
Volume I, Issue 2 (December 2021) 

Supported by 

Journal of Medical and Radiation Oncology is available online: 
www.jmedradonc.org 

Casa Cărții de Știință 
Cluj-Napoca, 2021 



Aims and scope 

Journal of Medical & Radiation Oncology (JMRO) publishes manuscripts in the field of Clinical Oncology 
and connected specialties: Radiology, Nuclear Medicine, Oncological surgery, Pathology, Basic science, 
Molecular biology, Genetics, Epidemiology, Psycho-oncology/psychiatry, Healthcare and Health Law. 

The types of articles that we are publishing are original research, literature review, case reports, short 
communications, perspective/opinion/commentary manuscripts, and interviews. We do not exclude the 
manuscripts reporting negative results or those involving more than one specialty. 

There is no charge applicable to authors for submission, processing and publishing the manuscripts. 

Only manuscripts in English will be accepted. 

The Journal of Medical and Radiological Oncology currently has 2 Issues/year. 

For more information on the Requirements, please visit our website: www.jmedradonc.org 

Editor-in-Chief: Doru Paul 

Managing Editor: Claudia Cristina Burz     

Deputy Editor: Adina Croitoru 

Section Editors:  
Medical Oncology: Mircea Dediu 
Radiation Oncology: Gabriel Kacso 
Research: Ioana Berindan-Neagoe, Ștefana Petrescu 
Pathology: Diana Ionescu, Gabriela Gheorghe 

Assistant Editors: Monica Chirilă, Cristi Lungulescu, Tiberiu Popescu, Daniel Sur 

Junior Editors: Irina Cazacu, Vlad Croitoru 

Proofreader: Adrian Lăpădat 

Licensing Policy: All content is licensed under a CC-BY license. 

Copyright Policy: All Copyright is retained by authors. 

Open Access Policy: Full Open Access 

Cover: Artist: Yi Ariel Liu, MD (University of British Columbia Anatomical Pathology Resident PGY-5) 

For advertising information please send an email to office@jmedradonc.org 

ISSN 2784 – 0131  
ISSN-L 2784 – 0131 

Casa Cărţii de Ştiinţă 
400129 Cluj-Napoca; B-dul Eroilor, nr. 6-8 
Tel.: 0264-431920; www.casacartii.ro; 
e-mail: editura@casacartii.ro

mailto:office@jmedradonc.org


iii 

Journal of Medical and Radiation Oncology, Volume I, Issue 2 (December 2021) 

TABLE OF CONTENTS 

v Editorial 

Review Articles 

1 Should We Expand the Use of Granulocyte – Colony Stimulating Factors (G-CSF) during the 
COVID-19 Pandemic?   
Adelina Dan

8 Gastric cancer: Applicability and Feasibility of Molecular and Histological Classification in Clinical 
Practice 
Esmeralda Celia Marginean 

27 Practic-changing Clinical Studies in Prostate Cancer: an Update for the Medical Oncologist 
Laura Cristina Zaharie 

Original research 

35 EGFR Point of Care Clinical Testing using Idylla Platform Decreases Laboratory Turnaround Time 
in Advanced Stage Non-Small Cell Lung Cancer, as Compared to New Generation Sequencing   
Norbert Banyi, Curtis Hughesman, Kelly McNeil BSc, Barbara Melosky, Deepu Alex, Diana N. Ionescu 

41 Long Term Survival in Patients with Metastatic Adenocarcinoma of the Lung in the Era of Targeted 
Agents 
Doru Paul, Marissa Rybstein 

55 The Impact of Oncology Rotation on Medical Students’ Perception of Cancer 
Cristina Lungulescu, Mihaela Dănciulescu, Ștefan Răileanu 

Clinical Case Reports 

63 SBRT as Salvage Re-irradiation for Isolated in-field Regional Relapse after Bilateral Breast Cancer – 
a Case Report   
Tiberiu Popescu, Angelica Chiorean, Noemi Schultes, Cătălin Iacob, Dan Eniu 

Journal of Medical and Radiation Oncology 

Journal homepage: www.jmedradonc.org 



iv 

70 A Possible Abscopal Effect of Radioimmunotherapy in a Patient with Advanced Oligometastatic 
Adenocarcinoma of the Lung.   
Petronela Rusu, Leonard Dominic Rusu, Cornelia Togănel 

80 Magnetic Resonance Guided Radiotherapy (MRgRT) for Cardiac Lymphomas: Report of a Case 
and New Perspectives   
Angela Romano, Annarosa Cuccaro, Eugenia De Marco, Luca Boldrini, Mauro Iafrancesco, Francesco D’Alò, Silvia 
Chiesa, Ciro Mazzarella, Stefan Hohaus, Mario Balducci 

Interviews 

86 About intelligence – Artificial or Not. A Discussion with Professor Marcel van Herk 
Monica-Emilia Chirilă 

91 “Learning From Every Patient” – Countdown for the Next Congress of the European SocieTy for 
Radiotherapy and Oncology (ESTRO) 
Monica-Emilia Chirilă 



v 

Editorial 

Why Journal of Medical and Radiation Oncology? 

A decalogue: 

1. High quality editing
Journal of Medical and Radiation Oncology (JMedRadOnc) is a peer reviewed journal, 
and your article will significantly benefit from the careful review and suggestions of our 
top-notch editors: 

– Professor Dr. Gabriel Kacso is the Head of Oncology-Radiotherapy Department of
University of Medicine & Pharmacy "Iuliu Hatieganu" Cluj-Napoca, CMO and Chairman
of International Scientific Board Amethyst Europe, past President of the Romanian
Society of Radiotherapy and Medical Oncology, and Medical Director of Amethyst
Romania.

– Dr. Mircea Dediu, Chief of Medical Oncology at Sanador Clinic in Bucharest has a
vast experience in Medical Oncology and has been involved for more than two decades
in dozens of clinical trials and has summarized the advancements in the field of oncology
at more than one hundred conferences.

– Professor Dr. Ioana Berindan-Neagoe is the Scientific Director of Research Center
for Functional Genomics, Biomedicine and Translational Medicine and Research Center
in Advanced Medicine – Medfuture. She received the Ad Astra Prize in 2018 for the best
scientist in Romania in Life Sciences. During the last ten years, she coordinated more
than fifty research projects and she published more than three hundred scientific papers.

– Professor Dr. Ștefana Petrescu is the Director of the Biochemistry Institute in
Bucharest. She has been granted the Emil Racoviță Award of the Romanian Academy
for her work on tyrosinase folding in 2002. She has been the President of the Romanian
Society of Biochemistry and Molecular Biology since 2010. She is also the Deputy-Editor
of Molecular Life.

– Professor Diana Ionescu is a Clinical Professor of Pathology at the University of
British Columbia, Medical Lead of Anatomic Pathology at BC Cancer in Vancouver, BC,
and served as the residency program director for the Anatomic Pathology Residency
Program. She is also the Canadian Anatomic and Molecular Pathology (CAMP) and
Pathology-Oncology Digital Series (CAMP-PODS) course director. She is recognized as
one of the two main leading lung cancer pathologists in Canada.

– Dr. Gabriela Gheorghe is an Associate Professor of Pathology at St. Jude, the
leading hospital for pediatric hematological malignancies in the US. She has been in
practice for more than twenty years and has a particular interest in Molecular Pathology
and Cytology.

2. Find a niche for your research
Our journal provides a broad coverage from basic and translational research to clinical 
research including all types of hematologic malignancies and solid tumors. Therefore, 
the potential number of topics is unlimited and, if your data is solid and your ideas are 
well presented, we guarantee the publication of your article in our journal. 
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3. Sharpen your ideas
Committing your thoughts to paper will help you clarify them and, hopefully, advance 
your present and future research. Our editors and reviewers’ feedback may assist you to 
develop your arguments in the most effective ways, and, sometimes, you may benefit 
from a fresh and objective perspective of your work. 

4. Advance the area of your research
Communicating your findings and ideas to a broad audience, will both help your 
colleagues and will contribute to advancing knowledge in the oncology area or subject of 
interest to you. 

5. Introduce novel frames
Publishing your research may stimulate new understanding of biological processes, in 
general, and, malignant conditions, in particular. Overall, in the long run, your discoveries 
may improve the quality and duration of life of cancer patients. 

6. Zoom-out
Describing your ideas and data in a clear and concise manner may help you put your 
research into a larger context and, at the same time, help you to better define your future 
research goals. 

7. Stay up-to-date
The field of oncology changes extremely fast and it is important to stay up-to-date with 
the latest developments. In the process of writing an article, you may find out about recent 
advances that you may have not been aware of before. The prewriting research may also 
prevent duplication of efforts, both by you, through discovering other’s work, and by 
others, through discovering your work. 

8. Increase your visibility
Publishing in a peer reviewed international journal will give your work and ideas visibility 
among your peers and other researchers in your field. It can also highlight key issues, 
important both to the academia and to the general public such as the Covid-19 epidemic, 
for example, which has been attracting a lot of attention in the last two years. 

9. Grow academically
We are working hard towards indexing JMedRadOnc in PubMed and other databases 
and this will also benefit your future academic career. On your applications for academic 
appointments and promotions, as well as on grant applications, you may be required to 
list your publications in accredited journals, and, starting this process in an open access 
journal, is a plus. Also, down the road, after your study is completed, you may be required 
by funding agencies to publish your work in certain journals, as open access, and you 
can publish it with us. 

10. Publish with no fees
Last but not the least, compared to many oncology journals available today, 
JMedRadOnc does not charge any publication or processing fee. The journal also 
provides free English editing if your article is accepted for publication. 

We welcome your suggestions, comments and, of course, your articles. 

Happy New Year and all the best in 2022! 

Doru Paul, MD, PhD 
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Should We Expand the Use of Granulocyte-Colony Stimulating 

Factors (G-CSF) during the COVID-19 Pandemic? 

Adelina Dan1 

1 Sanador Oncology Centre, Bucharest, Romania 

Corresponding author: Adelina Dan; e-mail: dan_adelina@yahoo.com

Abstract 

Cancer patients are considered more susceptible to the SARS-CoV-2 infection. 
Higher rates of respiratory failure and death were reported in cancer patients and 
COVID-19, compared with the general population. Among other measures deemed to 
protect this vulnerable subcategory, both ASCO and ESMO recommended the 
extension of G-CSF use, to include prophylactic administration in all patients receiving 
regimens with 10%-20% risk of febrile neutropenia (FN) and also in regimens with risk 
of FN <10%, if patients were considered with poor bone marrow reserve due to 
comorbidities or advanced age. However, accumulating data reported in several recent 
publications suggested a direct involvement of the high neutrophil count, due to G-CSF 
stimulation, in the development of the adult respiratory distress syndrome (ARDS), the 
hallmark of the severe COVID-19 disease. In addition, some recent evidences suggest 
that G-CSF may hamper the efficacy of the mRNA vaccine.  This paper reviews the 
most important data reporting higher rates of respiratory failures and death associated 
with G-CSF treatment in cancer patients and SARS-CoV-2 infection. Therefore, we 
consider that the current recommendation of expanding the G-CSF use in cancer 
patients during the COVID-19 pandemic should be reconsidered. The most important 
protective measures for cancer patients remain specific vaccination and a rigorous 
compliance with the general protective measures, whereas the G-CSF should be 
administrated as traditionally recommended by the current guidelines. 

Keywords: COVID-19, G-CSF, cancer, neutropenia 
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1. Background

The COVID-19 pandemic has pro-
foundly affected the global population and 
the health care systems across the world. As 
of November 2021, more than 250 million in-
fected  cases and more than 5 million deaths 
associated with COVID-19 have been re-
ported globally (1). Initially, patients with 
cancer were considered more vulnerable to 
SARS-COV-2 infection due to the coexisting 
chronic diseases, overall poor health status, 
and systemic immunosuppressive condition 
caused by both cancer and anticancer treat-
ments (2). Recent reports confirmed this as-
sumption, with the largest meta-analysis 
showing an overall case fatality rate due to 
COVID-19 in cancer patients of 22.4% (3), 
compared with 7.2 % in patients without can-
cer (4). 

As such, the main oncology societies in 
United States (ASCO) and Europe (ESMO) 
had published guidelines on how to mitigate 
the impact of SARS-CoV-2 pandemic on pa-
tients with cancer, stipulating some specific 
recommendations, including prioritization of 
cancer treatment according to the goal of 
therapy, using telemedicine to avoid fre-
quent hospital visits, switch to oral drugs 
when available, and postponing the medical 
interventions which, were believed to be 
non-essential (5-7). In the same context, 
recommendation was made that patients 
with active cancer and those on treatment 
should be prioritized for vaccination and 
should be immunized when any authorized 
vaccine is available to them. Individuals with 
cancer have an appropriate, protective im-
mune response to vaccination without expe-
riencing any more side effects than the gen-
eral population (8). 

2. Rationale for expanding the G-CSF
use during the COVID-19 pandemic and 
the current recommendations. 

A special attention was paid on the use 
prophylactic G-CSF during COVID-19 

pandemic. Neutropenia induced by anti-
cancer therapies is one of the most common 
side effects seen in cancer patients, 
commonly accompanied by a decrease in 
other hematopoietic lineages, like anemia 
and/or thrombocytopenia. Soon after the 
onset of the pandemic, both ASCO and 
ESMO recommended the extension  of G-
CSF use, to include prophylactic 
administration in all patients receiving  
regimens with 10%-20% risk of febrile 
neutropenia (FN)  and also  with  regimens 
with risk of FN <10%, if patients were 
considered with poor bone marrow reserve 
due to comorbidities or advanced age (6, 9). 
Therefore, the majority of patients receiving 
chemotherapy would have received G-CSF 
support whatever the FN risk might be. By 
acting this way, it was expected to reduce the 
risk of hematologic complications associated 
with cancer chemotherapy and thereby to 
minimize the patient exposure in the clinic for 
supplementary analysis and treatment, the 
referral to the emergency department and 
hospital occupancy in times when these 
places may be in short supply and/or pose an 
exposure risk for this vulnerable population. 
Moreover, for patients presenting with FN 
after chemotherapy who have not previously 
received prophylactic treatment with 
pegylated G-CSFs, the recommendation was 
that  all patients be started on G-CSFs to 
shorten the time to neutrophil recovery (6). 

3. The potential detrimental effect of
G-CSF on COVID-19 course

Despite this enthusiastic initiative for
expanding the G-CSF indications, some 
indirect alarming data emerged from 
published series correlating the high 
leukocyte level with the odds of in-hospital 
death due to SARS- COV 2 infection (OR = 
6.60 (3.02–14.41), p<0.0001, for the white 
blood cell count  level > 10 × 109/L)(10). In 
addition, it has been suggested that the G-
CSF may increase pulmonary inflammation 
and enhance production of inflammatory 
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cytokines such as interleukin-6 associated 
with severe COVID-19 (11). Autopsies of 
COVID-19 patients have shown neutrophil 
extravasation in the alveolar spaces of lungs, 
raising concerns that G-CSF administration 
and the resulting neutrophil expansion could 
lead to exaggerated neutrophil responses, 
worsening respiratory function (12). 

Former knowledge about the non-
COVID-19 “Acute Respiratory Distress 
Syndrome” (ARDS) recognized the 
neutrophil influx into the extravascular 
compartments of the lungs as a primordial 
characteristic. In ARDS, neutrophils and their 
toxic mediators can cause tissue injury, 
including an increase in lung epithelial and 
endothelial permeability, which, leads to the 
influx of protein-rich alveolar edema and 
arterial hypoxemia. Neutrophilia is common 
in the broncho-alveolar lavage fluid of 
patients with ARDS and the extent of this 
correlates with clinical outcome. ARDS is 
associated with elevated levels of primed 
neutrophils within the systemic circulation, 
suggesting that ARDS may be associated 
with a failure of neutrophil depression, thus 
providing a potential ‘crosstalk’ mechanism 
for the remote organ damage that is the 
predominant cause of mortality and long-
term morbidity in patients with ARDS. In fact, 
mortality from ARDS correlates with the 
extent of neutrophilia in the lung (13). Very 
important, the G-CSF is the dominant colony-
stimulating factor released from lung cells in 
response to pro-inflammatory cytokines (14). 
In addition, neutrophils are important 
contributors to both venous and arterial 
thrombus formation and progression. 
Neutrophil extracellular traps promote vessel 
occlusion by providing a scaffold for platelets, 
red blood cells, and procoagulant molecules, 
enhance coagulation through both the 
intrinsic and extrinsic pathways. Vascular 
neutrophilic inflammation and immune 
thrombosis are characteristics of COVID-19 
infection and have been described as being 
associated with G-CSF treatment (15). 

Addressing the impact of G-CSF treat-
ment during the SARS-CoV-1 infection, the 
paper by Lazarus et al. raises the hypothesis 
that Granulocyte Macrophages-Colony 
Stimulating Factor (GM-CSF) may be a 
better choice for neutrophil count support due 
to a broader range of biologic activities. The 
G-CSF receptors are expressed primarily on
neutrophils and bone marrow precursor cells
whereas the GM-CSF- receptors are, more
widely expressed being present on neutro-
phils, monocytes, eosinophils, dendritic cells,
basophils, and, possibly, B cells. Therefore
GM-CSF may be responsible for a broader
range of biologic activities than G-CSF as
well as anti-bacterial, anti-fungal, and anti-vi-
ral properties (16). Moreover, some data su-
ggest that GM-CSF may be effective in trea-
ting some pulmonary conditions like the
acute respiratory distress syndrome (ARDS)
(17). The suggestion was that in persons with
lung infection and/or ARDS, GM-CSF may be
a safer drug than G-CSF (16). On the other
hand, an open-label multicenter, randomized
clinical performed in China suggests a higher
lymphocyte count recovery with G-CSF
administration in patients with COVID-19
pneumonia and lymphocyte count < 800 per
μL. Moreover, the number of patients
developing critical illness (2% vs 15%) or
dying (HR, 0.19; 95% CI0.04-0.88) was re-
duced in the G-CSF treated group. However,
some important limitation of the study,
including the exclusion of patients with
comorbidities and an imbalance in the use of
antivirals and dexamethasone, may have
precluded a reliable conclusion based on the
recorded data (18).

Anecdotal case reports were among the 
first to rise the hypothesis of correlating the 
COVID-19 related ARDS with G-CSF 
treatment in cancer patients. Nawar and 
colleagues reported 3 persons with ARDS in 
the setting of COVID-19 with rapid 
deterioration of lung function after receiving 
G-CSF (19). Taha and colleagues report
similar rapid deterioration in someone with 
COVID-19-related ARDS receiving G-CSF, 
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concluding: “This rapid neutropenia 
recovery and the robust inflammatory 
response in COVID-19 raise concerns about 
G-CSF safety in patients with COVID-19”
(20). Moreover, a retrospective study of 83
neutropenic oncological patients who
simultaneously had neutropenia and an
infection with COVID-19 showed that the
respiratory failure and death was associated
with the number of days of G-CSF treatment
(OR = 1.4, 95% CI [1.1-03.92], p= 0.01). The
authors concluded that a prolonged G-CSF
treatment could be disadvantageous for
cancer patients with infections by COVID-
19, due to a higher probability of worse
outcome (21).

The last updated data related to this 
issue were recently published in a “Major Ar-
ticle“ of the Clinical Infectious Disease (offi-
cial publication of the Infectious Diseases 
Society of America) (22). The authors per-
formed a retrospective analysis of 379 can-
cer patients at Memorial Sloan Kettering 
Cancer Center who tested positive for 
COVID-19 and received cancer directed 
therapy within 30 days of their COVID-19 di-
agnosis between March 11 and November 
16, 2020. The majority of cancer types were 
breast cancer (24%), colorectal cancer 
(11%), lung cancer (10%), lymphoma (7%) 
and prostate cancer (7%). Two hundred 
twenty-seven (60%) patients received cyto-
toxic chemotherapy within 30 days of their 
COVID-19 diagnosis. Meanwhile, 28 (7.4%) 
patients received either filgrastim or 
pegylated filgrastim. Among the 379 pa-
tients, 130 (34.3%) were hospitalized for the 
management of COVID-19 symptoms. The 
primary composite endpoint was the occu-
rrence of respiratory failure (defined as the 
requirement for high-flow nasal oxygen, 
non-rebreather, bi-level positive airway 
pressure [BIPAP], and mechanical venti-
lation) or death following COVID-19 diagno-
sis. Using an extended Cox model with G-
CSF encoded as a time-dependent covari-
ate, the researchers found that G-CSF ad-
ministration was significantly associated 

with increased risk of hospitalization in 
patients with COVID-19 (HR3.54, 95% 
CI1.25-10.0, p=0.017). The association 
remained significant when considering 
patients who had asymptomatic COVID-19 
(HR 18.31, 95% CI 2.51-96.8, p=0.008). 
Similarly, among the 130 patients who were 
hospitalized, G-CSF administration was 
associated with increased need for high 
levels of oxygen supplementation and death 
(HR 3.56, 95% CI 1.19-10.2, p=0.024), while 
neutropenia was not (HR 0.95, 95% CI 0.39-
2.1, p=0.907). Based on the neutrophil 
count, the patients were stratified into “high” 
(defined as a >50th percentile increase in 
ANC, equivalently, a fold change of >=4) or 
“low” responders to G-CSF. The poorer 
outcome was predominantly seen in the 
“high responders” group (HR 7.78, 95% CI 
2.05-27.9, p=0.004), whereas   a non-
significant trend was noted for the “low 
responders“ (HR 4.04, 95% CI 0.80-
16.7, p=0.086). Interestingly, in the 
multivariate model, neutropenia by itself did 
not portend a worse outcome (HR: 0.95, 
95% CI0.39–2.1, p=0.907).  Moreover, the 
severity of neutropenia (ANC nadir) was not 
correlated with G-CSF use (Wilcoxon P value 
0.55), which, ruled out the possibility of G-
CSF being reserved for cases with more 
severe neutropenia (22). 

Besides a possible detrimental impact 
on the COVID 19 course, the G-CSF 
treatment may hamper the efficacy of the 
mRNA vaccine, as suggested by a recently 
published paper. The authors prospectively 
analyzed a cohort of 366 cancer patients 
who completed the two mRNA-BNT162b2 
vaccine doses. Some 285 patients were on 
active treatment within the previous 28 days 
before the first vaccine dose whereas some 
81 patients discontinued such treatment. A 
multivariate analysis showed no interaction 
between cytotoxic chemotherapy and 
antibody response, but ECOG PS2 and G-
CSF use were significantly associated with 
lower IgG titer and lack of seroconversion 
after either dose of vaccine (for G-CSF 
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usage HR0.20, p=0.003 after first dose and 
HR0.26, p=0.01 after the second dose). In 
addition, the G-CSF usage was associated 
with an increased risk of vaccine associated 
side effects (for fever OR= 3.37, p=0.022) 
(23). 

Conclusions 

In conclusion, it is reasonable to 
consider that the recommendation for 
expanding the use of G-CSF during the 
COVID-19 pandemic should be reevaluated, 
as several high quality reports and meta-
analysis do not show cancer patients to be 
at higher risk of developing more severe 
COVID-19 disease even when receiving 
anti-cancer therapy (24, 25). Strong 
evidences suggest that the high neutrophil 
count related to G-CSF treatment may 

worsen the COVID-19 course, including 
higher risk of respiratory failure and death. 
In addition, a detrimental impact on mRNA 
vaccine efficacy and safety was recently 
suggested. Recommendation for G-CSF 
administration should remain as traditionally 
specified by the guidelines: regularly for FN 
risk > 20%, for FN risk of 10-20% in the 
presence of other patient related risk factors 
and refrained in case of FN risk <10%. In 
case of established FN, G-CSF should be 
administered only in high-risk cases (26). 
When it comes to COVID-19 pandemic and 
cancer patients, we strongly advice in favor 
of anti SARS-CoV-2 vaccination, including 
the third booster dose, along with rigorous 
compliance with the general protective 
measures (hand washing, mask wearing, 
social distancing). 

Abbreviations: 

ARDS – Acute Respiratory Distress Syndrome 
COVID-19 – Corona-Virus Disease of 2019 
FN – Febrile Neutropenia 
G-CSF – Granulocyte-Colony Stimulating Factor
GM-CSF – Granulocyte Macrophages-Colony Stimulating Factor
ASCO – American Society of Clinical Oncology
ESMO – European Society of Medical Oncology
ANC – Absolute Neutrophil Count
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Abstract 

Gastric cancer (GC) is the fifth most common type of cancer and the third leading 
cause of cancer-related deaths in the world. GC is a heterogeneous disease with diverse 
molecular and histological subtypes, which, may have different therapeutic implications. 
Using sophisticated molecular technologies and analyses, 3 separate groups recently 
provided genetic and epigenetic molecular classifications of GC: Singapore-Duke, The 
Cancer Genome Atlas project (TCGA) and the Asian Cancer Research Group (ACRG). 
These molecular classifications are time-consuming, complex, and costly and require 
sophisticated molecular technologies, which, prevent their widespread availability and 
use in clinical practice. Therefore, several practical pathological classifications were 
developed using immunohistochemical stains, fluorescent in situ hybridization and/or 
polymerase chain reaction (PCR), which, approximate, albeit not perfectly, the molecular 
classifications of GC.  These are simple algorithms, less expensive and easy to 
reproduce in any pathology laboratory. Both molecular and histological classifications 
should be used for choosing adequate therapy and stratification purposes in clinical 
trials. This is a review of current molecular and pathological classification of GC. 

Keywords: gastric cancer, pathology classification, molecular classification 

Introduction 

Gastric cancer (GC) is a major global 
health problem and the third leading cause 
of cancer related deaths worldwide. The 
incidence is highest in Asia (with over half of 

all GC cases globally diagnosed in East 
Asia), Eastern Europe, and South America 
with comparatively lower rates in Africa, 
North America, and Europe. The overall 
survival for resected gastric cancer patients 
is poor; for US population, 5-year survival is 
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64% (local), 28.2% (regional) and 5.3% 
(distant metastases), with overall 5-year 
survival of 32.4% (1). 

