentiated PCs and undiffer-
entiated PBs show a cellular milieu that is less 
dense but with limited differentiation or rosette 
formation (1). PBs are primitive small round 
blue cell tumors that resemble medulloblasto-
mas, with a strong potential for leptomeningeal 
seeding (7,8). In several published case series 
PBs were the most common type of PPTs, rep-
resenting up to half of all PPTs (5,9,10). Extra-
cranial metastasis to the peritoneal cavity can 
occur via ventriculoperitoneal shunts. Rare 

metastases to the bone (11) and lung (8) have 
been described. Similar to central nervous 
system primitive neuroectodermal tumors, the 
prognosis for patients with PBs is very poor, 
with 5-year survival rates of only 10% 
(5,10,12). Compared to other primary pineal 
tumors, anlage tumors have neuroepithelial 
and ectomesenchymal differentiation but lack 
endodermal differentiation. They are ex-
tremely rare and have been only recently men-
tioned as a provisional entity in the WHO clas-
sification system, but are not recognized as a 
separate entity (1,13). Schmidbauer et al. (4) 
first described this tumor in 1989, reporting a 
9-year-old female with a primitive pineal tu-
mor. Only a few cases have since been re-
ported and showed that pineal anlage tumors
include immature cartilage, skeletal muscle,
and melanin pigmented cells as well as Homer
Wright and Flexner-Wintersteiner rosettes
(31). Most reported patients presented with
hydrocephalus, but some had spasticity and
ataxic gait (9,14,15). Patients with pineal an-
lage tumors have previously been given a
prognosis similar to classical PBs (3,16). In-
cluding our case, only 6 cases have been re-
ported thus far to the best of our knowledge,
so the significance, prognosis, and treatment
of pineal anlage tumors are uncertain.

On brain CT imaging PBs appear as large, 
lobulated mass lesions and usually show 
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heterogeneous contrast enhancement (6,14). 
Hydrocephalus is often present and the tu-
mors show variable degrees of cystic 
changes. On MRI, PBs are hypo- to isointense 
on T1-weighted images and hyperintense on 
T2-weighted images with heterogeneous con-
trast enhancement (6,14,15,17). The interface 
between the tumor and surrounding structures 
is sometimes poorly defined (6,14). 

On gross pathological examination PBs 
are pink-tan soft, gelatinous tumors, occasion-
ally showing diffuse infiltration of surrounding 
tissues (7). Hemorrhage and necrosis are of-
ten encountered (7–9,18–20). Microscopically 
they appear as patternless sheets of small 
cells with scant cytoplasm, hyperchromatic nu-
clei, high nucleocytoplasmic ratios, and scant 
cytoplasm (3,21). Lobular architecture is ab-
sent (6). Necrosis is common but mitotic activ-
ity is variable. Frequent Homer-Wright ro-
settes (Figure 1) and occasional Flexner-Win-
tersteiner rosettes are identified. 

Pineocytomatous rosettes are absent. 
Rare bundles of cytoplasmic processes (fleu-
rettes) showing bulbous expansion at their dis-
tal portion can be seen and indicate photore-
ceptor differentiation (21,22). Silver staining 
highlights the scant cytoplasm and few cellular 
processes. Melanin production as well as car-
tilaginous and rhabdomyoblastic differentia-
tion are encountered in pineal anlage tumors 
(4,23). 

PBs show expression of neuronal and 
photoreceptor markers. Immunolabeling of 
neuron-specific enolase and synaptophysin is 
weak and diffuse compared to other pineal 
parenchymal tumors. Labeling for neurofila-
ments, class III β-tubulin, chromogranin A, and 
retinal S-antigen is focal (19,24–28). Rare 
cases show focal positivity for glial fibrillary 
acidic protein αB-crystallin, warranting careful 
exclusion of entrapped reactive astrocytes 
(2,13). Flexner-Wintersteiner rosettes and 
fleurettes are strongly positive for retinal S-an-
tigen. Hence, PBs have common morphologi-
cal and immunohistochemical features with 
photoreceptor cells of the developing pineal 
gland and retina. The average MIB-1 labeling 
index is significantly higher in PBs than in 
other PPTs, with average values of 24% to 
27% (29–31). 

The ultrastructure of PBs is similar to other 
poorly differentiated neuroectodermal tumors 
and shows no recognizable neuronal struc-
tures. Tumors are composed of sheets of 
small cells with round to oval nuclei which are 
often irregularly indented, with scant cyto-
plasm, containing few organelles as annulate 
lamellae, endoplasmic reticulum (smooth and 
rough), membranous whorls and occasional 
microtubules, intermediate filaments and lyso-
zomes (25,32–35). Junctional complexes are 
usually inconspicuous. Compared to pineocy-
tomas, PBs have rare dense core vesicles 
(33,34). Poorly formed, short cell processes 
containing microtubules and a few dense core 
vesicles can be seen (6,34). In some in-
stances of photoreceptor differentiation, such 
as synaptic ribbons, microtubular sheaves, 
and club-shaped giant cilia with a 9 + 0 config-
uration is observed (32–35). 

Molecular and genetic alterations underly-
ing the formation of PPTs have not been well 
defined. Cytogenetic studies have suggested 
that distal monosomy 12q and partial deletion 
or loss of chromosome 11 are related to tumor 
progression (36–38). Monosomy of chromo-
somes 20 and 22, and trisomy of chromosome 
14 have also been described (24). Two studies 
reported INI1 gene (22q11) mutations (39,40). 
Patients with RB1 gene abnormalities PBs 
have a significantly worse prognosis com-
pared to sporadic cases (41). PBs develop in 
patients with familial bilateral retinoblastomas, 
an occurrence termed ‘trilateral retinoblas-
toma syndrome (17,42), and have also been 
reported in patients with familial adenomatous 
polyposis (43). One study using RT-PCR anal-
ysis identified a higher expression of four 
genes (PRAME, CD24, POU4F2, and 
HOXD13) in PBs and PPTID, in contrast to 
pineocytomas (37). Patients with signs of ele-
vated intracranial pressure (ICP) (papilledema, 
decreased visual acuity) and obstructive hy-
drocephalus should be admitted for urgent 
CSF diversion. 

Given the propensity of certain pineal tu-
mors to metastasize to the spinal column (PB, 
ependymoma, or germinoma), a baseline con-
trast enhanced MRI of the entire spinal axis 
should be obtained. In addition to further im-
aging, the presence of a pineal tumor should 
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also prompt sampling of Germ-Cell Tumors 
(GCT) markers (-human chorionic gonado-
tropin or -fetoprotein) from serum and/or 
CSF. Since most patients with pineal tumors 
present with symptoms related to hydroceph-
alus, a shunt. Either procedure allows for both 
CSF sampling and alleviation of obstructive 
hydrocephalus, which is the most pressing 
concern during acute management of patients 
with PB. Patients with CSF positive for GCT 
markers should then receive adjuvant therapy 
without the need for further surgical interven-
tion. The treatment of choice for most PPTs, 
including PBs, remains open surgical resec-
tion. Open surgery allows for adequate tissue 
sampling and improved diagnostic accuracy, 
which is critical for effective management of 
pineal lesions. In addition, aggressive surgical 
resection is associated with improved out-
come in both pineocytoma (gross total resec-
tion is often curative, obviating the need for ad-
juvant therapy) and PB (gross total resection 
results in prolonged survival). Standard adju-
vant therapy for pathology-confirmed PB after 
maximal surgical resection includes fraction-
ated radiotherapy and chemotherapy. Typical 
radiotherapy protocols for PB are 5500 cGy to 
the tumor region and 3500 cGy to the spinal 
axis (2 Gy fractions). Chemotherapy protocols 
are less consistent among centers but usually 

include 2 to 3 agents selected from vincristine, 
cisplatin/carboplatin, cyclophosphamide, 
etoposide, and CCNU (lomustine). In addition 
to these standard therapies, more recent mo-
dalities such as Gamma Knife radiotherapy 
have been suggested as an adjunct to conven-
tional radiotherapy or as a substitute for surgi-
cal resection, but definitive data are lacking. 
Several promising experimental therapies are 
being evaluated for the treatment of PB, in-
cluding vorinostat (a histone deacetylase in-
hibitor), retinoic acid, and high-dose chemo-
therapy with autologous stem cell rescue (44). 

5. Conclusions

PBs are uncommon pediatric tumors. Di-
agnosis can be difficult as the surgical biopsy 
material is often limited in quality and quantity 
and the tumor lacks a distinctive immunophe-
notype. In our study the majority of patients 
(69%) did well with appropriate therapy. Ade-
quate follow up in order to detect the possibility 
of recurrence or dissemination is warranted. 
Further studies are needed to better classify 
pineal tumors and, in light of the latest 2021 
WHO classification molecular subtyping of 
these unusual pediatric brain tumors is highly 
recommended. 

