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Impact statement: Nutritional support of cancer patients is still
suboptimal. This Editorial describes the critical issues and chal-
lenges in malnutrition management in oncology.

Clinicians often consider nutritional care as a
non-essential step in patients' evaluation and
treatment. This also happens in Oncology, even
though it is well known that an altered nutrition-
al status has a disastrous impact on patients’ re-
sponse to treatment, quality of life, and survival.
Overall, it has been estimated that up to 57% of
patients with stage IV cancer are malnourished or
at risk of malnutrition at the time of diagnosis (1).

Many factors contribute to the development of
malnutrition in cancer patients, with several differ-
ences according to cancer type and setting (2). In all
patients, especially in advanced stages, the deregu-
lation of systemic inflammation pathways leads to
metabolic derangements including increase in mus-
cle catabolism and switch to acute-phase protein
synthesis. In patients with gastrointestinal cancer,
mechanical (e.g., bowel obstruction) or functional
factors (e.g., exocrine insufficiency) contribute to the
impairment of nutritional status. Moreover, antican-
cer treatments often cause anorexia, mucositis, nau-
sea, diarrhea, or other nutrition-related side effects.
Finally, psychological effects can promote the reduc-
tion of food intake and physical activity.

A large number of clinical studies have demon-
strated the deleterious effects of poor nutritional
status (3). In particular, in the hospital setting mal-
nutrition is associated with prolonged length of
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stay, increased post-surgical complication rates,
higher susceptibility to infections, increased mor-
tality, and higher hospital costs (4).

Nutritional support has been demonstrated to im-
prove all the aforementioned outcomes, including
survival (5, 6). It can be delivered through different
modalities, depending on patients' conditions and
wills. The first step in nutritional support is usually
dietary counseling, which consists in individualized
nutritional advice aimed at modifying eating hab-
its to meet patient’s energy and nutrient require-
ments. If food intake is scarce, oral nutritional sup-
plements can be prescribed. If global oral intake
is insufficient, enteral and parenteral nutrition can
be used to provide a sufficient amount of calories,
macronutrients and micronutrients. In particular,
enteral nutrition requires a functioning gastroin-
testinal tract, while parenteral nutrition should be
used if gastrointestinal tract is not accessible or in
case of insufficient oral and enteral intake (7).

In the everyday sense of the word, malnutrition is
defined as a detrimental condition resulting from de-
ficiencies in nutrient intake or malabsorption. How-
ever, nutritional support may be needed also in pa-
tients with normal intakes and absorption, both for
malnutrition prevention and for the management of
associated conditions, including sarcopenia. Sarcope-
nia is a progressive and generalized skeletal muscle
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disorder that is associated with increased likelihood
of adverse outcomes including falls, fractures, phys-
ical disability, and mortality (8). Nutritional support
is crucial in sarcopenia management and it should
be delivered in the setting of a multidisciplinary ap-
proach that includes physical therapy. Sarcopenia is
probably less recognized and treated than malnutri-
tion, with deleterious effect that contribute worsen-
ing clinical outcomes in cancer patients (9, 10).
Despite the importance of nutrition in this setting,
the proportion of cancer patients undergoing nu-
tritional evaluation is still scarce. In particular, a
nutritional consultation rate ranging from 8.4% in
stage IV to 3.8% in limited-stage cancer patients
was described in a recent survey (11). This probably
depends on multiple factors which should be ad-
dressed at the institutional level in order to improve
patients’ nutritional management.

One of the most critical issues in nutritional care is
the poor attention paid to early detection of malnu-
trition signs. The importance of weight loss is often
underestimated; for example, if patients have un-
dergone surgical procedures or exams causing tem-
porary reduction of food intake, weight loss may be
misinterpreted as a temporary “para-physiological”
condition related to fasting, rather than a possible
alarm sign of the deterioration of nutritional status.
Moreover, due to short duration of outpatient on-
cological visits, an adequate nutritional evaluation is
often not performed. Also, in hospitalized patients
the shortage of medical and nursing personnel
makes it difficult to include nutritional evaluation
in the routine clinical practice, despite the usage of
nutritional screening being recommended by inter-
national guidelines (7). However, screening with val-
idated tools like the Malnutrition Universal Screen-
ing Tool (MUST) or the Nutritional Risk Screening
2002 (NRS 2002) only requires a few minutes of fo-
cused questions on weight loss, information about
patient's disease and age, and detection of body
weight and height (12). In particular, the NRS-2002
tool allows the rapid identification of patients at risk
of malnutrition through a scoring system based on:
nutritional impairment (0 points if none, 1 point if
weight loss >5% in 3 months or food intake 50-75%
of normal in the past week, 2 points if weight loss
>5% in 2 months or food intake 25-50% of normal in
the past week, 3 points if weight loss >5% in 1 month
or BMI <18.5 plus impaired general conditions or
food intake <25% of normal in the last week), dis-
ease severity (0 points if patient’s disease is associ-
ated with normal nutritional requirements, 1 point
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in case of hip fracture or chronic disease, including
cancer, 2 points in case of major abdominal surgery,
severe pneumonia, stroke, or hematologic malig-
nancy; 3 points in case of head injury, bone marrow
transplant, ICU patients), and age (1 points if equal
or greater than 70 years); patients with total score
of 0-2 are at low risk of malnutrition, while patients
with score equal or greater than 3 are at medium
or high risk. Institutions should evaluate the need
of requiring mandatory nutritional screening for all
patients or, at least, for high-risk patients (e.g., onco-
logical, and gastroenterological units’ patients) in or-
der to guarantee the timely recognition of impaired
nutritional status.

Ideally, all patients should be evaluated also for sar-
copenia risk through the available screening tools,
such as SARC-F questionnaire (13). SARC-F question-
naire could be completed by patients themselves,
since it is composed by five simple questions as-
sessing the number of falls in the last year (0 points
if none, 1 point if 1-3 falls, 2 points if more than 2
falls) and difficulties in lifting and carrying a weight
of 4-5 kilograms, walking across a room, transfer-
ring from a chair or bed, and climbing 10 stairs (0
points each if no difficulty, 1 point if some difficul-
ty, 2 points if many difficulties); patients with a total
score of 4 points or more are at risk of sarcopenia.

Patients at risk of malnutrition and/or sarcopenia
should then undergo a complete nutritional eval-
uation in order to start the adequate nutritional
support. The diagnosis of malnutrition should be
confirmed by diagnostic criteria such as the Glob-
al Leader Initiative for Malnutrition (GLIM) criteria
(14). Sarcopenia should be diagnosed by assess-
ing the presence of low muscle mass, low muscle
strength, and poor physical performance (8). In
particular, muscle mass can be evaluated by sim-
ple and reproducible techniques such as bioim-
pedance analysis, which allows the estimation not
only of appendicular skeletal mass, but also of im-
portant prognostic indexes such as phase angle
(8); CT scan images can be processed by a dedicat-
ed software to calculate the skeletal mass quanti-
ty and density at L3 level; ultrasound, dual-energy
x-ray absorptiometry and clinical approaches (i.e.,
anthropometry and physical examination) could
also be used. Muscle strength can be easily meas-
ured with a handgrip dynamometer or with the
chair-stand test, while physical performance can
be evaluated with tests such as the Short Physical
Performance Battery test or the gait speed test.
Unfortunately, even if malnutrition risk is identified,
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it is often difficult to guarantee a specialized clini-
cal nutritional evaluation to all patients. This is due
to the lack of nutritional services in many hospitals
and to the low number of clinical nutrition special-
ists in general. Moreover, if malnutrition is identified
and nutritional support is needed, the prescription
of nutritional supplements is not always available
to patients, depending on the different countries’
reimbursement policies. Even in the same country,
the availability of nutritional support products may
be heterogeneous.

The obvious consequence of the inadequate nutri-
tional management of cancer patients is the pro-
gressive deterioration of nutritional status, leading to
worse oncological outcomes, as mentioned above.
The less evident but problematic consequence may
be related to the patients searching for alternative
anti-cancer diets, which often contribute to worsen
nutritional status rather than ameliorating clinical
outcomes (13, 14). In fact, in the last years nutritional
advice regarding anti-cancer diets has often been de-
livered by social media and self-proclaimed experts,
with increased risks due to a progressive detach-
ment from the scientific bases of nutritional support.
Unfortunately, in many Universities clinical nutrition
courses are optional or simply inexistent, leading to
scarce availability of clinical nutrition expert per-
sonnel. Inevitably, nutritional care needs to be part
of the graduate and postgraduate formation pro-
grams for doctors of whichever specialty, in order to
allow an adequate nutritional management by clini-
cians. In particular, clinical nutrition should be part
of the Oncology residents’ rotation plans and cours-
es, aiming at facilitating the future multidisciplinary
collaboration between clinical nutrition specialists
and oncologists through a common background.

In this scenario, multidisciplinary working groups
including oncologists and clinical nutritionists have
been constituted both at the national/international
level and in the hospital setting, in order ameliorate
patients’ management (15). Patients associations
have greatly contributed inincreasing the awareness
on the importance of nutritional support in cancer
care, leading to a productive collaboration with nu-
tritional and oncological societies. On the opposite,
clinicians have started involving their patients in the
health care process through the so-called “patient
empowerment”. Empowerment has been defined
as the intention to promote patients’ abilities of tak-
ing greater control of their own health (16). In nu-
tritional oncology, it may be applied for example in
the self-monitoring of weight or food intake chang-

es or in the self-administration of questionnaires or
nutritional screening tools (17). Moreover, patients’
associations have great merit in the creation of co-
operative groups of patients, where peer to peer ad-
vice is given on the everyday cancer-related issues.
In conclusion, the awareness on the complex reali-
ty of nutritional care is slowly raising, but more fo-
cused interventions are needed in order to improve
cancer patients' nutritional management. Malnu-
trition is still under-recognized due to reduced
utilization of nutritional screening tools, defective
early identification of malnutrition, poor availabili-
ty of nutritional services, and inadequate university
training. These conditions may lead to worsening of
patients’ clinical outcomes and may favor the choice
of non-scientific nutritional approaches. In this set-
ting, the collaboration among clinicians and pa-
tients is essential, and could benefit from increasing
patients’ empowerment. Also, the multidisciplinary
teamwork is crucial to ensure adequate nutrition-
al care to patients. For example, the inclusion of
clinical nutrition specialists in oncological hospital
boards could improve the timeliness of nutritional
interventions and could help optimizing patients’
fitness before medical and surgical treatments.
The attention paid to nutritional care is increasing,
thanks to the efforts of national and international
scientific societies, with the help of patients' asso-
ciations. In the near future, nutritional screening
will hopefully become mandatory for all cancer pa-
tients and nutritional support will be guaranteed
as one of individuals’ fundamental rights (18), thus
being available to all patients, regardless of their
conditions or disease stage.
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ABSTRACT: Breast cancer (BC) is the second most common cancer worldwide, with over 2,300,000 new cases estimated per year.
Diet has been identified as a modifiable risk factor for BC development and prognosis. The Mediterranean diet (MD) has shown to
be inversely associated with chronic diseases including BC. The aim of the present study was to assess dietary patterns according
to BC molecular subtypes in a subgroup of patients at their baseline visit of a lifestyle trial conducted by our institute. A principal
component analysis (PCA) was conducted to assess the best dimensional space where to summarize dietary information. An
explorative unsupervised automatic clustering technique was performed to identify diet-risks groups. Final groups were analyzed
as dietary patterns and comparisons made by synthetic statistics with univariable analysis. The first PCA factor was characterized
mainly by vegetables (27.6%), nuts & extra-virgin olive oil (EVOO) (16.7%), and sweet & sugars (11.8%). Legumes and fats separately
represented just over 10% of the first PCA factor. The second factorial axis was represented mainly by cereals (40.9%), sweet & sugars
(20.2%) and nuts & EVOO (15.4%). PCA showed different behaviors between dietary variables in each molecular subtype, especially
among patients with triple negative TNBC (n =37) the strongest contribution to the first PCA factor was given by sweet & sugars (20.7%),
then vegetables (17.1%), fruits (11.9%) and legumes (11.0%) while animal proteins (24.3%), nuts & EVOO (16.0%), fruits (14.1%) and
fish (12.1%) determined the second factor. From k- means, three clusters of patients were found. Cluster 1 (Healthy pattern) was
associated with healthier dietary habits compared with the other two groups, with approximately twice the vegetables (204 grams vs.
119 grams for cluster 2 and 95 grams for cluster 3, p <0.01). Cluster 2 (Western pattern) was characterized by greater refined cereals
and animal protein, sedentary behavior and higher body massindex(BMI)and central obesity (35% with 230 kg/m? compared with 13%
in cluster 1 and 25% in cluster 3. Cluster 3 (Ultraprocessed pattern) was characterized by greater intakes of sweet & sugars and non-
EVOO fat, cluster 2 was composed mainly of Luminal BC subtype, while TNBC were found mostly in cluster 1 and cluster 3.

Our findings revealed three main dietary risk group by BC patients at the baseline visit of a lifestyle Trial: a healthy dietary group
(cluster 1), a western diet group (cluster 2) and an ultra-processed food diet group (cluster 3). The former is considered part of a
healthy Mediterranean diet which is known to improve the metabolic and hormonal risk factors for BC and reduce total mortality.
A concern emerged for the high-risk group of TNBC patients who tend to be younger and appeared to consume more sweets and
fats which are known risk factors for chronic diseases and poor cancer prognosis.