The disappointing survival rates are due 
to the limited treatment options and tumor 
heterogeneity, especially at the molecular 
level, with limited targetable biomarkers.  
Surgery is the 1st line treatment for GC, 
producing an overall survival rate of 60 - 
70% for early-stage disease. High GC 
incidence nations such as Japan and Korea 
now implement routine screening for early 
detection when the disease is highly 
curable. In many less developed countries, 
however, GC is mostly detected only in its 
advanced stages, precluding curative 
surgical resection, and necessitating 
systemic treatment. The low efficacy of 
current therapies results in advanced or 
metastatic GC having a low survival rate of 
5–20%, and a particularly poor prognosis for 
peritoneal GC recurrence (2).  

 
Pathological Classification of Gastric 

Cancer 
 
Historically, GC was classified morpho-

logically by Lauren in 1965 in 2 main catego-

ries: intestinal type and diffuse type (Fig.1) 
(3). This classification is still widely accepted 
by pathologists and clinicians in contempo-
rary practice. Intestinal and diffuse GC 
exhibits numerous differences in pathology, 
epidemiology and etiology. Intestinal type is 
more common in older males, frequently 
associated with Helicobacter pylori infection, 
which, leads to gastric atrophy, intestinal 
metaplasia, low-grade dysplasia, high-grade 
dysplasia, and intestinal type adenocarci-
noma, in a stepwise progression, known as 
Correa cascade (4). Diffuse type tends to 
occur in younger patients, mostly females 
and may occur in familial clusters. Histologi-
cally, these tumors lack expression of adhe-
sion molecules and typically show an infiltra-
tive, poorly differentiated, poorly cohesive 
appearance. Somatic and germline muta-
tions in a number of genes contribute to 
diffuse type of GC: E-cadherin (CDH1), 
TP53, RHOA, CTNN1A, and CMTM2. 
Approximately 1–3% of all GC are due to 
hereditary diffuse gastric cancer (HDGC), 
with 30-40% of those associated with 
germline mutations in CDH1 (5).  

 
 

Fig. 1. Lauren Classification of Gastric Cancer (1965) 
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Table 1. Evolution of Histological Classification of Gastric Malignant Epithelial Tumors 

Lauren 1965 WHO 2000 WHO 2010 WHO 2019 

Intestinal Papillary 
Tubular (grade 1-3) 

Papillary 
Tubular, well and 
moderately 
differentiated  

Papillary 
Tubular, well and 
moderately differentiated 

Indeterminate 

Indeterminate/ 
intestinal/diffuse 

Mucinous 

Tubular, poorly 
differentiated (solid) 

Mucinous 

Tubular, poorly 
differentiated (solid) 

Mucinous 

Diffuse Diffuse (signet ring 
carcinoma) 

Poorly cohesive 
carcinoma 
(including signet ring 
carcinoma and other 
variants) 

Poorly cohesive carcinoma NOS 
Signet ring carcinoma 

Mixed 
adenocarcinoma 

Mixed 
adenocarcinoma 

Mixed 
adenocarcinoma 

Mixed adenocarcinoma 

Not defined Histological 
variants of 
carcinoma: 
Adenosquamous 
carcinoma 
Squamous cell 
carcinoma 
Undifferentiated 
carcinoma 
Small cell carcinoma 
Others 

Carcinoid 

Histological 
variants of 
carcinoma:  
Adenosquamous 
carcinoma 
Squamous cell 
carcinoma 
Undifferentiated 
carcinoma 
Carcinoma with 
lymphoid stroma 
(medullary) 
Hepatoid carcinoma 
Others 

Neuroendocrine 
neoplasms: 
Neuroendocrine 
tumors (NET) 
    NET G1 
(carcinoid) 
    NET G2 
Neuroendocrine 
carcinoma (NEC) 
   Large cell 
   Small cell 
Mixed adeno- 
neuroendocrine 
carcinoma (MANEC) 
ECL and serotonin 
producing NET 
Gastrin producing 
NET (gastrinoma) 

Adenocarcinoma: 
  Carcinoma with   
lymphoid stroma 
  Hepatoid carcinoma 
  Paneth cell carcinoma 
  Adenocarcinoma      
with enteroblastic differentiation 
  Parietal cell adenocarcinoma           
  Mucoepidermoid carcinoma 
  Micropapillary adenocarcinoma 

Adenosquamous carcinoma 
Squamous cell carcinoma 

Undifferentiated carcinoma NOS: 
  Large cell carcinoma with 
rhabdoid phenotype 
  Pleomorphic carcinoma 
  Sarcomatoid carcinoma 
  Carcinoma with osteoclast like 
giant cells 

Gastroblastoma 

Neuroendocrine tumor NOS 
  NET grade 1 
  NET grade 2 
  NET grade 3 
  Gastrinoma NOS 
  Somatostatinoma NOS 
  Enterochromaffin-cell carcinoid 
  ECL-cell malignant carcinoid 
Neuroendocrine carcinoma NOS 
  Large cell 
  Small cell 
Mixed neuroendocrine–non 
neuroendocrine neoplasm 
(MiNEN) 
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The World Health Organization (WHO) 
Classification of Tumors of the Digestive 
System, published in 2000 based on the 
views of the Working Group meeting in 
1999, classified gastric carcinoma into ade-
nocarcinoma, intestinal and diffuse type, 
and several subtypes: papillary, tubular and 
mucinous adenocarcinoma, signet ring cell, 
adenosquamous, squamous, small cell and 
undifferentiated carcinoma. This classifica-
tion had several shortcomings: it was purely 
descriptive, with little clinical utility; it did not 
address several subtypes, like mixed diffuse 
and intestinal type carcinomas, poorly 
differentiated carcinomas without signet ring 
cells; and finally, it included small cell 
carcinomas in the same category with 
adenocarcinomas, only carcinoid tumors 
being considered a separate category (Table 
1). All these histologic types were 
recognized by American Joint Committee on 
Cancer (AJCC) staging manual 5th edition 
(1997) and staged using the same staging 
system, except for carcinoid tumors. 

Some of the shortcomings were 
addressed by the subsequent edition of 
WHO book, published 10 years later. To the 
previously described categories of papillary, 
tubular and mucinous adenocarcinoma, a 
new category was added: poorly cohesive 
carcinoma, which, included signet ring 
carcinoma and other variants, as well as 
mixed adenocarcinoma.  Maybe the most 
important change was separation of 
neuroendocrine neoplasms as a separate 
category, which, includes neuroendocrine 
tumors (NET) grade 1 and grade 2, 
neuroendocrine carcinoma (NEC), large cell 
and small cell type, mixed adeno–
neuroendocrine carcinoma (MANEC), and 
NET producing gastrin and serotonin (Table 
1). A list of the most common genetic 
alterations found in intestinal and diffuse 
types of gastric cancer were included in this 
edition. 

In the meantime, the AJCC staging 
manual went through two new editions: 6th 
edition (2002) and 7th edition (2010). Both 

editions still included and staged small cell 
carcinoma together with the other epithelial 
carcinomas, while carcinoid tumors were a 
separate category. Finally, the 7th edition 
created a single separate staging category 
for well differentiated NET and well 
differentiated NEC of stomach, small 
intestine, colorectal and duodenal ampulla. 

The latest edition of the WHO book (5th 
edition), published in 2019, based on the de-
bates of the WHO Classification of Tumors 
Editorial Board meeting in 2018, significantly 
expanded the classification of malignant epi-
thelial tumors.  Adenocarcinoma was classi-
fied in several subtypes: tubular, parietal 
cell, mixed, papillary NOS, micropapillary 
NOS, mucoepidermoid, mucinous, signet 
ring cell, poorly cohesive, medullary carci-
noma with lymphoid stroma and hepatoid 
adenocarcinoma. Undifferentiated carci-
noma has several subtypes: large cell carci-
noma with rhabdoid phenotype, pleo-
morphic carcinoma, sarcomatoid carci-
noma, carcinoma with osteoclast-like giant 
cells.  Neuroendocrine neoplasms were 
classified in NET NOS, with the following 
subtypes: NET grade 1, grade 2, grade 3, 
gastrinoma, somatostatinoma, enterochro-
maffin cell carcinoid (ECL) and ECL car-
cinoid, malignant. Neuroendocrine carci-
noma NOS continues to remain a separate 
category, with large cell and small cell sub-
types.  MANEC has been renamed as mixed 
neuroendocrine–non neuroendocrine neo-
plasm (MiNEN). Gastroblastoma was added 
as a separate category. Probably the most 
significant addition was the inclusion of the 
new genetic and epigenetic molecular 
classifications proposed by The Cancer Ge-
nome Atlas Research Network (TCGA) and 
the Asian Cancer Research Group (ACRG). 
The latest edition of the AJCC staging ma-
nual (8th edition) published in 2017 and the 
College of American Pathologists (CAP) 
Cancer Protocol Templates, which, are fre-
quently updated, created separate patho-
logic staging systems for well differentiated 
neuroendocrine tumors, separate for each 
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gastrointestinal site, while NEC and MiNEN 
are staged using the same template as car-
cinomas.  

Molecular Classification of Gastric 
Cancer 

Gastric cancer is a highly heterogene-
ous disease from molecular point of view, in 
dire need of specific biomarker-driven can-
cer therapies. There have been several 
efforts to perform large-scale molecular pro-
filing and classification of GC, summarized 
in Table 2.  

Familial gastric cancer 

About 10% of GC show familial clust-
ering, but only approximately 1-3% of GC 
are associated with inherited gastric cancer 
predisposition syndromes, such as heredi-
tary diffuse gastric carcinoma (HDGC), fa-
milial adenomatosis polyposis syndrome 
(FAP), hereditary nonpolyposis colorectal 
carcinoma (HNP CC/Lynch syndrome), ju-
venile polyposis syndrome, Peutz-Jeghers 
syndrome, Li-Fraumeni syndrome and gas-
tric hyperplastic polyposis syndrome (6). 

HDGC is an autosomal dominant disor-
der with high penetrance. Approximately 30-
40% of patients have a germline mutation in 
the tumor suppressor E-cadherin gene 
(CDH1). The inactivation of the second 
allele through mutation, methylation and/or 
loss of heterozygosity eventually triggers the 
development of gastric cancer (7-9). Under-
expression or complete loss of E-cadherin is 
associated with epithelial–mesenchymal 
transition (EMT), a poor prognostic indica-
tor. The presence of this mutation confers 
over 80% lifetime risk of gastric carcinoma, 
and prophylactic total gastrectomy after con-
firmation of CDH1 mutation is the only pro-
cedure that increases survival (10). Addi-
tionally, annual mammography and breast 
MRI starting at age of 35 are recommended 
for women with HDGC, due to their in-
creased risk of lobular breast cancer (11). 
The histologic phenotype of HDGC corres-

ponds to diffuse type in Lauren classifica-
tion, or poorly cohesive type with signet ring 
cells in WHO fifth edition. Relatively charac-
teristic to HDCG in early stage is a pagetoid-
like spread of signet ring carcinoma cells 
(signet ring carcinoma in situ), which, has 
not been reported in the sporadic form of 
signet ring carcinoma (12). CDH1 genetic 
testing of blood for germline mutation should 
be performed in Clinical Laboratory Im-
provement Amendments (CLIA)-certified 
molecular diagnostic laboratories in USA, or 
laboratories with expertise in CDH1 gene 
analysis. 

Beyond hereditary GC, the more 
common sporadic form of diffuse type GC 
has also been associated with E-cadherin 
loss, either through somatic mutation or pro-
moter hypermethylation. Recently, a pair of 
studies published in Nature Genetics 
expands our understanding of diffuse type 
GC by describing novel recurrent mutations 
of RHOA, encoding the small GTPase 
RhoA, in 14.3%–25.3% of patients (13,14). 
These findings implicate RHOA as a novel 
candidate driver for diffuse gastric cancer. 

Human epidermal growth factor re-
ceptor 2 (HER2) 

HER2 is a member of the epidermal 
growth factor receptor (EGFR) family, 
which, includes ErbB2/HER2, ErbB3/HER3, 
and ErbB4/HER4.  All of them are oncogenic 
drivers and were described initially in lung 
cancer, breast cancer and glioblastoma, and 
later in colon cancer, bladder, ovary, cervix, 
stomach and gastroesophageal junction 
(GEJ) cancers (15). Inhibitors of these 
receptors have been associated with the 
most successful results of targeted cancer 
therapies to date, including antibody 
therapeutics (trastuzumab and cetuximab), 
small molecule tyrosine kinase inhibitors 
(osimertinib, erlotinib, afatinib, gefitinib, 
lapatinib, mobocertinib and tucatinib) and 
the newly developed drug conjugates 
(trastuzumab emtansine and trastuzumab 
deruxtecan) (16,17). 
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Table 2. Current Molecular Classifications of GC 

Current molecular classifications of GC 

The Cancer 
Genome 

Atlas 
(TCGA) 

2014  

EBV 
EBV-CIMP 

PIK3CA 
mutations 
PD-L1/PD-

L2 
expression 

MSI 
MLH1 promoter 

hypermethylation 
Hypermutated 
Gastric CIMP 

GS 
CDH1, RHOA 

mutations 
Diffuse 

histology 
Younger 
females 

CIN 
TP53 mutations 

Intestinal 
histology  

Singapore-
Duke 
2013 

Mesenchymal Proliferative Metabolic 
Low level of 

CDH1 
Low TP53 

Diffuse 
histology 

PIK3CA-mTOR 
inhibitors 

High TP53 
Intestinal 
histology  

Low TP53 
No histologic 
correlation 

5-FU+surgery

Asian 
Cancer 

Research 
Group 

(ACRG) 

MSI MSS/EMT MSS/TP53- MSS/TP53+ 

2015 ARID1A, KRAS, 
PIK3CA 

Loss CDH1 TP53 
mutations, 

ERB2, EGFR, 
MDM2, GATA6 

EBV, APC, 
ARID1A, 
KRAS, 

PIK3CA, 
SMAD4 

Intestinal histology 
Antrum 

Early stage 
Best prognosis 

Diffuse 
histology 

Younger age 
Worst 

prognosis 

Intestinal 
histology 

Intestinal 
histology 

Male Male 
Intermediate 

prognosis 
Intermediate 

prognosis 

HER2 gene amplification and overex-
pression of the HER2 protein by immuno-
histochemistry was discovered in gastric 
carcinoma in 1986 (18). The rate of HER2 
overexpression in gastric adenocarcinoma 
ranges from as low as 4% to as high as 53% 
(19-23), with an average of 20% in a large 
meta-analysis (23). HER2 overexpression is 
more often noted in intestinal type carci-
noma adenocarcinomas located at proximal 
stomach, cardia and gastroesophageal 
junction. A large phase 3 international clini-
cal trial (ToGA trial) showed that the human-
ized monoclonal antibody against HER2, 
trastuzumab (Herceptin), when combined 
with chemotherapy (capecitabine or 5-FU 
and cisplatin) prolongs overall survival and 

progression free survival in patients with 
HER2 positive advanced gastric carcinoma 

(24). Based on this study, in 2010, 
trastuzumab was approved by FDA in USA, 
Health Canada and by the European Com-
mission for the treatment of HER2 positive 
metastatic gastric or GEJ adenocarcinoma 
in combination with standard chemotherapy, 
for patients who have not received prior 
treatment for metastatic disease. 

In the ToGA trial, HER2 was assessed 
by immunohistochemistry and scored as 0, 
1+ (negative), 2+ (equivocal) and 3+ (posi-
tive). The tumors showing equivocal (2+) 
staining were confirmed by fluorescent in 
situ hybridization (FISH), which, if showed 
amplification of HER2 were considered 
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positive and patients were eligible for thera-
py with trastuzumab (Fig.2A).  HER2 scoring 
criteria in GC are slightly different from 
breast cancer, requiring either complete, ba-
sal lateral or lateral membranous staining, 
unlike breast HER2 interpretation which, re-
quires completely circumferential staining. 
Another difference between breast and 

gastric cancer HER2 interpretations is the 
amount of tumor cells required: small 
clusters composed of minimum 5 tumor cells 
in biopsies of gastric or GEJ cancer, and 
10% of tumor cells in resection specimens 
respectively, are adequate for evaluation 
(Fig. 2B).   

A. 

B. 

Fig. 2. HER2 testing in gastric cancer: A. Immunohistochemical staining is interpreted as negative 
(score 0 and 1+), equivocal (score 2+) and positive (score 3+).  Tumors with equivocal (2+) staining 
should be confirmed by fluorescent in situ hybridization (FISH), which, analyzes the ratio between 
HER2 gene copy number and chromosome 17 centromere.   HER2/CEP17 ratio > 2 in over 20 tumor 
cells is considered HER2 amplified. B. HER2 scoring guidelines in gastric cancer in biopsy and 
resection specimens, according to the ToGA trial. 
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Current recommendations are to use 
immunohistochemistry as the initial testing 
methodology, with FISH or silver in situ 
hybridization (SISH) used only to retest 
equivocal (2+) cases (25). There is a strong 
demonstrated concordance in HER2 
expression between biopsy and resection 
specimens (26), therefore, most of the time 
there is no need to re-test HER2 on the 
resection. 

Therefore, HER2 has been established 
as the first, and, so far, the only approved 
molecular biomarker available for gastric 
cancer patients in clinical practice and 
recommended by CAP (27), and trastuzumab 
is the first FDA approved molecular targeted 
agent for the treatment of gastric cancer. 

Singapore-Duke Classification of 
Gastric Cancer 

The gastric cancer project 2008 
Singapore cohort (28) was one of the first 
major projects that tried to identify the key 
oncogenic pathways deranged in gastric 
cancer, associated with a significant impact 
on survival. Using gene expression 
signatures, an in-silico strategy to map 
patterns of oncogenic pathway activation in 
301 primary gastric cancers was developed. 
Also, 3 oncogenic pathways, subsequently 
validated in gastric cancer cell lines, were 
described: proliferation/stem cell, NF-
kappaB, and Wnt/beta catenin. 

A follow-up study of the Singapore 
cohort conducted by Lei et al. (29) compared 
gene expression patterns among 248 GC 
from Singaporean patients and identified 3 
major subtypes:  

1. proliferative – characterized by high
genomic instability, TP53 mutations and 
DNA hypomethylation 

2. metabolic – more sensitive to 5-
fluorouracil (5-FU) than other subtypes 

3. mesenchymal – with features of
cancer stem cells; cell lines of this subtype 
are particularly sensitive to inhibitors of 
phosphatidylinositol-3-kinase/mammalian 
target of rapamycin (PI3K/mTOR) pathway. 

The Cancer Genome Atlas (TCGA) 
Gastric Cancer Molecular Classification 

In 2014, as part of TCGA project, the 
genome and proteome of gastric cancer 
were extensively characterized in order to 
uncover molecular subtypes and identify 
dysregulated pathways and potential 
therapeutic targets (30). Fresh frozen tissue 
and matched germline DNA samples of 295 
primary gastric adenocarcinoma not 
previously treated with chemotherapy or 
radiation therapy were studied by using 6 
different molecular platforms (array-based 
somatic copy number analysis, whole exon 
sequencing, array-based DNA methylation 
profiling, mRNA sequencing, micro-RNA 
sequencing and reverse-phase protein 
array), with 77% of tumors tested with all 6 
platforms. 

Analysis of data created a decision tree 
which, separated the gastric cancer in 4 
distinct subtypes, with the following 
characteristics: 

1. Epstein-Barr virus (EBV; 9% of
patients)-characterized by EBV positivity, 
these tumors had higher prevalence of DNA 
promoter hypermethylation, frequent PIK3CA, 
ARID1A and BCOR mutations, with rare 
TP53 mutations. All EBV positive tumors 
exhibited extreme CpG island methylator 
phenotype (CIMP), distinct from that in the 
MSI subtype. They displayed CDKN2A (p16) 
promoter hypermethylation but lacked the 
MLH1 hypermethylation characteristic of MSI 
associated CIMP. Mutations in PIK3CA, 
ERBB3, ERBB2 and EGFR were noted. EBV 
gastric cancers were mostly in males and 
located in the fundus or body and had 
prolonged survival (31). 

2. Microsatellite high instability (MSI;
22% of patients)-included tumors with ele-
vated mutation rates and hypermethylation 
(including hypermethylation MLH1 pro-
moter). Absent from this group were BRAF 
mutations, commonly seen in MSI colorectal 
cancer. These patients tended to be older 
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females and morphologically, the gastric 
cancer was intestinal type. 

3.  Genomically stable (GS; 50% of pa-
tients) - the tumor has had a low mutational 
burden and low somatic copy number abe-
rration. Clinically, these group demonstrated 
more aggressive disease, with 73% of tu-
mors occurring in younger patients, showing 
diffuse histology, with CDH1 mutations and 
RHOA mutations.   

4.  Chromosomal instability (CIN; 20% of 
patients) - the tumors show high somatic 
copy number aberrations, aneuploidy and 
focal amplification of receptor tyrosine ki-
nases (RTKs) (i.e., EGFR, ERBB2 and 
ERBB3), and, VEGFA, MET, TP53, APC 
mutations. 

In theory, amplifications of RTKs are 
amenable to blockade by therapeutics (RTK 
inhibitors); VEGFA can be targeted by the 
VEGFR2-targeting antibody (ramucirumab), 
and amplifications of cell cycle mediators 
(CCN E1, CCN D1 and CDK 6), are amena-
ble to therapy by inhibition of cyclin-depen-
dent kinases (32). These tumors are more 
frequent at the gastroesophageal junc-
tion/cardia and show intestinal morphology. 

 
Asian Cancer Research Group 

(ACRG) Gastric Cancer Molecular 
Classification 

 
The ACRG expanded upon the TCGA 

analysis by performing additional expression 
analyses and correlated the results to their 
institutions high-quality clinical outcomes, 
which, included recurrence and survival. In its 
initial study, whole genome sequencing was 
performed in 49 patients, and recurrent 
somatic mutations were identified (33). A 
year later, ACRG published the results of 
gene expression profiling, genome-wide 
copy number microarrays and targeted gene 
sequencing on an additional 251 patients, for 
a total of 300 primary GC tumor specimens. 
Tissue was obtained at the time of total or 
subtotal gastrectomy from Samsung Medical 
Center in Korea. All patients were 

chemotherapy naïve. Long follow-up was 
available (median 86.4 months). Based on a 
decision tree, similar with TCGA group, they 
identified four molecular subtypes that were 
associated with survival and recurrence 
patterns after surgery (34): 

1. Microsatellite high instability (MSI; 
23% of patients) - This subtype had the best 
prognosis, and more than half of patients 
were diagnosed with early-stage cancer 
(stage I–II), similar with TCGA MSI subset. 
MSI subtype was associated with the 
presence of hypermutation, with mutations 
in several genes: K-ras (23.3%), the PI3K-
PTEN-mTOR pathway (42%), ALK (16.3%) 
and ARID1A (44.2%). 

2. Microsatellite stable/ epithelial 
mesenchymal type (MSS/EMT; 15% of pa-
tients) - The EMT subtype had a lower num-
ber of mutation events compared to the 
other MSS groups. These tumors were 
mostly present in young patients (median 
age 53 years), showed diffuse type 
histology, presented at advanced stages 
(stage III–IV) and were more commonly 
located in the antrum and body.  This 
subtype had the worst overall prognosis and 
recurrence free survival. Although 80% of 
MSS/EMT tumors showed diffuse 
morphology, overall, only 27% of all diffuse 
gastric cancers in this study were part of this 
subgroup, which, suggests that more than 
70% of diffuse gastric cancer had a better 
prognosis. This group is similar with the GS 
group of TCGA. EMT and MSI exhibited a 
mutually exclusive pattern. 

3. MSS/TP53+ (26.3% of patients) - 
these tumors showed intact TP53, frequent 
EBV infections and mutations in APC, 
ARID1A, KRAS, PIK3CA, SMAD4 genes. 

4. MSS/TP53- (35.7% of patients) - 
these tumors showed functional loss of 
TP53, with the highest prevalence of TP53 
mutations (60%) and a low frequency of 
other mutations: ERBB2, EGFR, MDM2, 
GATA6. TP53 is the most mutated gene in 
gastric cancer. TP53 signature was 
measured in this study based on 2-genes: 
CDKN1A (p21) and MDM2. Intact TP53 in 
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group 3 means high signature score 
(TP53+) whereas functional loss of TP53 
means low signature score in group 4 
(TP53-). TP53 activity signature correlated 
with the TP53 mutation status.  