Abbreviations: 
2F11 - anti-neurofilament antibody 
ADC - apparent diffusion coefficient 
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CD4 - cluster of differentiation 4 
CNS - Central Nervous System 
CSF - cerebrospinal fluid 
cPNET - central primitive neuroectodermal tumors 
GCT- Germ - Cell Tumors 
GFAP- glial fibrillary acidic protein 
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ICP - intracranial pressure 
PBs - pineoblastomas 
PNETs - primitive neuroectodermal tumors  
POU4F2 - POU Class 4 Homeobox 2 
PPTs - pineal parenchymal tumours 
PPTID - pineal parenchymal tumors of intermediate differentiation 
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Abstract 

Introduction. Cutaneous melanoma is one of the deadliest cancers, and its incidence has dra-
matically increased over the last 20 years. Its mortality has decreased slightly worldwide over the past 
10 years, largely due to new approaches such as sentinel node biopsy and new systemic treatments. 

Matherials and method. This retrospective study comprises 151 cases of cutaneous mela-
noma (stages 0, I, II and III) diagnosed between 2003 and 2019 in Romanian patients at a single 
center. It provides epidemiological information (stage at diagnosis, histological aspects, status of 
BRAF mutation, pattern of recurrence) and shows survival parameters associated with systemic 
adjuvant treatments and first and second-line therapies for recurrence. 

Results. Compared to other European countries, Romanian patients with cutaneous melano-
mas have different characteristics: younger age (50 years median age at diagnosis), more ad-
vanced stages (70% for male and 44% for female patients), and BRAF mutation in 70% of cases. 
More than 50% of the patients with stages IIB, IIC and III received adjuvant IFN-α2b after complete 
resection. However, there were similar outcomes in terms of median disease-free survival (DFS) 
(33.46 months for the entire cohort) independently of adjuvant systemic treatments administered 
in the interferon alpha-2b era. The 3-year DFS and OS rates for stages IIB and IIC were similar to 
those of stage III. The prognosis was worse for BRAF mutated melanoma in terms of DFS and 
OS, independently of clinical stages. 

Conclusion. Our study demonstrates that stages IIB and IIC have the same pattern of recur-
rence and similar outcomes to those of stage III and could benefit from adjuvant systemic treat-
ment as shown in KEYNOTE-716 clinical study. 
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1. Introduction

Cutaneous melanoma is a deadly cancer 
whose incidence has increased dramatically 
over the last 20 years (1). In 2020, more than 
320.000 melanomas were diagnosed world-
wide, half of which were in Europe. The global 
prevalence was greater than 1 million cases (2). 

Melanoma management has changed sig-
nificantly since the introduction of sentinel lymph 
node biopsy and systemic innovative therapies 
like targeted therapy (TT) with BRAF inhibitors 
(BRAFi) and MEK inhibitors (MEKi), as well as 
immune therapy (IT) based on immune check-
point inhibitors (ICI). These changes are corre-
lated with decreased mortality rates over the 
past 10 years (3), with only 57,000 worldwide 
deaths in 2020 (2). Nevertheless, half of the di-
agnosed cases were in Europe (2). Romania 
had a low incidence rate compared to other Eu-
ropean countries (only 1,500 new cases diag-
nosed in 2020), but a large number of deaths 
(500 deaths in 2020) (2). 

For over 15 years, adjuvant therapy was 
limited to interferon-alpha-2b (IFN-ᾳ2b), which 
has good disease-free survival rates but clini-
cally significant adverse events, especially for 
high-dose therapy (HD- IFN-ᾳ2b), and ques-
tionable overall survival improvements (4).  In 
accordance with Romanian national guide-
lines, we administered low dose interferon 
(LD-IFN-ᾳ2b) for 1 to 3 years, or HD- IFN-ᾳ2b 
with a one-month induction phase and 11-
month maintenance phase.  

This 15-year retrospective study reflects 
our experience with the diagnosis and treat-
ment of cutaneous melanomas and is the first 
Romanian study that publishes real-world data 
from a long follow-up period of this solid tumor. 

2. Material and methods

A database of 450 melanomas diagnosed 
over more than 20 years was used. Researchers 
excluded patients without complete records, 
with mucosal melanomas or metastatic disease, 
and cases diagnosed after 2019. Our study 
comprises 151 stage 0, I, II and III cutaneous 
melanomas diagnosed between 2003 and 
2019. All cases were restaged using the 8th 
edition of AJCC melanoma staging (5) to 

homogenize cases diagnosed before and after 
2017, when the staging was changed. 

All patients were treated according to na-
tional and European guidelines. Breslow Index 
(BI) from a previous biopsy guided surgical ex-
cision of the primary tumor. Sentinel lymph 
node biopsy was performed for all cases with 
BI between 1-3.99 mm and was followed by 
dissection of regional lymph nodes for positive 
sentinel lymph nodes. For clinically positive 
stage III lymph nodes, complete lymph node 
dissection was performed simultaneously with 
the excision of the primary tumor. Patients with 
stage IIB, IIC and III received adjuvant sys-
temic therapy according to national guidelines 
and depending on co-morbidities and patient 
preference.  

Disease recurrence was treated with sur-
gery (for local and regional recurrences or for 
oligometastatic visceral disease) and systemic 
treatments i.e. chemotherapy and/or innova-
tive treatments such as targeted and immune 
therapy. 

The first goal of this study was to determine 
median disease-free survival (DFS), median 
overall survival (OS) and 1-year, 2-year, and 3-
year DFS and OS rates. The second goal was to 
establish the pattern of recurrence. DFS was de-
fined as the interval from diagnosis to first recur-
rence (local, regional, distant metastasis or sec-
ond primary cancer) and OS as the interval from 
diagnosis until patient death from or inde-
pendently of melanoma. 

3. Results

Of the 151 patients with cutaneous mela-
noma, 67 (44%) were early-stage (0 to IIA) and 
84 (56%) were advanced-stage (IIB, IIC and 
III) (see Table 1). Median age at diagnosis was
approximatively 50 years. Median age was 46
years for early stages and 53 years for ad-
vanced melanomas.

70% of patients were women and approx-
imately 30% were men. Early stages were di-
agnosed predominantly in women (56%) and 
advanced stages were diagnosed predomi-
nantly in men (70%) (see Table 1). 

More than half of the cases (54%) were 
observed on the arms, 34% on the trunk, and 
12% on the scalp, face, and neck. 
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Table 1: Base-line characteristics of the study population with cutaneous melanoma 
 

Stage Stage 0-IIA Stage IIB, IIC Stage III Total 
Number (%) 67 (44.37%) 52 (34.43%) 32 (21.20%) 151 (100%) 
Median age at diagnosis 
(years) 

46.44 (15-79) 52.59 (18-80) 54.75 (29-69) 50.23 (15-80) 

Sex Female 47 (55.95%) 25 (48.07%) 12 (37.5%) 84 (70.15%) 
Male 20 (29.85%) 27 (51.93%) 20 (62.5%) 67 (29.85%) 

Region scalp, 
head, 
neck and 
face 

5 11 2 18 (11.92%) 

trunck 25 16 10 51 (33.77%) 
arm 37 24 20 81 (53.64%) 
uknown 0 1 (1.93%) 0 1 (0.67%) 

BRAF mutated 13 17 17 47 (69.11%) 
wilde-type 8 10 3 21 (30.89%) 
uknown 46 25 12 83 

median BI (mm) 1.06 (0.1-4) 4.47  
(0.1-11.25) 

4.03  
(0.1-23.30) 

2.81  
(0.1-23.30) 

BI (mm) 0.1-0.79 29 0 2 31 (20.53%) 
 0.8-0.99 4 0 1 5 (3.32%) 
 1-1.99 28 0 5 33 (21.85%) 
 2-3.99 4 33 9 36 (23.84%) 
 ≥ 4 1 27 10 38 (25.16% 

 uknown 1 2 5 8 (5.30%) 
Ulceration absent 49 3 7 59 (40.97%) 
 present 17 48 20 85 (59.02%) 
 uknown 1 1 5 7 
Regional 
Lymph 
Nodes 

Sentinel 
biopsy 

13 11 15 39 

 complete 
excision 

3 5 16 24 

Adjuvant 
treatment 

Yes 10 27 17 54 

 No 53 25 15 93 
 uknown 4 0 0 4 
Recurrence 
of disease 

Yes 21 33 21 75 

 No 46 19 11 76 (50.33%) 
Median DFS (months) 52.5 (10-127) 28.84 (1-172) 20.76 (0-93) 33.46 (0-172) 

Outcome Death 13 20 14 47 (31.13%) 
A life 54 32 18 104 (68.87%) 

 

45% of specimens were tested for BRAF 
mutations; 70% of them had a mutation on 
V600 and 30% were wild type. Testing was 
generally performed at time of recurrence. 

From 2018 onward, all stage III cases were 
tested from diagnosis. 

The median BI was 2.81 mm. 25% of 
cases were under 1 mm, 45% were between 1 
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and 3.99 mm, and over 25% of cases had a BI 
above 4 mm (see Table 1). 60% of biopsy 
specimens had histological ulceration. 

75% of cases (63 out of 84 patients) with 
stages IIB, IIC and III had a surgical staging of 
the disease by sentinel lymph node biopsy (39 
patients) and lymph node dissection (24 pa-
tients). 