© 2023 Annals of Research in Oncology - ARO. Published by EDRA SpA. All rights reserved. 63
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Impact statement: Different dietary patterns emerged
according to Breast Cancer molecular subtypes
through a principal component analysis (PCA) that
analyzed dietary information in a lifestyle trial con-
ducted by our institute; moreover, an explorative
unsupervised automatic clustering technique was
performed to identify diet-risks groups.

INTRODUCTION

Breast cancer (BC) is the second most common
cancer worldwide, with over 2,300,000 new cases
estimated in 2020 (1) and the fifth cause of cancer
death globally (683,100 deaths estimated in 2020).
In women, it is the most common neoplasm over-
all and the leading cause of cancer death. Since the
1990s, a gradual and constant reduction in mortal-
ity has been observed due to the implementation
of screening programs and the availability of effec-
tive diagnostic-therapeutic approaches.
In Italy, approximately 55,700 new cases of BC are
estimated each year (2). The risk of developing BC
increases exponentially with age, particularly in the
post-menopausal period. Recent data showed an in-
crease in BC incidence in lItaly (+0.5% compared to
2020) due to a higher life expectancy and early detec-
tion due to screening (2). The incidence is higher in
the Northern than in Central Italy and the Islands due
to different implementation and diffusion of screen-
ing programs and distribution of risk factors. In Italy
as well BC represents the leading cause of cancer
death in women with 12,500 deaths in 2021 although
there has been a constant reduction in mortality over
the last decade (estimated -2.2% per year) (2).
BC can be classified into the following four sub-
types according to the expression of estrogen re-
ceptors (ER), progesterone receptors (PgR), cellular
proliferation index (Ki67) and overexpression/am-
plification of the human epidermal growth factor
receptor 2 (HER2):

1. Luminal A-like: low grade, with high expression
level of ER/PgR, HER2 negative and Ki67;

2. Luminal B-like: high grade, variable ER/PgR ex-
pression, high Ki67, further divided into HER2
positive or negative;

3. HER2 positive tumors: ER/PgR negative and
HER2 positive;

4. Triple negative breast cancer (TNBC): ER, PgR
and HER2 negative (none expressed).

64

Key words: breast cancer; dietary patterns; molecular subtypes;
Latent class analysis; Cluster analysis.

Received: Mar 1, 2023/Accepted: May 5, 2023
Published: June 15, 2023

TNBC accounts for approximately 15% of BC cas-
es is more frequent in young and obese women,
often carries BRCA1 mutations and has the worst
prognosis among all BC subtypes.

The absence of a targeted therapy, the tendency
to metastasize to the central nervous system and
visceral organs (3, 4) and the higher risk of relapse
and distant recurrence represent the main factors
explaining poor prognosis of TNBC (4).

Among modifiable risk factors for BC morbidity
and mortality, diet plays a key role. It has been es-
timated that 30-50% of BC deaths could be avoid-
ed by dietary modifications alone (5). The dietary
recommendations from international cancer insti-
tutions such as the World Cancer Research Fund
(WCRF) suggest for the primary and secondary
prevention of BC a diet rich in whole grains, vege-
tables, fruits, and legumes, while limiting the con-
sumption of fast foods and processed foods, red
and processed meat, sweets, sugar-sweetened
drinks, and alcohol (6). Specifically for BC survivors
the guidelines recommend a diet rich in soy foods
and fiber as they have been significantly inverse-
ly associated with BC outcomes (recurrence, can-
cer-specific mortality, and all-cause mortality) (6,
7). The Mediterranean diet is one of the healthiest
dietary patterns. The Mediterranean diet is con-
sidered by high consumption of plant-based foods
(i.e., vegetables, fruits, whole grains, legumes, nuts,
olives and olive oli as the main source of fat); low
intake of red and processed meat, saturated fats,
and refined sugars; low to moderate consumption
of dairy products; moderate consumption of fish;
and moderate intake of alcohol (mostly red wine)
with meals (8). Adherence to the Mediterranean
diet has been inversely associated with multiple
chronic disease, including cardiovascular disease
and its risk factors, diabetes, and cancer, in epide-
miological investigations and clinical trial (9-13). In
the Nurses' Health Study, a healthy diet reach in
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fruits and vegetables has been inversely associat-
ed with decreased BC risk particularly for the most
aggressive BC subtypes (14).

The aim of the present study was to assess base-
line dietary patterns by principal component anal-
ysis (PCA) overall and according to molecular sub-
types in BC patients participating in a lifestyle trial
in Italy (15).

MATERIALS AND METHODS

Patients

This study included 223 women (age range 30-70
years) with a BC diagnosis (stages I-ll) participating
in an ongoing multicenter randomized controlled
trial of the effect of a treatment program of die-
tary modification, physical activity, and vitamin D
supplementation (DEDiCa Study) on BC recurrence
(21). The study protocol was approved by the Ital-
ian Ministry of Health, Italian Medicine Agency
(AIFA) and the Ethic Boards of each recruiting hos-
pital (ClinicalTrials.gov NCT02786875). Participants
were recruited and followed up in national cancer
institutes or oncologic departments of hospitals
located in Southern and Northern Italy: Istituto Na-
zionale Tumori IRCCS Fondazione G. Pascale (Na-
ples), Clinica Mediterranea (Naples), Villa Betania
(Naples), Ospedale dei Colli Monaldi (Naples), Can-
nizzaro Hospital (Catania), San Vincenzo Hospital
(Taormina), Istituto Nazionale Tumori IRCCS CRO
(Aviano). Eligible participants were found through
surgical lists of participating hospitals. Patients
were contacted by phone and offered to learn
more about the study during group information
sessions. Informed consent was obtained at base-
line from all participants randomized in the study.
The main inclusion criteria were women with pri-
mary diagnosis of histologically confirmed BC with-
in 12 months from diagnosis and no history of any
cancer except non-melanoma skin cancer. The de-
mographic characteristics of the 223 participants
are shown in Table 1.

Dietary variables

Dietary data were derived from 7-day food re-
cords completed by participants 7 days before
their baseline study visit, reviewed by trained di-
etitians and analyzed with the nutritional analysis
software Winfood. Food and food groups were
calculated in grams per 1000 Kilo calorie (Kcal) of

Table 1. Distribution of main BC patients’ characteristics.

CHARACTERISTICS | N=223 |

Age

(years)
Mean (SD) 52 (9)
Cancer stage
IA-2A 166 (74%)
2B 25 (11%)
3A-3B 32 (14%)

Molecular subtypes
Luminal
Her2+

Triple Negative
Waist circumference
(cm)

Mean (SD)

Body mass index, BMI
(kg/m?)

Mean (SD)

<25

25-29

>30
Education (years)

Mean (SD)

PREDIMED score

(out of 14 points)
Mean (SD)

Potatoes

(grams/1000 Kcal/day)
Mean (SD)

Fish

(grams/1000 Kcal/day)
Mean (SD)

Vegetables

(grams/1000 Kcal/day)
Mean (SD)

Fats and oil dressings

(grams/1000 Kcal/day)
Mean (SD)

Animal protein

(grams/1000 Kcal/day)
Mean (SD)

Cereals and pizza

(grams/1000 Kcal/day)
Mean (SD)

Legumes

(grams/1000 Kcal/day)
Mean (SD)

Fruits, fruit drinks and jams

(grams/1000 Kcal/day)
Mean (SD)

Sweets and sugars

(grams/1000 Kcal/day)
Mean (SD)

Nuts and EVOO

(grams/1000 Kcal/day)
Mean (SD)

145 (65%)
41 (18%)
37 (17%)

94 (14)

27.2 (5.8)
95 (43%)
70 (31%)
58 (26%)

12.7 (4.6)

8.21(1.92)

14 (12)

31 (24)

131 (72)

1.35(1.79)

49 (26)

110 (32)

19 (25)

226 (105)

32 (31)

14 (9)

Abbreviations: EVOO: extra virgin olive oil; HER2: human epidermal

receptor-2; PREDIMED: Prevencion con Dieta Mediterranea (Spanish
study); SD: standard deviation.
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total energy intake and included animal proteins
(meat, processed meat, eggs); cereals and piz-
za (whole and refined grains); fats and dressings
(butter, lard, vegetable oils but not olive oil); fish
and seafood; fresh fruit, fruit jams and fruit juic-
es; legumes (including soya beans); nuts and extra
virgin olive oil (EVOO); potatoes; sugar and sweets
(including commercial sweet beverages); and veg-
etables (non-starchy vegetables).

Adherence to the Mediterranean diet (MD) was also
summarized by the 14-item PREDIMED (Prevencion
con Dieta Mediterranea) questionnaire administered
by the study staff. This questionnaire was created by
the PREDIMED study group in Spain to investigate
adherence to the MD of participants in the dietary
intervention trial (16). The PREDIMED questionnaire
consists of 14 questions in total: 12 questions on
food quantities and frequency of consumption (ex-
tra-virgin olive oil, vegetables, fruit, red or processed
meats, butter, soda drinks, legumes, fish, commer-
cial sweets, nuts, wine, sofrito sauce) and 2 general
questions on intake habits regarding olive oil and
meat. Each question included two possible answers
and scores: 1 score for “yes” answer, indicating great-
er adherence to the MD and 0 for “no” answer. The
PREDIMED final score ranges from 0 to 14 where 14
represented the highest adherence to MD.

Statistical analysis

Main BC patients’ characteristics were analyzed as
means and standard deviation (SD) for numerical
variables and count (with percentages) for categorical
variables. A univariable analysis was performed be-
tween molecular subtypes and the main variables in-
vestigated in the present analysis by Chi-Square test.
A multiple correlation matrix was performed be-
tween food groups (heat map, Figure 1) and a PCA
was conducted to summarize dietary information
about many food groups into a small set of princi-
pal components or dietary patterns. This analysis
was performed in the overall sample and by molec-
ular subtypes with the aim of assessing potential
differences in dietary patterns among subgroup
(Figure 2). An explorative unsupervised automatic
clustering technique by k-means methodology was
performed to identify diet-risks groups (Figure 3).
A Cluster tendency statistic (Hopkins' statistic) was
reported as index of goodness of cluster perfor-
mance for the data. A value more far than 0.5 was
considered as an indication of good performances
(17). This technique reduces the number of ob-
servations by classifying them into homogeneous
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Figure 1. Correlation matrix as heat-map of food groups.

clusters, identifying the groups without previous-
ly knowing group memberships or the number of
possible groups. Final groups were analyzed as die-
tary profiles and characterized with main synthetic
statistics comparisons by univariate analysis.

RESULTS

Patients' characteristics are reported in Table 1.
Participants’ mean age was 52 + 9 years, BMI was
27.2 + 5.8 kg/m?, waist circumference was 94 +
14 cm, 74% had low cancer stage (I or IIA), 65%
had hormonal-dependent BC and reported me-
dium adherence to the MD diet. Table 2 shows
patients’ distribution according to BC molecular
subtypes. No significant differences emerged be-
tween food groups and molecular subtypes. Pear-
son’'s correlation matrix was plotted in Figure
2. Statistically linear correlations were reported
if the correlation coefficient p was greater than
0.3: vegetables with legumes (p = 0.36, p < 0.01)
and with nuts & EVOO (p = 0.31, p < 0.01), nuts &
EVOO with cereals (p =0.39, p < 0.01). Overall PCA
showed that the total variance explained 35.2%
for the first two dimensions (Figure 2, whole
data graph). The first factorial axis (or first PCA
factor or dimension) was mainly built by vegeta-
bles (27.6%), nuts & EVOO (16.7%), and sweet &
sugars (11.8%). Legumes and fats were just over
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Figure 2. Principal component analysis (PCA) results for the overall sample and by molecular subtypes.
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10%. Similarly, cereals (40.9%), sugars & sweets
(20.2%) and nuts & EVOO (15.4%) were main de-
terminants of the second factorial axis. The third
factorial axis was mainly composed of legumes
(26.7%), potatoes (23.4%), animal protein (24.4%)
and fish (16.7%). The fourth dimension was repre-
sented by fruits (34.5%), animal proteins (24.1%)
and potatoes (19.3%), and the fifth dimension by

cluster
Healthy
Western

Vegetables E Ultraprocessed

potatoes (42.6%), fish (17.1%) and fruits (16.6%).

In the analysis of molecular subtypes, the first and
second dimensions explained >34% of the total
variance. In the luminal subtype (Figure 2, Luminal
graph) the main contribution was similar to that of
the overall dataset. The first factorial axis was char-
acterized mainly by vegetables (30.0%) and nuts
& EVOO (17.5%); the second component by cere-
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Table 2. Distribution of patients’ characteristics according to BC molecular subtypes.

LUMINAL HER2+ TRIPLE NEGATIVE 2

Age
(years)

Mean (SD)
Cancer stage

1A-2A

2B

3A-3B
Waist circumference
(cm)

Mean (SD)

Body mass index, BMI
(kg/m2)

Mean (SD)

BMI class
(kg/m?)