As opposed to the TCGA analysis, 
ACRG group run a survival analysis on their 
cohort of patients, and they validated on 
three separate independent cohorts: 
Samsung Medical Center 2 (n=277); 
Singapore cohort (n=200); TCGA cohort 
(n=205). They noticed that the gastric 
cancer subtypes were statistically correlated 
to the overall survival in all four cohorts, 
either individual or combined datasets. The 
best overall survival was present in the MSI 
group both in each individual cohort, and in 
the combined cohorts, while the MSS/EMT 
subtype had the worst overall survival. The 
pattern of recurrence for each GC subtype 
was also investigated as an exploratory 
analysis using clinical data from the ACRG 
and Samsung Medical Center cohort.  The 
MSS/EMT group had a higher risk of 
recurrence compared to the MSI group 
(63% versus 23%). Additionally, they 
observed that the first site of recurrence was 
related to subtypes as follows: MSS/EMT 
subtype had a higher percentage of 
peritoneal seeding versus all other subtypes 
(64% versus 23%); also, the MSI and 
MSS/TP53 subgroups showed a high 
percentage of metastases limited to the liver 
23% and 21% respectively) versus the 
MSS/EMT and MSS/TP53+ subtypes (4.6% 
and 8% respectively). When compared with 
the other reported molecular subtypes 
(TCGA and Singapore cohorts), they 
noticed similarities, such as tumors with MSI 
in both ACRG and TCGA subtypes, and 
between the GS, EBV and CIN TCGA 
subtypes and the ACRG subtypes 
MSS/EMT, MSS/TP53+ and MSS/TP53 - 
respectively (Table 2). However, they 
noticed several differences in terms of 
cohort, molecular mechanism, driver gene 
and prognoses association. For example, 
tumors classified as TCGA CIN subtype 
were present across all ACRG subtypes. 
Also, the diffuse type histology was lower in 

the TCGA cohort (24% in TCGA versus 45% 
in ACRG), with most diffuse type cases 
present in the TCGA GS group, but only 
27% cases present in the ACRG MSS/EMT 
subtype. This is suggestive of less 
heterogeneity present in the diffuse subtype 
in the TCGA cohort. Also, CDH1 mutations, 
frequent in the TCGA GS subtype (37%), 
were infrequent in the ACRG MSS/EMT 
subtype (2.8%). Additionally, RHOA 
mutations were more prevalent in the 
MSS/TP53-and MSS/TP53+ then in the 
TCGA GS group. All of these differences 
suggest that the TCGA GS type is not 
equivalent to the ACRG MSS/EMT subtype. 
In general, the Singapore and TCGA 
subtypes are similar with the notable 
exception that there is no equivalent 
subtype that corresponds to the ACRG 
MSS/TP53+ or MSS/TP53-, making the 
ACRG classification rather unique. These 
molecular signatures of gastric cancer have 
important clinical implications for molecular 
screening and targeted therapy agents 
development.  However, a significant hurdle 
for the use of molecular signatures in clinical 
practice is the cost and availability of these 
tests.   

Several intrepid pathologists have tried 
to come up with clinically feasible and cost-
effective strategies and developed varied 
subtyping algorithms using immunohisto-
chemical stains and/or FISH, tying to 
approximate the molecular subtypes of GC. 
Some of these algorithms are described in 
the section below. 

Development of a practical immuno-
histochemical algorithm for the identifi-
cation of molecular subtypes of gastric 
cancer 

In 2016, Kim et al. had described a ten-
stain panel, using EBER, mismatch repair 
(MMR) proteins (MLH1, PMS2, MSH2, and 
MSH6), receptor tyrosine kinases (HER2, 
EGFR, and MET), PTEN, and p53 protein. 
This panel is extensive, with several im-
munostains (i.e., EGFR, MET, PTEN) that 
are not routinely utilized in surgical patho-
logy labs (35). 
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This was a large study conducted on 438 
consecutive patients with advanced gastric 
adenocarcinoma from South Korea. The 
biomarkers were performed on whole sec-
tions slides - a clear advantage over the sub-
sequent studies, the majority performed on 
tissue microarrays (TMA) blocks, which, in-
clude a very small tumor sample (cores of 1 
or 2 mm). 

The same year, Setia et. al group pro-
posed a 5-tier classification algorithm, 
based on 14 biomarkers, which, included 
EBER in situ hybridization and immuno-
histochemical stains for mismatch repair 
proteins (MLH1, PMS2, MSH2 and MSH6), 
E-cadherin, PD-L1, MUC 2, CDX2, CD10,

MUC 5AC, MUC6 and HER2 (36). These 
biomarkers were performed on TMA blocks 
constructed from 146 primary gastric can-
cers. This team described 5 different groups 
of GC (Fig. 3A):  

1. EBER positive (5%) - these tumors
showed a prominent lymphoid infiltrate, and 
they were associated with PD-L1, which, 
suggests a potential role for immunotherapy 
with anti-PD1/PD-L1 monoclonal antibo-
dies. EBV cluster showed a trend towards 
better survival, however not statistically sig-
nificant. 

2. MMR deficient (16%) – which, corre-
lates with the MSI group from both TCGA 
and ACRG classifications 

Fig. 3. Practical pathological algorithms that approximate molecular classification of gastric cancer. A. 
Integrated classification. B. TCGA classification. EBER in situ hybridization separates EBV group; 
immunohistochemical stains for MMR or PCR separate MSI group; E-cadherin immunohistochemical 
stain separate genomically stable (GS) group and the remainder are chromosomal instability (CIN) 
group. C. ACRG classification. Immunohistochemical stains for MMR or PCR separate MSI group; 
aberrant E-cadherin stain (complete loss or faint cytoplasmic staining) separate MSS/EMT group; 
aberrant p53 immunostain (strong staining in >70% of tumor cells) separates the MSS/TP53- group; 
the remainder group with wild-type (normal) p53 staining pattern is MSS/TP53+ group. 
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3. E-cadherin aberrant (21%) - most of
the tumors in this group were diffuse type 
(90%). This group correlates with the ge-
nomically stable group of the TCGA, the 
MSS/ EMT subgroup of the ACRG and the 
mesenchymal group of the Singapore 
classification. 

4. Aberrant TP53 expression (51%) - fur-
ther subclassified into intestinal type (33%, 
based on MUC2 and/or CD10 expression), 
gastric type (32%, MUC5AC and/or MUC6 
positive) and normal type (20%, CD10, 
MUC2, MUC5AC and MUC6 negative). The 
subclassification based on MUC and CD10 
immunostains has no clinical impact and is 
purely morphological.   

This group was similar to the CIN group 
of TCGA, the proliferative subtype of Singa-
pore classification and MSS/TP53- of 
ACRG. The majority (81%) were intestinal 
type, and a trend of HER2 expression was 
noted. Gastric cancer with aberrant TP53 
expression may benefit from targeted thera-
py with receptor tyrosine kinase blockers 
(HER2, EGFR, VEGFR, c-MET), cell cycle 
(CCNE1, CCND1, CDK6) inhibitors and fibro-
blast growth factor receptor 2 inhibitors.  

5. Normal TP53 expression (wild-type)-
corresponding to the metabolic subtype in 
Singapore classification, is highly sensitive 
to 5-FU therapy. 

These groups are not mutually exclusive; 
however, they approximate well the recently 
described genetic classifications of gastric 
cancer. More importantly, they are easy to 
perform in most pathology laboratories and 
they use common immunohistochemical 
stains and FISH. 

Several other authors have attempted to 
develop a practical algorithm to approximate 
the molecular classification. In 2019, a Ca-
nadian group used 5 commonly used 
immunohistochemical stains (p53 and MMR 
proteins MLH1, MSH 2, MSH 6 and PMS 2) 
and EBV in situ hybridization on TMA blocks 
constructed from 107 gastric cancers (37). 
They created a subtyping algorithm based 

on TCGA classification, using a series of 
dichotomizing steps: 

1. EBV–CIMP tumors, identified by
EBER positivity 

2. MSI tumors, based on MMR
immunostains 

3. CIN
4. GS
The latter 2 groups were based simply

on histology (diffuse versus intestinal/mixed 
types), using the rationale that GS tumors 
were enriched for diffuse histology in the 
TCGA classification; HER2 and diffuse 
histology were mutually exclusive in their 
cohort. The logic behind this approach was 
that addition of any other markers would 
make the subtyping cumbersome and 
difficult to implement in clinical practice. 

The Canadian team also approximated 
ACRG molecular subtypes based on MMR, 
which, identifies the MSI subtype; and the 
microsatellite stable (MSS) tumors were 
subclassified further using p53, which, 
identifies the MSS/TP53- and MSS/TP53+ 
groups. My personal opinion is that this 
method is elegant and easy to implement in 
clinical practice; also, it is cost effective and 
can be performed in any pathology lab. 

A large Korean research consortium 
developed and validated another simplified 
algorithm as a surrogate for molecular 
subtypes of gastric cancer, using EBV in situ 
hybridization, MSI PCR testing and 
immunohistochemical stains for E-cadherin 
and p53 on 894 gastric cancers (38). Five 
successive groups were described: EBV, 
MSI, E-Cadherin loss (EBV negative/ 
microsatellite stable/ EMT- like) group, 
aberrant p53 (EBV negative/ microsatellite 
stable/ EMT- like/ TP53-) group and normal 
p53 (EBV negative/ microsatellite stable/ 
EMT- like/ TP53+) group. 

Studies on immunophenotypic classifi-
cation of GC are currently ongoing. At pre-
sent, the immunohistochemical definition of 
GC subtypes, especially related to the TP53 
and E-cadherin genes expression, is still un-
settled. In general, according to the criteria 
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of Ando et. al (39), aberrant TP53 expre-
ssion in tumor cells is demonstrated by 
strong and diffuse staining of more than 
70% of the tumor cells nuclei. A completely 
negative staining or patchy and weak stai-
ning is an indication of a wild type TP53 
gene.  A complete loss of membranous 
staining or a faint cytoplasmic reactivity of E-
cadherin is indicative of an aberrant expre-
ssion of this gene. A complete membranous 
or a heterogeneous cytoplasmic/ membra-
nous staining pattern are considered normal 
E-cadherin staining patterns (36).

Therapeutic considerations

A better understanding of the various 
molecular characteristics of gastric cancer is 
critical for diagnostic assessment, prognos-
tic evaluation, and the development of new 
therapeutic strategies for this aggressive 
disease.  In GC, heterogeneity is present not 
only between different patients but, also, 
significantly, within the same patient where 
it can be both intra- and inter-temporal and 
spatial and temporal.  

At present, there are several targeted 
agents FDA-approved for the treatment of 
gastric cancer: trastuzumab, ramucirumab, 
pembrolizumab, bemarituzumab, larotrec-
tinib and entrectinib. 

Based on the ToGA trial (24), 
trastuzumab was FDA approved in 2010 for 
patients with HER2 positive tumors for first 
line treatment in combination with chemo-
therapy. Based on the REGARD trial (40), 
ramucirumab (a VEFGR2 inhibitor) was 
FDA approved in 2014 as a second line 
treatment in patients with unresectable or 
metastatic disease following treatment with 
a fluoropyrimidine- or platinum-containing 
therapy. Ramucirumab is the first biological 
treatment given that has demonstrated a 
survival benefit as a single drug in patients 
with advanced gastric or GEJ adenocarci-
noma progressing after first-line chemother-
apy. Based on the seminal study by Le at. al 
(41), pembrolizumab (an anti-PD-1) was 

approved in 2017 for the treatment of cancer 
patients with microsatellite instability-high 
(MSI-H) markers or mismatch repair defi-
cient (dMMR) markers. For gastric cancers 
expressing PD-L1 and negative for HER2, 
pembrolizumab was approved in 2017 as a 
third line of treatment in patients with di-
sease progression after two or more sys-
temic therapies, including fluoropyrimidine- 
and platinum-containing chemotherapy and, 
if appropriate, HER2/neu-targeted therapy 
(42, 43). PD-L1 testing as a companion di-
agnostic test (PD-L1 IHC 22C3 pharmDx) 
for pembrolizumab, is an immunohisto-
chemical stain performed on formalin-fixed 
embedded tissue and is scored assessing 
immunoreactivity of tumor cells and immune 
cells, using the CPS scoring method (44, 
45). The CPS was defined as the total num-
ber of tumor cells and immune cells (inclu-
ding lymphocytes and macrophages) 
stained with PD-L1 divided by the number of 
all viable tumor cells, then multiplied by 100 
(https://www.captodayonline.com/scoring-
gastric-gej-cancers-pd-l1-expression/). 
According to the KEYNOTE 059 study, CPS 
score >1 predicts response to the PD-1 in-
hibitors (46, 47). 

Additionally, pembrolizumab was also 
approved for solid tumors showing high 
tumor burden (TMB) who had progressed 
following prior treatment and lacked 
alternative treatment options. Based on data 
from the KEYNOTE-158 study, high TMB 
was defined as ≥10 mutations/Mb by next 
generation sequencing (NGS), regardless of 
MSI status (48). TMB is broadly defined as 
the number of somatic mutations per 
megabase of analyzed genomic sequences. 
TMB predicts response to immunotherapy 
both in MSI-H and MSS populations, and is 
independent of the level of PD-L1 
expression, suggesting a potential role of 
TMB to identify additional subgroups of 
patients who may benefit from 
immunotherapy (49). In GC, the TMB cutoff 
may vary, from 14 mutations/Mb (50) to 10 
mutations/Mb (51) or 8.8 in another study 
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(52), but it is always associated with better 
response to immunotherapy. 

Based on 3 separate studies (53) in 
2018, FDA granted accelerated approval to 
larotrectinib for adult and pediatric patients 
with solid tumors that have a neurotrophic 
receptor tyrosine kinase (NTRK) gene fu-
sion without a known acquired resistance 
mutation, that are either metastatic or where 
surgical resection is likely to result in severe 
morbidity, and who have no satisfactory al-
ternative treatments or whose cancer has 
progressed following treatment. This was 
the second tissue-agnostic FDA approval for 
the treatment of cancer after the pembroli-
zumab approval described above. Identifi-
cation of positive NTRK gene fusion status 
may be determined in local laboratories u-
sing NGS or fluorescence in situ hybridiza-
tion (FISH). Current ESMO recommenda-
tions include pan-TRK immunohistochemis-
try as an approved method to screen for 
NTRK gene fusions (54). However, NTRK 
fusions are extremely rare in GC in Asian 
patients (55), and one German study found 
none in 438 Caucasian patients with GC 
(56), therefore testing for NTRK in GC may 
not be that useful. 

Entrectinib was the third FDA-approved 
tissue-agnostic drug based on the presence 
of a biomarker (NRTK) across different 
types of tumours. Like larotrectinib, en-
trectinib is an oral NTRK, ROS1, and ALK 
inhibitor and appears to be effective against 
a range of NTRK fusion–positive tumor 
types. The drug has shown clinically 
meaningful and durable responses in 
NTRK-positive tumors. However, similar to 
larotrectinib, it is so rare in GC that its 
testing is not cost effective. 

More recently, based on the FIGHT 
study (57), in April 2021, FDA granted 
breakthrough therapy designation to 
bemarituzumab for use in combination with 
modified FOLFOX6 chemotherapy as first-
line treatment in metastatic or locally 
advanced GC or GEJ adenocarcinoma 

fibroblast growth factor receptor 2b 
(FGFR2b) positive and HER2-negative. 

Summary 

Pathologists play a crucial role in 
evaluating the histology and the biomarker 
results and establishing the appropriate 
biomarker detection methods. Delineating 
MSI-H/dMMR tumors and determining HER2 
positivity, are straightforward and can be 
performed in any pathology lab using routine 
immunohistochemical stains and/or in situ 
hybridization methods and polymerase chain 
reaction (PCR) tools. Currently, CAP 
recommends testing only for HER2 in 
patients with inoperable, locally advanced, 
recurrent or metastatic gastric and GEJ 
adenocarcinomas for whom trastuzumab 
therapy is being considered, while NCCN 
guidelines recommend additional universal 
testing for MSI/MMR by PCR/IHC in all newly 
diagnosed patients. PD-L1 testing, using an 
approved FDA companion diagnostic test, 
may be required for locally advanced, 
recurrent or metastatic gastric and GEJ 
adenocarcinomas for whom therapy with PD-
1 inhibitors is considered. 

The latest advances in molecular me-
thods have increased our understanding of 
GC biology and led to the development of 
new comprehensive molecular classifica-
tions. The TCGA project was a landmark 
effort that provided a molecular classifica-
tion of GC, which, may serve as a valuable 
adjunct to histopathology. As a result of the 
TCGA database presence, 4 subtypes with 
distinct clinical and molecular features of GC 
were described: EBV, MSI, GS and CIN. 
However, the TCGA subtypes did not show 
significant correlations with overall and 
disease-free survivals (OS and DFS), and 
this may be due to several factors: the dura-
tion of follow-up, the heterogeneity of pa-
tients; ethnicities, the geographical distribu-
tion and the treatment received. The ACRG 
group expanded upon the TCGA database 
analysis by performing additional expre-
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ssion analyses and correlated the results to 
their institutions outcomes, which, included 
both data on survival and recurrence. They 
also described four subtypes of gastric can-
cer (MSI, MSS/EMT, MSS/TP53+ and 
MSS/TP53-), which, unlike the TCGA group 
classification, were associated with survival 
and specific recurrence patterns after sur-
gery. 

These molecular classifications are 
time-consuming, extremely complex, costly 
and require sophisticated molecular techno-
logies, which, prevent their widespread 
availability and use in clinical practice. 
Therefore, development of practical, easy to 
use and cost-effective classification systems 
for predicting prognosis or treatment res-
ponse is needed.  Immunohistochemical, in 
situ hybridization and/or PCR ancillary tests 
are excellent surrogates that approximate 
the molecular classification. 

Currently, several algorithms for pheno-
typing gastric cancer using immunohisto-
chemical markers and in situ hybridization 
have been published.  Most of the studies 
done for this purpose employed TMAs, 
which, sample only a small portion of tu-
mors. A simple and practical algorithm uses 
EBV in situ hybridization in order to identify 
EBER, MMR protein expression (using 
MLH1, MSH2, MSH6 and PMS2), E-

cadherin and p53 immunohistochemical 
stains (Fig. 3B, C) as surrogate markers for 
the TCGA and ACRG subgroups. Although 
they do not match perfectly with the 
molecular subgroups, all these biomarkers 
are easily available in any pathology 
laboratory and represent a cost effective, 
practical and easy to use algorithm which, 
approximates genomic profiling and could 
be an alternative in guiding targeted 
therapies. They can be used in addition to 
the already established and approved tests 
for HER2, PD-L1 and MSI/MMR.  

A good communication between the 
medical oncologists and the pathologists is 
a must as it facilitates effective tissue 
collection, proper tissue triage and 
appropriate histopathological and biomarker 
testing. Providing a detailed clinical history 
to the pathologists including information 
about the clinical stage, the resectability, 
and the therapy envisioned, may guide the 
nature of biomarkers that should be tested 
for. This is especially useful when the 
amount of tissue is limited, for example, in a 
mucosal biopsy, where sequential testing for 
single biomarkers may exhaust the tissue. In 
these situations, a comprehensive genomic 
profiling via an NGS validated platform is 
recommended to identify HER2, MSI/MMR, 
PD-L1, TMB and NTRK mutations. 

Abbreviations: 
GC – gastric cancer  
TCGA – the Cancer Genome Atlas project  
ACRG – Asian Cancer Research Group  
PCR – polymerase chain reaction 
US – United States 
HDGC – hereditary diffuse gastric cancer  
WHO – World Health Organization 
AJCC – American Joint Committee on Cancer  
NET – neuroendocrine tumors  
NEC – neuroendocrine carcinoma  
MANEC – mixed adeno–neuroendocrine carcinoma 
NOS – not otherwise specified 
ECL – enterochromaffin cell carcinoid  
MiNEN – mixed neuroendocrine–non neuroendocrine neoplasm 
CAP – College of American Pathologists 
FAP – familial adenomatous polyposis syndrome 
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HNP CC – hereditary nonpolyposis colorectal carcinoma 
EMT – epithelial–mesenchymal transition  
CLIA – Clinical Laboratory Improvement Amendments  
GEJ – gastroesophageal junction 
FDA – The United States Food and Drug Administration 
SISH – silver in situ hybridization  
5-FU – 5-fluorouracil
PI3K/mTOR – phosphatidylinositol-3-kinase/mammalian target of rapamycin
MSI – microsatellite high instability
GS – genomically stable
CIN – chromosomal instability
RTK – receptor tyrosine kinases
EBV – Epstein-Barr virus
MSS – Microsatellite stable
EMT – Epithelial mesenchymal transition
MMR – mismatch repair
EBER – Epstein-Barr virus-encoded small RNAs
FISH – fluorescence in situ hybridization
TMA – tissue microarray
MSI-H microsatellite instability-high
dMMR – mismatch repair deficient
CPS scoring – combined positive score
PD-1/PDL-1 – programmed cell death protein 1/ programmed cell death-ligand 1
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VEGFA – vascular endothelial growth factor A
VEGFR – vascular endothelial growth factor receptor
NGS – next generation sequencing
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FGFR2b – fibroblast growth factor receptor 2b
OS – overall survival
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Abstract 

With new updates every year on cancer diagnosis, treatment, and follow-up, the face 
of oncology is changing rapidly. With the new guidelines issued this year and, also, with 
the recently published phase III trials’ results, we aim to summarize key changes and 
updates for prostate cancer patients. We searched PubMed and international societies’ 
databases for recent articles and chose those with relevant information for everyday 
clinical practice. Our review includes assessments for specific diagnostic methods and 
the most recent treatment options available for prostate cancer.  
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1. Introduction

Prostate cancer (PC) is the fourth most 
common cancer and the second most fre-
quent cancer in men, and is one of the lea-
ding causes of cancer-related deaths world-
wide and the fourth cause of cancer-related 
death in the USA in 2020 (1). Recently, the 
European Society of Medical Oncology 
(ESMO) and the European Association of 
Urology (EAU), as well as the National 
Comprehensive Cancer Network (NCCN) 
updated their guidelines on screening, 
diagnosis, treatment and follow-up of 
prostate cancer patients. 

2. Methods

Besides the European and American 
guidelines, we conducted a search in the 
PubMed database based on the keywords 
“prostate cancer”, “metastatic”, “hormonal 
therapy”, “castration”, and “immunotherapy”. 
We selected papers published in the last two 
years and included phase III trials and stu-
dies with a significant number of partici-
pants, based on the relevance of the infor-
mation and the applicability in real-life situa-
tions. 
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3. Discussion

3.1. Workup 

It is commonly stated that PSA screen-
ing of men decreases cancer mortality but 
also leads to unacceptable overdiagnosis 
and significant overtreatment. Thus, current 
recommendations suggest using this 
method of screening in men over 50 years 
or over 45 years in case of positive family 
history (2,3).  

The main change regarding workup is 
the recommendation (class IB) of perform-
ing multiparametric magnetic resonance 
imaging (mpMRI) before prostate biopsy. A 
positive mpMRI is defined by a PIRADS 
score of at least 3. However, there is gro-
wing concern that the increased use of 
mpMRI would lead to more unnecessary bi-
opsies and overdiagnosis of PC. Risk calcu-
lator models such as the recently validated 
Rotterdam Prostate Cancer Risk Calculator 
and the globally recognized STAR-CAP, are 
increasingly used to better predict the out-
comes of and adapt treatment (4). When in-
dicated, targeted transperineal MRI fusion 
biopsies proved to have an increased detec-
tion rate of clinically significant PC and fewer 
adverse effects compared to transrectal bi-
opsies.  

Tumor extension assessed by MRI, 
Gleason score and initial PSA values are 
used to classify prostate cancers as low risk, 
intermediate-risk or high-risk disease (5). In 
the most recent guidelines published by 
ESMO, the low-risk category refers to men 
with a T1/2 stage, a Gleason score ≤ 6 and 
PSA less than 10. In this case, no further 
imaging method is required. For the interme-
diate or high-risk categories, further evalu-
ation of nodal or distant metastatic disease 
using at least a bone scan, a whole-body 
MRI, a CT/PET  

CT or, if available, prostate-specific 
membrane antigen (PSMA)-PET-CT is rec-
ommended (6). Currently, the emergent 
method of liquid biopsies is of great interest 
in the process of cancer diagnosis, therapy, 
prognosis and follow-up. It is dramatically 
changing modern oncology by analyzing cir-

culating tumor cells and circulating cell-free 
DNA (cfDNA), with the latter containing cir-
culating tumor DNA (ctDNA) in cancer pa-
tients. cfDNA refers to extracellular DNA 
which originates from tumor-associated ne-
crosis or physiological apoptosis. ctDNA 
may have similar genetic alterations with 
both the primary tumor and its distal meta-
stases, and represents an important source 
of information. A study by Barata et al. has 
given a novel perspective on the direct clini-
cal implications of integrating liquid biopsies 
into general practice. (7).  

Recent studies have proved that cfDNA 
is a promising biomarker for screening and 
early detection of PC (8). Also, a study con-
ducted by Lau et al. concluded that detecting 
ctDNA in patients with clinically localized PC 
can be used as a prognostic marker as it is 
associated with rapid disease progression 
(9). However, Hennigan et al. have demon-
strated that the blood of patients with loca-
lized disease has a lower quantity of ctDNA, 
making it more difficult to assess (10). As 
shown by an editorial published by EMSO in 
2021, a multitude of unknown variables that 
need further research remain (11). 

3.2. Hormonal and Chemotherapy 

Surgery and/or radiotherapy (RT) are 
the main therapeutic options for localized 
PC. For patients with low-risk disease, ac-
tive surveillance is a Class IA recommenda-
tion. The ProtecT trial compared active 
therapy versus monitoring and there was no 
statistically significant difference after a 10- 
year follow-up (12). In patients with high-risk 
disease, the best approach based on two 
trials would be RT in association with 
androgen deprivation therapy (ADT) or radi-
cal prostatectomy (RP) (13). In case of bio 
chemical relapse of the disease after RP, 
the current recommendations are salvage 
radiotherapy with at least 66 Gy alongside 
ADT, which is known for its radio-sensitizing 
effect (14). A phase III trial, GETUG-AFU 17, 
has shown that adjuvant radiotherapy has 
no benefit for event-free survival in patients 
compared to early salvage radiotherapy 
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(SRT) (15). Early SRT should be given 
immediately after the first sign of PSA rise 
(16).  

A high number of studies have been 
conducted in order to investigate the useful 
ness of neoadjuvant or adjuvant hormone 
treatment. Several trials have shown the 
benefit of adding neoadjuvant ADT to high-
risk PC and, also, to unfavorable intermedi-
ate-risk localized PC. Docetaxel-based 
chemotherapy in high-risk localized disease 
has been proven in a meta analysis based 
on CHAARTED, GETUG-15 and STAM-
PEDE trials to improve the relapse-free sur-
vival rate by 8% (17,18). Regarding meta-
static hormone-naïve PC, two phase III tri-
als, CHAARTED and STAMPEDE, establi-
shed the benefit of docetaxel in combination 
with ADT for these patients, as it significantly 
improved overall survival (OS) from 47.2 
months to 57.6 months (19,20).  