54 patients received systemic adjuvant 
therapy, which varied by clinical stage (see 
Table 1). 

Most treated patients received IFN-ᾳ2b 
(see Table 2). Doses (high versus low) and du-
ration of treatment (1 year for HD-IFN-ᾳ2b and 
between 1 to 3 years for LD-IFN-ᾳ2b) varied 

according to the changes in national guide-
lines between 2003 and 2019. Administration 
of IFN-ᾳ2b stopped in 2017 and was replaced 
with innovative treatments after 2019, but only 
for stage III melanoma. We did not include the 
number of definitive stops of treatment in our 
database, but more than 50% patients did not 
tolerate systemic adjuvant therapy, especially 
the 1-month induction phase of the high-dose 
IFN-ᾳ2b. Temporary and definitive stops of 
treatment occurred due to medullar toxicities 
(severe thrombocytopenia, febrile neutropenia 
episodes) or severe pyrexia and flu-like symp-
toms that impaired daily life. 

Table 2: Adjuvant systemic treatment for different melanoma stages 

Stage Stages 0-IIA Stages IIB, IIC Stage III Stages 0, I, II, III 
Number / % 67 52 32 151 
Adjuvant 
treatment 

IFN al-
pha2b 

9 22 12 43 

chemo 0 0 1 1 
BRAFi + 
MEKi 

0 1 1 2 

PD-1 0 1 2 3 
uknown 5 3 1 9 

No adjuvant treament 53 25 15 93 

Table 3: 1-year, 2-year and 3-year DFS and OS rates for different melanoma stages 

PFS 
(months) 

Stages 0-IIA 
(%) 

Stages IIB, IIC 
(%) 

Stages III 
(%) 

Stages 0, I, II, III 
(%) 

1-year 98.5 84.61 68.75 87.41 
2-year 91.04 69.23 53.12 75.49 
3-year 89.55 57.69 46.87 69.53 
OS (months) Stages 0-IIA 

(%) 
Stages IIB, IIC 

(%) 
Stages III 

(%) 
Stages 0, I, II, III 

(%) 
1-year 98.5 96.15 84.37 95.36 
2-year 97 82.69 71.87 86.75 
3-year 83.58 57.69 56.25 73.75 

Approximatively 50% of patients experi-
enced recurrence; the rates for stages IIB, IIC 
and III (63-65%) were double that of early 
stages 0 to IIA (31%). The median DFS was 
33.46 months for the entire study population 
and varied by clinical stage: 52.5 months for 
stages 0 to IIA, 28.84 months for stages IIB 

and IIC, and 20.76 months for stage III (see 
Table 1). 

31% patients from our cohort died, the ma-
jority of which were initially diagnosed with ad-
vanced melanomas. 

The 1-year, 2-year, and 3-year DFS and 
OS rates for the study population were 
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calculated. After a minimum 3-year follow up 
period, the OS and DFS rates for stages IIB 
and IIC were similar to those of stage III, with 
small differences in PFS (see Table 3). 

We identified 4 separate major patterns of 
recurrence: local, regional, and bone recurrence 

(41% of patients experienced a recurrence); 
visceral metastasis (43%); brain metastasis 
(12%); and second cancer (3 cases: 1 mela-
noma, 1 colon cancer and 1 breast cancer) 
(see Table 4). 

Table 4: Pattern of recurrence 

Pattern of recurrence Number (%) 

local, regional 31 (41.33) 

visceral metastasis 32 (42.66) 

brain metastasis 9 (12) 

second cancer 3 (4.01) 

Total 75 (100) 

Discussion 

Median age at diagnosis in this study (50 
years) was slightly lower compared to other 
studies, which report median ages of 54 (6) and 
59 (7). The number of advanced melanomas 
was significantly higher compared to other stud-
ies (more than 50% versus under 25%) (6). It is 
notable that in our population, young women 
were diagnosed predominantly with early stages, 
and older men were diagnosed predominantly 
with advanced stages of cancer. 

The median BI was 2.81 mm (see Table 
1). Compared to an Italian study, fewer pa-
tients had a BI under 1mm (24% versus 60%), 
and more ulceration (60% versus under 20%) 
was observed (6). 

We also identified a high number of pa-
tients with mutated BRAF melanoma (70% of 
68 patients tested). The specimens were 
tested at the moment recurrence was diag-
nosed. This result is slightly different from 
other studies that show a 50% probability of 
having BRAF mutation in melanomas (8). 

Approximatively 50% of patients with 
stages IIB, IIC and III received adjuvant sys-
temic therapy after complete excision of the 
primary tumor and lymph node staging due to 
poor compliance with old treatments like HD-

IFN-ᾳ2b and chemotherapy. The lack of infor-
mation about doses, duration of treatment, 
and temporary and definitive stops of treat-
ment in our database did not allow us to draw 
conclusions about the impact of these parame-
ters on patient outcomes. 

For over 15 years, interferon alpha-2b was 
the only treatment approved for adjuvant 
therapy of stages IIB, IIC and III in Romania. 
After 2018, modern therapies were imple-
mented: 2 patients from our cohort received 
adjuvant BRAFi combined with MEKi, and 3 
patients received anti-PD-1 immune check-
points inhibitors. 

50% of patients from the cohort experi-
enced recurrence; the median DFS was 33.46 
months. Prognosis for stages IIB, IIC (median 
DFS 28.84 months), and III (median DFS 
20.76 months) was worse than that of early 
stages 0 to IIA (median DFS 52.5 months). A 
slight difference in recurrence was observed 
for stages IIB, IIC and III at 3 years from diag-
nosis (9,1%). The Kaplan Meier disease-free 
survival curves by adjuvant treatment indicate 
the same pattern of recurrence for both clinical 
groups regardless of whether adjuvant treat-
ment was administered (see Figure 1). 
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Figure 1: Kaplan Meier disease-free survival curves for stages IIB, IIC compared with stages III, by 
adjuvant treatment (9,1% difference at 3 years between stages IIB, IIC compared with stages III – 
not statistically significant) 

 

Figure 2: Kaplan Meier disease-free survival curves for BRAF mutated melanoma and unknown 
compared with BRAF wild-type melanomas, by stages IIB, IIC and III (27,2% difference at 3 years 
between BRAF mutated and unknown BRAF status melanoma and BRAF wild-type melanomas). 

 
A 2018 meta-analysis of 13 trials showed a 

median relapse-free survival of 2.2 years (1,2 – 
3.3 years) for patients that received different 
IFN-ᾳ2b regimens and 1.9 months for patients 
that did not receive treatment for stages II and 
III, very similar with our results (9). 

A large difference, statistically significant, at 
3 years from diagnosis (27.2%) was observed 
in Kaplan Meier disease-free survival curves for 
BRAF mutated and unknown BRAF status mela-
nomas versus wild-type melanomas by stages 
IIB, IIC, and III (Figure 2).  
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Outcomes for stages IIB, IIC, and III were 
similar, and worse than those of early stages, 
with approximately 40% deceased patients for 
both subgroups (see Table 1). The Kaplan 
Meier overall survival curves demonstrate a 
7.3% difference (not statistically significant) 

between stages IIB and IIC vs. stage III, by ad-
juvant treatment (Figure 3) and a 19.2% differ-
ence between BRAF mutated and unknown 
BRAF status melanomas compared with 
BRAF wild-type melanomas, by stages IIB, IIC 
and III (Figure 4). 

Figure 3: Kaplan Meier overal survival curves for stages IIB, IIC compared with stages III, by adjuvant 
treatment (7.3% difference at 3 years between stages IIB, IIC compared with stages III – not statisti-
cally sugnificant) 

Figure 4: Kaplan Meier overal survival curves for BRAF mutated melanoma and  unknown compared 
with BRAF wild-type melanomas, by stages IIB, IIC and III (19,1% difference at 3 years between BRAF 
mutated and unknown BRAF status melanoma and BRAF wild-type melanomas). 
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Our study demonstrates a statistically 
significant difference between the prognosis of 
BRAF mutated and BRAF wild-type melanomas, 
where BRAF mutated is associated with worse 
prognosis. These results are in accordance 
with a large meta-analysis using data from 52 
studies, representing more than 7500 
melanoma patients (10). At the moment of 
recurrence, targeted therapy or immune 
therapy was given to 42 of 66 patients (68%) as 
first-line treatment, and to 23 of 35 (65%) as 
second-line treatment (Table 4). 27% of 
patients are alive at time of writing (18 of 66), 
14 are on first-line therapy (9 on PD-1 inhibitors, 
4 on dual immune blockade and 1 on BRAFi 
combined with MEKi), and 4 are on second-line 
therapy through sequence targeted-immune 
therapy (TT-IT).  

The Romanian guidelines for adjuvant 
melanoma treatment were last changed in 
2019; stage III cutaneous melanoma patients 
now receive adjuvant immune therapy with 
PD-1 inhibitors, pembrolizumab or nivolumab 
for BRAF mutated or wild-type melanomas, 
and targeted therapy with BRAFi, dabrafenib, 
and MEKi trametinib is reserved for BRAF 
mutated melanomas, in accordance with 
National Comprehensive cancer Network 
(NCCN) (11) and European Society Medical 
Oncology (ESMO) guidelines (12). 