<25

25-29.9

>30
Education
(years)

Mean (SD)
PREDIMED score
(out of 14 points)

Mean (SD)

Steps (n/day)

Mean (SD)

Potatoes

(grams/1000 Kcal/day)
Mean (SD)

Fish

(grams/1000 Kcal/day)
Mean (SD)

Vegetables

(grams/1000 Kcal/day)
Mean (SD)

Fats and oil dressings

(grams/1000 Kcal/day)
Mean (SD)

Animal Proteins

(grams/1000 Kcal/day)
Mean (SD)

Cereals and Pizza

(grams/1000 Kcal/day)
Mean (SD)

Legumes

(grams/1000 Kcal/day)
Mean (SD)

Fruits, fruit drinks and jams

(grams/1000 Kcal/day)
Mean (SD)

Sweets and sugars
(grams/1000 Kcal/day)

Mean (SD)

Nuts and EVOO
(grams/1000 Kcal/day)

Mean (SD)

52 (9)

108 (74%)
16 (11%)
21 (14%)

93 (15)

27.0(5.9)

61 (42%)
49 (34%)
35 (24%)

12.6 (4.5)

8.10 (2.01)

6,004 (2,856)

13(11)

28 (21)

124 (67)

1.44 (1.95)

50 (27)

109 (32)

18 (23)

219 (109)

32 (30)

14 (10)

52 (9)

26 (63%)
6 (15%)
9 (22%)

95 (14)

28.1 (6.1)

15 (37%)
12 (29%)
14 (34%)

12.6 (4.6)

8.49 (1.57)

5,099 (2,514)

15(14)

36 (28)

140 (78)

1.22(1.42)

46 (28)

111 (35)

22 (35)

243 (100)

33(36)

15(7)

'n (%); ?Kruskal-Wallis rank sum test; Fisher’s exact test; Pearson’s Chi-squared test.

51 (10)

32 (86%)
3 (8.1%)
2 (5.4%)

94 (11)

26.9 (5.4)

19 (51%)
9 (24%)
9 (24%)

12.9 (4.8)

8.30 (1.94)

5,801 (2,700)

16 (14)

37 (31)

146 (79)

1.19 (1.50)

48 (22)

110 (29)

17 (23)

233 (93)

33(28)

14 (6)

0.803

0.203

0.636

0.405

0.522

0.915

0.530

0.302

0.459

0.168

0.242

0.665

0.354

>0.999

0.593

0.209

0.805

0.114
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als (38.7%), sugars & sweets (26.3%), nuts & EVOO
(15.9%) and fats (11.2%).

In the HER2+ subtype (n = 41) the first factorial axis
was characterized mainly by nuts & EVOO (26.8%)
and vegetables (22.4%), legumes (13.6%) and fish
(11.7%) and the second factorial axis by animal
proteins (27.6%), fruits (24.3%), legumes (18.5%)
and fats (14.6%). Finally, in the TNBC subtype (n =
37) the strongest contribution to the first factorial
axis was from sweet & sugars (20.7%), then vege-
tables (17.1%), fruits (11.9%) and legumes (11.0%)
while animal proteins (24.3%), nuts & EVOO
(16.0%), fruits (14.1%) and fish (12.1%) determined
the second factor (Figure 2).

Three clusters of patients were found: cluster 1,
Healthy (N = 54), cluster 2, Western (N = 79), and
cluster 3 Ultra-processed (N = 85) (Figure 3). BC
patients from cluster 1 (Table 3) were associated
with healthier dietary habits compared to the other
two groups, with approximately twice the vegeta-
ble intake compared with cluster 2 (204 grams vs.
119 grams for cluster 2 and 95 grams for cluster
3, p <0.01). Cluster 1 also consumed more fish (44
grams vs. 29 grams and 24 grams, p < 0.01), fruits
(296 grams vs. 208 grams and 201 grams, p < 0.01),
legumes (34 grams vs. 18 grams and 10 grams, p <
0.01). BC patients from cluster 2 were more seden-
tary and with a higher BMI and central obesity (35%
>30 kg/m? compared with 13% in cluster 1 and
25% in cluster 3, p < 0.05 for both comparisons),
consumed more animal proteins (62 grams vs. 44
grams and 42 grams, p < 0.01) and cereals (135
grams vs. 91 for cluster 1 and 99 grams for cluster
3, p < 0.01 for both comparisons) the majority of
which were refined (84%). BC patients belonging to
cluster 1 were less overweight (25.2 kg/m?vs. 28.5
and 27.2, p < 0.01), with a higher adherence to the
Mediterranean diet (PREDIMED score 9.2 vs. 7.9,
out of 14) and with higher physical activity (8840
vs. 5121 steps/day for cluster 2 and 5796 steps/
day for cluster 3, overall p < 0.01). Finally, cluster
3 consumed more than twice the amount of sweet
& sugars (46 grams vs. 21 grams cluster 1 and 19
grams for cluster 2, p < 0.01) and four times the
amount of fats compared with cluster 1 (2.0 grams
vs. 0.5 grams and 1.0 grams, p < 0.01). BC molec-
ular subtypes were equally distributed in cluster
1 and 3, while cluster 2 was mainly composed of
luminal BC patients (72%) vs. 56% in cluster 1 and
64% in cluster 3, p < 0.04 for both while TNBC were
little represented. HER2+ were distributed evenly
among clusters (15-22%). Conversely, TNBC pa-

tients were found mostly in cluster 3 (51% of all
TNBC) and cluster 1 (32% of all TNBC).

DISCUSSION

Our cluster analysis found three distinct dietary pat-
terns: cluster 1-Healthy pattern characterized by
vegetables, extra-virgin olive oil, tree nuts, fruits and
legumes, cluster 2-Western pattern characterized by
cereals and animal proteins and cluster 3-Ultrapro-
cessed pattern characterized by sweets, sugars, and
non-olive oil fats. The first cluster included more peo-
ple with normal body weight and waist circumfer-
ence. The second and third clusters included more
people with higher body weight and waist circum-
ference compared to cluster 1. Patients with hor-
mone-related (luminal) BC tended to be older and
were found mostly in cluster 2 while TNBC patients
were found mostly in the Ultra-processed cluster 3.
Considering that two thirds of our patients had hor-
mone-related BC (luminal) it is discouraging to find
that most women living in a Mediterranean country
followed a Western dietary pattern. Moreover, the
baseline diet is generally representative of patients’
habitual diet suggesting a possible causal link with
the development of this type of cancer. In a Spanish
case-control study that used PCA analysis to derive
three main dietary patterns, the Western dietary pat-
tern, which is characterized by high intakes of refined
cereals, animal sources of food, saturated fatty acids,
and cholesterol, was associated with 46% increased
risk in BC which increased to 75% in premenopau-
sal women while the Mediterranean dietary pattern
with a 44% protection (18). In this Mediterranean
population the BC risk reduction with a Mediterrane-
an diet was particularly strong in patients with TNBC
(68%). This knowledge makes it even more relevant
to strongly advise a Mediterranean diet to women
with TNBC which is the most aggressive subtype and
who tend to be younger women and high consumers
of sweets and sugars and non-EVOO fats (ultra-pro-
cessed pattern) in our study.

In the 2018 meta-analysis of international studies,
the Mediterranean diet has been significantly and
inversely associated with total mo rtality, cardio-
vascular and cancer mortality and with incidence
of total cancer including BC (9). Case-control and
cohort studies conducted in Italy after the 2018 me-
ta-analysis indicate that a higher adherence to the
Mediterranean diet was associated with 18% lower
risk of BC (19) and with 63% higher 15-year surviv-
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al (20). Oncologic treatment and side effects can
be more challenging in women with overweight/
obesity and metabolic diseases. Also, obesity is a
known risk factor for BC, linked to excess adipose
tissue which can increase circulating estrogen lev-
els by higher aromatase activity, especially in the
postmenopausal status, with consequent exces-
sive hormonal stimulation to the mammary gland.
However, interventions with the Mediterranean
diet have been effective in reducing body weight
(21) and cardiovascular events (22) in Mediterrane-
an populations. Features of the Mediterranean diet
(i.e., high vegetable and fruit intakes) have shown
beneficial effects on BC survival in the clinical tri-
als WINS and WHEL conducted in the USA (23, 24).
Furthermore, within the Mediterranean diet, a less
glycemic dietary pattern that induces insulin econ-
omy, may contribute not only to lower diabetes
risk but also BC risk: observational studies showed
that a diabetes-risk reduction diet (DRRD) reduced
BC risk by 24% in an Italian population (25) and
reduced BC-specific mortality by 20% and overall
mortality by 34% in an American population (26).
A low glycemic index diet has shown to reduce BC
risk by 6-8% in international studies (27, 28) and
by 40% in an Italian population (29). Consuming
a large amount of the daily caloric requirements
in the form of sweets and refined carbohydrates
may increase both the dietary glycemic index (Gl)
and the DRRD, however adhering to the tradition-
al Mediterranean diet helps to reduce the dietary
Gl and the inflammatory potential of the diet (30).
Furthermore, diets rich in ultra-processed foods
which include processed meats, soft drinks, bis-
cuits, and commercial sweets (our clusters 2 and
3), have been associated with higher risk of cardio-
metabolic diseases and cancer (31, 32). Ultra-pro-
cessed foods represent 58% of the total calories
consumed in a typical Western diet (33) although
in our study sample it was 3-fold lower. The po-
tential mechanisms of action of the Mediterranean
diet, low Gl diets, DRRD, and ultra-processed foods
are several and could be distinguished into two
main pathways: an oxidant/inflammation path-
way and a glycemic/insulinemic pathway. A high
intake of saturated fatty acids, such as red and
processed meat, increase inflammatory processes
and may generate more reactive oxygen species
(ROS) which can damage cell membranes and in-
crease DNA mutations (34). A diet rich in refined
carbohydrates, sugars and sweets is character-
ized by a high Gl index which may also increase

inflammation, ROS and insulin levels. Insulin is
an anabolic hormone with high homology for in-
sulin-like growth factor 1 (IGF1), which stimulates
cell proliferation (34). This type of diet was found
directly associated with the risk of developing can-
cers at various sites (19) including BC (29). Foods
with a protective role include: 1) whole grains, rich
in fiber, phenolic compounds, minerals, vitamins
and other trace elements, which in addition to in-
creasing the sense of satiety, reduce the glycemic
response and improve insulin sensitivity; 2) nuts,
characterized by a rich mono/polyunsaturated fat-
ty acid profile and by a high content of fiber and
polyphenols, which contribute to the reduction of
the risk of cardiovascular diseases and diabetes; 3)
extra-virgin olive oil, characterized by a high con-
tent of polyphenols, mono-unsaturated fatty acids,
vitamin E and chlorophyll which together concur to
reduce cellular and DNA oxidation.
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The largest European Epidemiologic Investigation
on Diet and Cancer (EPIC) study showed that the
consumption of fresh fruit and vegetables, es-
pecially green leafy vegetables (lettuce, spinach,
chard) reduced the risk of developing BC (35). Part
of the protective role of this type of dietary pattern
comes from dietary fiber, vitamins, and minerals,
flavonoids which act as antioxidants, immune en-
hancers, and hormone regulators.

A healthy diet, based on a Mediterranean dietary
pattern and regular daily physical activity, as rec-
ommended by the international guidelines for the
primary and secondary prevention of cancer (6),
could improve the metabolic and hormonal pro-
file, support immune function and limit inflamma-
tion thereby reducing the risk of BC and improving
disease outcomes (6, 7).
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ABSTRACT: Neural cell adhesion molecule L1 (L1CAM) is a stem cell marker belonging to the immunoglobulin superfamily of cell
adhesion molecules (IgCAMs). L1CAM shows multiple functions, depending on its homophilic or heterophilic interactions with other
L1CAM molecules or with cell-matrix components. Previous studies have shown that L1CAM is aberrantly activated in colon cancer
developmentand progression, being associated with metastasis. The present study was aimed to assess, using immunohistochemistry,
the expression pattern of L1CAM in colorectal cancer (CRC), in order to correlate L1CAM expression with the aggressivity of tumor cells.
To this end, formalin-fixed paraffin-embedded tissue samples from 51 patients affected by CRC, ranging in age from 38 to 88 years, 21
females and 30 males, were analyzed. The most important finding emerging from our work is the marked interindividual variability in
L1CAM immunoreactivity in CRC, with 31 out of 51 (61%) cases expressing L1CAM. In positive cases, the expression of L1CAM in tumor
cells ranged from mild immunostaining in 22 cases (score 1), to moderate reactivity in 6 (score 2) to strong and diffuse expression in 3
tumors (score 3). This is a new finding regarding L1CAM expression in CRC, which evidences that in a large cohort (39%) of CRC, tumor
cells are not immunoreactive for this cell adhesion molecule. In the vast majority (21 out of 30) of tumors with budding margins and
morphological features of epithelial-mesenchymal transition (EMT), L1CAM was focally expressed in 14/21 cases, and 3 out of 21
cases showed high L1CAM immunoreactivity. These properties of L1CAM suggest a major role for L1CAM in tumor cell migration in
CRC and make it a potentially useful new marker for cancer progression and a candidate for anti-cancer therapy.