Another study conducted by Roy et al. 
evaluated the impact of concomitant 
medications on biochemical outcome in 
localized PC patients. Metformin intake 
doubled the risk of biochemical relapse, 
while sulfonamide-based concomitant alpha 
blockers nearly tripled risk (21).  

For over half a century, androgen depri-
vation therapy was the first line of treatment 
for metastatic PC, after LHRH agonists re-
placed surgical castration as the gold stan-
dard. Recently, the androgen axis was 
effectively targeted with new therapies such 
as androgen receptor-targeted agents 
(apalutamide, enzalutamide) and a CYP17 
inhibitor (abiraterone) (22). Patients with a 
low volume disease should be offered the 
combination of ADT with prostate RT as 
suggested by CHAARTED trial’s criteria 
(20).  

LATITUDE and STAMPEDE have 
demonstrated that the addition of abi-
raterone to ADT also improves overall sur-
vival by 7%, while another phase III trial, TI-
TAN, has demonstrated that apalutamide 
has a significant improvement in 2-year-OS. 
Enzalutamide has been shown by two trials 
(ENZAMET and ARCHES) to have an 8% 
improvement in 3-year-OS data (23). Taking 

into consideration that docetaxel and abi-
raterone can produce adverse effects with 
greater impact on quality of life, they should 
be offered to compliant patients with fewer 
comorbidities and good performance status. 

Castration-resistant prostate cancer 
(CRPC) refers to disease progression (bio-
chemical or radiological) under ADT and 
having serum testosterone at castrate lev-
els, meaning <50ng/dl. Three trials (SPAR-
TAN, PROSPER and ARAMIS), tested a 
modern antiandrogen combined with ADT, 
and have shown that apalutamide, enzalu-
tamide or darolutamide bring improvements 
to overall survival in both metastatic-free 
and non-metastatic castration resistant 
prostate cancer (M0- CRPC) patients (Table 
1) (24).

Unfortunately, there are also many pa-
tients that are diagnosed with metastatic 
CRPC de novo. Recent studies have em-
phasized the importance of genetic counse-
ling and testing for germline mutations, at 
least for patients with strong family history, 
with hereditary breast and ovarian cancer 
syndrome and Lynch syndrome and with 
high risk PC or intraductal histology (25).  

For these patients, first-line treatment 
options include abiraterone, enzalutamide 
and docetaxel-based chemotherapy. The 
first two can be starting options for asympto-
matic or mildly symptomatic patients with 
chemotherapy-naïve metastatic castration 
resistant prostate cancer (mCRPC), while 
docetaxel should be the first option for those 
with rapidly progressing disease or predo-
minantly visceral metastases (2). In case of 
disease progression under chemotherapy, 
the treatment options are the second AR tar-
geted drugs or cabazitaxel, which appears 
to be superior and, moreover, has recently 
been approved in Romania (24). In the 
CARD study, the median PFS for caba-
zitaxel was 8 months compared to 3.7 
months for abiraterone or enzalutamide and 
the median OS was 13.6 months vs 11.0 
months (26).   
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Table 1. Combined androgen blockade for M0-CRPC 

SPARTAN 

Apalutamide vs 
placebo 

PROSPER 

Enzalutamide vs 
placebo 

ARAMIS 

Darolutamide vs 
placebo 

n 806 vs 401 933 vs 468 955 vs 554 

Metastasis free survival 
(mo) 

40.5 vs 16.2 (p<0.001) 36.6 vs 14.7 (p<0.001) 40.4 vs 18.4 (p<0.001) 

Overall survival (mo) 73.9 vs 59.9 (p<0.001) 67.0 vs 56.3 (p<0.001) NR vs NR 

n - number of patients; mo - months; NR - not reached 

Regarding a second-line treatment for 
mCRPC, it is important to mention that there 
is evidence of cross resistance between en-
zalutamide and abiraterone and current 
guidelines do not recommend the use of a 
second AR inhibitor (27).  

An important trial, ALSYMPCA, has em-
phasized that for a progressive bone-pre 
dominant symptomatic mCRPC, radium-
223, a bone-targeted alpha-emitter, signifi-
cantly increased OS. However, its use is re-
stricted to patients who are ineligible for first-
line therapies or still have progressive di-
sease after two lines of systemic treatment 
(28).  

This year, Mao et al. published a study 
regarding the synergistic antitumor effect of 
the ZD55-IL-24 oncolytic adenovirus com-
bined with radiotherapy in PC in vitro and in 
vivo trials. They found that this combination 
can induce apoptosis in tumoral cells by in-
creasing their radiosensitivity and inhibit an-
giogenesis (29). 

3.3. Immunotherapy 

In recent years, immune checkpoint in-
hibitor therapy has been correlated with a 
significant improvement in the survival of pa-
tients with solid tumors. Unfortunately, data 
on mCRPC remains unclear and needs fur-
ther investigation as prostate cancer a-
ppears to be an immunologically “cold” tu-
mor (30). Recent results indicate that 
mCRPC has a low response to immunothe-
rapy. This may be related to several factors: 
low tumor mutational bur den, loss of tumor 

suppressor gene, low prevalence of genetic 
defects and silencing of major histocompati-
bility complex-1 (31).  

Although the development of immune 
checkpoint monoclonal antibodies repre-
sents a breakthrough in cancer therapy, the 
detection of specific biomarkers that predict 
treatment response remains a dynamic area 
of research in oncology. The most co-
mmonly used biomarker nowadays is the 
quantitative expression of PD-L1, which has 
been reported to have a significant expre-
ssion for both mCRPC and primary PC (30). 
Vicier et al. published a study that assessed 
the PD-L1 expression in men with PC after 
undergoing prostatectomy and concluded 
that a lower expression is associated with a 
lower risk of biochemical relapse and pre-
sence of metastasis (32).  

Recent data have shown that there are 
special populations of PC patients who can 
benefit from immunotherapy and these are 
represented by the patients with MSI-H tu-
mors (33).  

According to Willi et al., enzyme defi-
ciency can lead to microsatellite instability 
(MSI) in cancer, and is associated with high 
levels of mutation neoantigens, but only 2- 
3% of PC cases have been shown to have 
high microsatellite instability (MSI-H) tumors 
(34). Barataet al. reported the first case se-
ries of clinical activity of pembroli zumab for 
MSI-H mCRPC. In this study, durable and 
profound responses were observed in 
nearly half of the MSI-H tumors (7).  

Another study published by Graff et al. 
has shown evidence that ipilimumab, a fully 
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human monoclonal antibody promoting anti-
tumor activity, can increase antitumoral ac-
tivity and progression-free survival in pa-
tients with mCRPC, although without an im-
provement in overall survival (35). 

3.4. Other genetic-alteration driven 
therapy 

An increased number of DNA errors 
leading to high tumor neoantigen expression 
has been observed in patients with muta-
tions in the DNA damage repair genes 
(BRCA1, BRCA2, CDK12, ATM) (36,37).  

For patients with genetic mutations, a 
new class of drugs has been introduced, 
known as poly-adenosine diphosphate-ri-
bose polymerase (PARP) inhibitors (31,38). 

There are several ongoing trials for 
PARP inhibitors alone or in various combi 
nations for mCRPC. Currently, two drugs, 
olaparib and rucaparib are approved as a 
new line of treatment for patients who have 
a progressive disease after first and second 
generation of androgen receptor axis-targe-
ting agents, taxane-based chemotherapy, 
radium-223 and immunotherapy with Sipu-
leucel-T or pembrolizumab (38). The recent 
PROfound trial, a prospective randomized 
phase III trial, screened 4425 patients with 
mCRPC and found that 778 had qualifying 
alterations (39). 

3.5. Future directions 

Considering the recent technological ad-
vancements in artificial intelligence, techno-
logy is becoming more and more involved in 
solving medical dilemmas.  

There is a great interest shown in deve-
loping and validating a deep learning algo-
rithm for Gleason grading of PC. In a recent 

study published in JAMA Oncology, Nagpal 
et al. presented a deep learning system 
(DLS) for reading digital prostate biopsy 
specimen sections. The results show a simi-
lar rate of identifying tumor specimens be-
tween DLS and pathologists, as well as sig-
nificantly better agreement rates on Gleason 
pattern vs.  pathologists. Considering the 
high interobserver variability in Gleason 
grading, DLS could function as a decision 
tool, with significant therapeutic implications 
streamlining the diagnostic flow (40).  

Recently, a machine learning based 
analysis has been developed in order to pre-
dict metastatic disease or high-risk patho-
logical tumor features in primary PC with the 
use of 18[F]DCFPyL PET metrics. Lymph 
node involvement for these patients is an im-
portant diagnostic finding. Currently their in-
volvement in cancer is investigated with an 
extended pelvic lymph node dissection. 
Prostate-specific membrane antigen is a 
type-II transmembrane protein highly over 
expressed on PC cells. Therefore, quantita-
tive measures of its expression are widely 
used as a biomarker for risk stratification. 
The machine learning algorithm developed 
by Cysouw et al. was able to predict disease 
risk in primary PC patients and they stated 
that PSMA PET radiomics may capture tu-
mor aggressiveness by carrying genomic as 
well as histopathological information (41). 

4. Conclusion

Prostate cancer treatment is rapidly 
evolving. The latest guidelines are intended 
to offer patients the best diagnostic and 
treatment options. Our brief review offers 
clinicians several tips on the 2020-2021 
updates for the management of prostate 
cancer.

Abbrevations: 

PC – Prostate cancer 
ESMO – European Society of Medical Oncology 
EAU – European Association of Urology 
NCCN – National Cancer Comprehensive Network 
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mpMRI – multiparametric magnetic resonance imaging 
cfDNA – circulating cell-free DNA 
ctDNA – circulating tumor DNA 
RT – radiotherapy 
ADT – androgen deprivation therapy 
RP – radical prostatectomy 
SRT – salvage radiotherapy 
OS – overall survival 
CRPC – castration-resistant prostate cancer 
mCRPC – metastatic castration resistant prostate cancer 
MSI – microsatellite instability 
MSI-H – high microsatellite instability 
PARP – poly-adenosine diphosphate-ribose polymerase 
DLS – deep learning system 
CT– computed tomography 
PET – CT-positron emission tomography-computed tomography 
MRI – magnetic resonance imaging 
PFS – progression free survival 
AR – androgen receptor 
PD-L1 – program-death ligand 1 
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Abstract 

Background: Patients with advanced-stage non-small cell lung cancer (NSCLC) 
benefit from a short time-to-treatment (TTT) due to disease severity. Patients at BC 
Cancer with NSCLC undergo OncoPanel testing, a next-generation sequencing assay, 
for potential oncogenic drivers prior to treatment as outlined by CAP-AMP-IASLC 
guidelines. Genetic testing via OncoPanel takes more than two weeks and commonly 
contributes to an increased TTT. The novel ultra-rapid Idylla EGFR testing platform may 
decrease TTT in patients who are EGFR mutation positive (M+) due to the mutual 
exclusivity of actionable mutations. This study evaluates the lab turnaround time (TAT) 
of the Idylla EGFR testing platform and compares it to that of the OncoPanel. 

Methods: A group of patients (N = 235) with stage IIIB or stage IV lung 
adenocarcinoma diagnosed between November 1, 2020 and May 1, 2021 had both 
OncoPanel and Idylla EGFR testing. The time at which the sample was received in the 
lab, the time of Idylla EGFR test reporting, and the time of OncoPanel reporting were 
recorded for each patient. Differences in the lab TAT between the OncoPanel and Idylla 
EGFR test were compared using a paired t-test within the cohort.  

Results: The mean lab TAT for the Idylla and OncoPanel tests were 3.4 days (Range: 
0-8 days) and 15.8 days (Range: 12-31 days), respectively. It was observed that the lab
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TAT of the Idylla EGFR test was faster by an average of 12.4 days (Range: 6-29 days, 
p<0.01, 95% CI: [11.9, 12.8] days) than the OncoPanel TAT (N=235). 

Conclusions: The lab TAT of the Idylla EGFR test is significantly shorter than of 
OncoPanel testing. In patients who are EGFR M+, molecular testing could be completed 
considerably faster using the Idylla EGFR testing platform since further genetic testing 
is unlikely to yield additional actionable information. Using the Idylla EGFR test as part 
of a reflexive molecular testing repertoire in advanced-stage NSCLC patients could thus 
reduce patient TTT. 

Keywords: NGS, Idylla, EGFR, lung cancer, NSCLC 
 

 
 
Background 
 
Patients with advanced-stage non-small 

cell lung cancer (NSCLC) benefit from a 
short time-to-treatment (TTT) due to disease 
severity and often advanced stage at 
presentation. In more recent years, treat-
ments for NSCLC have been advanced with 
the introduction of molecular testing in the 
treatment algorithm. For patients with ad-
vanced-stage NSCLC, genetic testing 
should be performed before delivering treat-
ment as outlined in the guidelines set by the 
College of American Pathologists (CAP), 
Association for Molecular Pathology (AMP), 
and the International Association for the 
Study of Lung Cancer (IASLC) (1).  

EGFR mutations are particularly co-
mmon in patients with advanced NSCLC, 
especially in those with adenocarcinoma 
histology (2, 3). The incidence of EGFR mu-
tations in lung cancer differs between Cau-
casian (range: 7%–36%) and Asian patients 
(range: 20%–76%) (2). As EGFR remains 
the most prevalent targetable oncogenic 
mutation in NSCLC, its rapid identification in 
advanced-staged NSCLC would signifi-
cantly shorten time to treatment for these 
patients. Since most targetable molecular 
drivers are mutually exclusive, a positive 
EGFR result will inform the clinician of the 
best course of action at an earlier time point, 
and avoid further, more comprehensive and 
expensive testing.  

The Idylla (Biocartis, Mechelen, Bel-
gium)™ platform is a fully-automated, real-
time PCR-based molecular testing system 

with applications to a wide range of clinical 
settings, where all the reagents required for 
sample preparation and PCR detection are 
provided in a single cartridge that can then 
be easily and rapidly loaded into the system. 
The system requires as little as 25 
nanograms of tumor DNA, which is evalu-
ated for single gene molecular changes, 
such as EGFR mutations, in less than three 
hours. This assay is validated in the BC 
Cancer Genetics and Genomics Laboratory 
(CGL) for clinical reporting. This study’s 
objective is to evaluate the TAT of the Idylla 
EGFR testing platform and compare it to that 
of the OncoPanel. 

  
Methods 
 
This prospective study was performed 

on patients diagnosed with NSCLC and re-
ferred to BC Cancer to undergo OncoPanel 
clinical testing, a next-generation sequen-
cing (NGS) assay, which screens 41 of the 
most common potential oncogenic genes, 
including EGFR. Genetic testing via Onco-
Panel takes more than two weeks to com-
plete from the time the tumor sample is re-
ceived in the laboratory to the time at which 
the genetic report is released to the ordering 
physician (lab TAT). OncoPanel testing 
commonly contributes to an increased TTT 
due to its lengthy TAT. The aim of the study 
is to compare TAT for patients with lung ade-
nocarcinomas having EGFR testing per-
formed by Idylla and compared to Onco-
Panel, the existing clinical mutational testing 
at BC Cancer, at the time of this study.  
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Case Selection 

The samples were obtained from a group 
of patients (N = 235) with stage IIIB or stage 
IV lung adenocarcinoma diagnosed between 
November 1, 2020 and May 1, 2021 that had 
both OncoPanel and Idylla EGFR testing. 
Among these samples, specimens submitted 
for the identification of EGFR T790M 
resistant mutations, and samples with less 
than 500 nanograms of total extracted DNA 
were excluded, in order to ensure sufficient 
DNA for both Idylla and OncoPanel testing, 
and to focus this study on identification of de 
novo EGFR mutations. Prospective, real life 
clinical testing was performed on 235 
advanced stage NSCLC patients, identified 
using the above criteria, and were 
concomitantly tested using the Idylla 
platform, and the clinically requested next 
generation sequencing (NGS) OncoPanel. 
The time at which the sample was received 
in the lab, the time of Idylla EGFR test 
reporting, and the time of OncoPanel re-
porting were recorded for each patient.  

Statistical Analysis 

Differences in the TAT between the On-
coPanel and Idylla EGFR test were com-
pared using a paired t-test over each patient. 
The analysis was performed using base R 
(version 4.0.2).  

Results 

The mean lab TAT for the Idylla and On-
coPanel tests were 3.4 days (Range: 0-8 
days) and 15.8 days (range: 12-31 days), re-
spectively. It was observed that the lab TAT 
of the Idylla EGFR test was faster by an ave-
rage of 12.4 days (range: 6-29 days, p<0.01, 
95% CI: [11.9, 12.8] days) than OncoPanel 
TAT (Figure 1). 

This TAT included specimen accessio-
ning at referral laboratory, microtome cutting 
and H&E slide preparation, tumor content 
assessment and DNA extraction and prepa-
ration, qPCR, and automated analysis.  

For a select few cases, in view of clinical 
urgency, tumor tissue was loaded directly to 
the Idylla cartridge without extraction. This 
allowed for same day resulting and explains 
the Idylla TAT range of 0-8 days. However, 
for the vast majority of cases, in order to 
accurately compare results between Idylla 
and OncoPanel, extracted DNA was used 
for both tests. 

After the tests were performed, results 
were released on the patient’s medical rec-
ord on the same day or the subsequent day 
to allow for appropriate treatment planning.  

Fig. 1:  Comparison of Idylla and NGS TATs 
(N=235). Distributions do not overlap, demon-
strating a unanimously lower TAT in favor of the 
Idylla EGFR test. 

Discussion 

This study demonstrates that the Idylla 
EGFR test TAT is significantly shorter than 
NGS testing TAT. As the average Idylla TAT 
is 3.4 days, compliance with the CAP-
IASLC-AMP molecular testing guidelines to 
have EGFR results within 10 working days 
from receipt of specimens in the laboratory 
can be easily achieved. Due to the mutual 
exclusivity of major oncogenic drivers in 
NSCLC, a positive Idylla EGFR test would 
lead to the completion of pretreatment tumor 
testing and could thereby improve TTT by 12 
days on average in this patient population. 
Additionally, in a reflex but stepwise testing 
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scenario, cases positive for EGFR by this ul-
tra-rapid panel would not require further, 
more comprehensive and more expansive 
testing (due to lack of incremental infor-
mation), thereby saving NGS testing costs 
on up to 30.3% of lung adenocarcinoma pa-
tients, depending on the EGFR mutation in-
cidence of the tested population (2, 3). The 
Idylla testing platform can be easier imple-
mented and validated than other sequen-
cing platforms in a variety of clinical settings, 
as it only requires limited infrastructure and 
training. Further research into the cost of im-
plementing Idylla EGFR testing is required 
as patients who are EGFR mutation nega-
tive will undergo both Idylla and NGS test-
ing. While the Idylla platform displays im-
proved time and tumor material require-
ments as compared to NGS, there is a re-
duction in its comprehensiveness con-
cerning the genes it can test as well as the 
mutations it can detect (Table 1-EGFR test-
ing by Idylla and OncoPanel). 

Other factors contribute to the lengthen-
ing of TTT in NSCLC, which are often inde-
pendent of the testing laboratory, and inde-
pendent of the technology used for testing. 
These factors include time for receiving the 

tumor block from originating hospital to the 
reference laboratory, interpretation and re-
porting time, etc. While several steps in-
cluding evaluation of tissue cellularity and 
tumor content, DNA extraction and time to 
releasing the report to the ordering physi-
cian may overlap in length, others show 
greater variability, and therefore explain the 
overall decrease in TTT and Idylla TAT; the 
main contributing factors are shorter se-
quencing time using Idylla, as compared to 
any of the commercially available platforms 
(2.5 hours versus a few days) and shorter 
reporting time due to the analysis of one 
gene by Idylla versus multiple genes using 
NGS.  

The number of mutations that can be de-
tected by Idylla is predetermined by specific 
exonic regions that include hotspot variants 
(BRAF, 7; EGFR, 51; KRAS, 21) (4). Idylla 
requires minimal expertise for test perfor-
mance and its turnaround time and hands-
on time are the main advantages various 
other characteristics of these technologies, 
including required upfront extraction, mini-
mal FFPE (formalin fixed paraffin embedded) 
tissue input, and type of output of results are 
summarized in Table 1.

Table 1. Practical characteristics of EGFR Mutation Assay and OncoPanel Assay 

Idylla EGFR OncoPanel 

Sequencing Time 150 min  Few Days 

Hands-on Time 10 min Hours 

EGFR Mutations 51 SNV/del/ins Full exon coverage 

Upfront DNA Extraction Yes Yes 

Minimal Input: FFPE 1×5 µm FFPE section and ≥10% 
tumor cells 

6×5 µm FFPE section and ≥20% 
tumor cells 

Data Processing Proprietary algorithm  Lab Developed Algorithm 

Expertise Low High 

Output Somatic hotspot mutations in 
EGFR 

Any EGFR alterations requiring 
curation 

Bioinformatics Assessment 
Needed 

No Yes 
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The analysis of the mutation detected is 
automatically performed by the Idylla plat-
form and a report including the presence 
and type of EGFR mutation is generated. 
The NGS platform requires extensive bioin-
formatics analysis, highly trained personnel 
performing data analysis and interpretation 
of the results generated by the machine. 
Such characteristics suggest that the Idylla 
platform could be implemented in non-
expert centers where no sequencing 
machines or expert technicians are currently 
available (5). Therefore, even pathology 
laboratories without molecular expertise 
could successfully use this method as long 
as a pathologist confirms the presence of a 
tumor on the slide, prior to testing (6-8). This 
high success rate depends on appropriate 
triaging and tissue handling, as tissue input 
is a pivotal determinant of the assay 
sensitivity and performance (9). 

If reflex-testing using this technology 
may not be feasible, Idylla’s shorter TAT 

over NGS testing could be beneficial in 
various clinical scenarios. For example, in 
patients with poor performance status, 
identification of EGFR mutation 12 days 
earlier may represent a lifesaving clinical 
step and should be considered on a case-
by-case basis. Due to the difference in 
response to immunotherapy reported in 
NSCLC adenocarcinomas harboring driver 
mutations, timely identification of EGFR 
negative patients, in the right clinical 
scenario, may contribute to decreased 
immunotherapy TTT.   

Conclusions 

Molecular EGFR testing is completed 
considerably faster using the Idylla EGFR 
testing platform and this allows faster time to 
treatment for EGFR positive patients allo-
wing rapid access to targeted therapy, and 
for EGFR negative patients allowing rapid 
access to immunotherapy.

Abbreviations: 
EGFR – epidermal growth factor receptor 
NSCLC – non-small cell lung cancer 
TTT – time-to-treatment 
CAP – College of American Pathologists 
AMP – Association for Molecular Pathology 
IASLC – International Association for the Study of Lung Cancer 
CGL – Cancer Genetics and Genomics Laboratory 
NGS – next-generation sequencing 
TAT – turnaround time 
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Abstract 

Background: Several studies have shown that tyrosine kinase inhibitors (TKI) and 
chemotherapy improve the short term and median survival of patients with metastatic 
adenocarcinoma of the lung (MAL), but there is less data on the long-term survival (LTS) 
of these patients.  

Methods: A univariate retrospective analysis was performed on 174 patients with MAL 
diagnosed at our institution between 2009 and 2011, and with up to a 5-year follow-up. 
Overall survival was estimated using the product-limit method and drawing the Kaplan-
Meier curves and compared using the log-rank test.  

Results: Factors associated with a statistically significant survival benefit in our patients 
were having undergone lung surgery, female gender, never smokers, bronchioalveolar 
histology, and lower TNM nodal stage.  Particularly, prior lung surgery was shown to 
improve survival in patients treated with erlotinib.  This was also true when comparing 
patients from a historical cohort as well.  Among patients with Epidermal Growth Factor 
Receptor (EGFR) mutation, there was no statistically significant difference in survival 
amongst patients treated with either surgery or erlotinib. 

Conclusion: In our patients with MAL the only treatment modality that improved LTS in 
a statistically significant way was lung surgery. This is an important finding as National 
Cancer Comprehensive Network (NCCN) guidelines consider surgery as a treatment 
option only in MAL with isolated lesions.  

Keywords: lung cancer, targeted therapy, EGFR mutation, long term survival
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Background 

According to the Surveillance, Epidemi-
ology and End Results (SEER) database, 
lung cancer remains the leading cause of 
cancer related deaths in the United States. 
The number of projected new lung cancer 
cases for 2021 is 235,760, which compro-
mised 12.4% of all new cancer cases (1).  
Given the significant healthcare burden that 
this group of malignancies poses, improving 
long-term outcomes for these patients is ex-
tremely important.  

Over the past years, the treatment land-
scape for lung cancer has changed dramati-
cally, with the approval of several check-
point inhibitors for use in various histologic 
subtypes and lines of therapy.  Despite this 
advance, patients with non-small cell carci-
noma (NSCLC) harboring driver mutations 
were excluded from immunotherapy studies, 
and their treatment options have been fo-
cused on the use of targeted therapies. 