Our findings demonstrate that both 
subgroups (stages IIB and IIC, stage III) 
experience a strikingly similar pattern of 
recurrence and risk of death. This similarity 
underlines the importance of expanding 
adjuvant treatment options for stage III to also 
treat stages IIB and IIC. Recently, NCCN 
guidelines introduced adjuvant treatment with 
pembrolizumab for stages IIB and IIC, with a 
similar 12-month regimen already used for 
adjuvant treatment of stages III and IV 
resected melanoma (11), based on 
KEYNOTE-716 clinical study results (13). 

We hope that these innovative treatments 
will soon be available for our patients with 
stage IIB and IIC cutaneous melanomas. 

 
5. Conclusion 
 
Our retrospective clinical study is the first 

Romanian study to publish data that reflects 
the experience of one center over 15 years. It 
offers epidemiological information about 
Romanian patients (stage at diagnosis, 
histological aspects, status of BRAF mutation, 
pattern of recurrence) and important survival 
information associated with systemic adjuvant 
treatments and first and second-line therapies 
for recurrence. 
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BI - Breslow Index 
BRAFi - BRAF inhibitors 
DFS - disease-free survival 
HD - high-dose  
IFN-ᾳ2b - interferon-alpha-2b 
LD – low dose 
MEKi - MEK inhibitors 
NCCN - National Comprehensive cancer Network 
OS - overall survival 
TT-IT - targeted-immune therapy 
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Abstract 

Bladder cancer is the 10th most common cancer type worldwide, with a median age of diag-
nostic of 75 years. Male sex, white race, personal history of pelvic radiation, and tobacco use are 
considered risk factors. Urothelial carcinoma (UC) is the most frequent histology. Squamous dif-
ferentiation (SD) is the most common histologic variant in bladder cancer (20% of cases) and is 
associated with a worse prognosis. We presented the case of a 75-years old male patient diag-
nosed with high-grade (G3) UC of the bladder with SD who developed skin metastasis shortly after 
completing the adjuvant chemotherapy. He was started on immunotherapy with Atezolizumab, 
with good response until this report was written (for twelve months). 

Keywords: bladder cancer, squamous differentiation, skin metastasis, immunotherapy 

1. Introduction

Bladder cancer (BC) carries a significant 
social burden, with up to 550,000 cases 
diagnosed every year worldwide and a median 
age of diagnostic of 75 years (1). Tobacco use 
is the most common risk factor and contributes 
to the increasing incidence of BC in Western 
countries. Male sex, white race, personal 
history of pelvic radiationare also considered 

risk factors (2). BC represents a spectrum of 
diseases which include non-muscle-invasive 
disease (NMIBC), muscle-invasive disease 
(MIBC), and advanced or metastatic disease 
(3). Urothelial carcinoma (UC) is the 
predominant histological subtype in Europe 
and the United States (90%). UC with 
squamous differentiation (SD) is the most 
common histologic variant in BC (20% of 
cases), and it was associated with a poor 
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prognosis (4).We presented a case of ahigh-
grade(G3) UC with SD and with favourable 
response to immunotherapy. 

2. Case Report

A 75-year-old male patient presented to our 
unit with a recent diagnosis of BC. The patient 
has a medical history of hypertension and type 
2 diabetes. He did not report tobacco or alco-
hol use. 

At the end of January 2020, the patient pre-
sented to another urology department with he-
maturia. A CT-urography revealed a bladder 
tumor measuring 45/30 mm that involved the 
left ureteral orifice and hydronephrosis grade 
4 in the left kidney, with no abdominal or pelvic 
lymph nodes. Further, the patient underwent 
transurethral resection for bladder tumor 
(TURBT), in February 2020. The pathology re-
port described a high-grade (G3) papillary UC, 
pT2 - MIBC. Soon after the diagnosis, at the 
beginning of March 2020, the patient pre-
sented to our emergency department with 
gross hematuria and clots. He was admitted to 
the urology department and stabilized. During 

admission, a cystoscopy was performed, 
which excluded an early relapse. Moreover, a 
CT scan of the thorax to complete the staging 
evaluation showed no signs of metastatic le-
sions. The case was further discussed in our 
multidisciplinary team, and the final diagnostic 
was of high-grade (G3) UC of the bladder 
T2N0M0, stage II, according to the AJCC 8th 
edition. Based on the stage, patient's fitness, 
and informed consent, the therapeutic strategy 
consisted of neoadjuvant chemotherapy fol-
lowed by radical cystectomy. Considering the 
worldwide health crisis caused by the COVID-
19 pandemic, which spread quickly to our 
country, we decided to start the treatment as 
soon as possible. Therefore, from March 2020 
to May 2020, the patients received three cy-
cles of neoadjuvant chemotherapy based on 
carboplatin AUC5 and gemcitabine 1000 
mg/m2. After completing the three cycles, the 
CT scan described the bladder having diffuse 
wall thickening (12 mm) and multiple divertic-
ula, hydronephrosis grade 2/3 in the left kid-
ney, and iliac lymph nodes measuring about 8-
10 mm in short axis diameter. (Fig. 1). 

Fig.1: CT scan after neoadjuvant chemotherapy
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Consequently, in June 2020, the patients 
underwent cystoprostatectomy, and the pa-
thology report revealed a high-grade UC (G3) 
with SD (20%) ypT3aN1MxL1VoPnoRo. Con-
sidering the poor prognostic factors (squa-
mous differentiation, residual disease after neo-
adjuvant therapy, lymphovascular invasion), 
we decided to complete the therapeutic se-
quence with adjuvant chemotherapy. There-
fore, from August 2020 to October 2020, the 
patients received three additional cycles of ad-
juvant chemotherapy with carboplatin AUC5 
and gemcitabine 1000 mg/m2.  

Shortly after completing the treatment, in 
December 2020, the patient presented with in-
durated skin nodules in the hypogastrium at 
the surgical incision site. The lesions were in-
terpreted as skin metastasis (Fig. 2). 

Fig. 2: Erythematous, indurated skin nodules 
in the hypogastrium 

A CT scan confirmed the recurrence. The 
results showed a soft tissue mass in the lower 
anterior abdominal wall measuring 3/4 cm and 
another with similar characteristics in the lower 
right anterolateral wall. Moreover, the CT scan 
showed a left iliac lymphadenopathy measur-
ing 3.5/2 cm and peritoneal carcinomatosis. 
Considering the available treatment options, 
from January 2021, the patient was started on 
immunotherapy with Atezolizumab 1200mg IV 
every 3 weeks. The first follow-up CT scan 
was performed after three months, in March 
2021 and pelvic lymph nodes measured less 

than 10mm in diameter. The patient main-
tained a good performance status (IP ECOG 
1), no adverse events were reported through-
out treatment, and the skin nodules were con-
siderably reduced in size (Fig. 3). 

Fig. 3: Clinical assessment after three 
months of immunotherapy- skin nodules re-

duced in size 

Systemic therapy was maintained with 
Atezolizumab 1200 mg IV 3 weeks. Subse-
quent clinical and imagistic follow-up showed 
overall improvements, and the systemic immu-
notherapy was continued until this report was 
written (Fig.4). 

Fig. 4: Clinical assessment from December 
2021 
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3. Discussion 
 
UC is the most common tumor type of the 

urinary tract and has a propensity for divergent 
differentiation. Squamous differentiation oc-
curs in about 20% of cases and is character-
ized by intracellular bridges of keratinization 
(5). This histological variant was associated 
with more advanced stages, shorter disease-
free survival (DFS), and a higher recurrence 
rate (RR) (6). As regards our case, recurrence 
was diagnosed very shortly after completing 
the adjuvant sequence, after only two months. 
In terms of overall survival (OS), the data are 
inconsistent. However, SD did not significantly 
influence OS in a recent meta-analysis inves-
tigating its prognostic value (7). 

BC represents a spectrum of diseases 
which NMIBC, MIBC, and metastatic disease 
(8). The most common metastatic sites are re-
gional lymph nodes, lung, liver, and bone. Skin 
metastasis is a rarity, with a handful of cases 
reported in the literature till now. The overall 
incidence of cutaneous metastasis is about 
5% for all malignancies and 0.8% for BC (9). 
Skin infiltration by cancerous cells can occur 
through several routes, including lymphatic, 
hematologic, iatrogenic implantation, or direct 
tumor invasion. In our case, iatrogenic implan-
tation following an extensive surgery like cys-
toprostatectomy could the underlying mecha-
nism leading to skin metastasis. Moreover, the 
lesions can mimic other dermatological condi-
tions like melanoma or sarcoma (10). 