Doi: 10.48286/ar0.2023.69 Abbreviations: L1CAM: L1 cell adhesion molecule; CRC: colorec-

tal cancer; EMT: epithelial-mesenchymal transition; IgCAM: the su-
Impact statement: This work highlights different expressions perfamily of immunoglobulin-like adhesion molecules.

of L1CAM and their relative frequencies in colorectal cancer and

provides new data regarding the interindividual variability in ~ Key words: L7CAM; colorectal cancer; immunohistochemistry;
L1CAM expression in this tumor. L1CAM is here indicated as a  grading; epithelial-mesenchymal transition.

marker associated with EMT. It is also hypothesized to may rep-

resent a new prognostic marker in CRC and a putative new anti-  Received: April 1, 2022/Accepted: june 1, 2023/
cancer target. Published: June 15, 2023.
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INTRODUCTION

The neural cell adhesion molecule L1 (L1CAM) is a
stem cell marker belonging to the immunoglobulin
superfamily of cell adhesion molecules (IgCAMs)
(1). L1CAM is a 200-220 kDa transmembrane glyco-
protein, with a long ectodomain that comprises six
immunoglobulin-like (Ig) domains followed by five
fibronectin type Il repeats (2), a single transmem-
brane domain and a relatively short cytoplasmic
domain (3). L1CAM is known for its role in neural de-
velopment, being able to regulate processes such as
neurite outgrowth, fasciculation, cell adhesion, cell
migration, myelination, and cell survival, and allow-
ing the construction of a dynamic neural network
(4). L1CAM shows multiple functions, depending on
its homophilic or heterophilic interactions with oth-
er L1CAM molecules (5, 6) or with cell-matrix compo-
nents (7, 8), such as integrins, CD24, and other bind-
ing partners including neurocan or neuropilin-1 (5).
Furthermore, the cytosolic tail of L1CAM interacts
with several different binding partners, mediates
interaction with the cytoskeleton proteins, and acti-
vates downstream signaling pathways (9, 10).

In physiology, L1CAM plays a fundamental role in
fetal development and is highly expressed in the
central (11) and peripheral nervous systems (12).
Recently, LICAM has been reported in multiple
fetal organs, including the kidneys (13) and the
gastrointestinal tract (14). However, L1CAM is ab-
errantly expressed in several types of human solid
tumors, including endometrial cancer (15), ovarian
cancer (16), and melanoma (17).

Previous studies have shown the association of
L1CAM expression with metastasis in cancer (18).
In particular, it has been hypothesized that L1CAM
might represent a downstream target gene of the
Wnt/[3-catenin signaling pathway, one of the most
basic pathways involved in intercellular communi-
cations during development, that is aberrantly ac-
tivated in colon cancer development and progres-
sion (19). Moreover, a study carried out in cells in
culture, identified L1CAM as the most prominent
E-selectin ligand, confirming a possible major role
for this adhesion molecule in carcinogenesis (20).
Recent studies on L1CAM expression in colorec-
tal cancer reported that patients displaying high
levels of L1CAM in tumor cells were characterized
by a higher risk for metastasis (21). According to
recent hypotheses, the enteric neuronal network
should be involved in tumor cell migration in colon
cancer (22, 23), partly via L1CAM expression. This
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process, called perineural invasion, might occur
along extrinsic nerves, with Schwann cells express-
ing L1CAM and providing physical guidance for tu-
mor cells (24).

In recent times, L1CAM expression has been also re-
ported in cancer-associated fibroblasts (CAFs) sug-
gesting a further role for L1CAM in regulating cancer
cell-stromal cell communications (25). Moreover,
L1CAM has been identified as the most prominent
ligand for E-selectin, a player in the binding of tumor
cells to the endothelium, a major event in metastasis
(26). These findings suggested a major role for L1CAM
in the activity of tumor-associated stromal cells in-
cluding the tumor-associated endothelial cells (TECs),
cancer-associated fibroblasts (CAFs), and tumor-asso-
ciated other inflammatory cells that produce growth
factors, angiogenic factors, and proteolytic enzymes
which might enhance tumor cell invasion and metas-
tasis (27, 28). These findings allowed the establishment
of a better link between L1CAM and metastasis (29).
Recently, the expression of L1CAM in colorectal
cancer (CRC) has been indicated as an ancillary
tool for stratifying carriers of colorectal cancer and
identifying patients prone to dismal prognosis (30).
The present study aimed to assess, using immuno-
histochemistry, the expression patterns of L1CAM in
CRC, in order to correlate the immunohistochemical
pattern of L1CAM with the aggressivity of tumor cells.

PATIENTS AND METHODS

We performed a retrospective study on forma-
lin-fixed paraffin-embedded tissue samples (ac-
cording to conventional techniques) of CRC, to test
the immunoreactivity of tumor cells for L1CAM.
The biopsy samples and tissue resections of CRC
were obtained at the Division of Pathology of the
University Hospital Agency of Cagliari.

Inthe present study, 51 patients affected by colorectal
adenocarcinoma, ranging in age from 38 to 88 years,
21 females and 30 males, were analyzed. The main
clinical and pathological data are reported in Table 1.
Three- four micron-thick sections were stained with
hematoxylin and eosin (H&E) and immunostained
with a mouse monoclonal antibody (Sigma-Aldrich,
clone UJ127) against L1CAM (mouse IgG1 isotype).
The ultra-View Universal DAB Detection Kit was used
for detecting primary antibodies. The sections were
automatically dewaxed and rehydrated with concen-
trated EZ Prep (10X) (cat. no. 950-102/05279771001)
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Table 1. Clinical, histological, and immunohistochemical data regarding 51 cases of colorectal cancer.
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GRADE | MARGINS | SCORE
46 58 G2 = 0

M + + +
47 74 M G2 + 2 + + + + +
48 74 F G2 + 2 + + + + +
49 69 M G2 + 2 + + + + +
50 78 M G2 + 1 + + + + +
51 65 M G2 + 1 + + + + +

BM: Budding Margins; CDX2: Caudal related homeobox gene; MLH1: mutL homolog 1; MSH2: mutS homolog 2; MSH6: mutS homolog 6;
PMS2: homolog 2, mismatch repair system component; L1CAM: cell adhesion molecule L1.

and pretreated with the recovery of the heat-in-
duced epitope in ULTRA Cell Conditioning Solution
(ULTRA CC1) (cat. 950-224/0524569001), for 64 min-
utes at 95°, to follow the slides were incubated for
20 minutes at room temperature at 1:100 dilution
of the monoclonal anti-L1CAM primary antibody.
Nervous structures were utilized as internal pos-
itive controls for L1CAM. As appropriate negative
controls, tissue sections were processed omitting
the primary antibody for L1CAM.

L1CAM expression was evaluated semi-quanti-
tatively by two independent Authors (Cau F and
Faa G), in a blinded fashion, without knowledge of
clinical and pathological information. The sections
were analyzed at high magnification to assess the
positivity of L1CAM immunostaining in tumor cells.
We regarded the staining as positive in cases with
cytoplasmic, Golgian, and/or cell membrane positiv-
ity. No nuclear reactivity for L1ICAM in tumor cells
was detected. In cases of discrepant assessments,
slides were reinvestigated by both Authors under
a multi-head microscope and an agreement was
obtained. The x? test was used to examine the as-
sociation between L1CAM expression and various
clinicopathological characteristics, including age,
gender, tumor location, and degree of differentia-
tion. To obtain a semiquantitative evaluation of the
degree of immunoreactivity for L1CAM, the follow-
ing semiquantitative scoring system was applied: 0
= no reactivity; 1+ = <10% of immunoreactive tumor

cells; 2++ = 10-50% of immunoreactive cells; 3+++ =
>50% of tumor cells immunostained for L1CAM (Ta-
ble 2) (Figure 1). In addition, immunohistochemis-
try for CDX2 and for genes involved in microsatellite
instability (MSI) (MLH-1, PMS-2, MSH-2, MSH-6) was
performed, in order to investigate a possible corre-
lation between L1CAM expression and MSI. All pro-
cedures were performed according to the Ethical
National standards of the responsible committee
on human experimentation and approved by the
Ethic Human Studies Committee of the University
Medical Center of Cagliari (N. PG/2020/10912).

RESULTS

The study group included 30 males and 21 female
patients ranging from 38 to 88 years of age (mean,
68 years) who underwent surgery for colorectal
cancer. Pertinent clinical, histological, and im-
munohistochemical findings regarding L1CAM
expression in colorectal cancer are presented in
Table 1. At histology, 10 tumors were well differ-
entiated and were classified as slow-grade ade-
nocarcinomas (G1), 22 showed a moderate grade
of differentiation (G2) and the remaining 8 cases
were scarcely differentiated and were classified as
high-grade adenocarcinomas (G3). In 21 out of 51
cases, we observed budding margins, with tumor
cells detaching from the tumor mass and infiltrat-

Table 2. The scoring system applied to the evaluation of immunostaining for L1CAM.

0 No reactivity of L1CAM

1+ <10% of immunoreactivity cells in membrane and cytoplasm

2+ >10% and <50% of immunoreactivity in membrane and cytoplasm

3+ >50% of cells immunostained in membrane and cytoplasm
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Figure 1. Scoring system for L1CAM. (A) No reactivity for L1CAM (score 0); (B) <10% of immunoreactive tumor cells (score 1); (C) 10% - <50% of
immunoreactivity in tumor cells (score 2); (D) >50% of tumor cells immunostained for L1CAM (score 3).

ing the peritumoral microenvironment. In 50 out
of 51 cases, tumor cells were immunoreactive for
CDX2. Immunohistochemistry for the 4 genes in-
volved in MSI revealed negative immunostaining
for MLH-1 and PMS-2 in 6 out of 51 cases. All these
6 cases were also negative for L1CAM (Table 1).
Immunohistochemical analyses regarding L1CAM
expression in tumor cells showed immunostaining
for L1CAM in 31 out of 51 cases (61%). No reactivi-
ty was detected in tumor cells in the remaining 21
tumors (39%). In positive cases, L1CAM was mainly
expressed along the cell membrane, with some tu-
mor cells expressing the adhesion molecule even
in the cytoplasm. No nuclear reactivity was detect-
ed in this study in cancer cells.

A marked interindividual variability was observed
regarding the degree of immunoreactivity for
L1CAM in the 31 positive cases (Table 1): focal stain-
ing, involving less than 10% of tumor cells (score 1)
was observed in 22 out of 31 positive cases (Figure
1B); in 6 cases, immunoreactivity was found in less
than 50% of tumor cells (score 2) (Figure 1C); in the
remaining 3 positive cases, a diffuse reactivity for
L1CAM (score 3) was observed (Figure 1D).

A strict association was found between the presence
of budding margins and the expression of L1CAM.
This adhesion molecule was expressed in all 21 ad-
enocarcinomas characterized by infiltrative margins

(see Table 1). All 21 colorectal cancers with budding
margins were characterized by L1CAM expression,
with a score of 3in three cases, ascore of 2in 6 cases,
and a score of 1 in the remaining 12 cases (Table 1).
In tumors with budding margins, L1CAM was mainly
expressed in tumor cells acquiring an invasive and
motile phenotype, detaching from the tumor mass,
and infiltrating the peritumoral microenvironment
(Figure 2A, B). In tumor cells with an infiltrative
phenotype and with morphological features sugges-
tive of epithelial-to-mesenchymal transition, L1CAM
was strongly expressed along the cell membrane.
The strong immunostaining for L1CAM observed in
infiltrating cancer cells often contrasted with the ab-
sence of expression in the tumor mass (Figure 3).
No significant correlation was observed between
the degree of differentiation of colorectal cancer
cells and L1CAM expression in tumor cells. Cas-
es with the highest scores for L1CAM expression,
score 2 and score 3, were all classified as interme-
diate grade of differentiation (G2) (see Table 1).
L1CAM expression was unevenly distributed in the
tumor mass. Areas with strong reactivity for L1CAM
were frequently observed adjacent to areas nega-
tive for the cell adhesion molecule (Figure 4).
L1CAM expression was not restricted to tumor cells,
being detected also in other components of the tu-
mor microenvironment. L1CAM was occasionally ob-
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Figure 2. (A) At low power, tumor cells acquiring a motile phenotype show strong reactivity for L1CAM; (B) at higher power, immunostaining for

L1CAM appears mainly localized at the cell membrane of cancer cells.

Figure 3. Strong reactivity for L1CAM in tumor cells infiltrating the
peritumoral environment contrasts with the absence ofimmunostaining
in the tumor mass.
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Figure 4. This picture shows cancer cells with strong immunostaining
for L1CAM adjacent to negative tumor cells.
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Figure 5. L1CAM expression in cancer-associated fibroblasts.
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Figure 6. The strong reactivity of nervous structures for L1CAM allows
better identification of perineural invasion of cancer cells, with L1CAM-
positive Schwann cells providing physical guidance for tumor cells.

served in stromal cells surrounding the tumor mass,
including cancer-associated fibroblasts (CAFs). In
these cells, L1CAM was expressed along the cell mem-
brane and inside the cytoplasm (Figure 5). Moreover,
L1CAM was strongly expressed in the nerve struc-
tures and in the ganglia cells of the intestinal wall.
The strong reactivity of nervous structures for L1CAM
allowed a better identification of the process called
perineural invasion occurring along extrinsic nerves,
with Schwann cells expressing L1CAM and providing
physical guidance for tumor cells (Figure 6).