The use of next generation sequencing 
(NGS) methods allowed for the discovery 
and description of mutations that are consi-
dered fundamental for cancer transfor-
mation and progression. Targetable driver 
mutations are present in all histological 
types of NSCLC (including adenocarcinoma, 
squamous cell carcinoma (SCC), and large 
cell carcinoma), but they are most commonly 
found in adenocarcinoma.  In-depth charac-
terization of these mutations fully benefited 
the treatment of cancer, and FDA clinically 
approved several small molecules targeting 
key protein products of these aberrant 
genes. In lung adenocarcinoma, the most 
common “driver” mutation occurs within 
epidermal growth factor receptor (EGFR) 
gene.  EGFR is a transmembrane tyrosine 
kinase receptor that has been shown to be 
overexpressed, leading to worse overall sur-
vival in many malignancies, particularly 
NSCLC (2).  Several mutations in the EGFR 
gene have been found to lead to this over-
expression or constitutive activity of the re-
ceptor and promote oncogenesis (3). Erlo-

tinib (Tarceva, OSI Oncology/ Genentech/ 
Roche), a tyrosine kinase inhibitor was 
approved for metastatic lung adenocarci-
noma in the recurrent setting in 2004 (4).  In 
2010, in advanced NSCLC, it was approved 
as maintenance therapy after platinum 
chemotherapy, and in 2013 it was approved 
as first-line single agent in patients with ad-
vanced NSCLC with an EGFR mutation 
(5,6).   

Several studies showed a benefit in pro-
gression free survival (PFS) in patients with 
advanced EGFR mutated lung adenocarci-
noma (Stage IIIB/IV) who received either 
treatment with erlotinib,  or chemotherapy 
(7).  None of these studies showed a benefit 
in the overall survival of patients that 
received erlotinib, thus the long-term sur-
vival of such patients has remained ill de-
fined.  In 2016, Lin et al. published data for 
5 year survival of 137 patients with EGFR 
mutated MAL treated with erlotinib with a 
14.6% 5 year survival rate.  Factors that 
were found to be associated with longer 
overall survival were exon 19 deletion, ab-
sence of extrathoracic (in general), or, spe-
cifically, brain metastases, and non-smoking 
status (8). Initially we analyzed data for pa-
tients treated during 2003-2008.  

The aim of this study is to address the 
issue of overall survival in patients treated 
with erlotinib and to identify factors that may 
influence it.  

Materials and methods 

Patients 

We reviewed the North Shore Hospital 
tumor registry and Monter Cancer Center 
medical records between 2009 and 2011 
and identified 174 patients diagnosed with 
metastatic adenocarcinoma of the lung 
(MAL). 

We chose the 2009-2011 interval for 
several reasons: in 2009 the IPASS ran-
domized trial proved the benefit of TKIs in 
the treatment of patients with EGFR-mu-
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tated MAL (9); also in 2009 erlotinib started 
to be used in the frontline setting of EGFR 
mutated metastatic adenocarcinoma of the 
lung in USA, with only two other TKIs, afat-
inib and gefitinib, approved in the same set-
ting. We analyzed only patients treated with 
erlotinib.  

A cohort of patients diagnosed with MAL 
during 2003-2008 was also used for com-
parison. 298 patients were initially identified, 
79 patients were removed because of in-
complete data and 219 patients were con-
sidered for analysis. 

We collected the following information: 
age, sex, date of diagnosis, vital status, 
survival and treatment i.e. erlotinib, 
chemotherapy, surgery including type of 
surgery, radiotherapy including duration and 
organ targeted by radiotherapy, EGFR mu-
tational status and type of mutations (when 
known), site of metastases: lung only, bone 
only, brain metastases (mets), nodal status, 
presence or not of bronchioalveolar histolo-
gy.  

Exclusions 

Patients were excluded from the analy-
sis if they did not receive any treatments i.e. 
chemotherapy, surgery, radiotherapy or er-
lotinib, or if their chemotherapy or radiothe-
rapy treatment status was unknown. There 
were no patients with unknown status for 
surgery. 59 patients were excluded based 
on these criteria.  

Statistical analysis 

We collected descriptive statistics data 
for demographic factors including age at di-
agnosis, gender, smoking status (never, for-
mer, current), location of metastases 
(lung/brain/bone), EGFR mutation status, 
treatment regimen (chemotherapy, erlotinib, 
radiotherapy, surgery), radiotherapy target 
(brain, lung, palliative), type of surgery (lo-
bectomy, wedge resection), bronchioalveo-
lar histology, nodal status, survival in 

months, survival status (dead/alive). We 
used descriptive statistical methods for ana-
lysis (mean and standard deviation for con-
tinuous factors, proportion for continuous 
factors).  

All the computations were done using a 
statistical analysis software (SAS). For each 
demographic factor given above, overall 
survival was estimated using the product-limit 
method and compared using the log-rank 
test.  Those factors that were significantly 
associated with overall survival in this uni-
variable screen (p<0.05) were described. 

A univariate retrospective analysis was 
performed on 174 patients with MAL diag-
nosed at our institution between 2009 and 
2011, and with up to a 5-year follow-up. 
Most patients received multiple treatment 
modalities. Overall survival was estimated 
using the product-limit method and drawing 
the Kaplan-Meier curves and compared u-
sing the log-rank test. Patients alive at last 
follow-up were censored. 

Due to a limited number of patients, a 
multivariable Cox regression to examine the 
joint effects of different factors on overall 
survival was not performed.  Backward se-
lection was used to remove those variables 
that did not contribute information to the 
model.   

Results 

Demographics 

Out of 174 patients analyzed, 33 pa-
tients received erlotinib, of which 13 had 
proven EGFR-mutated tumors. There were 
four statistically significant differences be-
tween the erlotinib group (N=33) and the non-
erlotinib group (N=141).  First, the patients in 
the erlotinib group were older, with a mean 
age of 72.4 years vs 65.5 years in the non-
erlotinib group (p=0.0327). The second 
statistically significant difference between the 
two groups was the smoking status. The 
erlotinib group contained more never smo-
kers than the non-erlotinib group 75% vs 
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13.5% (p<0.0001). The third statistically sig-
nificant difference between the two groups 
was the administration of chemotherapy. 
100% (33/33) of the patients in the erlotinib 
group received chemotherapy besides erlo-
tinib. Only 80.9% (114/141) patients in the 
non-erlotinib group received chemotherapy 
(p=0.0062). The fourth statistically signifi-
cant difference was lung surgery. Only 3% 
(1/33) of the patients in the erlotinib group 

had surgery vs 22.6% (26/141) of the pa-
tients in the non-erlotinib group. 

Other factors like gender, bronchioalve-
olar component, nodal stage, the admi-
nistration of radiotherapy, presence of lung, 
brain or bone only metastases were not sta-
tistically different between the two groups. 
The demographic data of the patients are in-
cluded in Table 1.

Table 1. Demographic and Patients Clinical Characteristics

Erlotinib 
n=33 

Non-Erlotinib 
n=141 

Continuous Factors Mean (SD)  
Median (Q1, Q3) 

Mean (SD) 
Median (Q1, Q3) 

p-value*

Age 72.4 (13.9) 
74.0 (61.0, 82.0) 

66.5 (11.4) 
67.0 (57.0, 77.0) 

0.0327 

Categorical Factors n (percent) n (percent) p-value**
Gender 
  Female 21 (63.6%) 78 (55.3%) 0.3851 
  Male 12 (36.4%) 63 (44.7%) 
Smoking Status*** 
  Never 24 (75.0%) 19 (13.5%) <0.0001 
  Former   7 (21.9%) 76 (53.9%) 
  Current  1 (3.1%) 46 (32.6%) 
Bronchioalveolar Component*** 
  Yes   1 (3.0%)    8 (6.1%) 0.6890 
  No 32 (97.0%) 124 (93.9%) 
Nodal Stage*** 
 0 10 (32.3%) 36 (27.5%) 0.5958 
1-3 21 (67.7%) 95 (72.5%) 
Lung Surgery 
  Yes   1 (3.0%)  26 (18.4%) 0.0277 
  No 32 (97.0%) 115 (81.6%) 
Chemotherapy 
  Yes 33 (100.0%) 114 (80.9%) 0.0062 
   No   0 (0.0%)   27 (19.1%) 
RT 
   Brain 8 (24.2%) 38 (27.0%) 0.2512 
   Lung 1 (3.0%) 17 (12.1%) 
Other or None 24 (72.7%) 86 (61.0%) 
Lung Metastases Only*** 
   Yes  5(15.2%)  26 (19.0%) 0.6093 
   No 28 (84.8%) 111 (81.0%) 
Presence of Brain Metastases*** 

   Yes 11 (33.3%) 49 (35.8%) 0.7929 
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   No 22 (66.7%) 88 (64.2%) 
Bone Metastases Only*** 
   Yes 5 (15.2%) 22 (16.1%) 0.8982 
   No 28 (84.8%) 115 (83.9%) 

* Mann-Whitney test
** Chi-square test or Fisher’s exact test, as appropriate
*** sample sizes vary due to missing data

Table 2. Factors Associated with Survival in Patients with Metastatic Adenocarcinoma of the Lung 

Survival (% alive) and Associated 
95% Confidence Interval at: 

Factor 24 months 60 months Median Survival in 
Months (95% CI) 

p-value

Treatment 
 Erlotinib 42.4%  

(25.6%, 58.3%) 
0.0% 18.8 (12.9, 37.0) 0.0160 

  Non Erlotinib 18.8% 
(12.7%, 25.8%) 

9.4% 
(4.5%, 16.5%) 

8.8 (7.6, 10.1) 

Gender 
  Male 15.2% 

(8.1%, 24.3%) 
0.0% 7.6 (5.9, 9.7) 0.0019 

  Female 29.4% 
(20.7%, 38.7%) 

11.5% 
(4.8%, 21.4%) 

14.0 (9.3, 18.8) 

Smoking Status 
  Never Smoker 40.1%  

(25.2%, 54.5%) 
5.8% 
(0.6%, 20.8%) 

20.5 (12.9, 25.0) 0.0463 

 Current Smoker 17.5%  
(8.2%, 29.6%) 

0.0% 8.7 (4.8, 14.9) 

  Former Smoker 17.1% 
(10.0%, 26.0%) 

12.5% 
(6.2%, 21.1%) 

9.0 (7.0, 10.8) 

Lung Surgery 
  Yes 51.9% 

(31.9%, 68.5%) 
32.6% 
(14.0%, 52.8%) 

28.5 (8.7, *) <0.0001 

  No 17.9% 
(12.1%, 24.7%) 

0.0% 9.3 (8.1, 11.9) 

Radiotherapy 
  Brain 22.6% 

(11.7%, 35.6%) 
0.0% 9.5 (6.6, 14.9) 0.0320 

  Lung 5.6% 
(0.4%, 22.4%) 

0.0% 5.1 (4.2, 9.8) 

  Other or None 26.6% 
(18.7%, 35.3%) 

11.0% 
(4.9%, 19.9%) 

12.5 (8.7, 15.3) 

Chemotherapy 
  Yes 22.0% 

(15.6%, 29.0%) 
0.0% 10.1 (8.7, 14.0) 0.7395 

  No 31.3% 
(14.9%, 49.1%) 

19.6% 
7.1%, 36.4%) 

5.6 (2.7, 20.4) 

Lung Mets Only 
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  Yes 44.6% 
(26.7%, 61.0%) 

29.1% 
(13.7%, 46.4%) 

20.4 (8.3, 43.2) 0.0054 

  No 19.1% 
(13.0%, 26.1%) 

4.0% 
(0.9%, 10.7%) 

9.5 (8.1, 12.7) 

Brain Metastases 
Present 
  Yes 27.4% 

(16.8%, 39.1%) 
0.0% 12.5 (8.7, 19.0) 0.5649 

  No 21.8% 
(14.5%, 29.9%) 

11.9% 
(6.3%, 19.2%) 

9.0 (8.0, 12.9) 

Bone Mets Only 
  Yes 11.1% 

(2.8%, 25.9%) 
3.7% 
(0.3%, 15.9%) 

9.0 (5.9, 9.8) 0.0681 

  No 26.2% 
(19.2%, 33.7%) 

8.3% 
(3.0%, 17.1%) 

11.9 (8.7, 14.9) 

Bronchioalveolar 
Component 
  Yes 55.6% 

(20.4%, 80.5%) 
37.0% 
(6.8%, 69.3%) 

50.0 (0.43, *) 0.0106 

  No 20.8% 
(14.8%, 27.6%) 

4.5% 
(1.2%, 11.5%) 

9.7 (8.3, 12.7) 

Nodal Stage 
  0 40.1% 

(25.9%, 53.9%) 
17.0% 
(6.2%, 32.4%) 

15.3 (9.7, 28.5) 0.0083 

1-3 14.6% 
(8.8%, 21.8%) 

7.6% 
(2.9%, 15.4%) 

8.8 (7.8, 11.1) 

* could not be estimated, based on the pattern of the data

Factors Associated with Improved 
Survival 

Univariate analysis of several demo-
graphic factors including; gender, treatment, 
smoking history, lung surgery, radiation 
therapy, chemotherapy, location of meta-
static disease, nodal stage and bronchio-
alveolar histology was performed.  Of these, 
the factors that were associated with a sta-
tistically significant survival benefit in our pa-
tients were: having undergone lung surgery, 
female gender, never smokers, bronchialve-
olar histology, and N0TNM nodal stage. 
There was no statistically significant associ-
ation with lung metastases only, brain mets, 
bone mets only, chemotherapy administra-
tion. Interestingly, radiation therapy admini-
stration did not seem to improve survival. 
This data is summarized in Table 2.  

Lung Surgery Contributes to Im-
proved Survival in Patients Receiving Er-
lotinib 

Interestingly, the survival analysis of the 
174 patients cohort revealed that MAL pa-
tients receiving erlotinib had a statistically 
significant (P=0.0160) inferior LTS com-
pared with the non-erlotinib MAL patients 
(Figure 1). The results were even more im-
pressive because both the short term 24 
months survival and the median survival 
was better in the erlotinib group: 42.4% 
(25.6%,58.3%) vs 18.8% (12.7%, 25.8%) 
and, respectively, 18.6 months (12.9-37) vs 
8.6 months (7.6,10.1) (Figure 1). 
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Figure 1: Summarizes the survival of patients on erlotinib therapy versus non-erlotinib therapy. At the 
40-month time point, there were 4 patients observed to be alive in the erlotinib group versus 15 in the

non-erlotinib group. 

Figure 2: Summarizes the survival of patients with lung surgery versus non-lung surgery
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Figure 3: Summarizes the benefit of surgery versus erlotinib in patients with EGFR mutations. Given the 
improvement in survival with surgery, this figure compares survival benefit of surgery in the non-erlotinib 

group vs the benefit of erlotinib in the group of patients with tumors harboring EGFR mutations. 

 

 
Figure 4: Kaplan Meier survival curves of lung surgery vs non-lung surgery at different time periods 

(2003-2008) and (2009-2011), respectively. 
 



49 

Figure 5: Kaplan Meier survival curves of EGFR mutation status positive  (13 patients) vs EGFR 
mutation status unknown (20 patients) 

Given that having had lung surgery was 
found to have a statistically significant effect 
on survival, we performed Kaplan Meier 
analysis of this particular group of patients 
as well.  Patients that had lung surgery had 
significantly better 24 months, 60 months, 
and median survival than patients that did 
not have lung surgery. 24 months benefit 
was 51.9% (31.9% to 68.5%) vs 17.9% 
(12.1% to 24.7%). 60 months benefit was 
32.6% (14.0% to 52.8%) vs 0.0% and me-
dian survival benefit was 28.5 months (8.7*) 
vs 9.3 months (8.1 to 11.9). This was 
strongly statistically significant (<0.0001). 
(Figure 2.) 

Treatment with erlotinib was compared 
to the treatment with surgery particularly for 
the patients with EGFR mutations.  The 24 
months and the median survival favored the 
erlotinib EGFR mutated tumors group, 
58.3% (27.0%, 80.1%) vs 50.0% (29.9%, 
67.2%) and 37.0 months (13.6, 53.7) vs 25.3 
(8.7, * could not be estimated), respectively, 
but the 60 months survival was favoring the 
non-erlotinib surgery group, 30.8% (12.8%, 

50.8%) vs 0.0%. These results were not sta-
tistically significant. (p=0.8335). (Figure 3).  

In order to further investigate the survival 
advantage brought by surgery, we also in-
vestigated a cohort of patients diagnosed 
with MAL between 2003-2008. The results 
were the same with the 2009-2011 patient 
cohort, with a net advantage in terms of sur-
vival at 24 months, 60 months for the pa-
tients that had lung surgery vs the patients 
that did not have lung surgery. The 24 
months benefit was 61.0% (44.4%, 74.0%) 
vs 14.3% (9.8%, 19.7%), the 60 months 
benefit was 34.1% (20.3%, 48.5%) vs 1.7% 
(0.5%, 4.5%) and the median survival bene-
fit was  34 months (22.0, 54.0) vs 7.6 months 
(5.7, 9.1) and again this  was strongly statis-
tically significant (<0.0001). (Figure 4). 

Erlotinib Improves Survival for Pa-
tients with EGFR mutations 

It is important to note that the cohort of 
patients receiving erlotinib included a com-
bination of patients with (N=13) or without 
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documented EGFR mutation (N=20).  Thus, 
a comparison of the survival between the 
patients in the erlotinib group with EGFR-
mutated tumors vs the patients in the erlo-
tinib group with unknown mutational status 
of their tumors was performed as well. There 
was a statistically significant advantage in 
terms of the 24 months survival for the pa-
tients taking erlotinib with EGFR-mutated tu-
mors vs the patients taking erlotinib with an 
unknown mutational status of their tumors 
(Figure 5). 

Discussion 

In our retrospective cohort study the only 
treatment modality that significantly im-
proved LTS was lung surgery. This is a stri-
king finding as NCCN guidelines only con-
siders surgery as a treatment option in MAL 
with isolated lesions (15). Our observations 
are also supported by the results of a retro-
spective Chinese study that reported a 5-
year disease free survival (DFS) rate and an 
overall survival (OS) rate of 59.6% and 
82.4%, respectively, in patients with multiple 
adenocarcinomas of the lung located either 
in the ipsilateral or contralateral lung that 
were treated with surgery (16). Also, more 
recently, another Chinese study (24) re-
ported an estimated 3-year OS of 42.2% in 
88 patients with metastatic lung cancer 
(77.3% adenocarcinomas) treated with sur-
gery as part of a multimodality treatment 
plan. Univariate analysis showed age, sex, 
smoking history, clinical T stage, tumor his-
tology, and site of metastases, treatment for 
metastases and adjuvant treatment as the 
major factors that were significantly associ-
ated with OS of patients (P<0.05). No prog-
nostic significance was observed with re-
spect to Charlson Comorbidity Index score, 
clinical N stage and extent of pulmonary re-
section. It is important to note that for our co-
hort we compared N0 with N1-3 disease as 
opposed to the Zhang et al. that compared 
N0-1 with N2-3 disease.  After adjusting in 
multivariate analysis, only age, clinical T 

stage, site of metastases and adjuvant treat-
ment remained statistically significant for 
prognostic prediction. 

It is important to note that in our 2009-
2011 cohort the majority, 67%, (18/27), of 
patients had a lobectomy or a pneumonec-
tomy compared to the 2003-2008 cohort 
when only 43% (18/42) of patients had ad-
vanced surgery; in 2009-2011 period the 
majority of patients had a wedge resection 
with similar survival benefit. In large ran-
domized series, lobectomy showed to have 
survival benefit over wedge resection, and is 
considered standard of care now in USA. A 
note of caution is needed though. Some pa-
tients in these retrospective cohorts were 
staged according to the TNM 6th edition. In 
TNM 6th edition, patients with lesions of 
identical histology located in a different lobe 
of the ipsilateral lung were considered M1, 
and therefore stage IV, as opposed to the 
TNM 7thand TNM 8theditions in which these 
lesions are considered T4 disease, and 
therefore stage IIIA/IIIB (17). Another limita-
tion of our study is that a retrospective re-
view of pathology and/ or molecular analysis 
of the resected tumors was not performed, 
and it is not known whether some of the lung 
lesions represented multiple primaries ver-
sus metastases. 

It has been well established that there is 
a higher incidence of brain metastases in 
EGFR mutated MAL patients (70%) com-
pared to EGFT WT (38%) (10).  The high in-
cidence of brain metastases in MAL patients 
with EGFR mutated tumors was also con-
firmed in the 13 EGFR mutated patients in 
our series. 8/13(62%) patients with EGFR-
mutated tumors in the erlotinib group had 
brain metastases vs 48/141 (34%) patients 
in the non-erlotinib group. Other studies 
have suggested that the biology of the 
EGFR mutated tumors intrinsically predis-
poses the patients to wide spread metasta-
ses and does not allow them to have poten-
tially curable surgery. In a report from Japan 
comparing patients with MAL with or without 
somatic EGFR-mutations, the EGFR mu-
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tated group (98 patients analyzed) had a sig-
nificantly greater number of metastatic le-
sions in the brain and bone, as compared to 
the wild-type group [(148 patients analyzed), 
brain: median (range) 3(1-93) vs 2 (1-32), 
p=0.023; bone: 3 (1-12) VS. 2 (1-270; 
P=0.035, respectively)]. In addition, EGFR 
mutations were significantly more frequent 
in patients that had multiple lung lesions 
compared to those that did not. The authors 
concluded that EGFR signaling may contrib-
ute to multiple metastases within the lung, 
as well as to the brain and bone (11). Thus, 
one confounding factor in our cohort is that 
the patients who ultimately underwent sur-
gery, may have had an overall lower burden 
of disease, rendering them surgical candi-
dates in the first place and having an impact 
on their outcomes.   

Currently, surgery is not listed among 
the treatment choices in the metastatic lung 
cancer treatment guides (NCCN Guidelines, 
for example, reference 15).  However, there 
have been reports of patients undergoing 
lung surgery in certain circumstances with 
improved outcomes.  For example, at the 
opening ceremony of 16th IASCL World 
Conference on lung cancer that took place 
in September 2015 in Denver, Colorado, 
Emily Bennet Taylor, a metastatic lung can-
cer survivor, brought to the attention of the 
participants that surgery is an important 
treatment modality for some patients with 
metastatic lung cancer that can lead to cure 
in some of them, like herself. When she was 
28 years old, Emily was diagnosed with 
metastatic lung cancer confined to the lungs 
and, after having an excellent response to 6 
cycles of neo-adjuvant chemotherapy, she 
had pneumonectomy of her right lung follo-
wed by radiotherapy. Four years and a half 
later, she was still in complete remission and 
through her commitment and courage, she 
became an inspiration to the lung cancer pa-
tients community all over the world. There 
have been several retrospective studies that 
showed improved outcomes using an ag-
gressive surgical management in selected 

patients with oligometastatic disease de-
fined as patients who present with single or-
gan site of synchronous or metachronous 
disease with no evidence of lymphatic 
spread (12). 

Another consideration is that when lung 
cancer is multifocal, it is often difficult to 
distinguish separate lung primaries from in-
trapulmonary metastases. An argument fa-
voring lung surgery in these cases is a report 
describing multiple different genetic muta-
tions in multiple synchronous lung adeno-
carcinoma- some sensitive other resistant- 
to EGFR targeted TKIs (13). 

A large retrospective analysis of 2094 
Chinese patients treated with surgery de-
fined as either “radical” or “palliative”, exa-
mined the difference in outcomes for 363 pa-
tients treated post-operatively with TKI and 
also analyzed based on the type of EGFR 
mutation.  Overall survival in patients with 
EGFR exon 19 deletion was superior to that 
of exon 21 L858R mutations.  This suggests 
that in patients treated with both adjuvant 
TKIs, there may be a difference in survival 
based not only on the presence of an EGFR 
mutation, but also on the exact type of mu-
tation (14).   

The results of our retrospective study did 
not provide a definitive answer to the ques-
tion whether erlotinib increases LTS in pa-
tients with EGFR-mutated MAL.  Recently 
the results of a large retrospective Chinese 
study suggested that an age younger than 
60, absence of extrathoracic spread and 
EGFR TKI treatment duration of more than 
one year may play an important role in sur-
vival beyond five years (18). 

The study of five-year survival in patients 
with EGFR treated with TKI by Lin et al. un-
fortunately did not comment on how many 
patients underwent surgical treatment.  
However, they did find that patients with no 
extrathoracic metastases had improved out-
comes.  It is unclear if this group did also 
have surgical interventions as part of their 
treatment, which may have contributed to 
the prolonged survival.  In addition, their co-



52 

hort was treated between 2002-2009, when 
TKI use and surgical approaches were 
somewhat different compared to after 2009, 
as previously mentioned.  

It is conceivable that their results are 
more similar to what was shown by us in our 
2003-2008 historical cohort (7). The main 
difference between our study and the study 
of Lin et al is the fact that we looked beyond 
the EGFR positivity and erlotinib use to other 
factors (i.e. surgery) that may impact long 
term metastatic lung cancer survival.  

Lastly, an important limitation of our 
study was that the erlotinib group included 
both patients with and without EGFR muta-
tion.  Due to the limited number of proven 
EGFR mutated patients in our retrospective 
cohort, we are unable to determine whether 
or not the combination of surgery plus TKI 
vs. surgery alone had an impact in this 
group.  

Conclusions 

The factors associated with long-term 
survival in our retrospective cohort of 174 
patients diagnosed with MAL between 2009-
2011 were: female gender (p=0.0019), lung 
surgery (p<0.0001), early nodal stage (N0 
disease) (p<0.0083) and bronchioalveolar 
histology(p=0.0106). The presence of meta-
static disease localized only to the lungs was 
of borderline statistical significance 

(p=0.0054). In our patients with MAL the 
only treatment modality that improved LTS 
in a statistically significant way was lung sur-
gery.  

In 2021 the drug of choice for the front 
line treatment of EGFR mutated MAL be-
came osimertinib and erlotinib is no longer 
used in this setting. As reported recently by 
Ramalingam et al. in NEJM (19) the 3 years 
survival in patients treated with osimertinib 
is 54% and it is projected that the 5-year sur-
vival of these patients is approximately 30% 
(20). The benefit of adding TKI post surgery 
in the adjuvant setting of localized lung can-
cer has been already established (21, 22). 
Also, recently as shown by a Chinese group, 
surgical treatment may improve survival in 
patients with EGFR mutated MAL treated 
with EGFR inhibitors that responded to the 
treatment (23). 