The treatment of BC was almost un-
changed during the last three decades. BC 
was one of the most underfunded among the 
common cancer types in the early 2000s, 
which limited the understanding of tumor biol-
ogy and led to inadequate treatment progress 
(11). The mixed histologies, including SD, are 
usually treated in the same manner as pure 
UC. On the other hand, pure squamous cell 
carcinoma and adenocarcinoma were not 
proven to benefit from neoadjuvant/adjuvant 
chemotherapy.Our patient presented with the 
diagnostic of MIBC, for which the standard of 
care consists of radical cystectomy. The high 
RR following radical cystectomy alone pointed 
to the use of neoadjuvant chemotherapy (cis-
platin-based regimens) (12). However, our 

patient presented with kidney function impair-
ment (creatinine clearance-43 ml/ min/ 
1.73mp), and therefore cisplatin was replaced 
with carboplatin.The role of adjuvant chemo-
therapy remains a matter of debate, especially 
in patients who previously received neoadju-
vant chemotherapy. Adequately powered ran-
domized control trials did not fully establish its' 
role (13). Though, observational studies re-
ported a survival benefit associated with adju-
vant chemotherapy after neoadjuvant treat-
ment and radical cystectomy, especially in pa-
tients with adverse pathologic features (pT3/ 
T4 and/or pN+) (14). Therefore, considering 
the poor prognostic factors after radical cys-
tectomy (squamous differentiation, residual 
disease after neoadjuvant therapy, lympho-
vascular invasion), we proposed three cycles 
of adjuvant chemotherapy to our patient. 

As regards the metastatic setting, an initial 
cisplatin-based regimen is the preferred treat-
ment option (15). In 2016, atezolizumab (a PD-
L1 inhibitor) was the first new drug approved by 
the FDA in more than 20 years to treat ad-
vanced/metastatic UC who progressed after 
platinum-based chemotherapy (16). However, 
in the long-term analysis of the phase III 
IMvigor211 trial, atezolizumab did not confer an 
OS benefit compared to chemotherapy in prior-
platinum-treated advanced/metastatic UC pa-
tients. Consequently, these results led to the 
withdrawal of atezolizumab for this indication as 
second-line therapy in the United States.Cur-
rently, there are five immune checkpoint inhibi-
tors (ICIs) approved for the treatment of ad-
vanced UC (atezolizumab, pembrolizumab, 
nivolumab, durvalumab, and avelumab) (17). 
Recently, atezolizumab and pembrolizumab re-
ceived approval as first line in cisplatin-ineligi-
ble patients with advanced UC (18).The clinical 
efficacy of ICIs in tumors with predominant or 
pure variant histologies was poorly understood, 
as these categories were kept out from clinical 
trials. Recent studies brought light into the sub-
ject and showed that histological variants, in-
cluding squamous differentiation, have compa-
rable rates of PD-L1 expression with those 
found in urothelial tumors. These findings sug-
gest that histological variants could benefit from 
ICIs as much as pure UC. 
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Metastatic bladder cancer has a poor prog-
nosis with a 5-year OS of 5%. Moreover, skin 
metastasis from a primary UC is associated with 
a median OS of less than a year (19). Our patient 
received immunotherapy for twelve months with 
no sign of disease progression and no adverse 
events reported. (Fig. 4) 

4. Conclusion

The occurrence of UC with SD is rare and 
may reflect a poor outcome. Therefore, it is es-
sential to diagnose the histological variants 
correctly to determine the optimal treatment 
and predict the patient's prognostic. 

Fig. 4: The patient's disease progression and treatment options 
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BC - bladder cancer 
DFS - disease-free survival 
FDA - Food and Drug Association 
ICIs - immune checkpoint inhibitors 
MIBC - muscle-invasive bladder cancer 
NMIBC - non-muscle invasive bladder cancer 
OS - overall survival 
RR - response rate 
SD - squamous differentiation 
TURBT - transurethral resection for bladder tumor 
UC - urothelial carcinoma 
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Abstract 

Malignant melanoma has been known to metastasize; several cases in the literature have re-
ported its metastasis to the urinary bladder. Metastasis to the gluteal muscle, however, is quite 
unusual. We report a case of malignant melanoma metastatic lesions in the urinary bladder and 
gluteal muscle, with a very good response to targeted therapy despite the aggressive behavior of 
this disease. 

Keywords: BRAF-mutation, melanoma, bladder metastasis, gluteal muscle metastasis, tar-
geted therapy 

1. Introduction

Malignant melanoma is the 17th most 
common cancer worldwide, and is responsible 
for nearly 73% of skin cancer-related deaths 
due to its aggressive behavior (1). Melanoma-
induced metastatic lesions of the bladder are 
extremely rare, with few reported cases (2). 
Skeletal muscle metastasis is also uncommon, 

possibly due to the large percentage of 
asymptomatic cases and the challenges faced 
in diagnosing it, as there are no specific imag-
ing techniques for differentiating between car-
cinomas, sarcomas, and other muscular disor-
ders (3). 

This study presents a case of melanoma 
with concomitant urinary bladder and gluteal 
muscle metastasis. To our knowledge, there is 
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no similar case in the literature with this pattern 
of dissemination. Given the rarity of the case, 
we performed a literature review to obtain fur-
ther information. 

2. Case presentation

A 40-year-old male with no relevant medi-
cal, familial, or psychosocial history presented 
to the Department of Urology of a regional hos-
pital in August 2016. The patient had been ex-
periencing dysuria and hematuria for a month. 
A computed tomography (CT) scan of the ab-
domen and pelvis revealed a tumoral mass in-
vading the anterior and lateral wall of the uri-
nary bladder with no involvement of the semi-
nal vesicles, prostate, or ureters. A cystoscopy 
was performed, but the patient experienced 
rapid worsening of symptoms. Due to the 
depth of malignant invasion of the bladder 
wall, the surgical team performed radical cys-
toprostatectomy with pelvic lymphadenectomy 
and urinary deviation, a procedure known as 
bilateral percutaneous ureterostomy.  

The histopathological examination con-
firmed the diagnosis of metastasis from a 

malignant melanoma, which had infiltrated all 
layers of the bladder wall, and was associated 
with mucosal ulceration, serous involvement, 
and infiltration of the adjacent striated muscle. 
The mitosis index was 8 mitoses/mm2. Tumor 
necrosis represented approximately 30% of 
the tumor volume. Nine lymph nodes were re-
sected and examined, and no tumor deposits 
were found. Immunostains were positive for 
S100, HMB-45, and Melan-A and negative for 
CK7, CK20, and CK8/18, BRAF V600 mutant 
status.  

The skin of the patient was also examined, 
revealing a right paravertebral regressed ne-
vus that may have represented the origin of 
the melanoma, which began as a prolonged 
ulcerative area 4 years prior.  

The performed ultrasound (US) and CT 
scans of the abdominal and pelvic regions 
showed suspicious gluteal and hepatic lesions 
with extensive collateral vascular circulation 
and marked splenomegaly. These findings 
may have been related to a previously diag-
nosed portal cavernoma (Fig.1,2).  

Upon performing a fluorodeoxyglucose 
(FDG) positron emission tomography (PET) 
scan in October 2016, multiple metabolically 
active lesions were found: two in the left axil-
lary region, measuring 25/20 mm and 55/35 
mm respectively, with a maximum standard-
ized uptake value (SUVmax) of 15.68, five 

retroperitoneal lesions, and two lesions in the 
right gluteal muscle, measuring 42/33 mm and 
31/21 mm respectively with SUVmax of 14.34 
(Fig. 3).  

Unfortunately, immunotherapy and BRAF-
targeted therapy were not available in Roma-
nia when treatment began.  

Fig.1 Right gluteal metastasis revealed by  
ultrasound 

Fig. 2 Possible liver metastasis 
revealed by CT scan 
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Given the fulminant progression of the dis-
ease, systemic chemotherapy with Dacarba-
zin was initiated in October 2016. After 4 cy-
cles of Dacarbazin, the patient started experi-
encing pain in the right lower limb. This was 
attributed to progression in the inguinal lymph 

nodes. In February 2017, the treatment was 
switched to Carboplatin and Paclitaxel. After 
two cycles, clinical progression was noted in 
the inguinal, axillary, and supraclavicular 
lymph nodes.  

 

 
Fig. 3 Metastasis in axillary, retroperitoneal lymph node, and gluteal muscle revealed by PET 

scan 
 

A molecular analysis of the tumor demon-
strated a BRAF V600E mutation. In March 2017, 
treatment with Dabrafenib (Tafinlar) was initi-
ated. Unfortunately, at that time only Dabrafenib 
was reimbursed by the patient’s insurance and a 
MEK inhibitor (e.g. Trametinib) could not be 
given. 

The patient was followed up with monthly 
clinical evaluations and lab tests. His clinical sta-
tus improved and the analgesics were discontin-
ued. The treatment with Dabrafenib was well tol-
erated, with minimal hematological toxicity. 

Thoracic, abdominal, and pelvic CT scans 
were done every 6 months, and documented 
persistent stable disease overall. At the January 
2022 assessment the axillary, mediastinal, and 
abdominal lymph nodes were lower than 1 cm 
and no other lesions were noted. 

As of last follow-up, in June 2022, the patient 
continued to be asymptomatic, with a main-
tained performance status (PS) of 1. The CT 
scans continued to show stable disease. He is 
currently continuing treatment with Dabrafenib. 