Among the 51 cases of colorectal adenocarcino-
mas analyzed, 8 cases were already treated with
neoadjuvant therapy, 3 of which were negative for
L1CAM in tumor cells. In the 5 remaining cases, in 3
the expression for L1CAM was focal (score 1), and
in 2 cases L1CAM expression was detected in 10%-
50% of tumor cells (score 2).

The x2 statistical analysis did not highlight any sig-
nificant association between L1CAM expression
and the other variables analyzed in this study, both
using the four classes of L1CAM expression (x? (6, N
=51)=10.4, p=.108) and the two classes approach
(X*(2, N=51)=5.96, p =.051).
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DISCUSSION

CRC is currently the third leading cause of cancer
death worldwide. Among the main risk factors for the
disease, in addition to age, an unvaried and unbal-
anced diet, smoking, and random errors in the DNA
occurring during cell division may be included (31).
The most common colon-rectal tumors are repre-
sented by adenocarcinomas (95%), followed by less
frequent forms such as carcinoids, gastrointestinal
stromal tumors, lymphomas, squamous cell carci-
nomas, leiomyosarcomas and melanomas (32, 33).
A majority of cases of CRC develop sporadically,
without a family history or hereditary genetic predis-
positions (34) causing uncontrolled cell growth of tu-
mor cells themselves. The efficacy of the treatments
available for the treatment of colorectal cancer has
improved significantly in recent years, thanks to the
identification of specific molecular targets which
could improve and make more decisive the most
suitable treatments for each patient (35).

In this study, we analyzed L1CAM expression in tumor
cellsin alarge series of CRC. The most important find-
ing emerging from our work is the marked interindi-
vidual variability of L1CAM immunoreactivity in colon
cancer cells, with 31 out of 51 (61%) cases expressing
L1CAM. In positive cases, the expression of L1CAM in
tumor cells ranged from mild immunostaining in 22
cases (score 1), to moderate reactivity in 6 (score 2),
strong and diffuse expression (score 3) being restrict-
ed to 3 tumors (see Table 1). This is a new finding re-
garding L1CAM expression in CRC, which evidences
that in a large cohort of CRCs (39%) tumor cells are
not immunoreactive for this cell adhesion molecule.
Moreover, in 22 out of 30 positive cases, immunore-
activity was mild and focal, L1CAM being expressed in
less than 10% of tumor cells. Grouping the negative
cases (score 0) (Figure 1A) with cases with low reac-
tivity (score 1) (Figure 1B), the vast majority (42/51)
of CRCs were characterized by the absence or by a
very low expression of L1CAM. Grouping cases with
moderate immunostaining (score 2) and cases char-
acterized by a strong expression (score 3), only 9 out
of 51 CRCs analyzed in this study (18%) showed a re-
markable expression of L1CAM.

In positive cases, a marked intratumoral variability
among tumor cells was also observed, regarding
the expression of L1CAM. Cancer cells with strong
immunostaining for L1CAM were frequently ob-
served in strict contact with negative cells (Fig-
ure 4). Moreover, in some tumors, the front in-
vasion of the tumor was characterized by higher

levels of L1CAM expression as compared to the
superficial areas of the tumor mass. In CRC cas-
es characterized by budding margins, it was pos-
sible to observe a strong expression of L1CAM
in cells acquiring a motile and infiltrative pheno-
type with morphological features suggestive for
epithelial-to-mesenchymal transition (EMT). The
high expression of L1CAM in infiltrating cells often
contrasted with the absence or low reactivity for
L1CAM in the adjacent tumor cells (Figure 3).
Focusing on the 9 cases with medium-high L1CAM
expression, their score ranging from 2 to 3, all cases
were characterized by budding margins with histo-
logical evidence of tumor cells detaching from the
tumor mass. These findings reinforce the hypothesis
of a strong association between high levels of L1CAM
expression and a motile phenotype in cancer cells.
In previous studies, it has been suggested that
L1CAM might play a dualistic role: i) a static func-
tion, acting as an intercellular adhesion mole-
cule that functions as a glue between cells form-
ing zipper-like structures along the intercellular
boundaries (36); ii) a motility-promoting function,
driving cell migration during development and al-
lowing tumor cell invasion (37). According to this
hypothesis, the switch in the functional mode
of L1CAM might be triggered by the following
factors: i) the cleavage from the cell surface of
the long ectodomain of L1CAM by membrane
proximal proteolysis (38); ii) the ability to change
binding partners, moving from the homophilic
binding typical of the static function to the het-
erophilic bindings, including integrin binding,
in the motility-promoting mode (2, 39). By aug-
menting its interactions with Beta-1-integrins,
L1CAM might drive cell migration both in physiol-
ogy and in pathological settings (40). In oncology,
L1CAM has been previously reported to be over-
expressed in multiple cancers, including ovarian
cancer, endometrial cancer, pancreatic adeno-
carcinoma, melanoma, and glioblastoma (41, 42).
In the tumor setting, L1CAM has been associated
with the induction of an invasive and motile phe-
notype in tumor cells, supporting an aggressive
clinical behavior and favoring vascular invasion
and metastases (43). In experiments carried out
on colon cancer cells in vitro, L1CAM was able
to increase cell motility and growth, whereas its
suppression in colon cancer cells decreased mo-
tility (44). Moreover, the up-regulation of L1CAM
has been associated with the up-regulation of
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epithelial-mesenchymal transition (9-45). On one
hand, our findings confirm these previous stud-
ies on the relevance of L1CAM in favoring an in-
vasive and motile phenotype in tumor cells in co-
lon cancer (41). In 9 out of 9 cases characterized
by medium-high expression of L1CAM in tumor
cells, LICAM expression was higher in tumors
with budding margins, and in cells showing an in-
filtrative phenotype as compared to tumor cells
of the tumor mass (Figure 3).

Moreover, in cases with a low L1CAM score, we
occasionally observed tumor cells with invasive
behavior negative for L1CAM. The interpretation
of these findings appears complex and evidences
that the molecular bases of invasion in colorectal
cancer have not been completely elucidated yet.
We may hypothesize that different molecular path-
ways might be involved in the induction of invasion
and metastasis in CRC. On one hand, our findings
confirm the existence of an L1CAM-dependent sig-
naling pathway in which L1CAM promotes a mo-
tile phenotype in cancer cells (9, 46). In this path-
way, up-regulation of L1CAM might be induced by
TGF-Beta-1 (47). On the other hand, the finding of
fields in which the acquirance of a motile pheno-
type in tumor cells was associated with the absence
of immunoreactivity for L1CAM, clearly indicates
that other molecules and other molecular path-
ways should be involved in tumor cell invasion.

In previous studies from our group, Thymosin
Beta-4 was demonstrated at the invasion front of
CRC, being mainly expressed in tumor cells under-
going EMT (48). The immunohistochemical data
were subsequently confirmed by a proteomic
study (49). The expression of TB4 might represent
an alternative molecular pathway involved in EMT
in colon cancer and might explain the absence of
L1CAM found in a subset of tumor cells undergo-
ing EMT.

In this study, as highlighted by the statistical anal-
ysis, we have not observed any significant asso-
ciation between L1CAM expression and the his-
tological tumor grade. Among the 8 cancers with
G3 grading, 6 were negative for L1CAM whereas
the remaining 2 cases showed a mild expression
(score 1) of the cell adhesion molecule. These find-
ings indicate that L1CAM might play different roles
in cancer insurgence and progression and that
L1CAM expression is not related to the degree of
differentiation of cancer cells.

The absence of L1CAM expression in 6 cases char-
acterized by negative immunostaining for two
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genes involved in microsatellite instability, MLH-1,
and PMS-2, remains, to the best of our knowledge,
unexplained and deserves further studies on a
larger series of colorectal cancers. Nevertheless,
there could still be a weak or moderate association
between the variables that was not detected due
to limitations in the sample size or measurement
methods. Therefore, further research may be
needed to confirm these conclusions and explore
any potential practical implications of the reported
results.

A recent study on L1CAM expression in ovari-
an cancer suggested the hypothesis that L1CAM
might induce stemness in cancer cells, indicat-
ing that this adhesion molecule could be in-
volved in cancer stem cell induction and reg-
ulation (16). This study is in agreement with a
previous study from our group, which identified
the stem cell marker CD44 in colon cancer cells,
this molecule being associated with an unfa-
vorable prognosis (50). Another interesting
finding emerging from this study is the ability
of L1CAM to evidence marked changes in the
neurons of the local enteric nervous system
(SEL). The expression of L1CAM was present in
tumor cells spreading along the nerve fibers.
This finding may indicate the involvement of the
peritumoral SEL which could promote, through
specific receptors, the proliferation of tumor
cells by the expression of pro-survival signaling
pathways (22).

All these data taken together, L1CAM appears as
a fascinating molecule with multiple functions
both in physiology and pathology. Given the role
played by L1CAM in the induction of a motile and
infiltrative phenotype in tumor cells, we suggest its
introduction in clinical practice, in order to better
characterize all CRCs. Further studies should be
carried out to better evidence the linkage between
L1CAM expression and the clinical behavior of pa-
tients affected by CRC. These properties of L1CAM,
in addition to its cell surface localization, make it
a potentially useful diagnostic marker for cancer
progression and a candidate for personalized an-
ti-cancer therapy.
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ABSTRACT: Breast cancer (BC) is among the most prevalent and aggressive cancers affecting women. One of the main subtypes of
BC, triple-negative breast cancer (TNBC), is considered the most aggressive and it is associated with high mortality, poor prognosis,
and early and frequent recurrence, especially in premenopausal women. Unlike other subtypes, hormone receptor (HR) positive
and human epidermal growth factor receptor 2 (HER2) positive, TNBC does not have specific cellular receptor markers, which
would favor response targeted treatments. For this reason, the conventional standard-of-care (SOC) for early onset TNBC consists
of neoadjuvant/adjuvant chemotherapy, alone or in combination with surgery and/or radiotherapy despite its toxic and off-target
side effects. In recent years considerable efforts have been made to identify specific predictive biomarkers for TNBC to open a
window for more targeted and precise therapy to improve overall survival and quality of life. Along with immunotherapy immune
checkpoint inhibitors, targeted-therapies with poly (ADP-ribose) polymerase (PARP) inhibitors and mammalian target of rapamycin
(mTOR) inhibitors have emerged and show promising results. One of the most recent targeted therapies approved by the FDA and
EMA is an antibody-conjugate drug (ACD or ADC) called sacituzumab govitecan (SG) (Trodelvy). The results of clinical trials point to

Trodelvy as a potential novel targeted therapy for TNBC.

Doi: 10.48286/aro0.2023.65

Impact statement: Recent advancements in drug development
have led to an expanded list of FDA and EMA approved drugs
against triple-negative breast cancer.

INTRODUCTION

Breast cancer (BC) is a genetically and clinically het-
erogeneous disease with different biological, clinical,
and molecular characteristics (1). Molecular classi-
fications divide breast cancer into six sub-groups:
luminal A, luminal B, HER-2, basal, normal breast
like and claudin-low (2). According to immunohisto-
chemistry (IHC) or a combination of IHC and microar-
ray expression methods (gene signatures), there
are three main subtypes of BC: Hormone receptor
positive - estrogen receptor (ER+) or progesterone
receptor (PR+), human epidermal growth factor re-
ceptor 2 (HER2) positive, and triple-negative (low or
absence of ER, PR, and HER2 amplification) (3).

Key words: antibody-drug conjugate (ADC); breast cancer; triple-
negative breast cancer (TNBC); sacituzumab govitecan (SG), targeted-
therapy.
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More recent data on molecular classification of
BC indicate prognostic associations which include
intrinsic subtypes, integrative cluster subtypes, tri-
ple-negative sub-classification and mutation-based
profiling (4). Triple-negative breast cancer (TNBC)
accounts for 15-20% of all invasive breast cancers
(5). Among the subtypes, TNBC is associated with
high mortality, early and frequent recurrence and
poor treatment response. Unfortunately, TNBC
cases in premenopausal women and in women
of African descent are more frequent compared
to other subtypes (6). Additionally, there is a sig-
nificant overlap of the BRCA (BReast CAncer) gene,
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BRCA-associated TNBC phenotypes which may fur-
ther contribute to a poor prognosis (7). However, it
is important to mention that not all patients with
TNBC harbor BRCA mutations.