As shown by another group recently 
(24), our retrospective study also demon-
strated that it is possible to identify certain 
subcategories of patients with MAL that can 
benefit of surgery in the setting of a multimo-
dality cancer treatment. In the future, it will 
be interesting to investigate in a prospective 
setting whether the addition of local treat-
ment modalities (i.e. surgery or stereotactic 
radiotherapy) may further improve the sur-
vival of selected patients with EGFR mu-
tated MAL treated with osimertinib. 
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Abstract 

Background: Cancer is a major health concern globally, with accelerated 
advancements in terms of understanding its physiopathology and treatment protocols. 
These rapid advancements make the determination of the ideal method of educating 
students in Medical Oncology increasingly difficult. The purpose of this research paper is 
to evaluate how students from the University of Medicine and Pharmacy of Craiova, 
Romania perceive certain topics related to cancer and the specialty of Medical Oncology, 
in order to improve their education in this field. 

Material & Methods: We compared questionnaires consisting of 28 scaled-response 
questions and one free-response question filled in by 40 students at the beginning and 
end of their oncology clinical rotation. The questions were assigned numerical values so 
that statistical analysis could be performed. 

Results: After their clinical oncology rotation, students in the Faculty of Medicine had 
more confidence in diagnosing cancer (p=0.012), and had a better understanding of the 
implication of the side effects of treatment in patients who can no longer be cured (p=0.04). 
Students in the Faculty of Nursing were better able to understand the risks and benefits 
of treatment after their clinical oncology rotation (p=0.007) and had increased confidence 
in recognizing cancer symptoms (p=0.001).  

Conclusion: The results of our study show that after clinical placement, students 
experienced an increase in empathy for cancer patients; correspondingly, there was an 
increased likelihood that students would consider oncology as a specialty in the future. 
Students began to recognize cancer as a chronic condition and were better able to 
consider the psychosocial issues after their clinical placement. 
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Introduction  
 
Cancer is a major health concern global-

ly, with more than 50% of people born after 
1960 developing a form of cancer in their 
lifetime (1). 

Because modern treatments are able to 
prolong survival in many patients, cancer re-
quires medical care comparable to chronic 
diseases. The disease is therefore managed 
by various health care professionals, not 
only those working in oncology (2). Students 
who will pursue careers as family 
practitioners, general physicians, radiolo-
gists, pathologists and surgeons will partici-
pate, to a various extent, in procedures com-
plementary to the field of oncology, such as 
prevention, screening, diagnosis, and fo-
llow-up (3). 

A survey conducted in the UK revealed 
that only 10% of newly qualified doctors felt 
confident managing oncological emergen-
cies, and only 15% felt they possessed suffi-
cient knowledge regarding chemotherapy 
and radiotherapy (4). Another study invol-
ving interns in Australia and New Zealand 
showed that two-thirds of the surveyed par-
ticipants were unaware of the prognosis of 
certain malignancies, and that one-third felt 
they were unable to identify a melanoma re-
liably (5). 

As our understanding of oncological 
diseases evolves and treatment protocols 
change, determining the ideal method of 
educating students in Medical Oncology be-
comes increasingly difficult, requiring longer 
periods of study for students to effectively in-
corporate all knowledge. By consulting with 
students, valuable improvements in the edu-
cational process can be made. 

The discipline of ‘Oncology’ is taught in 
the Faculty of Medicine during the fifth year 
of study for an entire semester, which is 14 
weeks long. The theoretical concepts are 
taught during a weekly two-hour course. 
This is followed by clinical rotations in the 
oncology departments of university hospi-
tals. The clinical rotation is scheduled for 2 
hours a week, and allows students to parti-

cipate in the diagnosis and treatment of pa-
tients with malignant diseases, under the 
strict guidance of medical oncologists. The 
discipline ‘Nursing Oncology’ is intended for 
students of the Faculty of Nursing during the 
fourth year of study. Similarly, the subject is 
taught over 14 weeks, with students atten-
ding classes and participating in weekly 
clinical rotations. 

The purpose of this research was to 
evaluate how students of the Faculty of 
Medicine and the Faculty of Nursing at the 
University of Medicine and Pharmacy of 
Craiova, Romania, perceived the treatment 
experience of cancer patient prior to and 
following their mandatory rotation in 
Oncology.  

 
Material & Methods 
 
Participants 
 
This study included two groups of stu-

dents: one group composed of 5th year 
medical students enrolled in the Faculty of 
Medicine, and a second group composed of 
4th year students enrolled in the of the Fa-
culty of Nursing, who performed their Onco-
logy training at the University of Medicine 
and Pharmacy Craiova, with a clinical rota-
tion in the Department of Oncology at 
‘Filantropia’ Clinical Hospital in Craiova, Ro-
mania. 

 
Study design 
 
At the beginning and the end of their On-

cology training, students were invited to fill 
out a questionnaire that was initially de-
signed, piloted and conducted on third-year 
medical students attending a two-week rota-
tion in oncology and palliative care in Free-
man Hospital, Newcastle upon Tyne, UK (6). 
The questionnaire consisted of 28 scaled-
response questions. Twenty-seven ques-
tions were designed using a six-point Likert 
scale ranging from ‘strongly agree’ to 
‘strongly disagree’, while the 28th question 
“Would you consider a career in oncology?” 
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had the following answers: “Yes”, “No”, or 
“Maybe” (Table 1). The questionnaire also 
included one question inviting a free text re-
sponse: “Why would you/would you not con-
sider a career in oncology?”. 

We distributed identical questionnaires 
to students from both faculties on the first 

and last day of their clinical oncology rota-
tion, and we anonymized them by assigning 
a study number to each of the students who 
completed the questionnaire. Student parti-
cipation was voluntary. 

 

Table 1. Statements used in the questionnaire (6). 

Statement 
number 

Statement 

1 I believe cancer should be approached as a chronic condition. 
2 I feel death and dying are too strongly emphasized in patients with cancer, compared to 

other illnesses. 
3 In my opinion, cancer is likely to leave the patient with significant long-term morbidity. 
4 I always associate cancer with a shortened duration of life. 
5 I tend to feel optimistic about the outcome of current cancer treatments. 
6 I feel oncology is a depressing specialty. 
7 I believe a physician should disregard side effects if the treatment will prolong life in a 

patient who can no longer be cured. 
8 I believe when exploring what a diagnosis may mean, the physician should lead the 

discussion not the patient. 
9 I believe physicians should place more importance on cancer management than a person’s 

social and psychological factors. 
10 I believe patients have adequate opportunity to participate in choosing their treatment. 
11 I believe clinicians are attentive to the symptoms and problems of cancer patients. 
12 I believe cancer patients should be well informed about their prognosis and diagnosis. 
13 I believe psychosocial aspects are adequately considered and addressed in patients with 

cancer. 
14 I believe that information about diagnosis and prognosis can be detrimental to the patient. 
15 I feel uncomfortable using the word “cancer” with patients. 
16 I believe patients who can no longer be cured should be encouraged to enter clinical trials. 
17 I believe clinicians deliberately avoid using the word “cancer” when dealing with patients. 
18 I believe patients receive unacceptable toxicity in relation to benefit they gain when 

receiving systemic chemotherapy. 
19 I believe all anti-cancer treatment should improve quality of life. 
20 I believe discussion and implementation of end-of-life care has a positive impact. 
21 I believe multidisciplinary team involvement is advantageous to individual patient care. 
22 I believe all anti-cancer treatment should prolong life. 
23 I feel confident in my ability to break bad news to patients. 
24 I am aware of complications of management of cancer. 
25 I feel confident in recognizing red flag symptoms. 
26 In my opinion palliative care and cancer should be taught separately in the curriculum. 
27 I feel confident in making a diagnosis of cancer. 
28 Would you consider a career in oncology? 
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Data Analysis  
 
The questionnaires were paired using 

candidate numbers. Numerical values from 
1 to 6 were assigned to the first 27 ques-
tions, for ‘strongly disagree’ to ‘strongly 
agree’, respectively. The 28th question was 
assigned numerical values from 1 to 3. We 
performed data analysis using descriptive 
statistics and analysis of variance. The re-
sponses to the qualitative question were re-

viewed both individually and together, to 
identify recurrent themes. 

 
Results 
 
In total, 40 students participated in the 

study: 15 students from the Faculty of Medi-
cine and 25 from the Faculty of Nursing. 

The mean of the responses to the first 27 
questions, before and after the clinical 
placement, are displayed in Figures 1 and 2. 

 

 
Fig. 1: Responses to the first questions before and after clinical placement – Faculty of Medicine 
 

 
Faculty of Medicine 
 
15 participants completed the survey: 

60% were female (n=9) and 40% were male 
(n=6). The most striking differences 
between students were in student 
confidence in diagnosing cancer (p = 0.023, 

question 27) and in the manner they 
perceived side effects of treatment in 
patients with incurable cancer (p = 0.04, 
question 7). After the oncology rotation, 
students strongly agreed (mean = 4.47) with 
the statement, “I feel confident in making a 
diagnosis of cancer” when compared to their 
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responses prior to the rotation (mean = 3.5). 
Before the rotation, medical students were 
less likely to believe a physician should 

disregard side effects in patients who cannot 
be cured (mean=1.8), than after the rotation 
(mean = 2.33). 

 

 
Fig. 2: Responses to the first 27 questions before and after clinical placement – Faculty of Nursing 
 
 

The strongest areas of agreement among 
responders were that patients should be well-
informed about their prognosis and diagnosis, 
that the involvement of the multidisciplinary 
team is beneficial for individual patient care, 
and that palliative care can have a positive 
impact on the patient and the family. Similarly, 
both during and after the rotation, students did 
not agree on whether they always associated 
cancer with a short lifespan. 

Prior to oncology training, five students at 
the Faculty of Medicine stated that they would 
consider a career in oncology, two stated that 
they would not, and 8 were undecided. After 
the oncology rotation, eight students said they 

would consider a career in oncology, one said 
they would not, and six remained undecided 
(Figure 3). 

Reasons students cited for interest in the 
specialty of Medical Oncology included the 
opportunity to work in a multidisciplinary 
team, and the ability to provide treatments 
and perform research that can have a major 
impact on patients' lives. The most common 
reasons for the lack of interest in the spe-
cialty were the difficulty in managing the 
multitude of symptoms, and the challenge of 
the psychosocial and spiritual complexity of 
cancer patients.
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Fig. 3: Responses to question 28 – Faculty of 
Medicine 

 
 
Faculty of Nursing 
 
Twenty-five participants completed the 

survey: 88% were female (n=22) and 12% 
were male (n=3). 

The most significant changes were in 
students’ improved understanding of the 
benefits of chemotherapy post-clinical 
rotation (p = 0.007, question 18) found in 
question 18 (mean before = 2.44, mean after 
= 3.32; p=0.007) Furthermore, students 
reported greater confidence in their ability to 
recognize cancer (question 27, p=0.001) 
after the clinical rotation (mean=3.84) when 
compared to before (mean=2.76).    

Like the students in the Faculty of 
Medicine, students in the Faculty of Nursing 
strongly believed that cancer patients 
should be informed about their prognosis 
and diagnosis, that cancer treatment should 
improve the patients’ quality of life, and that 
the involvement of a multidisciplinary team 
is advantageous for individual patient care. 

Prior to oncology training, one student 
stated that they would consider a career in 
oncology, nine students were opposed, and 
fifteen were undecided. After the training, 
eight students said they would consider a 

career in oncology, five said they would not, 
and twelve remained undecided  (Figure 4). 

 

 
 
Fig. 4: Responses to question 28 – Faculty of 
Nursing 

 
 
The main reasons to select oncology as 

a career in nursing were the ability to deve-
loping-term relationships with patients and 
their families, and the gratitude expressed 
by patients. The most common justification 
for lack of interest in the specialty was that 
oncology care can be “too depressing” or 
“an emotional burden”. 

 
Discussion 
 
The increase in the aging population in 

developed countries contributes to the 
increase in the number of people that will be 
diagnosed and treated for cancer in the 
coming decades (7). 

Our results show an increase in medical 
and nursing students’ empathy for cancer 
patients following a clinical rotation in onco-
logy and that specific training in oncology in-
fluences students' desires to pursue a ca-
reer in oncology. Likewise, a study con-
ducted at another institution analyzed the 
impact of a preclinical oncology course on 
medical school students and found that clini-
cal training increased empathy towards can-
cer patients as well as the likelihood of stu-
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dents considering oncology as a profession 
(8).  Furthermore, research suggests that 
students who receive more information 
about cancer treatment are more likely to 
have a positive attitude towards treating 
cancer patients (9). Similarly, we found that, 
after completing the clinical rotation, stu-
dents felt more comfortable talking to cancer 
patients about both physical and psychoso-
cial problems, including death. Students 
from both faculties gained confidence in 
recognizing cancer signs and symptoms, as 
indicated by the significantly different res-
ponses to question 27 (Faculty of Medicine, 
p=0,012; Faculty of Nursing, p=0,001) pro-
vided prior to and after clinical placement. 

The results of our study show that all stu-
dents strongly believe that patients should 
be informed about the diagnosis and prog-
nosis of their disease. An international study 
has shown that most adults - healthy people, 
as well as cancer patients from different 
countries - have expressed a desire to be 
fully informed about the details of their 
health condition (10). Prior to 1960, most 
American physicians did not disclose the 
truth about their diagnosis to cancer patients 
(11). In the last two decades, most physi-
cians in the United States and Northern Eu-
rope report that they usually fully inform can-
cer patients about their illness (12). Para-
doxically, only a few doctors in these coun-
tries tell patients the full truth about the prog-
nosis of their disease. There is also little data 
on whether physicians respect the wishes of 
educated patients to be fully informed.  

A study contrasted medical and law stu-
dents' perspectives about informing a can-
cer patient (who wishes, or alternatively, 
who does not wish to be told the truth) about 
diagnosis and prognosis (13). All students 
equally agreed to fully inform the patient 
about his diagnosis. However, a smaller per-
centage of medical students compared to 
law students agreed to share prognostic in-
formation if the patient wanted it (p = 
0.0003). Notably, more law students than 
medical students supported disclosing the 

patient's diagnosis (35% vs. 11%; p = 
0.0004) and prognosis (26% vs. 7%; p = 
0.0001) despite the patient's explicit request 
not to be informed. Disparities in attitudes 
toward information-giving (between law and 
medicine students) were a consequence of 
divergent assessments of whether the infor-
mation will serve or hurt the patient. Medical 
students stated that their decisions regar-
ding informing patients were impacted by 
the belief that physicians should respect the 
autonomy of their patients. However, law 
students stated deontological grounds more 
frequently than medical students, which allu-
de to legal obligations, the avoidance of 
harm, and veracity. Those findings imply 
that more future physicians than future law-
yers make a distinction between revealing 
the diagnosis and fully disclosing a dismal 
prognosis. 

It is commonly expected that students 
will be able to work effectively in a team, 
withstand the rigors of a medical unit, under-
stand the suffering caused by illness, and in-
crease society’s confidence in the 
healthcare system through their behavior. 
The results of our questionnaires show that 
after their clinical oncology rotation, stu-
dents began to understand not only the 
chronic nature of cancer, but also the result-
ing psychosocial issues and the adverse 
effects of treatment. The strongest areas of 
agreement were that patients should be 
adequately apprised of their prognosis and 
diagnosis, that decision-making and subse-
quent treatment should involve a multidisci-
plinary team, and that palliative care can 
benefit the patient and family. Furthermore, 
the results of our study demonstrate that af-
ter clinical placement, there is an increased 
likelihood that students will pursue a career 
in oncology. 

 
Conclusions 
 

Our research shows that a clinical oncology 
rotation is correlated with a shift in students’ 
knowledge and attitude towards oncology.
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Abstract 

Stereotactic body radiation therapy (SBRT) is a type of radiotherapy which, uses a 
high radiation dose delivered in a single or a few fractions and is employed with local 
curative intent for early-stage cancer, relapsed cancer or in the oligometastatic setting. 
The aim of this case report is to illustrate the potential of this technique in the salvage 
re-irradiation of a late isolated in field regional relapse after bilateral breast cancer.  

This is the case of a 65-years-old woman with metachronous bilateral breast cancer 
(left side-1998, stage IIB, Luminal type; right side-2010, stage IIA, Her2 positive) who 
received both chemo- and endocrine systemic therapy, underwent surgery and was 
irradiated on both sides, with a late solitary recurrence in her left internal mammary node 
chain (2018) treated by SBRT re-irradiation (40 Gy in 5 fractions).Three years after 
salvage SBRT, under treatment with Palbociclib+Letrozole and thorough follow-up 
protocol, she is still in clinical complete remission, with a normal CA 15-3 and metabolically 
inactive residual mass on PET-CT, negative for malignancy on a recent biopsy.  

SBRT is becoming a hallmark of oligometastatic disease management and can be 
invaluable in patients subjected to prior radiotherapy.  

Keywords: SBRT, breast cancer, re-irradiation, oligo-recurrent
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1. Introduction 
 
Stereotactic body radiation therapy 

(SBRT) is a hypo-fractionated intensity 
modulated, highly conformal type of external 
beam radiotherapy which, combines con-
cepts of tight margins, high dose fall-off, mo-
tion control and image-guided delivery. As 
the tumor receives a very high dose per frac-
tion in a limited number of sessions, it has 
become a preferred approach for the treat-
ment of primary early-stage cancer, espe-
cially in the elderly (1,2), oligometastatic dis-
ease (3,4) or relapse, as a salvage solution 
inside or outside a previously irradiated area 
(5). 

 
2. Case report 
 
2.1 Clinical history 
 
This is the case study of a long-term 

cancer survivor, now a 68-year woman, with 
a positive family history of hereditary 

malignancy (grandparents - gastric and 
genital cancers), diagnosed with a 
metachronous bilateral breast cancer and 
with a recent oligo-recurrence in the left 
internal mammary nodes chain. She 
survived stage II B, Luminal type, G2 left 
breast invasive ductal carcinoma in 1998, 
for which, she received 6 cycles of Epirubi-
cin - Cyclophosphamide, a left modified radi-
cal mastectomy (MRM) and adjuvant 2D ra-
diotherapy (RT) and endocrine therapy (Ta-
moxifen for only 2 years due to poor tole-
rance).  

Contralateral breast cancer of a different 
biology was diagnosed 12 years later, as a 
G3 Her2-positive invasive ductal carcinoma. 
She underwent upfront surgery (right MRM) 
in 2010, pT2N0M0L0Pn1, stage IIA, fo-
llowed by 6 cycles of adjuvant Paclitaxel, 3D 
conformal RT and Trastuzumab for one 
year, but no adjuvant endocrine therapy, 
which, was declined. The patient remained 
free of disease at the following regular visits.

 

 
Fig.1: Timeline of disease and therapy
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Eight years later, in January 2018, a 
sudden rise in CA 15-3 level (=51.34 U/mL) 
prompted a new PET-CT, which, described 
an upper left internal mammary node (IMN) 
of 18x15 mm, metabolically highly suspi-
cious of metastasis (timeline in Fig. 1). 

A couple of weeks later, a contrast-
enhanced, thoracic CT scan showed a 
growing left parasternal mass in the 2nd left 
intercostal space measuring 21 mm. An 
ultrasound-guided biopsy was recommended 
for the assessment of tumor biology, but it 
was declined by the patient, as well as any 
invasive resection procedure, due to 
potential risks related to the proximity of 
major blood vessels. 

2.2 Treatment description 

This left IMN was considered a solitary 
late recurrence (oligo-recurrence) (6), 20 
years after her initial left-sided cancer. The 
1998 RT full dosimetry could not be re-
trieved, the only available information being 
that she received 40 Gy/16 frwith 2 thoracic 
tangential fields plus an anterior axillary and 
supraclavicular field, all delivered by a 
Theratronics 100 Cobalt machine. Conside-
ring the skin late visible toxicity (telangiecta-
sia) and the in-house protocol at that time in 
the institution where she received RT, we 
estimated that the left IMN received be-
tween 20 and 40% of the prescribed dose. 
SBRT was proposed in the Multidisciplinary 
Tumor Board. A 4D-CT simulation was per-
formed in supine position, with acquisition of 
3-mm slice sections. The target volume was
defined as gross tumor volume (GTV) and
its different positions relative to breathing
phases (0%, 25%, 75%, 100%) were
integrated into an internal target volume
(ITV). A 5 mm ITV to planning target volume
(PTV) margin was generated. Forty Gy were
prescribed to the PTV 80% isodose and
delivered every-other-day in 5 fractions by
intensity-modulated radiation therapy
(IMRT) step and shoot, 6 MV, by an Elekta
Infinity linear accelerator (LINAC) with an

Agility 5 mm multileaf collimator (MLC). Im-
age-guided radiation therapy (IGRT) with 
cone beam CT was used for every treatment 
session. The heart, large vessels, left and 
right lungs, spinal cord, spinal canal, chest 
wall and skin were defined as organs at risk 
and were kept within dosimetry constraints. 
Excellent coverage of the target volume was 
obtained (ITV V40=100%, PTV V40= 
90.22%), while the heart, left and right lungs 
were optimally spared, with a mean dose of 
2.8, 2.4 and 2.1 Gy, respectively. The spinal 
cord received a negligible dose. The great 
vessels and chest wall were kept within 
constraints (Fig. 2). After completion of 
SBRT, the patient accepted and started a 
CDK4/6 inhibitor (Palbociclib 125 mg po qd-
for days 1-21/28) and endocrine therapy 
with Letrozole 2.5 mg po qd. 

2.3 Follow up and Results 

No acute toxicity whatsoever was recor-
ded during SBRT or in next 3 months (G0 
Common Terminology Criteria for Adverse 
Events - CTCAE 4.0) - the patient was 
clinically asymptomatic and without any 
changes at the irradiation site. She was 
followed at every three months with clinical 
exam, contrast enhanced CT and CA 15-3 
for two and a half years. CTs showed a 
regressive scar lesion, with no symptoms or 
signs of radiation fibrosis in the vicinity. 
Yearly PET-CT showed no pathological 
uptake. In February 2021 the clinical 
examination identified a left parasternal 
mass that elicited a biopsy, which, proved 
negative for malignancy. As of her last PET-
CT in August 2021, the patient has been free 
from disease and continues the treatment 
with Palbociclib and Letrozole. 

3. Discussion

This case is particular for several rea-
sons. Firstly, because of the timing and to-
pography of an isolated oligo-recurrence af-
ter a bilateral metachronous cancer, in a 
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previously irradiated area. Secondly, be-
cause of the delicate situation with lack of 
accurate previous dosimetry available, and 
finally, from the dire perspective of virtually 
no available local ablative options (surgery, 
radio-frequency ablation, or cryotherapy 
were not suitable due to the endothoracic 
position and the proximity of major vessels). 
Since the precise biology of this recurrence 
was not known, a left breast cancer origin 
was more probable, although the Her2+ bi-
ology did not exclude a contralateral origin 
as a ‘true’ metastasis.  

In the light of the new consensus on the 
characterization and classification of oli-
gometastatic disease by Guckenberger et 
al., this patient can be described as having 
genuine, de-novo, metachronous oligo-re-
currence (6). Since there were no other me-
tastases, a less aggressive biology of the tu-
mor was warranted, which, made the patient 
an ideal candidate for aggressive local radi-
cal treatment. 

Recurrence in the IMN is rare at 1.5% but 
the intrathoracic topography of IMN limits 
conventional ablative approaches such as 
surgery, at least among gynecology and 

Fig. 2: Isodose lines and maximum dose point (Max), target volumes, and organs at risk 
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breast surgical oncologists. The literature 
regarding IMN excision is rather scarce (7). 
On the other hand, SBRT seems to be a 
matched pair for oligometastatic disease in 
modern Oncology. Available studies tend to 
gather oligometastases of different primary 
origins and to different sites. SABR-COMET 
trial, the icon of ablative treatment in 
oligometastatic disease, showed a 5-year OS 
rate of 42.3% in the experimental ablative 
treatment arm versus 17.7% in the standard 
of care arm (4). Twenty percent of the 

ablative treatment arm were patients with 
breast cancer. In Lehrer’s et al. meta-
analysis on the safety and survival 
associated with ablative stereotactic 
radiotherapy for patients with oligometastatic 
cancers, 13.1% of these were breast cancer 
patients [8]. Safety can be of real concern in 
such re-irradiation settings as the above 
(potential serious skin, lung, chest wall and 
heart toxicity because of prior irradiation), 
where dosimetry and patient chart from 
previous irradiation were difficult to retrieve.  