3. Discussion 
 
Bladder invasion, either caused by meta-

static melanoma or by melanoma developing in 
the bladder wall, are rare conditions which can 
be diagnosed almost exclusively by cystoscopy. 
The diagnostic is established by immunohisto-
chemical analysis with S-100, HMB-45, and Me-
lan-A specific antigens (4). Symptomatic bladder 
lesions can be resected by transurethral sur-
gery. Partial or radical cystectomy are more ag-
gressive approaches, and are usually performed 
for solitary or localized metastatic disease (5). 
Due to the aggressivity of this tumor, the patient 
was surgically treated with radical cystectomy 
and prostatectomy.  

Compared to other similar cases reported in 
the literature and treated with transurethral re-
section (TUR)/cystectomy and that had synchro-
nous metastases, our patient has a good PS and 
demonstrated a progression free survival (PFS) 
of almost 48 months (Table 1). 
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Table 1. Treatment of melanoma cases with bladder metasases 

Reference Sex/ 
Age 

Synchronous 
metastasis 

Treatment Survival 

Bartone 
 (6) 

F/70 Lymph nodes Partial cystectomy Died within 2 months 

Dasgupta 
(7) 

F/35 Axillary lesions  TUR Died within 4 months 

Meyer 
(8) 

F/60 Lungs TUR Died 2 months after resec-
tion 

Silverstein 
(9) 

M/56 Lymph nodes Intra-tumor BCG vac-
cine followed by par-
tial cystectomy 

Alive at 8 month follow-up 

Stein 
(10) 

M/50 Absent TUR/chemotherapy Alive at 2 year follow-up 

Arapantoni- 
Dadioti 
(11) 

F/28 Brain, lungs  
Lymph nodes 

TUR Died 2 months after resec-
tion  

Efesoy 
(12) 

F/60 Lungs TUR Died 7 months after resec-
tion 

Nair 
(13) 

M/54 Widespread in-
cluding ureteral 
and renal pelvic 

TUR and laser abla-
tion of ureteral and re-
nal pelvic tumors 

Died within 3 months of 
TURBT 

Shkula 
(14) 

M/60 Widespread TUR Alive at 1 year follow-up 

An uncommon feature of this case is the 
metastasis to the gluteal muscle. Metastasis to 
the skeletal muscle occurs only in 0.8% of pa-
tients with malignant melanoma.  

Literature reports on muscle metastasis 
from malignant melanoma are scarce. In a ret-
rospective cohort study that included 305 pa-
tients diagnosed with malignant melanoma, 
only 4 patients with skeletal muscle metasta-
ses were identified (15).  

Other reports described muscle metasta-
ses from melanoma in the quadriceps, tem-
poralis, and sartorius muscles. (16-18). Cal-
vert and Goforth reported the presence of met-
astatic melanoma in the skeletal muscles of 

patients examined post-mortem (19). Portilla 
et al. reported an isolated rectus abdominis 
metastasis from melanoma (20). Hering et al. 
reported on a series of 15 patients with skele-
tal muscle metastases, of which only 2 of the 
primary tumors were melanomas. The mela-
nomas metastasized to the gracilis and vastus 
lateralis, respectively (21).  

It is critical to emphasize the importance of 
investigating the BRAF status for therapeutic 
purposes. Patients with tumors with BRAF mu-
tations that received targeted therapies had 
better OS compared to patients treated with 
chemotherapy or patients that did not receive 
treatment (15) (Table 2).
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Table 2. Skeletal metastasis from melanoma and survival depending of BRAF status 

Sex/age Metastasis site BRAF status Survival (months) 
F/78 Toe Wild type 11 
F/56 Gluteus muscle Wild type 4 
F/53 Wing of ilium Mutated 29 

M/45 Spine Wild type 2 
F/76 Temporal bone Wild type 2 

F/38 Knee Mutated 24 

The management of metastatic melanoma 
is strongly dependent on the tumor’s location, 
stage, and genetic profile. Before the introduc-
tion of immunotherapy, cytotoxic chemother-
apy such as Dacarbazine and its active metab-
olite, Temozolomide, were the first agents 
used in advanced-stage melanoma.  

In the immunotherapy era, chemotherapy 
was abandoned, as it confers only modest 
clinical benefit.  

Inhibited T-cell functionality is a hallmark 
of cancer, including malignant melanoma. On 
their surface, the tumor cells express inhibitory 
molecules that down-regulate CD4+ and 
CD8+ lymphocyte activity, such as cytotoxic T-
lymphocyte-associated antigen-4 (CTLA- 4) 
and Programmed Death Protein 1/ Pro-
grammed Death Protein Ligand 1 (PD-1/PD-
L1). The development of specific immune 
checkpoint antibodies targeting PD-1, PD-L1, 
and CTLA-4 revolutionized the treatment of 
advanced-stage melanoma. The response 
rate and OS in metastatic melanoma were sig-
nificantly increased after treatment with check-
point inhibitors was introduced (18). Patients 
treated with checkpoint inhibitors have to be 
closely monitored because of potential auto-
immune side effects.  

BRAF mutations are present in approxi-
mately 40-60% of melanoma tumors. BRAF-
targeted inhibitors like Dabrafenib and Vemu-
rafenib increase the OS and PFS for patients 
with BRAF V600E mutations.  

The clinical activity and tolerability of BRAF 
inhibitors administered to BRAF mutant mela-
noma patients was first demonstrated in the 
BREAK-2 phase 2 trial. In the BREAK-2 trial, 
84% of patients had prior systemic treatment, 
and the median follow-up was 13 months. The 
5- year PFS was found to be 11%.

In the BREAK-3 trial, that randomized 
Dabrafenib and Dacarbazine, the five-year OS 
was 24% for Dabrafenib and 22% for Dacarba-
zine. Patients in the Dacarbazine arm were al-
lowed to switch to Dabrafenib when their dis-
ease progressed. 59% did the switch, explain-
ing the similar 5-year OS between the two 
arms (24).  

Lactate dehydrogenase (LDH) is a useful bi-
omarker for assessing melanoma prognosis. 
The 5-year PFS in patients with normal LDH was 
16% vs. 4% in those with elevated LDH in sev-
eral phase 2 and 3 clinical trials (24). Long-term 
treatment with Dabrafenib seems to be well-tol-
erated. Based on the results of the COMBI-d and 
COMBI-v trials, the combination of Dabrafenib 
with Trametinib is currently the standard of care 
for first-line treatment of patients with sensitive 
BRAF mutation, leading to long-term benefit in 
approximately one third of patients (25). Dabraf-
enib is used alone only when unacceptable tox-
icity to Trametinib occurs.  

Based on the results of the above studies, 
Dabrafenib should be used in combination 
with Trametinib. In our case, Dabrafenib was 
used alone, because Trametinib was not avail-
able. 

4. Conclusions

We report a case of aggressive malignant 
melanoma with an unusual metastatic pattern 
involving the bladder and skeletal muscle. Re-
markably, our patient demonstrated a long-
term response to Dabrafenib despite the fact 
that the drug was started seven months after 
initial diagnosis and prior progression with 
chemotherapy. The patient continues to 
demonstrate stable disease more than 5 years 
after introducing targeted therapy.
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Abbreviations: 
CT - computed tomography 
US - Ultrasound 
FDG-PET - Fluorodeoxyglucose – positron emission tomography 
SUV Ibm Max - maximum standardized uptake value lean body mass 
MEK - mitogen-activated proteine kinase 
CTLA – 4 - Cytotoxic T Lymphocyte Associated protein 4 
PR - partial response 
PS - performance status 
ECOG - Eastern Cooperative Group 
PFS - Progression Free Survival 
PD – 1/PD-L1 - Programmed Death Protein 1/Programmed Death Protein- 
Ligand 1 TUR - transurethral resection 
M - male, F - female 
OS - overall survival 
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Dr. Huq is responsible for the development of scientific 
activities of a large group of physicists and management of 
clinical medical physics operations of 21 cancer centers in 
western Pennsylvania, USA. He has served as an expert on 
many International Atomic Energy Agency (IAEA) initiatives, 
developing various documents (example, author of IAEA 
TRS398 CoP, author of IAEA/AAPM CoP on small field do-
simetry, Member of the IAEA research project "Testing the 
recommendations of the IAEA AAPM Code of Practice for the 
Dosimetry of Static Small Photon Fields" ) which provide gui-

dance to the worldwide radiotherapy community regarding various aspects of cancer therapy using 
external beam radiation. 