Lehmann et al. (8) genetically profiled 587 TNBC pa-
tient tumor samples identifying different groups: ba-
sal-like 1 (BL1), basal-like 2 (BL2), mesenchymal (M),
mesenchymal stem-like (MSL), immunomodulatory
(IM) and luminal androgen receptor (LAR) (8). Their
study determined the expression of cell-cycle regu-
lating and specific DNA repair-related genes, abnor-
mal activation of signaling pathways involved in cell
migration, extracellular matrix-receptor interactions,
and differentiation in order to subdivide the samples
into various subtypes (8). Through the genomic clas-
sification of TNBC, there may be gradual advance-
ments to more precise treatments and therapeutic
targeting based on the specific subclassifications.
The latest clinical trials are mainly focusing on test-
ing the efficacy of antibody-drug conjugates (ADCs).
ADCs are biopharmaceutical drugs composed of
highly selective monoclonal antibodies (mAb), a cy-
totoxic drug, and a chemical linker (see Figure 1).
The mAbs are designed for tumor-associated anti-
gens expressed at lower levels in normal (healthy)
cells (9, 10). The cytotoxic drug will induce targeted
cell death whereas the chemical linker is processed
with the release of the cytotoxic agent in target
cells. The first successful ADC administered ina
clinical trials was used in patients with advanced
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Figure 1. Graphic represantiation of an antibody-drug conjugate (ADC)
mechanism of action an antibody-drug conjugate (ADC) is composed
of three components: monoclonal antibody (mAb), cytotoxic agent/
drug, and a linker. The antibody will recognize a specific antigen
target primarily expressed on the surface of the cancerous cells at
higher levels compared to normal (healthy) cells. In this way, delivery is
efficient and precise, reducing toxity to normal cells. An example of and
ADC used in clinical trials in TNBC is Sacituzumab govitacan (Trodelvy).
The antibody is designer to revognize the surface expression of Trop-2
and is connected to chemotherapeutic SN-38. Adapted from "Antibodly-
Drug Conjugate Mechanism of Action," by BioRender.com (2023).
Retrieved from https://app.biorender.com/biorender-templates.

metastatic carcinoma, colorectal and ovarian can-
cers in 1983 (11). Almost four decades later, after
numerous clinical trials, ADCs are emerging as a
promising targeted therapy for cancer (9).

STANDARD-OF-CARE FOR EARLY
ONSET TRIPLE-NEGATIVE BREAST
CANCER

Due to the molecular signatures of TNBC, patients
do not benefit from therapies designed to target
hormone receptors or HER2 (7). The conventional
standard-of-care (SOC) for early onset TNBC, as is
the case with other malignancies, consists of neo-
adjuvant/adjuvant chemotherapy, alone or in com-
bination with surgery and/or radiotherapy (12). Ne-
oadjuvant therapy has proven advantageous for
early-stage TNBC based on the results of various tri-
als including KEYNOTE-172 Phase 1b (NCT02622074),
I-SPY2 Phase II (NCT01042379), KEYNOTE-522 Phase
[l (NCT03036488), and NeoTRIPaPDL1 Phase I
(NCT02620280) which explored the effects of neoadju-
vant chemotherapy with or without pembrolizumab or
atezolizumab, immune checkpoint inhibitors that bind
to protein PD-1 or PD-L1, respectively (52, 53, 57, 40).

In addition to the cytotoxic chemotherapy agents, plat-
inum agents, which interfere with DNA repair mecha-
nisms, and the use of antimetabolite adjuvant capecit-
abine, which inhibits DNA and RNA synthesis, have
proven to be advantageous for the treatment of TNBC
(15, 16). The role of the antimetabolite oral prodrug,
capecitabine, has been tested in the adjuvant setting
for early and metastatic BC (62). Several randomized
controlled trials (RCTs), such as the FinXX trial, inves-
tigated the role of capecitabine standard adjuvant or
neoadjuvant therapies in combination with docetax-
el, epirubicin and cyclophosphamide and these trials
demonstrated no clinical benefits (63). The CREATE-X
trial evaluated adjuvant capecitabine in patients with
HER2-negative BC who had not achieved a patholog-
ical complete response (pCR) after standard neoad-
juvant chemotherapy (64). Both disease-free survival
and overall survival were significantly improved in the
capecitabine group, and the effect was more promi-
nent in the subgroup of patients with TNBC (62, 64).

A downside to these agents are the off-target
effects resulting in toxicity and severe side ef-
fects lowering quality of life for the individual pa-
tient (17). A way to manage the off-target effects
is through surgical excision, a method to locally
control the tumor; however, not all patients can
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be candidates for surgical removal. Furthermore,
surgery does not eliminate the possibility of future
local or regional recurrence for TNBC (13).

Along with surgery and chemotherapy, radiation
therapy is considered a SOC for early onset TNBC.
However, similar to the former, the latter presents
the drawback of off-target effects. To avoid major
side effects and irritation to normal tissues, radia-
tion doses are carefully determined by the radio-
therapist or radiation oncologist (18). Radiation ad-
ministered on the chest wall, nodal and non-nodal
irradiation after mastectomy or breast-conserving
surgery (BCS) in TNBC benefits patients and improve
survival (19). On the other hand, partial-breast radi-
ation therapy for TNBC is not beneficial (20). Fur-
thermore, a study conducted by Wang et al. (2019)
investigated the benefits of BCS in combination with
adjuvant radiation therapy and concluded that for
early staged TNBC patients there was a better prog-
nosis with BCS and radiation rather than mastecto-
my alone (51). There is currently no SOC chemother-
apy regimen for patients with relapsed/refractory
TNBC (40). Patients with advanced TNBC are treated
with anti-metabolites capecitabine and gemcitabine,
non-taxane microtubule inhibitor eribulin, and DNA
cross-linker platinums (40). These available treat-
ments for advanced TNBC are not SOC and research
is being conducted to develop new treatment options
for patients, especially if surgery is not an option (40).

THE NEED FOR TARGETED
THERAPIES FOR EARLY AND
ADVANCED TNBC

In contrast to hormone receptor (ER/PR)-positive and
HER2-positive breast cancers, TNBC does not respond
to hormonal or anti-HER2 monoclonal antibody trastu-
zumab-based targeted therapies (21). For this reason,
there is great effort aiming at developing targeted ther-
apies specific for TNBC. In response to this unmet clini-
cal need, the U.S. Food and Drug Administration (FDA),
after numerous clinical trials, has approved several
targeted therapies. Nonetheless, there is still an urgent
demand to develop and test additional targeted ther-
apies. Such targeted therapeutic drugs based on the
specific TNBC subtype include PARP inhibitors, geno-
toxic agents for the BL1 subtype, mTOR inhibitors and
growth factor inhibitors (lapatinib, gefitinib, and cetux-
imab) for the BL2 and M subtypes, phosphoinositide-3
kinase (PI3K) inhibitors, Src antagonists or antiangio-
genic drugs for the MSL subtype, immune checkpoint
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inhibitors for the IM subtype, or anti-androgen recep-
tor (AR) therapy for the LAR subtype (23). Continued
research is being conducted to better characterize the
molecular signature of TNBC and identify novel target-
ed therapies based on gene expression profiles.

TARGETED THERAPIES AND
IMMUNOTHERAPIES

PARP inhibitors, mTOR inhibitors, immune
checkpoint inhibitors

Through sophisticated analytical technologies in re-
cent years researchers have acquired insight into dif-
ferent possible molecular biomarkers and targets for
TNBC treatment and therapies. The targeted thera-
pies that have emerged in recent years are promising.
Despite significant efforts to find novel molecular
biomarkers, only a few potentials have been iden-
tified such as noncoding RNAs (ncRNA), microRNAs
(miRNA) and long noncoding RNAs (IncRNAs) (24).
There is a relevant lack of predictive biomarkers.
However, BRCAT and BRCA2 mutations have been
beneficial markers for targeted therapy. These
genes encode for proteins involved in regulating cell
growth and division, aiding in suppressing tumor
growth through homologous recombination (HR)
repair pathway. Approximately 10-30% of TNBC
patients have a BRCA germline (BRCAg) mutation
(25). BRCA1 and BRCA2-deficient tumors exhibit
impaired homologous recombination repair (HRR)
and synthetic lethality with PARP inhibitors (26).
PARP1 is a chromatin-associated enzyme involved
in cell proliferation, DNA repair, maintenance of ge-
nome stability and pro-inflammatory signals while
PARP2 regulates DNA damage response (28). Thus,
PARP inhibitors target underlying defects in DNA
repair causing a block in cancer cell division (29).
The limitation of this therapy is that PARP inhibitors
are often associated with resistance developed by
tumor cells (30). Additionally, PARP inhibitors can
only be used in specific patient subsets defined by
their DNA repair biomarker signatures (28).
Numerous studies have been conducted utilizing
PARP inhibitors on TNBC with BRCA mutations, and
the results indicate promising response and out-
come for patients (27). In 2018, the FDA approved
olaparib and talazoparib to treat advanced-stage
HER2-negative BC in patients with BRCAT or BRCA2
mutation (BRCAg mutation) (40). The results from
OlympiAD Phase Il (NCT02000622) and EMBRACA
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Phase Il (NCT01945775) lead to the approval of
olaparib and talazoparib, respectively (54-56). These
PARP inhibitors are effective and improve patient
survival compared to other physician choice stand-
ard chemotherapeutic agents, such as capecitabine,
vinorelbine, eribulin, or gemcitabine (40).

Several other signaling pathways have been ana-
lyzed and tested for TNBC treatment. The PI3K/
protein kinase B (AKT) signaling pathway, which is
involved in angiogenesis, tumor proliferation and
inhibition of apoptosis, is an important target for
BC treatments. Due to the potential of the PI3K/AKT
pathway to cause resistance to immunotherapy
and chemotherapy, various inhibitors targeting the
pathway components have been evaluated in mul-
tiple clinical trials (40). For patients with advanced
TNBC, various PI3K/AKT inhibitors have been stud-
ied in combination with other therapies such as pa-
clitaxel and immunotherapies. The EPIK-B3 Phase
[l trial (NCT04251533) plans to assess the effect of
alpelisib, an oral PI3K inhibitor, with nab-paclitaxel
(40). In LOTUS Phase |l trial, ipatasertib, a pan-AKT
inhibitor, was assessed with first-line paclitaxel and
improved Progression Free Survival (PFS) in locally
advanced or metastatic TNBC (60). The IPATuni-
ty130 Phase lll trial (NCT03337724) is assessing the
efficacy of ipatasertib + paclitaxel for phosphatase
and tensin homolog (PTEN)/PI3K/AKT-altered ad-
vanced TNBC or HR+, HER2-negative breast cancers,
to corroborate the results from the LOTUS trial (61).
When investigating the possible role of the PI3K
pathway and the mTOR pathway for TNBC treat-
ment, it remains unclear if the inhibition of these
pathways has a significant effect on tumor growth
and for this reason must be further investigated
(31). In recent years, a combination of the mTOR
inhibitor, Everolimus, with tyrosine kinase inhibi-
tors (TKIs) has been effective for treatment of TNBC
carrying activating mutations of the PI3K (32). Addi-
tional clinically investigated drugs include stimula-
tor of interferon genes (STING) agonists involved in
activation of the transmembrane protein, STING,
utilized in the innate immune response, immune
checkpoint inhibitor, Maternal Embryonic Leucine
Zipper Kinase (MELK) inhibitors, which inhibit the
mitotically regulated kinase MELK overexpressed
in TNBC, and many other agents based on the ge-
netic profile of the individual TNBC patient (33, 34).
A characteristic of TNBC that may prove beneficial
for treatment is the fact that TNBC cells are more
immunogenic compared to the other BC subtypes
(35). Since TNBC cells may exhibit high levels of pro-

grammed cell death-ligand 1 (PD-L1), a regulatory
molecule expressed in T cells with immunoregulato-
ry function, immunotherapies have been developed,
such as atezolizumab and pembrolizumab, anti-PD-L1
antibodies (36-38). Based on the IMpassion130 trial
(NCT02425891), the immunochemotherapy approach
of utilizing atezolizumab in combination with nano-
particle albumin-bound (nab)-paclitaxel has become
SOC for patients with PD-L1*, unresectable, locally
advanced, or metastatic TNBC (40). These immune
checkpoint inhibitors (ICls) are quite promising nov-
el therapies specifically for TNBC leading to durable
tumor remission and prolonged anti-tumor immuni-
ty (39). Despite the development of novel agents for
specific subtypes of TNBC, only a fraction of patients
responds to immune checkpoint or PARP inhibitors
and often develop resistance and relapse (40). For this
reason, clinical studies have been conducted and are
underway to further assess the synergy and cross-
talk that exists between PARP inhibition and the PD-
L1/PD-1 immune checkpoints (58). Such clinical trials
include MEDIOLA Phase I/l trial (NCT02734004) in
which the combination of olaparib and durvalumab,
an immunotherapeutic that binds to PD-L1, is studied
in patients with BRCAg mutation metastatic BC (59) as
well as the DORA Phase |l trial (NCT03167619) evalu-
ating olaparib with or without durvalumab in patients
with advanced TNBC (40).

Due to the limited range of scope of current im-
munotherapy targeted treatments, further investi-
gation is needed in the networks of DNA damage
response (DDR), cell surface or intracellular recep-
tors, cell surface markers, and signaling pathways
for selective drug delivery and ADCs. This need is
widely recognized and has contributed to the devel-
opment and ultimate approval of therapeutic drugs
for TNBC. However, the list of approved FDA drugs
for treating TNBC is limited in number (Table 1).

CLINICAL TRIALS FOR EMERGING
TARGETED THERAPY

In recent years, several clinical trials have been
conducted to study the effects of numerous ADC
as potential BC targeted therapies. The results of
ADC clinical trials have been presented at major
oncology conferences, such as ESMO and ASCO.
Although most ADC clinical trials have focused on
the subtype HER2-positive breast cancer, there is
growing interest in investigating the potential effi-
cacy of ADCs for treating TNBC.
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Table 1. Table of Therapeutic Drugs for Triple-Negative Breast Cancer (TNBC) as of September 2021. Drugs that have been approved by the
FDA for patients with TNBC include Paclitaxel, Doxorubicin, Ixabepilone, Pembrolizumab, Atezolizumab, and Trodelvy.