Table 1.  Summary of studies employing SBRT for the treatment of oligometastatic disease in breast 
cancer which, include metastasis to the IMNs 

Study Patients 
(lesions 
no) 

Type Site of 
metastases (no 
of lesions) 

Therapy 
(dose) 

Outcome Toxicity 

Trovo M, 
et al., 
2017 [9] 

54 (92) Prospective 
phase II 
multicentric 
trial 

Bone (60) 
Lymph nodes (23) 
Lung (4) 
Liver (5) 

SBRT*/IMRT 
(35-40Gy in 3 
fr/60 Gy in 25 
fr) 

1-y PFS 75% 
2-y PFS 53% 
2-y LC 97% 
2-y OS 95% 

no ≥ G3 
2 pts G2 
(pain and 
fatigue) 

Milano 
MT, et 
al., 
2012[12] 

39 (47) Prospective Lung (11)  
Thoracic lymph 
nodes (9) 
Liver (13) 
Pelvis/abdomen 
(2) 
Brain (1) 
Bone (11) 

SBRT (mostly 
50Gy in 5 fr) 

2-y OS 74% 
2-y FFDM 52 
% 
2-y LC 87% 
6-y OS 47% 
6-y FFDM 
36% 
6-y LC 87% 

no ≥ G4-5 
1 pts G3 
(non-
malignant 
pleural and 
pericardial 
effusion) 

Milano 
MT, et 
al., 
2009[13] 

40 (85) Prospective 
pilot 

Liver (33) 
Lung (19) 
Bone (17) 
Thoracic lymph 
nodes (14) 
Pelvic/abdominal 
lymph nodes (2) 

SBRT 
(N/A) 

4-y OS 59% 
4-y PFS 38% 
4-y LC 89% 

N/A 

*Preferred treatment, PFS - progression free survival, OS - overall survival

The addition of radical radiation therapy 
for breast oligometastases on top of the sys-
temic treatment almost doubled the cu-
rrently described 2-years PFS of 30% (PFS 
53%), with 2-years local control (LC) and 
overall survival (OS) > 90% [9]. There are 
extremely few studies of SBRT exclusively 
for breast cancer, and even less dealing 
specifically with lymph nodes oligo- recu-
rrence (Table 1) [10]. The phase IIR/III trial 
NRG BR002 (NCT02364557) was designed 
to compare standard of care therapy ± 

SBRT and/or surgical ablation for newly oli-
gometastatic breast cancer. As a side note, 
by including a Translational Research 
approach in its design, it could ingeniously 
set the stage for the future [11]. 

Lastly, this case also emphasizes the 
problem of adherence to endocrine treat-
ment. This is generally grim, with up to 1/4 
patients enrolled in clinical trials and 3/4 pa-
tients in community practice settings who 
prematurely discontinue adjuvant endocrine 
therapy, mainly because of poor manage-
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ment of side effects [14]. This greatly dimi-
nishes the advantages offered in terms of re-
duced risk of locoregional and distant fai-
lure, or death from breast cancer [15]. 

 
4. Conclusion 
 
Radiation Oncology underwent dramatic 

technological and conceptual development, 

with SBRT as a safe and effective approach 
of re-irradiation. This case tells the story of 
radiotherapy in brief, from Cobalt machines, 
conformal radiotherapy to one of the most 
sophisticated means of radiation delivery, 
namely SBRT, as an efficient, safe, and cu-
rative in intent option for isolated recu-
rrences, even in previously irradiated areas. 
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SBRT – Stereotactic Body Radiation Therapy 
PET-CT – Positron Emission Tomography - Computed Tomography 
CA-15-3 – Cancer Antigen 15-3 
MRM – modified radical mastectomy  
RT – radiotherapy   
IMN – internal mammary nodes 
GTV – gross tumor volume 
ITV – internal target volume 
PTV – planning target volume 
IMRT – intensity-modulated radiation therapy 
LINAC – linear accelerator 
MLC – multileaf collimator 
IGRT – image-guided radiation therapy  
CBCT – cone beam CT 
CTCAE – Common Terminology Criteria for Adverse Events 
PFS – progression free survival 
OS – overall survival 
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Abstract 

Two randomized phase III studies provided cumulative long-term results, comparing 
second line treatment with Nivolumab versus Docetaxel in advanced non-small cell lung 
cancer (NSCLC). With the advances in modern immunotherapy (IO), the potential for 
even more immune activation by radiation therapy, inducing tumor specific immunity led 
to a novel role for radiotherapy in systemic disease. 

This case study evaluates the benefit of second line immunotherapy with Nivolumab, 
a PD-1 checkpoint inhibitor, and hypofractionated radiotherapy, in a patient with 
advanced oligometastatic adenocarcinoma of the lung, with progressive disease after 
first line chemotherapy, and the analysis of a possible abscopal effect. A50-year-old 
male, heavy smoker with a 30 years-pack index, presented with a history of left posterior 
thoracic pain. MRI identified an osteolytic lesion on the 10th rib and a CT scan showed 
an additional 25 mm nodule in the left upper lobe (LUL) and a 7mm nodule in the left 
lower lobe (LLL). Resection of the lung nodules and of the osteolytic lesion of the rib 
were performed. The pathological examination revealed a G2 adenocarcinoma of the 
lung (ALK and EGFR negative) pT4NxpM1 with metastases in the rib and pleura, with 
unspecified margins. Chemotherapy was administered, with complete response on 
imaging after 6 cycles of Gemcitabine/Carboplatin, and hematologic toxicity. After seven 
and a half months a regional and distant progression of the disease with metastases on 
the 7th and 10th rib was revealed on PET-CT. Palliative hypofractionated radiotherapy 
was administered with a dose of 20 Gy/ 5 fr to the painful 7th rib metastasis and the 
patient started second line treatment with Nivolumab, 240 mg iv q2wks. Three years 
later, at his last follow-up in November 2021, the patient maintains a PET-CT complete 
response, with no adverse events.  
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Hypofractionated radiotherapy in combination with Nivolumab, an immune check-
point inhibitor-(ICI) in second line treatment, in a pretreated patient with stage IV 
adenocarcinoma of the lung, led to a durable complete response and 36 months 
progression-free survival. A possible abscopal effect may be suspected in this case. 

Keywords: radioimmunotherapy, NSCLC, immune check-point inhibitor, abscopal 
effect

Introduction 

Lung cancer is the most common cancer, 
with 2,206,771 new cases and 1,796,144 
deaths reported in 2020 in both sexes and all 
ages (1). NSCLC represents 80% of all cases 
and 40% are at advanced stages (2). 

In two phase III studies, CheckMate 
017[3] and CheckMate 057 (4,5), Nivolumab, 
a programmed death-1 (PD-1) inhibitor 
antibody, improved overall survival (OS) 
versus (vs) Docetaxel, the standard second 
line treatment, in pretreated advanced NSCLC. 
Preclinical and clinical studies demonstrated 
the potential for even more immune 
activation by radiation therapy, inducing 
tumor specific immunity and immunogenic 
cell death, defining thus a new role for 
radiotherapy in systemic disease (6, 7, 8). 

Case report 

The aim of this case study was to evalu-
ate the benefit of second line immunotherapy 
with Nivolumab, a PD-1 checkpoint inhibitor, 
and palliative radiotherapy in a patient with 
stage IV adenocarcinoma of the lung with 
progressive disease after first line chemo-
therapy and also to investigatea possible ab-
scopal effect. 

The patient in our study is a 50-year-old 
male, heavy smoker with 30 pack-years index 
and 13 years of professional exposure to ore 
dust. The patient underwent gastric ulcer 
resection in 1994, and had a history of a left 
posterior thoracic pain from January 2017, 
with an Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) of 1. In June 

2017 an MRI identified an osteolytic lesion on 
the posterior arc of the 10th rib that was 
confirmed by CT scan (Fig.1). In addition, a 25 
mm nodule in the LUL, with spicules towards 
the mediastinal pleura (Fig. 2) and a 7 mm 
nodule in the superior segment of the LLL, at 
the medial extremity of the interlobar cleft (Fig. 
3). No pathological lymph nodes or signs of 
metastatic disease in the upper abdomen 
were detected. Resections of the nodules and 
resection of the osteolytic lesion of the rib were 
performed in August 2017. 

The pathological examination revealed a 
G2 adenocarcinoma of the left lung, with posi-
tive immunohistochemistry for thyroid tran-
scription factor (TTF1) and CK7 and negative 
for CK20 and Napsin A, pT4 (nodules in diffe-
rent lobes), pNx (no lymphadenectomy per-
formed), pM1 (metastases in the rib and 
pleura), Rx (with unspecified margins). No 
EGFR mutations or an ALK translocation were 
found. At that time there was no opportunity 
for programmed cell death-ligand 1 (PD-L1) 
testing. Chemotherapy with Gemcitabine and 
Carboplatin was administered for 6 cycles be-
tween June 2017 and January 2018, with he-
matologic toxicity after the 2nd cycle, but 
prophylactic administration of growth factors 
ensured the completion of the next cycles 
according to the protocol. A complete res-
ponse was confirmed on PET-CT in February 
2018. (Fig. 4,5,6) 

There was a debate whether to offer ra-
diotherapy, the status of surgical resection 
margins was unknown. Further follow-up 
was decided taking into consideration the 
advanced stage IV, the surgery that had a 
rather exploratory and biopsy role and the 
presentation with no symptoms. 
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Figure 1: CT scan: Osteolytic lesion on the posterior region of the 10th rib 

Figure 2: CT scan: a 25 mm nodule in the LUL, with spicules towards the mediastinal pleura 

Figure 3: CT scan: a 7 mm nodule in the superior segment of the LLL 
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Figure 4: PET-CT (15.02.2018): Complete Response 

Figure 5: PET-CT (15.02.2018): Complete Response 

Figure 6: PET-CT (15.02.2018): Complete Response 
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A bone scan on 14.05.2018 showed no 
pathologic Technetium fixation. On August 
2018 however, the follow-up CT scan raised 
suspicion and consequent PET-CT (28.09.18) 
revealed regional (2 new para-aortic nodules) 
and distant progression of the disease with 
metastases in the 7th and 10thleft ribs, with a 
standard uptake value varying between 10.7 
– 14 (Figures 7,8).

Palliative hypofractionated radiotherapy
was administered between 5-9.11.2018 to 
the painful metastasis of the 7th rib up to a 
total dose of 20Gy in 5 fractions, considering 
the patient’s good performance status. Im-
munotherapy with Nivolumab, 240 mg iv 
every two weeks was started on November 
2018, since PD-L1 testing was not mandatory 

in the second line treatment. Because the 
patient became asymptomatic and the treat-
ment was well tolerated, no further radio-
therapy was warranted. Until the mid-No-
vember 2021 the patient received 77 cycles 
of Nivolumab with no adverse events, no 
pain, 4 kilograms weight-gain and a PS=1. A 
complete response was confirmed by CT 
scans after 10, 23, 54 and 65 cycles respec-
tively, and by a PET-CT performed in No-
vember 2019, after 26 cycles (Figures 9,10). 
Still on nivolumab and without adverse 
events, the patient maintains a complete 
response on control CT, amounting to 36 
months progression free survival from the 
initiation of immunotherapy. 

Figure 7: PET-CT: Para-aortic Nodule 

Figure 8: PET-CT: Metastases on the 7th and 10th ribs 



75 

Figure 9: PET-CT: Complete Response   

Figure 10: PET-CT: Complete Response 

Discussion 

The hypofractionated radiotherapy of the 
symptomatic metastasis on the 7th rib com-
bined after three days with immunotherapy, 
led to the disappearance of the regional le-
sions (two para-aortic lymph nodes) and the 
metastasis on the 10th rib, distant from the 
irradiated site, outside the 10% isodose, on 
the radiotherapy plan (Figure 11). This might 
be considered a possible abscopal effect. 
This is an interesting phenomenon in radio-
biology, which, was first described for radio-
therapy by Mole in 1953 and traditionally 
considered to be the regression as the 
regression of a non-irradiated metastatic 

lesions at a distance from the primary site of 
irradiation (7, 9, 10, 11). 

The mechanism can be explained by ra-
diotherapy enhancing immunogenic tumor 
cell death, by increased expression of 
immunogenic molecules on the tumor cell 
surface, including adhesion molecules, 
death receptors, stress-induced ligands, 
cryptic antigens, and stimulatory molecules 
such as MHC-I and CD80, thereby beco-
ming more sensitive to T cell–mediated cy-
totoxicity. Additionally, in the microenviron-
ment, pro-inflammatory molecules like 
chemokines, cytokines, danger signals are 
released, as well as tumor antigens.  
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Figure 11:  Radiotherapy Plan: 10% isodose dark blue 

 
 
This causes chemoattraction and infiltra-

tion by activated immune cells like dendritic 
cells, which, encapsulate and process tumor 
antigens that are presented to the naive 
CD8 T lymphocytes. These are also re-
cruited, activated and suffer a clonal expan-
sion, becoming able to recognize and 
destroy tumor cells not only in the irradiated 
field, but also in the non-irradiated sites too 
(6,7,8,11). Additionally, it seems that 
memory T lymphocytes are responsible for 
the immunological memory and the pro-
longed effect. It is hypothesized that such ef-
fects are due to a systemic antitumor im-
mune response, being thus synergic with 
immunotherapy. On the other hand, radio-
therapy can induce PD-L1expression on the 
tumor cells, inhibiting the immune cells, which, 
can be overcome by association of ICI, thus 
developing the era of radioimmunotherapy. 
Arguments for abscopal effect are the disap-
pearance of para-aortic lesions and the me-
tastasis on the 10th rib, outside the 10% iso-
dose, while irradiating only the metastasis 
on the 7th rib. However, considering the 
sequence and short interval of three days 

between irradiation and the initiation of 
nivolumab, the effects are synergic and 
overlapping. There is evidence of the mutual 
enhancement present in combination of 
radiotherapy with immunotherapy, so the 
concept of abscopal effect has been 
extended to the activation of the immune 
system in radioimmunotherapy (12). 

Different doses, fractionations of radio-
therapy and sequencing with immunothera-
py have been tested in preclinical and clini-
cal studies to evaluate the optimal regimen 
to obtain the best possible results. Higher 
doses like 5Gy, or 8Gy per fraction, but not 
too high (20Gy per fraction), are impacting 
recruitment of immunogenic cells in the tu-
mor, while concurrent administration with 
immunotherapy seems to be more effective 
than sequential. Moreover, as the peak of 
PD-1 upregulation can occur 4-6 days after 
irradiation, this interval is suggested to be 
the ideal timing between radiotherapy and 
immunotherapy (8, 11, 12, 13).Thus, the 
hypofractionation regimen was chosen as 4 
fractions of 5Gy, in a patient with good PS, 
with good symptom and disease control, 
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while combining immunotherapy after 3 days. 
This resulted in a durable complete response 
without the need for further radiotherapy.  It is 
important to mention that before the era of ICI 
there was a tendency to recommend the 
irradiation of all oligometastatic sites in 
advanced NSCLC (14, 15). 

Two phase III studies Check Mate 017 
(3) and CheckMate 057 (4,5), obtained
improved overall survival (OS) with
nivolumab versus (vs) docetaxel obtaining a
5-yearsurvival rate of 12.3% vs 3.6% and
14% vs 2.1% respectively. The pooled ana-
lysis of the studies obtained 3-yearsurvival
results of 17% vs 8% in the population with
squamous and non-squamous NSCLC (16).
The 5-year survival rates were 13,4% vs
2.6% and progression free survival of 8% vs
0%. ORR was 19.7% vs 11.2%. Notable was
the long duration of response, achieving at
5 years 32.2% vs 0%. Patients without pro-
gression after 2, 3 or 4 years, have a proba-
bility of 82%, 93% and 100% respectively to
be alive at 5 years (17). Thus, the most im-
portant question is the duration of treatment
with nivolumab, whether to stop treatment
after achieving complete response or to con-
tinue for two, three, or even four years, con-
sidering the higher chance of survival if there
is no disease progression. Another option is
to continue as maintenance treatment, as
long as there is a clinical benefit without
adverse events.

The first randomized study to evaluate 
duration of therapy with a PD-1/PD-L1 inhi-
bitor was the CheckMate 153 trial (18) 
which, enrolled 1245 patients. Before one 
year of treatment, 1025 patients discontinued 
immunotherapy with nivolumab, due to 
progression, death, study withdrawal, toxicity, 

or other reasons. At one year, 220 patients 
remained on treatment and were randomized 
for continuation versus discontinuation of 
nivolumab. With minimum post-random 
assignment follow-up of 13.5 months, me-
dian PFS was longer with continuous versus 
1-year fixed-duration treatment, obtaining
24.7 months vs 9.4 months, hazard ratio
[HR], 0.56 [95% CI, 0.37 to 0.84]. Median
overall survival from random assignment
was longer with continuous versus 1-year
fixed-duration treatment. The frequency of
treatment-related adverse events was nu-
merically higher with continuous vs 1-year
treatment, but overall, few new-onset events
occurred after 1 year. The authors con-
cluded that a survival benefit was observed
when nivolumab was continued beyond 1
year compared with a 1-year fixed duration
treatment, and a tolerable safety profile was
maintained with the longer treatment dura-
tion.

Conclusion 

We would like to emphasize the syner-
gic effect of hypofractionated radiotherapy, 
in combination with nivolumab, in the 
second line treatment of a patient with stage 
IV ade- nocarcinoma of the lung. We note a 
long-term complete response on imaging 
and 36 months of progression free survival, 
from the initiation of immunotherapy. A pos-
sible abscopal effect may be suspected in 
this case. 

Further research should investigate op-
timal radiotherapy parameters, optimal du-
ration of treatment with PD-1/PD-L1 inhibi-
tors, and the sequencing of the therapies.

Abbreviations: 

NSCLC – non-small cell lung cancer 
IO – immunotherapy 
LUL – left upper lobe 
LLL – left lower lobe 
ICI – immune check- point inhibitor 
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OS – overall survival 
vs – versus 
TTF1 – thyroid transcription factor 1 
PD-1/PDL-1 – programmed cell death protein 1/ programmed cell death-ligand 1 
ECOG PS – Eastern Cooperative Oncology Group Performance Status 
EGFR – epidermal growth factor receptor 
ALK – anaplastic lymphoma kinase 
PS – performance status 
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Abstract 

Cardiac lymphomas are extremely rare and have poor prognoses. Currently, there 
are no established guidelines for treatment and the main approaches include surgery, 
chemotherapy (CHT), possibly combined with radiotherapy (RT), and autologous stem 
cell transplantation (ASCT). RT’s role is controversial and is not considered a standard 
approach. We describe the case of a patient diagnosed with cardiac lymphoblastic B-
cell lymphoma/ acute Lymphoblastic B-cell leukemia and successfully treated with a 
multimodality approach, including CHT, RT, and ASCT. In particular, the patient was 
referred to magnetic resonance-guided RT (MRgRT), currently the most advanced 
available technology in the RT field, which maximizes therapeutic efficacy by exploiting 
the best soft-tissue resolution of the magnetic resonance images and efficient gating 
protocols during treatment delivery. 

Keywords: cardiac lymphoma, MR guided radiotherapy, gating, MRgRT

1. Introduction

Primary cardiac tumors are an infre-
quent clinical entity, with an average inci-
dence of 0.02% in autopsy series. Of these, 

75% are benign. Among malignant tumors, 
the most frequent are sarcomas and lym-
phomas. Primary cardiac lymphoma (PCL) 
constitutes about 1.3% of primary cardiac 
neoplasms, 80% of which are diffuse large 
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cell B-cell lymphomas (DLBCL). PCL has a 
poor prognosis, with an overall median sur-
vival of 12 months (1–3). The median age of 
patients is 63 years and PCL more often in-
volves the right heart (both atrium and ven-
tricle) (4). In most cases, it presents with 
congestive heart failure due to blood flow 
obstruction secondary to intracardiac mass 
growth, but often only with non-specific 
symptoms, such as dyspnea, chest pain, 
and general malaise. It may also present as 
an oncological emergency.  The rapid 
clinical evolution related to advanced organ 
infiltration in these cases causes cardiac 
arrythmias and atrioventricular blocks 
potentially leading to sudden death (1). PCL 
treatment includes various therapeutic 
modalities, including CHT, eventually 
combined with RT, surgery, and even 
autologous stem cell transplantation (ASCT) 
(2). The evolution of diagnostic imaging 
techniques and the introduction of 
Rituximab in CHT regimens has led to an 
improved prognosis in PCL patients. Also, 
modern RT can play an innovative role in 
association with CHT protocols (5). Recent 
advancements in RT introduced magnetic 
MRgRT, as the most advanced RT delivery 
technology currently available. MRgRT has 
several clinical applications, as it combines 
enhanced soft-tissue visualization offered 

by the onboard MRI, and the direct gating 
options for motion management purposes. 
These benefits result in safer irradiation, 
ensuring that healthy organs are spared 
efficiently (6). We describe the first case of 
a patient with intracardiac lymphoblastic B-
cell lymphoma/ acute Lymphoblastic B-cell 
leukemia managed multidisciplinary, and 
successfully treated with CHT, MRgRT, and 
ASCT. 

 
2. Case presentation/ History 

Presentation 
 
A 60-year-old woman with no past medi-

cal history was admitted to the emergency 
department in March 2019 for progressive 
worsening of dyspnea and asthenia over a 
three months period. Results from blood tests 
were within normal ranges, but the ECG 
showed atrial fibrillation with a high ventricular 
response. Lower limbs edemas were present, 
and the patient was diagnosed with heart 
failure and referred to imaging studies.  

A chest CT scan excluded pulmonary 
embolism and showed a large right atrial le-
sion. A transthoracic echocardiogram (TTE) 
and a trans-esophageal echocardiogram 
(TEE) identified a solid cardiac lesion and a 
residual ejection fraction (EF) of 42%.  

 
 

 
Figure 1. CT (left) and cardiac MRI (right) staging images. The lesion is indicated by red arrows. 



82 
 

The lesion was later confirmed by a car-
diac 1.5 T magnetic resonance (MR) (GE 
Signa Excite, Medical Systems), and mea-
sured 48 (dAP) x 63 (dLL) x 53 (dCC) mm. 
The lesion infiltrated the interatrial septum, 
the superior venous sinus, and the right 
atrial roof, surrounding the aortic root almost 
circumferentially. This finding raised the di-
agnosis of primary cardiac lymphoma 
(PCL). Figure 1 shows diagnostic imaging 
performed for staging. 

A biopsy of the lesion was performed in 
April 2019. Pathologic examination showed 
fragments of fibro-adipose tissue with a solid 
structure consisting of small, monomorphic 
cells, diffusely positive for LCA, TdT, PAX5, 
and CD10, and negative for CD3, CK 
AE1/E3, and vimentin on immunohisto-
chemistry. Ki67 proliferative index was 90%. 
These pathologic findings were compatible 
with lymphoblastic B-cell lymphoma/ acute 
Lymphoblastic B-cell leukemia and corre-
lated well with the imaging findings. 

The patient underwent disease staging, 
with bone marrow aspiration and biopsy, 
and cytogenetic and molecular biology in-
vestigations that showed no signs of lym-
phomatous involvement. She was referred 
for treatment with chemotherapy. 

The patient underwent first-line chemo-
therapy (CHT) according to the GMALL-
ALL/NHL 2002 scheme (including vincris-
tine, methotrexate, cyclophosphamide, and 
doxorubicin), and she completed A1, B1, 
A2, B2, and A3 cycles from May 2019 to 
September 2019. Disease re-evaluation 
was then performed with TTE and total body 
CT in September 2019, documenting stable 
disease according to RECIST criteria. Con-
sequently, the B3 CHT cycle was adminis-
tered in October 2019. 

CHT course has been complicated by 
G3 thrombocytopenia, G3 anemia, and G3 
neutropenia (CTCAE 4.0 scale). 

The restaging18F-FDG PET-CT scan 
performed in November 2019 showed in-
tense uptake (SUVmax 12) at the level of the 
interatrial septum known hypodense tissue, 

with extension to the aortic root, consistent 
with persistent/recurrent disease. TTE, car-
diac MRI, and total body CT were also per-
formed in January 2020, confirming disease 
persistence/recurrence.  

The case was discussed by a multidisci-
plinary team of hematologists, cardiologists, 
and radiation oncologists. The decision was 
to perform inpatient radiotherapy (RT) treat-
ment of the intracardiac lesion, due to in-
creased cardiac risk. Regular TTE and 
weekly troponin tests were also done. 

The patient was then referred to Mag-
netic Resonance guided Radiotherapy 
(MRgRT) with a total dose of 30.6 Gy in 17 
consecutive fractions on a 0.35 T 6 MV hy-
brid MR-Linac (MRIdian, ViewRay Inc., 
USA). This technology was chosen as it 
takes advantage of MR imaging and direct 
gating approaches.  

A double source of motion had to be 
managed in this case, with the therapy volu-
mes position being prone to breathing, and 
heartbeat related spontaneous movements. 
The treatment was carried out in deep 
inspiration breath hold (DIBH) based on 
these evaluations. 

The segmentation of both target volu-
mes and organs at risk (OARs) was per-
formed using the 25-second true fast ima-
ging (TRUFI), a type of balanced steady-
state free precession (bSSFP) sequence, 
yielding aT2/T1-weighted contrast, DIBH 
scans (see figure 2) co-registered with diag-
nostic imaging available (contrast-enhanced 
CT and cardiac MR scans), with the assis-
tance of a radiologist specialized in cardiac 
neoplasms. The cardiac MR sequences 
used were both T1- and T2-weighted, and 
contrast-enhanced, to help discriminate be-
tween pathological tissue and areas of in-
flammatory or healthy tissue. 

During each RT fraction, the patient 
could see through a mirror the movement of 
the target on the online cine MRI acquired 
on a sagittal plane. Dose delivery was auto-
matically turned off when the target volume 
moved outside of the boundary region set 



83 
 

prior to delivery. Specifically, a sagittal slice 
of a volumetric MRI is displayed. It is possi-
ble to set the gating structure on this plane 
(e.g. the target), with the percentage of the 
target allowed outside the gating structure 
for the beam to turn off (direct gating).  

The patient can actively participate in the 
treatment by modulating the breathing cy-
cles to put the target in the proper position 
and thereby to increase gating compliance, 
thanks to a dedicated visual feedback sys-
tem through which the cine-MRI is projected 
on an MR compatible monitor positioned on 
the vault’s wall. 

The patient started treatment in Febru-
ary 2020, and RT sessions were well tole-

rated with no interruptions. After 10 RT frac-
tions, the patient developed two episodes of 
paroxystic supraventricular tachycardia, 
which were managed pharmacologically 
(Verapamil 2.5 mg iv), restoring sinus 
rhythm. 

The subsequent PET-CT scan performed 
four weeks after the end of RT demonstrated 
a complete response of the cardiac lesions. 
However, a new uptake area was observed 
in the left tibia, and a biopsy later confirmed 
metastatic disease that was treated with 3D 
conformal radiotherapy (36 Gy in 18 frac-
tions). 