1. Professor Huq, how would you describe your professional journey?
From childhood I was interested in physics. My challenge was to find ways to coalesce my inter-

est in physics with one of the values that I grew up with – rendering public service. I wanted to 
undertake initiatives that would be most impactful for me in my life but most importantly do something 
that would have a lasting impact on other people’s lives. As I was going through this soul-searching 
process I stumbled into Medical Physics and became a medical physicist. Early on in my career I 
discovered that the most satisfying days were those in which I was involved in the team-based care 
of patients – when I left work at night, legs aching, knowing that my team’s effort bettered a patient’s 
life. Most importantly, I sought to have a sense of purpose and impact on the lives of patients I took 
care of. I developed strong connections with my patients and shepherded them through challenging, 
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emotional junctures in their lives. Some defining moments of my life were seeing a smile on the face 
of a mother on the last day of treatment of her young child who I helped treat with radiation and 
seeing a healthy newborn of a young breast cancer patient who was pregnant at the time of treatment 
and who wanted to keep the baby while getting radiation treatment of her breast. These events were 
very inspirational to me and continued to be so rewarding that I became fully immersed and enam-
ored with my career as a medical physicist. I also sought to impact the field and make a difference 
on a greater scale as a clinical physicist, as an academic physicist via research initiatives, and by 
growing organized medical physics services. As a result, I got involved with many committees of the 
American Association of Physicists in Medicine (AAPM) and Task Group activities, other professional 
societies, and organizations such as IAEA, ASTRO and radiation oncology and medical physics so-
cieties around the world. 

At the core of my enjoyment and passion in these initiatives was working in teams of motivated 
people with diverse backgrounds and ideas and a shared mission. Indeed, my life’s most satisfying 
work has always involved succeeding as a team – in education, in clinical care, in research and 
otherwise. I am now drawn toward the team driving organized efforts to have AAPM, different pro-
fessional societies, advocacy groups, governmental organizations, healthcare organizations, and 
other stakeholders lead the medical physics and radiation oncology profession into the future – in 
North America and beyond its borders. 

 
2. Who influenced you and who were your role-models? 
My parents. I was born in a middle-class family in Bangladesh. Making a difference in people’s 

lives through public service was considered very important in our family. My father spent his entire 
professional life working for an organization that provided volunteer services to the country. My elder 
brother became a national role model for all age groups of people in the country, young and old, for 
his services as a business person and as the beloved mayor of the northern part of the capital city, 
Dhaka. One of my younger brothers dedicated his career to the service of the nation by working in 
the Bangladesh Army. The spirit of rendering public service was instilled in me very early in my life 
by my parents.  

 
3. What are the qualities of a leader, in your opinion? 
There are many qualities that a great leader must possess. One can write a book on it. I will 

mention just a few of them here. Self-awareness and willingness to learn are two very important 
qualities. Self-awareness means recognizing your strengths and weaknesses. You must know what 
you do not know and pretending that you know it all does not help. Practicing humility and learning 
sets up a great example for other leaders and followers. So, leaders should be great learners. Hu-
mility is one the most important qualities that a leader should have. 

A good leader must be visionary, thoughtful, and know how to inspire, motivate, and engage 
his/her followers/team members over the long haul. It is important for a leader to be a good listener 
and connect with the team members, build strong relationships and mutual trust with them. Trust is 
the cornerstone of a good leader-follower relationship. A successful leader thinks critically, estab-
lishes correct vision/goals/purpose, and develops a plan/process to achieve them. A good plan 
should always include opportunities for growth of the team members. The leader must communicate 
the vision/purpose/goals and the plan to accomplish them to all team members effectively; inspire 
the team members so that they find meaning in achieving the goal. It is important to recognize the 
team members appropriately, their values, and their contributions. Establishment of such a positive 
environment leads to a sustainable relationship between the leader and the followers and success 
of the project.  

 
4. What about a mentor? What makes someone a good mentor? 
A good mentor is someone who enjoys the many rewards of giving back, understands the poten-

tial for growth of the mentee, cares for her/his mentee, and promotes professional and career 
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development of the mentee. They are committed to the success of the mentee. Great mentors instill 
self-awareness, value, integrity, and empathy in the mentee. They do so by building a strong trust-
worthy partnership and professional relationship with the mentee and sharing knowledge, expertise, 
and skills with them. Good mentors create structure around meeting times, sit down with the mentee 
and set goals, expectations, milestones, and demand accountability. They make the mentees think 
for themselves instead of giving answers and provide constructive feedback and guidance. Good 
mentors are positive by nature and always see a cup as half-full rather than half-empty which always 
leaves a positive influence on the mentee.  It is important to recognize that great mentors learn as 
much from the mentee as the mentee learns from them.  

Great mentors always enjoy seeing the amazing transition that their mentees undergo in their 
professional and personal career through this mentor/mentee relationship.   

5. What are your projects for the future?
I am passionate about partnering with health care facilities and organizations globally especially

in low-and middle-income countries to help improve the quality of care provided to cancer patients. 
As I mentioned earlier, I have been working with an NGO, „Dăruiește Viața”, and their team to build 
a radiotherapy department in the children’s hospital that they are building in Bucharest, Romania. I 
am involved with the local leadership in Bangladesh to help build the capacity of radiation oncology 
professionals (radiation oncologists, medical physicists, radiation therapists) through the establish-
ment of structured hybrid education and training programs. Other exciting future projects include, but 
are not limited to, establishing a cooperative group clinical trial network in Africa. To support this 
initiative, I am working with a team of highly dedicated medical physicists and physicians from Africa 
and the United States to build a cloud-based comprehensive cancer center that will be powered by 
artificial intelligence technology to provide support for protocol development, data quality and data 
management, remote treatment planning and quality assurance activities, audit, site credentialing, 
remote peer-review, education and training and other activities that are necessary to provide a high-
quality safe care to cancer patients treated with radiation therapy. Another important African initiative 
include working with the local leadership and other stakeholders to help establish accredited gradu-
ate medical educations programs in medical physics, clinical medical physics residency programs, 
and certification of clinically qualified medical physicists in Africa. I firmly believe that successful im-
plementation of these programs will represent a paradigm shift in how cancer patients will be treated 
in Africa for decades to come. 

6. What are in your opinion the good parts in working in radiation oncology field in the
low-and-middle-income countries? 

Published data show that cancer burden is expected to almost double over the next 20 years in 
low-and-middle income countries (LMICs). About 60-70% of the patients in the LMICs will receive 
radiation therapy as part of their treatment. Currently, about 80% of radiation treatments in LMICs 
are palliative. The majority of cases that the patients present with are at stage III or IV, making palli-
ative radiotherapy and end-of-life care the only possible form of treatment. Most developing countries 
do not have the resources or infrastructure to prevent, diagnose, or treat this growing burden of 
cancer.  The access to care is very limited in these LMIC’s and the lack of access to cancer care has 
tremendous impact on patients and families. This dire situation in the LMICs presents an opportunity 
for us to get involved. Professionally we will be exposed to a different type of patient population in a 
very different cultural setting with an amazing opportunity for tremendous personal and professional 
growth and hence much personal and professional satisfaction. A small effort by each of us can make 
a huge difference in the lives of these patients and their families. Together, we can make a big dif-
ference to the well-being of the global patient population that we serve. 
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7. What advice would you give to a young medical physicist or radiation oncologist?
Decide early in your career what it is that you love to do – clinical work, research, or some com-

bination of the two, or something else. Your profession should not be a “job”. You should love what 
you do. Only then will you be able to make a true difference in the lives of the cancer patients that 
we serve. Our profession is a very rewarding profession. There are tremendous opportunities that lie 
ahead of you. Artificial intelligence is already in the space of radiation oncology. Flash radiotherapy 
using photon beams on a conventional linac platform will soon become a reality. In your career you 
will be dealing with these and other exciting new technologies. Using these and other new tools, you 
will be able to provide a quality of care to our patients that we may not have been able to provide to 
date. This is very exciting, and I believe will be a truly rewarding experience.  

Collaborate. Collaboration will open a world of opportunities for you. 
Volunteer. I ask you to give an hour or two of your time a week to learn about the needs of the 

healthcare considerations of the larger global community, especially the community of low-and-mid-
dle-income countries. Give a month of your professional career a year or every other year serving 
the patient population in the low-and-middle-income countries. This experience can be truly reward-
ing and enjoyable and a win-win for both you and the patient population around the world. 

* Some excerpts of this interview were taken from an AAPM Newsletter Article: Vol 44, No 2, March-April, 2019
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How would you describe yourself in a few 
words to somebody who does not know you? 

…You mean professionally? 

Mainly yes, but not exclusively - if you think 
you can share personal thoughts, too, they are 
well received. 

It’s a difficult question… It has never been easy 
for me to speak about myself… 

Then maybe you could tell us what your friends and colleagues say about you, so we get 
a mirrored image. 

They say that I’m sincere and that the discussions with me could be hard. They often say that 
quite often my opinions are correct but diplomacy is not my strong point. Sometimes I do not find the 
best way to express my opinion, but I am working on it, especially since I became Chief of depart-
ment. They also say that I know many people but I also like to have time to be alone, to have time 
for myself, for my passions, to take time to recover from the emotions associated to work. At the 
same time, they say that they could spent great time with me, as I have a lot of interests, and I like 
see people smiling and spending good moments with me. They say to appreciate this “social side” 
of me.   
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I believe that honestly mentioning the things you are trying to improve can be important 
for other colleagues who are working on establishing themselves as respected professionals. 
The “myth” of having to be close to perfection (or at least creating this image) in order to be 
successful, can be discouraging. 