Anthracycline - Top2,

Liposomal Doxorubicin (Doxil)

Paclitaxel protein-bound particles for

injectable suspension (Abraxane) target

Taxane - microtubule

Ixabepilone (Ixempra)

target
Atezolizumab (Tecentriq) in
combination with nab-paclitaxel PD-L1
(Abraxane)
Pembrolizumab (Keytruda) in PD-1

combination with chemotherapy

Sacituzumab govitecan-hziy (Trodelvy) Trop2, Topoisomerase |

Topoisomerase ||
DNA intercalation

Taxane - microtubule

DRUG DOSAGE | FDA APPROVAL
TYPE FORM DATE
Chemical IVinfusion  February 1999
Chemical IVinfusion  January 2005
Chemical IV infusion  October 2007
Monoclonal i ¢ 5ion  March 2019
antibody
Mopoclonal IV infusion ~ November 2020
antibody
ADC IVinfusion  April 2020

ADC: antibody-drug conjugate; PARP: poly (ADP-ribose) polymerase; PD-1: programmed cell death protein 1; Trop2: trophoblast cell surface

antigen 2; PD-L1: programmed cell death ligand 1.

Source: Mandapati 2022 “Triple negative breast cancer: approved treatment options and their mechanisms of action” and FDA.gov
drugsatfda. https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approved-drugs-breast-cancer.

Antibody-drug conjugate: trastuzumab
deruxetcan

Another subclassification of BC is HER2-low BC.
HER2-low advanced BC is characterized by low
levels of HER2 receptor protein and may include
both hormone receptor-positive and hormone
receptor-negative breast cancers (15). Promising
results have emerged from the clinical trial DESTI-
NY-Breast04 (NCT03734029) testing the ADC, tras-
tuzumab deruxetcan, and its effects on HER2-low
advanced BC (15). Patients with HER2-low metastat-
ic BC who were treated with trastuzumab deruxe-
tcan resulted in longer progression-free and over-
all survival compared to the physician's choice of
chemotherapy (15). Of the 557 patients, 63 (11.3%)
were hormone receptor-negative, a small propor-
tion of patients. The median progression-free sur-
vival for the hormone receptor-negative cohort
was 8.5 months (95% Cl, 4.3 to 11.7) in the trastu-
zumab deruxetcan group and 2.9 months (95% Cl,
1.4 to 5.1) in the physician’s choice group while the
median overall survival was 18.2 months (95% ClI,
13.6 to not evaluable) in the trastuzumab deruxe-
tcan group and 8.3 months (95% Cl 5.6 to 20.6) in
the physician’s choice group (15). These results not
only point to a possible targeted therapy for HER2-
low advanced BC but may provide further evidence
for a tailored treatment for TNBC.

20

Antibody-drug conjugate: sacituzumab
govitecan

A handful of ADC has been approved by the Euro-
pean Medicine Agency (EMA) and the FDA. The ADC
called Sacituzumab govitecan (SG) (Trodelvy) was
approved by the FDA in April 2021 and by EMA in
November 2021 (41, 42). SG consists of a monoclo-
nal antibody designed against human trophoblast
cell-surface antigen 2 (TROP-2) linked to a cytotoxic
drug called SN-38. TROP-2 is a protein expressed
on the surface of TNBC cells as well as other ep-
ithelial and metastatic breast cancers. SN-38, an
active metabolite of irinotecan, is a topoisomerase
inhibitor, which blocks the enzyme topoisomer-
ase |, involved in copying DNA of the cell (42). The
mechanism of this ADC action is initially mediated
by anti-TROP-2 monoclonal antibody binding to the
TROP-2 protein on the breast cancer cell surface.
Then, the cytotoxic agent, SN-38, is delivered into
the cancerous cells where it becomes active and
inhibits cancer cells proliferation (43). Thus, SG is
considered a promising new targeted therapy for
locally advanced or metastatic TNBC (mTNBC) (41).
Several clinical trials have been conducted since the
development of ADC, SG (Table 2). A phase I/l single
group study was done to evaluate the activity of SG
in a cohort of 108 TNBC patients who had undergone
two prior treatment methods (NCT01631552). The
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drug was administered intravenously with a concen-
tration of 10 mg/kg on days 1 and 8 of a 21-day cycle.
The Overall Response Rate (ORR) was 33% and the
median duration of response (DOR) was 7.7 months.
The median progression-free survival (PFS) was 5.5
months, and the median overall survival (OS) was 13
months. The confirmatory ASCENT Phase Il study
of a cohort of 529 patients evaluated SG compared
to physician’s choice of chemotherapy, e.g., eribulin,
gemcitabine, capecitabine or vinorelbine. The AS-
CENT Phase Ill study showed great promise and was
granted accelerated approval by the FDA based on
the results of the IMMU-132-01 Phase Il clinical trial
treatment of adult mTNBC. Thus, SG is the first ADC
approved by the FDA specifically for relapsed or re-
fractory mTNBC (40). However, this targeted thera-
py has some relevant side effects, including anemia,
neutropenia, and gastroenteritis (44).

DISCUSSION

The five pillars of cancer treatment consist of sur-
gery, radiotherapy, chemotherapy, targeted thera-
py, and immunotherapy. While great progress has
been made in certain BC subtypes to have more
than one option as standard-of-care (SOC) thera-
pies, TNBC still remains treated with SOC consist-
ing of neoadjuvant/adjuvant chemotherapy alone
or in combination with surgery and/or radiation.
Thus, there is urgent need to move beyond these
treatments and uncover possible predictive bi-
omarkers or immune checkpoint markers that
could help in developing novel targeted therapies
and immunotherapies for TNBC patients.

The technology and principle of ADC is very rev-
olutionary since it links a monoclonal antibody
to a cytotoxic agent, thereby allowing for precise
targeted treatment against tumor cells. Emerging
evidence shows that SG is one of the most effec-
tive ADCs for TNBC (43). Although SG has been
approved by EMA and FDA for metastatic TNBC,
further investigations must be conducted with the
goal of comparing this ADC with multiple stand-
ard-of-care chemotherapies (43).

CONCLUSIONS AND FUTURE
DIRECTION

In conclusion, studies of heterogeneity and sub-
types of TNBC have opened the doors to many

possible therapeutics that will one day overtake
the SOC of neoadjuvant/adjuvant chemotherapy,
alone or in combination with surgery and/or radi-
otherapy. Taxane- and anthracycline-based com-
bination chemotherapy remains the standard-of-
care for early-stage TNBC while advanced stage
usually consists of chemotherapy, targeted therapy
and immunotherapy (14). The treatment options
available for patients are dictated by the stage of
the tumor, local or metastasized (7). However, the
estimated five-year TNBC survival rates greatly de-
crease depending on the status of metastasis. The
five-year survival rate for a patient with localized
TNBC is 91.3%. For patients with regional spread to
lymph nodes, the five-year survival is 65.8% where-
as for patients with distant metastasis to bones, liv-
er, or lungs is 12.0%, as shown in Table 3 (Surveil-
lance, Epidemiology, and End Results (SEER) 2020
(46)). These estimates establish a baseline for the
likelihood that a treatment will be successful. When
comparing the five-year relative survival percentag-
es in Table 3, it is evident that TNBC, labeled (‘HR-/
HER2-), has the lowest survival percentage com-
pared to all other subtypes. There are many factors
contributing to this outcome including stage at di-
agnosis, environmental factors, age, race, stand-
ard-of-care, and availability of treatments. For this
reason, the development of pharmaceutical drugs
aimed at targeting TNBC is imperative.

With the recent EMA and FDA approval of SG, the
potential future treatments for TNBC appear very
promising. With the use of this ADC, there is limited
off-target toxicity to normal cells since the monoclo-
nal antibody is acting against an antigen or receptor
expressed at low levels on the healthy cells, reduc-
ing therefore the level of toxicity usually associated
with chemotherapy. Since the antibody portion of
the ADC can be modified for specific cell surface anti-
gens or receptors, this targeted therapy can be wide-
ly adapted (47). Thus, further investigation is needed
to identify potential cell surface antigens and recep-
tors specific to TNBC.

The future aims for breast cancer research and
pharmaceutical drug development, specifically
with regards to TNBC, should be centered on the
understanding of the molecular complexity of the
disease, improving the efficacy of current treat-
ments, discovering reliable predictive biomarkers,
determining mechanisms and pathways to over-
come resistance to treatments and continuing to
develop and test novel targeted treatments to im-
prove survival rate and quality of life for patients.
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Table 3. 5-year relative survival percent, female breast subtypes by SEER.

SUBTYPE LOCALIZED REGIONAL DISTANT

HR+/HER2- 100.0%
HR-/HER2- 91.3%
HR+/HER2+ 98.8%
HR-/HER2+ 97.3%
Unknown 96.1%
Total 99.1%

90.1%
65.8%
89.3%
82.8%
76.4%
86.1%

31.9%
12.0%
46.0%
38.8%
15.6%
30.0%

The 5-year survival rate presents the percentage of survival of patients after five years. In this table, TNBC is identified as subtype ‘HR-/
HERZ2'. Data was collected over the span of 6 years in women of all ages, races living in the 22 registered areas of the United States (see
list below). Table taken from National Cancer Institute: Surveillance, Epidemiology, and End Results (SEER) Program, 2020. Data source:
SEER 22 areas (San Francisco, Connecticut, Hawaii, lowa, New Mexico, Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska Native
Registry, Rural Georgia, California excluding SF/SIM/LA, Kentucky, Louisiana, New Jersey, Georgia excluding ATL/RG, Idaho, New York,

Massachusetts, lllinois, and Texas).
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ABSTRACT: Lung cancer still remains the leading cause of cancer-related mortality worldwide. Among the emerging
biomarkers predictive for target therapy, Erythroblastic oncogene B (ERBB2) is recommended by the main international
guidelines to be investigate, according to several novel therapeutic approaches. Aim of this retrospective study was to analyze
the distribution of ERBB2 mutations and their location along the gene in a set of 331 consecutive lung cancer tissues analyzed
by next generation sequencing (NGS) technology in the Structure of Oncological Molecular Pathology, Azienda USL Toscana
Centro, Italy. ERBB2 variants were detected in 95 out 331 samples (28.7%) and statistical analysis showed a 3% distribution
of oncogenic variants, in line with literature data. Moreover, NGS technology allowed to identify a substantial amount of
transmembrane domain mutations, not detectable by single hot spot assay: they should represent future clinical target in

lung cancer, since nowadays many trials are investigating their clinical benefit.

Doi: 10.48286/ar0.2023.67

Impact statement: This report examined the distribution
of entire ERBB2 variants along the protein structure and the
frequency of oncogenic ones in a set of lung cancer samples.

INTRODUCTION

As of today, lung cancer still remains the leading
cause of cancer-related mortality for both men
and women worldwide (1). Lung cancer is subdi-
vided into two major histological types: small cell
lung carcinoma (SCLC) and non-small-cell lung
cancer (NSCLC). The latter has a much higher in-
cidence, comprising approximately 80-85% of all
lung cancer cases. The highly complex and het-
erogeneous molecular nature of NSCLC, as well
as late diagnosis (2) is a major factor responsible
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for the statistically low survival rates of these pa-
tients. Ever since the implementation of multi-
plex molecular panels in clinical practice and the
consequent identification of new actionable driv-
er mutations, the treatment scenario for these
patients has gradually evolved from chemother-
apy-based approaches to molecularly targeted
therapies. Currently, the National Comprehensive
Cancer Network (NCCN), the American Society of
Clinical Oncology (ASCO), and the European Socie-
ty of Medical Oncology (ESMO) guidelines recom-
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mend that all NSCLC tumors containing an adeno-
carcinoma component be tested for the following
actionable biomarkers: Epidermal Growth Factor
Receptor (EGFR), V-Raf Murine Sarcoma Viral On-
cogene Homolog B (BRAF), Mesenchymal Epithelial
Transition exon14 skipping (METex14), Anaplastic
Lymphoma Kinase (ALK), ROS proto-oncogene 1
receptor tyrosine kinase (ROS1), REarranged dur-
ing Transfection (RET), and Neurotrophic Tyrosine
Receptor Kinase (NTRK) 1, 2, 3 (3-5). In addition,
they also recommended that many other genes,
classified as “emerging biomarkers”, be tested not
as routine stand-alone assays but as part of a larg-
er testing panels. Unsurprisingly, the ESMO has
recently recommended the use of Next Genera-
tion Sequencing (NGS), especially in the presence
of scant starting material (3). Among these newly
emerging biomarkers is Erythroblastic oncogene B
(ERBB2), also known as Human Epidermal growth
factor Receptor 2 (HER2) or Cluster of Differentia-
tion 340 (CD340).

The ERBB2 gene is 28,515 base pairs in length: its
transcript encodes the plasma membrane-bound
receptor tyrosine kinase ERBB2 protein compris-
ing a ligand-bound extracellular domain (ECD), a
transmembrane domain (TMD) and an intracel-
lular domain (ICD). This latter subunit is divided
by a juxtamembrane domain (JMD), a tyrosine ki-
nase domain (TKD), and a carboxy terminal tail
domain (CTD) (6).