 

 

 
Figure 2. Segmentation of target volume and organs at risk (OARs) on axial, sagittal, and coronal 

TRUFI simulation scans. The gross tumor volume (GTV) is highlighted in red. 
 

 
 

Figure 3. 18F-FDG PET-CT scan: staging (A), one month (B), and eight months (C) after RT re-
evaluation 

 
The 18F-FDG PET CT scan carried out 

subsequently on October 2020 confirmed 
complete cardiac response (see figure 3). 

The patient underwent a successful allo-
geneic hematopoietic stem cell transplanta-
tion from an HLA-identical sister in May 
2020. At the last follow-up in January 2021, 

the patient did not report acute or chronic 
cardiac toxicity signs, and she was consi-
dered free from disease (20 months after di-
agnosis).  

Unfortunately, the patient developed my-
cotic sepsis shortly after and died of systemic 
transplantation complications in February 2021.  
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3. Discussion 
 
At present, there are no specific guide-

lines for PCL treatment. Being a systemic 
disease, the therapeutic approach must al-
ways include CHT. The R-CHOP regimen 
(rituximab + cyclophosphamide, doxorubi-
cin, vincristine, prednisone) currently repre-
sents the standard of care for cardiac 
DLBCL. The role of surgery is still unclear 
and often limited to a palliative setting or to 
stabilize the clinical condition. Surgery is 
usually performed as an emergency proce-
dure for debulking purposes, because of 
blood flow obstruction. In other cases, it 
helps the efficacy of CHT, especially when 
hemodynamics is compromised (1). 

The use of RT, alone or as consolidation 
after CHT, is described in the literature, alt-
hough it is not considered a standard a-
pproach. One of the reasons is related to the 
risk of acute and late cardiac toxicity, in-
creased by the use of therapeutic regimens 
containing anthracyclines. Cichowska-
Cwalińska et al. (2) recently published a re-
view on the role of RT in PCL, concluding 
that, despite the risk of toxicity and an un-
clear survival benefit, it can be used as a sal-
vage treatment in patients with cardiac PCL 

who do not achieve a complete response af-
ter CHT. 

The goal of using the innovative MRgRT 
approach was to minimize cardiac toxicity 
through the use of MR for planning pur-
poses. MR is the preferred imaging modality 
for cardiac masses due to its best contrast 
soft-tissue resolution, multiplanar imaging 
capabilities, and unrestricted field of view 
(7). This patient's workflow incorporated 
data from the diagnostic cardiac MR scans 
to increase contouring accuracy with the 
0.35 T TRUFI MR simulation images pro-
vided by the hybrid MR Linac. These last im-
ages were then used daily for patient posi-
tioning and therapy monitoring, according to 
the usual MRgRT workflow. Furthermore, 
MR-based gating protocols allow the reduc-
tion of uncertainty margins related to the-
rapy volumes, thus avoiding unnecessary 
irradiation of healthy cardiac surrounding ti-
ssue. 

 
4. Conclusion 
 
MRgRT is characterized by excellent pa-

tient compliance and a favorable toxicity 
profile and may be considered an option in 
the multidisciplinary treatment of primary 
and secondary cardiac lymphoma. 

 
 

Abbreviations: 

ASCT – autologous stem cell transplantation 
18F-FDG PET-CT – 18F-fluorodeoxyglucose positron emission tomography- computed tomography 
bSSFP – balanced steady-state free precession. 
CHT – chemotherapy 
CT – computed tomography 
CTCAE – Common Terminology Criteria for Adverse Events;  
DIBH – deep inspiration breath hold 
DLBCL – diffuse large cell B-cell lymphoma 
ECG – electrocardiogram 
EF – ejection fraction 
GMALL-ALL/NHL – German multicenter ALL – acute lymphoblastic leukemia/ Non-Hodgkin's lymphoma 
GTV – gross tumor volume 
HLA – Human leukocyte antigen 
MR – magnetic resonance 
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MRgRT – magnetic Resonance guided radiotherapy 
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R-CHOP – rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone 
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Professor Marcel van Herk is 
the chair of radiotherapy physics at 
the University of Manchester. As a 
medical physics student, he 
started developing of a liquid 
ionization imaging device that later 
became the Varian PortalVision 
system for electronic portal 
imaging.  During his Postdoctoral 
Fellowship at Harvard Medical 
School, in 1992, Dr. Van Herk 
started to incorporate 3D image 
processing in his work, first CT-MR 
image registration for treatment 
planning, and later measuring 

organ motion and other uncertainties in radiotherapy such as delineation variability.  Much of 
this work has been integrated into the Elekta Synergy cone-beam CT image guidance system. 
For the past 10 years he has held a part-time teaching role as a Professor at the University of 
Amsterdam working, amongst others, at the integration of microscopic optical imaging into 
radiotherapy treatment planning. His goal is to conduct research that improves the clinical 
practice of radiotherapy. 

MC: Could you please tell us a few words about your current activity and about your 
main accomplishments in the field of radiotherapy? 

MvH: Well, I work on improving the precision of radiotherapy. I've been very active in image 
guided radiotherapy, quantifying organ motion, 4D, that kind of stuff, and I like to look for things 
that are unsolved. One thing that wasn't solved, was delineation. People are delineating tumors 
but do not agree, so I spent some time observing variation and teaching on that. Now, I think the 
big questions remaining are regarding tumor biology - what do we need to radiate? Where are 
the targets? Where's the microscopic disease? Currently, the focus of my work is big data - trying 
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to learn from the data of thousands of patients that were treated in the past. We try to see for 
instance, which parts of the patient are the most sensitive to radiation? What happens if you get 
a little bit more dose here and there? Do you see a difference in outcome? I think it's kind of a 
natural progression. 

MC: Is it difficult to gather this amount of data that you need to analyze? 
MvH: I started in Amsterdam, but I work in Manchester now, the biggest Cancer Center in 

Europe. But treatment data, outcome data is harder to get, so we've linked up with external 
databases, like the NHS (National Health System). So there is a lot of data. One thing that we 
can always find out is if the patient is dead or alive. So actually, a lot of the activities aim to 
predict the outcome. And sometimes you just find really surprising things. For example, we were 
looking at data from older 3D plans and correlated with the “dead or alive '' status, and we found 
a little spot in the heart which got more dose and was correlated with a worse outcome. That 
was kind of an eye opener. And that gives us an opportunity, because it is not always possible 
to spare all the heart, so we can try to avoid the structures which are the most sensitive. It might 
be the electrical system, but we don't know. So we have to figure it out. We have to run 
prospective studies, looking at the effects of radiation - we're just finishing one. We looked at 
cardiac CT, before and after radiotherapy, and so we will hopefully report our findings in the near 
future. 

MC: So you are not only searching for factors to predict the patient outcome, but also 
to identify toxicity-sensitive structures?  

MvH: Yes, both. But it can be very complicated. If you want to compare data from different 
patients you have to put them together. The organs at risk can be mapped together, but the 
tumors are in different parts of the body, have different shapes and different sizes. 

MC: How do you deal with the variability of the data? There are different devices, 
different types of scanners, and they produce images that are slightly different. 

MvH: Actually, we do a lot of things with the planning data. And that's fairly well standardized. 
So that's not such a big deal. But obviously, statistics is actually quite complicated, making 
corrections for confounding factors.  

MC: How did you identify these problems that need to be solved, and which later 
become your research focus? Do you find them by yourself? Or do you collaborate with 
clinicians and ask their opinions on what may be more difficult in their clinical work? 

MvH: Of course, I am collaborating with great clinicians and their input is really important. 
But it's also just… listening. I’ve been around for so long now. I’m just picking up. 

MC: How did you get to be involved in this field? Were you interested in that from the 
beginning of your career or was it something that started to interest you in time? 

MvH: It's kind of funny story with that, because I studied physics. In school I was good at 
maths, but also physics. Computer science didn't exist yet. While I was in University I had a one 
year project. And so I went to the Cancer Institute in Amsterdam and there was a guy building 
his own computers and doing a lot of technology work. So that is how I got interested in this 
topic. 
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MC: What about image guided radiotherapy? Which was the main progress in the last 
years, in your opinion? 

MvH: Well, obviously, we've got all sorts of new scanners, new reconstruction algorithms, 
MRI guidance, but the fundamental problem is the patient. And I think people often forget that, 
you know, you can get such beautiful equipments, but if the patient’s organs are moving during 
the imaging, or during treatments, it's never going to be very good. So I think we need to find 
ways to deal with that. And it’s funny, because the medical physicists want to measure stuff. 
They put a phantom on a scanner and they make measurements, but this does not say anything 
about the usability, because if you put a patient there, the things are totally different. 

MC: Why do you think about image enhancement, in particular the use of the Cone 
Beam CT(CBCT) as a predictive tool? 

MvH: Well, there is something in there, but the CBCT is not very good. And the main reason 
why it is not very good is because the patient is moving, the organs are moving. So, the best 
images actually, strangely, you get in the lung where you can do 4D CT. The contrast is very 
high. We’ve been looking at how these images change over time, but I don't think it's very 
predictive. But we're looking at those images to understand what is happening, for instance, to 
predict whether you need to adapt to treatment. So it's a workflow thing.  

What we are now going to do with the cardiac substructures is doing what we call a rapid 
learning study. So we're treating one way and then at a certain point to kind of change it and 
we're treating another way and then what we hope to see is a jump in the output. We have to be 
really careful because if something else changes at the same time, obviously then that's what 
you measure is not true.  

MC: In what fields of radiation oncology do you think artificial intelligence will be most 
helpful? Is it going to be autocontouring or decision making or something else? 

MvH: I think it is contouring, but also this one I mentioned before - the biomarkers - I think 
that would be quite cool as well. The computer should say: I've measured densities in your body 
and looked at the picture and you're very weak. I do not like radiomics because it's garbage in 
and garbage out in a way, and then because the box is so big, you have so many variables. Yes, 
you can always find something but if you don't correct for the other variables…Actually it might 
be the same with genetics. Yeah, lots of zillions of people are working on them. But very few 
studies have found something that actually works. 

MC: What's the story of the “van Herk formula”? 
We were doing this project with three people (Peter Remeijer, Rasch and Lebesque). We 

were looking at organ motion and setup errors. And then we couldn't figure it out. Because the 
doctor says, I want to cover the margin and always treat my patients right. And that was the 
problem because that margin doesn't exist. So it was literally, I think, over a weekend or so that 
I thought: Well, shouldn't we do the probability?  And then I wrote down most of the equations 
but Peter actually wrote down the linear equation. That's the margin recipe. The numbers don't 
mean anything, no doubt. The numbers gave the clinical answer at that time, given the errors 
basically. And we sold it really well. Because the way that we sold it was to make it really simple. 

MC: Did you or do you work for the industry, for the companies which produce 
radiotherapy devices? 

MvH: No, not for, but with the companies. My first project was the portal imaging device, so 
we created the Varian PortalVision. We worked for decades with Varian, and then we started 
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working with Elekta for the cone beam CT. I was out with a friend and he invited me to join him 
to write a grant. The deadline was in just a week. It was on image guided radiotherapy in prostate 
cancer. I did a little software things. And when Elekta started to build those machines, we were 
already in the circle, and we wrote the software from scratch and then we provided bug fixes. 
We were subcontractors. That was big.  

I also work with Aquilab on training contouring system. I wrote some software there, but I will 
probably collaborate with other companies too, in the future. I also have some ideas, but if they 
are not translated into projects... Even if I give away the software for free, it’s not going to be 
used clinically, it has to be in a company, and it has to be supported, FDA approved and stuff… 
But companies are difficult in the sense that they often change very quickly. So different people, 
new head of the group, different vision, priorities… I'm involved with MRI Linac, but only very 
little. 

MC: What you say is very nice, because we need this human part, also. 
MvH: And I know you were asking about the companies and that's often difficult because it 

really depends on a few people. And if they are not there, or they got a new boss, suddenly 
people don't understand what they have. 

MC: About understanding – this raises another question: how do you make people 
understand what you're thinking about in case there's a gap between your training and 
their possibility of understanding the concept which you're explaining? 

MvH: I just try to explain it very, very simply. But yeah, I think the main problem is people 
who don't want to listen, they don't understand. If people have a preset idea, then they really 
don't understand the issue,  and you should have started at another level. To explain this, you 
go back to the basics. 

MC: I was thinking that the studies on motion management are becoming even more 
important, because we are giving a higher dose in less fractions. So, the movement has 
more impact. 

MvH: It is totally true. The amount of technology that you use depends on what you need it 
for. But if there is a simple solution, that is much better. 

MC: Do you think that the MRI Linac will be the best solution for accurately delivering 
the radiotherapy ? 

MvH: There are other tools for image guided radiotherapy, like fiducials and many more. If 
the MRI Linac could provide imaging in 3D in a fraction of a second, then it could pretty much 
solve all the problems, but that's not how it is. It's a complicated machine and workflows are 
really, really difficult. And it's tight, it's claustrophobic. And MRI is slow, and slower than the CT 
and slower than the CBCT. Because you can take a single slice very quickly, but if you want to 
take the volume, it takes much longer. Not all the organs move the same, and the longer the 
workflow is, the more is the chance that the target or the organs at risk would move. 

MC: What are your plans for the future? Do you have anything in particular that you're 
working on that you would like to share with us? 

MvH: Yes, no doubt… As I mentioned, one project is focused on measuring the electrical 
effects of radiotherapy on the heart. Another thing that we're starting up is to use routine imaging 
for biomarkers. For example – a change in the performance status can influence the change of 
the treatment, but evaluating the performance status can be subjective. But the images actually 
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have a lot of information because you can see how the muscles are developed. You can see the 
liver, you can see the heart (whether it has calcification or not), so there is a lot of information in 
routine data that we can exploit. It’s already there; we just have to find out how to use it. But 
that's not the most important thing. The most important thing is that this amount of data exists in 
the past. So we can try out all sorts of algorithms on the old data to see whether that is predictive 
of what's happening to the patient. So, that is a cool thing. I like that a lot.  

MC: Do you work on multiple projects at the same time? 
MvH: Yes, lots of, because of the students. 

MC: How do you manage to divide your time and energy? 
MvH: Well, in normal times I was one of the supervisors, and other supervisors would do the 

majority of work and I would just walk in and see how it's going and if there is a particular problem 
and that was fairly efficient. But in lockdown, that doesn't work, so you actually really have to sit 
for an hour with students - sometimes more, to talk it through because the student is frustrated 
at home, and it's really difficult. So it's much tougher now, in lockdown, than it is normally. 
Normally it’s only fun. Now it's also fun, but it takes double the amount of time. And double the 
amount of time to do that means almost no time to do anything. 

MC: You mentioned the lockdown times with all the challenges, and I am wondering, 
how do you find ways to overcome challenges? What drives you? What motivates you to 
solve your research or work related problems and challenges? How do you manage not 
to give up? 

MvH: Giving up isn't an option, because we can give up on a project, but that does not mean 
that we can give up on a student. You can give up on an idea, but you can't give up on the 
students. It is not an option, because you're responsible. And yes, I take that very seriously. One 
of the postdocs in our university said: I have two supervisors:  a good supervisor (my colleague)- 
he tells me to go to bed early, read, etc; and I have a bad supervisor, who tells me to go to 
parties. That’s me. And I was very, very proud to be the “bad” supervisor. 

MC: I recently asked a young researcher in the field of artificial intelligence what he 
would ask you if he would meet you. His answer surprised me. He said that he would not 
ask anything, but would only thank you for all that you have done. So, I will do the same, 
and end by thanking you for your valuable contribution for delivering quality radiation 
treatments to cancer patients. 



91 

Journal of Medical and Radiation Oncology, Volume I, Issue 2 (December 2021) 91-94 

“Learning From Every Patient” – Countdown for the Next 

Congress of the European SocieTy for Radiotherapy and 

Oncology (ESTRO) 

Interview by Monica-Emilia Chirilă1

1 Journal of Medical and Radiation Oncology 

Corresponding author: Monica-Emilia Chirilă; e-mail: monica.emilia.chirila@gmail.com

Dr. Anna Kirby is the ESTRO President-Elect 
and a Consultant Clinical Oncologist working at 
the Royal Marsden and Institute of Cancer 
Research, UK. Dr. Kirby graduated from 
Cambridge University in 1995 with a first-class 
honors degree in Medicine and Psychology. She 
completed her oncology training at The Royal 
Marsden and Guy’s and St Thomas’ Hospitals 
followed by a research degree at the Institute of 
Cancer Research. She specializes in the 
treatment of patients with breast cancer and leads 
research into novel breast radiotherapy 
techniques. She is Chief Investigator of the UK 
HeartSpare and HeartSpare Plus studies, and 
breast Lead Investigator on the UK CORE trial 

evaluating the role of stereotactic radiotherapy in treating metastatic disease. 

I would like to thank dr. Kirby for accepting our invitation to share your thoughts on past 
events, the current situation, and the near future of the European Society for Radiotherapy and 
Oncology. I would like to take this opportunity to congratulate you on acting as the President-
Elect of this prestigious organization that represents our medical specialty, a truly remarkable 
achievement in your career.  

1. What was the reason you chose to become an ESTRO member in the first place,
and what prompted you to become more involved in ESTRO activities? 

I first became a member of this organization in order to attend the ESTRO 2006 Congress 
in Leipzig where I presented a poster on outcomes in head and neck cancers. As it happened, 
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that meeting changed my career: I met Professor John Yarnold, who persuaded me to start a 
fruitful partnership in breast radiotherapy research, highlighting the value of networking at the 
annual congress! A few congresses later, with a research degree in breast radiotherapy under 
my belt, and appointment to the Royal Marsden as a consultant, I attended the ESTRO Breast 
Multidisciplinary Course in Athens in 2010 where I met many of the European colleagues with 
whom I have since collaborated, learning first-hand how ESTRO can facilitate sharing expertise, 
development of protocols and guidelines, and practice-changing randomized controlled trials. I 
was invited to join the Scientific Committee for ESTRO 35 in Turin where I learned how a 
program comes together and, in 2017, I joined the Editorial Board for the Journal of Clinical and 
Translational Oncology (ctRO, https://www.ctro.science/) through which I’ve seen how a journal 
grows. In 2019 I was elected to the ESTRO Board and I was only just starting on the road of 
discovering more about the inner workings of ESTRO when, in April 2020, I became the Society’s 
President-Elect. It’s been a steep but enjoyable learning curve ever since. If I had to sum up 
what kept attracting me back to ESTRO it is the fact that it’s a family of individuals working 
enthusiastically towards the same goal of improving outcomes in patients being treated with 
radiation therapy. ESTRO has an irresistible energy and momentum. 

 
2. What is your vision regarding the future of ESTRO policies and the directions the 

Society should follow? 
Well, the focus of my presidential candidacy statement was around facilitating 

implementation of innovations for immediate benefit to patients throughout Europe and beyond. 
Of course, there are already many initiatives from HERO, (https://www.estro.org/Science/ 
Activities/HERO) to the Marie-Curie Campaign, (https://mariecurielegacy.org/) to the ESTRO-
EORTC E2-RADIatE platform studies (https://www.estro.org/Science/Activities/ E2RADIATE) 
that move us towards appreciating the ESTRO 2030 vision- “Optimal radiotherapy for all”. What 
we could do better is to broaden the pool of volunteers involved in ESTRO activities and 
discussions on how to effect this are underway. 

 
3. What were the challenges you faced during the COVID-19 pandemic - as a clinician, 

as part of the ESTRO leadership, and the organizing committee of the annual Congress? 
March 2020 is still so vivid in my memory. I remember clearly the day I was asked which of 

my several dozen breast patients’ radiotherapy planning pathways I didn’t want to pause? My 
reaction then was “Until when?” Mercifully, a few of us were already aware of the results of the 
FAST-Forward fractionation study such that we were able to switch many patients to a five-
fraction schedule, and get them through and out before the pandemic really took hold. The peer-
review manuscript was prepared rapidly to provide a strong foundation for what has become a 
durable change in the standard of care. Without this transition, who knows how our radiotherapy 
departments would have survived the pandemic? 

Joining the ESTRO leadership team during a global pandemic has been a little daunting, but 
the ESTRO Office handled the postponement of ESTRO 2020 brilliantly under the ever-evolving 
circumstances. Decisions around ESTRO 2021 were, if anything, more challenging, as there 
was more than one feasible option. As a leadership team, I think we are all delighted that the 
live meeting went ahead, providing many colleagues with their first opportunity to meet face-to-
face in well over a year. The hybrid aspects worked well too, and we will be incorporating the 
feedback as we move ahead to ESTRO 2022. It seems likely that, whilst prioritizing the 
networking aspects of face-to-face meetings, the hybrid aspects will stay, allowing many more 
individuals to access the scientific and educational content of the programs. 

 

https://www.ctro.science/
https://www.estro.org/Science/%20Activities/HERO
https://www.estro.org/Science/%20Activities/HERO
https://mariecurielegacy.org/
https://www.estro.org/Science/Activities/%20E2RADIATE
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4. The ESTRO 2030 Vision is represented by "Radiation Oncology, Optimal Health, For 
All, Together". How was this new statement adopted, and how do you envision its 
translation into practice? 

The ESTRO 2030 vision was developed during a meeting in Mechelen in February 2018, 
before I joined the Board and I can’t give you any “behind the scenes” details on how the vision 
statement evolved. That said, I think the statement “Radiation Oncology, Optimal Health, For All, 
Together” succinctly and clearly summarizes ESTRO’s vision. Radiation Oncology is our area 
of interest and expertise, we want to achieve the best possible outcomes in terms of cancer-free 
survival with minimum toxicity, we want these outcomes to be available to all patients regardless 
of where they live, and we want to work together – the RT community, with a multidisciplinary 
approach, and with all stakeholders involved – to make this possible. ESTRO will continue to 
prioritize the underpinning science through its congresses, translating research findings into 
practical recommendations for the clinic through guidelines and educational activities, bringing 
different disciplines and geographies together through all the aforementioned activities, and 
working with all stakeholders, including patients, and those involved in healthcare policy, to effect 
change at healthcare systems levels.  

 
5. What main challenges do you see in achieving ESTRO’s strategic priorities, 

and how will you overcome them? 
The obvious current challenge to our day-to-day working practices is the ongoing pandemic, 

albeit I think human beings, especially those involved in ESTRO, are remarkably adaptable and, 
in the virtual/ hybrid world ESTRO’s reach can potentially be greater with lower resource 
requirements. Other current challenges include integrating/ implementing innovations into our 
healthcare systems. These systems are different for each country and region and we need to 
continue the dialogue with national societies in particular to understand how the ESTRO 
community can help. 

 
6. How is ESTRO involved in training and supporting the young Radiation 

Oncologists?  
Just as I was attracted to ESTRO by the congresses and educational activities, these remain 

a great starting point for trainees to observe, learn and network. yESTRO, the young ESTRO 
committee, has since been formed and does a tremendous job engaging our younger members 
through the dedicated Congress track, whose program can be tailored to the specific needs and 
interests of younger members. It is important that we keep the next generation engaged and 
active in all ESTRO activities from committees to course faculties, as well as facilitating younger 
members being active in their own institutions and communities. One way to facilitate this is the 
ESTRO mentoring program, initially planned for 2020 and finally started in 2021, and led by 
yESTRO along with the Education Council. It is hoped that the CERRO meeting will also restart 
in 2023 as an annual workshop specifically designed for empowering and connecting future 
leaders. Membership is also an important channel through which younger members can 
participate in our community with a dedicated type of membership for professionals in training, 
alongside agreements with young national societies, to keep membership fees lower for those 
in training. 

 
7. Which opportunities does ESTRO offer for professionals from countries with a 

challenging economic background and developing Radiotherapy infrastructure? 
ESTRO is an inclusive society and welcomes involvement of any individual working in 

radiation oncology regardless of location and background. This said, ESTRO appreciates that 
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different healthcare settings present different challenges for those who wish to either engage 
with ESTRO activities and/or improve the provision and delivery of radiation oncology in their 
home nation. In relation to education and training for professionals working in countries with a 
challenging economic background, special fees are set for both teaching courses and 
congresses to facilitate access, and there is scope to capitalize on the increasing use of the 
virtual environment and broaden the reach of ESTRO’s scientific and educational outputs. 

 
8. What about the next ESTRO meeting? What plans could you share with us regarding 

this important educational event?  
ESTRO 2022’s program is almost complete by the incorporation of the hundreds of abstracts 

submitted by our community. The theme is “Learning from every patient” and you can expect to 
see this aspect incorporated throughout the program. The other focus will be on coming together. 
We very much hope to build on the success of ESTRO 2022 and meet with as many colleagues 
as possible face-to-face whilst still providing content and value for those who are unable, for 
whatever reason, to join us in person. 

 
9. How do you manage to keep a life-work balance? 
This is a tough question to answer because I don’t really know what a perfect work-life 

balance is. What I do know is that time is a really precious commodity and I try to use it well by 
throwing myself wholeheartedly into whatever commitment is in front of me, being that a clinic, 
a talk, or connecting with my family. I know what my priorities are and I try to align my 
commitments accordingly (not always with complete success). 

 
10. We all face challenges in our day-to-day life. Where do you find sources of 

inspiration and motivation? 
It’s really important to me that we all try to live our best lives. Our time on this planet is so 

short and it’s folly to waste it on anything less than being fully alive, connected and present. 
Music and nature, particularly the sea, inspire me as do stories of human endeavour and impact. 
I am motivated by desires to make a difference, to get things done and to support those around 
me to make a positive difference to our world too. That all sounds rather intense now I’ve written 
it down. Whilst I can be very focused, those who know me well know that I also like to laugh… 
a lot. My husband is very, very funny, which is a godsend. 
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