In general, we can say that a day in which we do not learn something new is a lost day. 
I graduated in 2004 at the Catholic University of Rome, and completed my Radiation Oncology 

residency in 2008. I learned a lot there from Professor Cellini, Professor Trodella, and Professor 
Valentini. Then I worked in Lyon, Brescia, Lausanne and Besançon. I changed a lot and this was not 
an advantage from an academic point of view, because it takes time to develop projects which are 
necessary for evolving scientifically. Nevertheless, I am senior lecturer of the University of Lausanne, 
, but I did not complete, at least not for now, my path to professorship. At the same time, the good 
part of changing place is that I could see different places, habits, meet different people, and become 
aware of good and bad aspects of our profession. Education never stops. We learn every day. We 
also make mistakes, but we learn from them and try to avoid those errors that might have an impact 
on patients. Error is a part of our personal and professional life, so who thinks to be or to became 
perfect is far from the truth and reality.  

 
I am glad that you mentioned the importance of the education; because I know you are 

actively involved in the educational activities of the European Society for Radiation Oncology 
(ESTRO), International Atomic Energy Agency (IAEA) and European School of Oncology 
(ESO). I was wondering when did you start to get involved and what is your personal motiva-
tion to invest your time and energy in these activities, in addition to your clinical work? Teach-
ing others and helping them grow represents an effort that cannot be neglected. 

My first involvement in ESTRO activities was in 2009, when I started working on the FALCON 
project, an educational project aiming at improving contouring skills of participants to onsite and 
online workshops. Professor Valentini invited me to join this project, together with many other col-
leagues. First workshop took place in 2010 in London. Soon, I became an ESTRO Fellow and I 
participated in ESTRO Agora meeting and then I started to teaching in ESTRO courses – The Multi-
disciplinary Course on Prostate Cancer and the Evidence-Based Radiation Oncology Course. Then 
I started my collaboration with IAEA, which allowed me to meet people from many parts of the world, 
including Central Africa, Middle and Eastern Asia, and these meetings changed my perspective. We 
are sometimes unsatisfied about the 2-3 weeks waiting time for obtaining an MRI for our patients, 
but while interacting with colleagues from other countries I found out that some people have to deal 
with a waiting list of 6 months for starting radiotherapy! So, I realized I am part of the category which 
is very lucky, from the professional point of view, and the things that did not work perfectly in our 
departments became less important when compared to such a kind of very complicated situation in 
other parts of the world. It was a great opportunity to work with those people and I tried to share with 
these colleagues... not all that I know – but all the doubts that I have. I tried to make them understand 
that we must reinvent our job every day, because we have to treat patients with characteristics that 
were not included in the clinical trials. Also, I took this teaching activity as an opportunity to update 
my knowledge, because while preparing each lecture I am searching for information, new trials, new 
guidelines etc.... And so my colleagues and my patients benefit from this continuous personal up-
grading, too. 

More recently, I started a very fruitful collaboration with the European School of Oncology, and 
we created together some interesting pathways that are available for free in the ESO website and 
that are regularly updated. It’s a much more web-based educational approach, and I learnt a lot also 
from this experience. We are working on a new exciting project for Radiation Oncologists…but I could 
not say more for the instance… 
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You also mentioned working in different clinics from different countries. I was wondering 
what differences you saw between the health systems of Italy, France and Switzerland. What 
are the best parts of each of them? 

I consider myself lucky for having worked in big centers. In Lyon I started my activity as a spe-
cialist and I had a lot of responsibilities since the beginning of my activity, which was something that 
was challenging, but also helped me grow. Then in Brescia I faced other mentalities, other ways of 
doing things – not better, not worse, but simply different when compared to Rome and to Lyon. When 
you are young you have strong opinions, and so was I, it has been important to discuss with people 
who had motivated professional doubts, and made me aware that what I knew was not an “absolute” 
truth. In Lausanne I realized how important it is to have the financial and logistic support for the 
professional projects. Of course, we have to take in account that Switzerland is a small country – it 
is not the same to have 3000 patients or 900 patients per year – you have more time for them. And 
that it is a rich country. However, I discovered some constraints related to the health insurances - the 
reimbursement for the treatments that do not meet a certain level of evidence could be refused. From 
the social point of view, it is understandable, because the resources of the Health System have to be 
used efficiently. A serious external control is necessary. We just have to make sure that those who 
decide if the treatment has enough benefit to get reimbursed are neutral and do not have any conflict 
of interest, and I’m not sure that Insurances are really independent... At the same time, from a pro-
fessional and human point of view, it is very difficult to have conversations with some patients who 
hope for a second line or third line expensive treatment which is denied by the insurance companies. 
In France and Italy this situation is very rare. 

In Italy there are differences between regions – in the North the technology is more available. In 
2013, when the Tomotherapy was considered the ultimate technological solution, there were 23 ma-
chines in the North, from Aosta to Rimini, and only 4 in the rest on the country, so the patients were 
coming from the South to be treated in the Northern centers. Tomotherapy is for sure a good ma-
chine, but technology is not the only thing that matters, it is a useful tool, but not “the solution”. In 
France and Switzerland there are no such differences in the regions. However, I do not know if it 
would be possible to apply Swiss rules to Italian people. We are a quite creative, artistic population, 
usually reluctant in easily accepting some strict rules; and we find solutions where they do not seem 
to exist. An example can be seen when comparing the reactions on social media of Italian and Swiss 
people to Covid-19 restrictions - they were totally different. 

 
You are considered a European expert on prostate cancer. What is your opinion on current 

controversies and further directions of research for this type of malignancy?  
Personally, I have three points of interest. First - the combination of the new molecules with ra-

diotherapy. The androgen deprivation therapy is used in high-risk patients and in metastatic cases, 
but it would be interesting to see what would be the outcomes if Enzalutamide, Apalutamide, Abi-
raterone or Cabazitaxel would be used earlier in the evolution of a case and integrated with radio-
therapy. Of course, like in breast cancer, seeing the results of an intervention takes time, because of 
the natural history of the disease. 

Second - I think it would be important to understand the role of newer imaging methods, like 
PSMA, in deciding on the treatment volumes and, finally their impact on the clinical results of the 
patients. The current recommendations are usually based on clinical trials in which the patients were 
evaluated with investigations which were not so accurate (CT scan, bone scintigraphy), so we do not 
know for sure which was the real extent of the disease that was treated. And, finally, if the results of 
these trials could be applied to the modern populations of patients, staged with modern imaging 
techniques. 

And the third thing would be the further investigation of the role of immunotherapy in prostate 
cancer. I could not forget that one of the first randomized trials on immunotherapy with radiotherapy 
was on prostate cancer, and it was considered negative because of a p value of 0.052, if I’m not 
wrong… I think that there is something to explore better in this field… 
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Finally, I would want to touch a topic which you briefly mentioned before, when saying 
that Italians have an artistic, creative side. What is your opinion on mixing science and art? 
Do you have any art-related activities? 

I must say that I am biased, because I was trained in Professor's Valentini center in Rome, where 
the concept of ART is developed, in both ways: Advanced Radiation Therapy and also integration of 
different forms of Art in patients' therapeutic journey. The bunkers where the linear accelerators are 
installed are decorated with images reproducing ancient Roman buildings, so the patients can find 
themselves surrounded by familiar, esthetic images. Recently, in Copenhagen, at ESTRO, a new 
project of this team was presented, allowing the patients to listen to favorite songs or watch video 
clips during their treatments using some portable devices. It has been shown that art could have has 
a positive impact on the clinical outcomes of the patients. However, when you want to implement the 
same thing in another environment you must face challenges - either the opposition of "non-believer" 
colleagues, either official requirement for approval of hospital use, where there are clear specifica-
tions, like, for example, all the walls should be white, all the doors should be green and all the floors 
should be blue. 

We are replacing the machines here, where I work, and I already discussed with our colleagues 
that we should not leave the walls plain white - maybe contacting the art schools which are close to 
our center and organize some display of their works of art within our department - the waiting area 
the bunker... My colleagues start to understand, too, that it can make a difference for the people that 
spend a lot of time within those walls during the radiation treatment. 

I also noticed that the colleagues who have some artistic side or simply appreciating a form of 
art, it does not matter which one, have a different approach when communicating with patients, and 
the patients are noticing this. If you like to sing, for example, it does not mean that you are not serious 
and professional. For example, I like to write songs, to compose music. I have displayed in my office 
two posters of renowned French singers. Sometimes, when patients are coming, the dialogue starts 
around this topic and people suddenly become more open and comfortable. Of course we get to the 
medical reason of their visit, and we have a professional conversation, but they appreciate that we 
can have a discussion on another topic than their disease. I see no special reason for separating 
these two worlds.  

Indeed, while facing the challenge of the disease, the fight might become a little easier if 
we focus on the beautiful sides of the life, pictured by the artists. Fortunately, it seems to 
have a positive, "healing", effect on both patients and caregivers, which share a part of the 
same burden. 

Thank you for kindly accepting to share your thoughts with us. 
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