In NSCLC, ERBB2 alterations are commonly am-
plified (2-23%) and/or overexpressed (11-32%),
and only seldom mutated (1.6-4%) (1, 7). Muta-
tions in ERBB2 lead to constitutive activation of
the receptor and are considered poor prognostic
predictors: fortunately, these mutations are sen-
sitive to small-molecule tyrosine kinase inhibitors
(TKIs). Although previous studies have identified
the majority mutations in the TKD, more recent
research using NGS has described oncogenic
mutations even in TMD, ICD and ECD. Preclini-
cal studies indicate these mutations constitute
promising candidates for targeted anti-ERBB2
therapies: small molecule inhibitors and an-
ti-ERBB2 antibodies have also been shown to be
highly effective against non-TKD oncogenic mu-
tations such as exon 17 mutations p.V659E and
p.G660D in the TMD and exon 8 mutation p.S310F
in the ECD (8).

The rationale of this study was to provide clinicians
with grounded information regarding the plenti-
tude of mutations potentially occurring outside
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cancer-type specific domains in the hope of offer-
ing patients’ better NSCLC treatments once new
targeted drugs become available.

Thus, the purpose of this retrospective study was
to analyze the distribution of ERBB2 mutations
in a set of 331 consecutive NSCLC tissues by us-
ing NGS. We first verified whether the frequency
of oncogenic activating mutations was in line with
literature data. Then, we examined the frequen-
cy of mutations occurring outside the activating
domains and their distribution along the protein
structure.

MATERIALS AND METHODS

A total of 398 NSCLC tissue samples underwent
NGS analysis from June 2019 to October 2021
were retrieved from the electronic archive of the
Structure of Oncological Molecular Pathology, S.
Stefano Hospital, Oncological Department, Azien-
da USL Toscana Centro, Italy.

In brief, NGS was performed on genomic DNAisolat-
ed from formalin-fixed paraffin-embedded (FFPE)
NSCLC tumor tissues. Prior to molecular analysis,
an experienced pathologist selected representa-
tive tumor tissue areas (>20% neoplastic cells) from
Hematoxylin-Eosin stained slide. DNA extraction
was performed with the QlAamp FFPE Kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s
instructions and resuspended it in 20 pL of ATE
buffer (Qiagen). DNA quantification was assessed
by Qubit dsDNA HS assay (Life Technologies, Carls-
bad, CA, USA) on Qubit™ Fluorometer (Invitrogen™,
Thermo Fisher Scientific, Waltham, MA, USA).
Samples with adequate DNA content were then
analyzed by NGS performed on the GeneReader
platform (QIAGEN), according to the manufac-
turer's protocol. Briefly, 40 ng of DNA was used
to generate libraries with the GeneReadQlAact
Actionable Insight Tumor Panel (QIAGEN). This
panel covers 773 unique variant positions in
12 genes (KRAS, NRAS, KIT, BRAF, PDGFRA, ALK,
EGFR, ERBB2, PIK3CA, ERBB3, ESR1 and RAF1).
Data was analyzed by the QIAGEN Clinical In-
sight (QCI™) Analyze software (QIAGEN). A 200X
minimum read coverage cutoff was used for var-
iant calls at any position in the panel, whereas
a cutoff of 5% sensitivity criteria was chosen for
variant calls at the clinical level. All variants were
detected with >99% confidence based on allele-
frequency and amplicon coverage.
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RESULTS

Out of 398 samples, 331 (83%) had adequate DNA
content for subsequent NGS analysis. Within the
331 adequate NSCLC tissues, 95 (28.7%) ERBB2
mutations were detected in 89 samples, histolog-
ically divided in adenocarcinoma (73, 82%), squa-
mous (4, 4.5%) and not otherwise specified (12,
13.5%) subtypes, respectively. The distribution
denotes previous works reporting that ERBB2 mu-
tations predominantly occur in adenocarcinoma
compared with other histological subtypes (9).
Most of ERBB2 mutations (85, 89.5%) were located
in the TMD and comprised germinal like mutations
(p.1654V and p.I655V, exon 17). The remaining 10
(10.5%) were located in the ECD and in the TKD
(exon 8 and 20, respectively) and classified as ac-
tivating mutations. Of the 10 non-TMD mutations,
7 (70.0%) were exon 20 insertions located in the
TKD, whereas 3 (30.0%) were p.S310F exon 8 point
mutations located in the ECD (Table 1).

Regarding the distribution of the mutations in
the TMD, 91.8% (78/85) were p.l655V and 8.2%
(7/85) were p.1654V. Six samples harbored a dou-
ble TMD mutation, namely, p.I654V and p.I655V.
Within the ERBB2 variants, 7.4% (7/95) and 92.6%
(88/95) constituted classical activating mutations
and rare non-TKD mutations, respectively (Figure
1). As for the recurrent variants, exon 17 p.l655V
was the most frequent one (82.1%, 78/95), fol-
lowed by exon 17 p.1654V (7.4%, 7/95), exon 20
p.Y772_A775dup (5.3%, 5/95), exon 8 p.S310F
(3.2%, 3/95), exon 20 p.G778_P780dup (1%, 1/95),
and exon 20 p.A775_G776insV (1%, 1/95). Clinical-
ly, ERBB2 mutations are classified as oncogenic,
benign, and uncertain significance. Oncogenic
function was significantly stronger in TKD mu-
tations than in non-TKD mutations. Intriguingly,

though up to 37.5% of ERBB2 oncogenic muta-
tions were within the non-TKD. Based on the On-
coKB classification, our results displayed 10/95
(10.5%) oncogenic variants (exon 20 insertion and
exon 8 point mutation p.S310F) and 85/95 (89.5%)
benign/uncertain significant variants (exon 17
p.1654V and p.I655V).

7.40%

m TKD

m non-TKD

Figure 1. TKD and non-TKD ERBB2 variants distribution detected in
331 consecutive NSCLC tissues.

DISCUSSION

As the ERBB2 gene has recently emerged as a prom-
ising biomarker in NSCLC patients, the main interna-
tional guidelines strongly recommend the routine use
of NGS (10)in clinical practice to identify the highest
possible number of aberrations presentin ERBB2 mu-
tations. The reason for this major endeavor is to find
potentially actionable mutations and thus improve
targeted treatments for NSCLC patients. Indeed, as

Table 1. Oncogenic ERBB2 variants detected in 331 consecutive NSCLC tissues.

1 G778_P780dup

2 S310F 8
3 Y772_A775dup 20
4 A775_G776insV 20
5 S310F 8
6 Y772_A775dup 20
7 Y772_A775dup 20
8 Y772_A775dup 20
9 Y772_A775dup 20
10 S310F 8

20 TKD

ECD
TKD
TKD
ECD
TKD
TKD
TKD
TKD
ECD
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of today, traditional chemotherapy for ERBB2 in NS-
CLCis far from satisfactory. However, in recent years,
several lines of investigation have demonstrated the
clinical benefits of several therapeutic approaches in
ERBB2-positive NSCLC patients (11).

These therapies, which are based on small molecule,
second generation irreversible TKIs, include, for in-
stance, afatinib, neratinib, tucatinib, and pyrotinib.
Clinical benefits of afatinib in ERBB2 ex20ins pa-
tients have been demonstrated by De Greve and
colleagues. The Authors observed that patients
harboring G778_P780dup and G776delinsVC mu-
tations derived favorable outcomes from this
treatment (12).

In addition, an in vivo preclinical study assessing the
activity of various drugs against ERBB2 mutation
variants found that neratinib, as well as afatinib,
was more effective than other inhibitors in patients
harboring the ERBB2YMA mut ation subtype (13). An
equally interesting molecule is pyrotinib, i.e., an oral,
irreversible pan-HER TKI. A phase Il clinical study has
shown the high efficacy of this drug in patients with
advanced ERBB2 mutant lung cancer. Noteworthy,
the use of NGS to detect ERBB2 alterations enabled
the research team to identify mutations outside
exon 20. Another clinical trial demonstrated that
ERBB2-positive NSCLC patients harboring non-exon
20 aberrations achieved an ORR similar to that of
patients with exon 20 mutations (14).

Finally, the most recently developed oral TKl is tucatin-
ib:inthe human lung cancer cell line NCI-H1781 inhib-
its ERBB2 phosphorylation. Lastly, an ongoing basket
trial is also evaluating the clinical activity of tucatinib
in combination with trastuzumab (NCT04579380) in
patients with solid tumors harboring ERBB2 altera-
tions, including a cohort for NSCLC (15).

Based on the above-mentioned druggable scenar-
io ERBB2 testing showed a great potential in NS-
CLC clinical administration. Peters et al. identified a
positive Objective Response Rate (ORR 20%, rang-
ing from 5.7%-43.7%, Cl 95%) in a series of NSCLC
patients exhibiting 3+ score by testing ERBB2 with
immunohistochemistry (IHC) under Trastuzumab
Emtansine (T-DM1) administration. Moreover, an
improving in response duration was also observed
in same experimental arm (10.8 months). IHC is
sometime afflicted by some technical and interpre-
tation limitations, so we opted to analyze ERBB2
alterations by NGS (16).

The principal aim of this report was to investigate
whether the distribution of ERBB2 oncogenic mu-
tations in NSCLC samples in our real-world expe-
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rience was consistent with the literature data. To
this aim, we used the GeneReadQIlAact Actionable
Insight Tumor Panel (QIAGEN) for our NGS analy-
sis. Such system investigated 489 missense muta-
tions along exons 2-6, 8, 10-26, 28 of the ERBB2
gene and encompassed all three domains, namely,
ECD, TMD, and TKD.

Interestingly, in our cohort of 331 samples, the
prevalence of ERBB2 was higher than that report-
ed in previous studies (28.7% vs. 2-4%) (17). We
reasoned that this discrepancy was most likely due
to the fact that the previous studies detected only
TKD mutations, particularly exon 20 mutations. In
fact, ERBB2 mutations are clinically categorized
as oncogenic, benign, and uncertain significance.
Studies have shown that whereas oncogenic func-
tion is significantly stronger in TKD mutations than
in non-TKD mutation, up to 37.5% of ERBB2 onco-
genic mutations are present within the non-TKD
(11). Based on the OncoKB classification, ERBB2
variants located at exons 20 and 8, are considered
oncogenic. Indeed, in our samples, we found sev-
en mutations at exon 20 (represented by Y772_
A775dup, A775_G776insV, G778_P780dup), and
three at exon 8 (represented by S310F), as shown
in Table 1. In our experience, oncogenic variants
made up 3% (10/331) of the total samples analyz-
ed, which is consistent with the literature data.
The secondary aim of our study was to investi-
gate the presence and distribution of activating
mutations along the ERBB2 gene. We found a sig-
nificant fraction of TMD mutation: 89.5% (85/95)
germinal-like mutations at exon 17, precisely at
aminoacidic positions 654 and 655. However, since
they are considered non-oncogenic germline alter-
ations, their association with increased risk of de-
veloping cancer is still controversial (18). Previous
data indicate that p.I655V is more frequent than
p.l1654V: consistently, in our experience distribu-
tion was 91.8% (78/85) vs. 8.2% (7/85), respectively.
Although today these mutations do not represent
clinical targets in lung cancer, many recent clini-
cal trials and case reports have instead highlight-
ed the clinical benefits of targeted treatments for
NSCLC patients harboring ERBB2 TMD mutations
(19). Furthermore, we also found mutations both
in the TKD (exon 20) and in the ECD (exon 18), with
frequencies up to 7.4% (7/95) and 3.1% (3/95), re-
spectively. Variants located in the TKD and in the
ECD are classified as oncogenic: in our experience
10.5% of the total mutations were oncogenic and
consistent with the literature data.



Vol. 3(2), 99-104, 2023

CONCLUSIONS

ERBB2 gene has recently emerged as a promis-
ing biomarker in NSCLC patients, regarding both
oncogenic variants located at TKD or ECD, and
germinal-like mutations at TMD. For the oncogen-
ic targets, drugs are nowadays available, so the
importance to fast identified them. Even though
many more studies are warranted to establish
the best therapeutic option for patients with non-
TKD ERBB2 mutations, identifying and monitoring
these alterations are crucial steps toward devel-
oping more efficient therapeutic strategies for
NSCLC patients.

The identification of TKD and non-TKD ERBB2
mutations in a real-world cohort of NSCLC pa-
tients would not have been possible without
the implementation of NGS. This amazing tech-
nology provided several advantages. First, it al-
lowed us to analyze multiple druggable targets
simultaneously, thereby reducing the time need-
ed to obtain a complete diagnostic molecular
classification of our patients’ tumors. Second, it
enabled us to examine multiple biomarkers in
scant specimens. Finally, it allowed us to analyze
non canonical alterations, which are generally
undetectable by single hot spot technologies.
The technical efficiency of our approach was in-
deed confirmed by the fact that the distribution
of the oncogenic alterations we detected in our
patients was consistent with that of previous lit-
erature. Finally, we hope that our present find-
ings, together with the burgeoning literature in
the field, may help clinicians improve the overall
clinical and therapeutic framework of their pa-
tients by relying on NGS technologies to detect
NSCLC targetable mutations.
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