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Gastric cancer (GC) represents one of the most frequent and lethal tumors worldwide
today, finding itself in fifth place in terms of incidence and third in terms of mortality [1].
Surgery remains the only curative treatment for localized tumors, but only 20% of pa-
tients are suitable for surgery due to the lack of specific symptoms and the late diagnosis,
especially in Western countries [2]. Additionally, even in patients who receive curative
treatment, the rates of locoregional relapse and distant metastases remain high [3]. Pallia-
tive chemotherapy is the principal treatment in cases of metastatic disease; however, the
prognosis of patients receiving chemotherapy is still poor. In this context, one of the most
important conceptual achievements of the last few decades in the field of metastatic GC
is represented by the “continuum of care”, meaning the possibility to treat patients with
multiple subsequent lines of therapy in order to obtain longer survival. In fact, almost 40%
of patients receiving first-line treatment for metastatic disease maintain a good performance
status after progression; they are able to receive a second and even a third line of treatment.
Additionally, there is an unmet need for a better understanding of genetic alterations and
prognostic and predictive factors in metastatic GC that could be useful when choosing the
best-tailored therapy for each patient [4].

Therefore, a multidisciplinary evaluation is crucial in order to individualize treatment
for patients with metastatic GC—according to the concept of precision medicine—and
to define the right sequence of treatment from the diagnosis—according to the concept
of “continuum of care”. Taking all these facts into account, the aim of this Special Issue
was to focus on the results and problems of multimodality treatment in metastatic GC,
the search for prognostic and predictive factors, and the evaluation of novel strategies for
individualized treatment.

In this regard, the management of patients with oligometastatic GC is challenging. In
particular, the treatment for patients with only liver metastases is changing and the latest
advances in the research in this field suggest a potential role for multimodality treatment,
including curative surgery. In this Special Issue, Marte, G. et al. [5] provided a systematic
review and metanalysis of 40 studies with the aim of evaluating the efficacy of hepatectomy
for metastatic GC with liver metastases. The authors showed that an approach consisting
of the resection of the primary tumor alongside liver metastases by hepatectomy is feasible
in this population and provides benefits in terms of long-term survival. However, the
clear definition of oligometastatic disease and the role of multimodality treatment for these
patients are still a matter of debate; clinical trials are ongoing in this setting. Additionally,
a strict selection of patients that could benefit from curative surgery is mandatory and
requires a multidisciplinary evaluation.

In the field of metastatic GC today, it is still unclear how the metastatic sites may affect
the prognosis and little evidence exists regarding the impact of rare metastatic locations
(e.g., lung, bone and brain). Therefore, a narrative review regarding the role of bone
metastases in GC and their potential implication in treatment choice was also included in
this Special Issue [6].

A nutritional assessment is crucial in the multidisciplinary evaluation of metastatic
GC patients. However, few data about the link between nutritional status and survival are
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available in this field and the role of sarcopenia in metastatic GC is controversial today. In
this Special Issue, Rimini, M. et al. [7] evaluated the prognostic role of tissue modifications
(assessed using computed tomography) during treatment in 40 metastatic GC patients and
the benefit of a scheduled nutritional assessment in this setting. Interestingly, the authors
showed that an early skeletal muscle mass depletion >10% in the first months of treatment
significantly influenced the overall survival (p = 0.0023). Additionally, Catanese, S. et al. [8]
investigated the role of baseline computed-tomography-evaluated body composition in
predicting the outcome and toxicity of first-line therapy in 78 advanced GC patients. In this
paper, even if sarcopenia failed to show an association with the outcomes, skeletal muscle
mass depletion was linked to the development of high-grade neutropenia (p = 0.048) and
mucositis (p = 0.054). On the other hand, the fat distribution (visceral versus subcutaneous)
exhibits a robust impact on survival.

However, although GC has been considered as a single entity for a long time, nowa-
days it is acknowledged that it represents a heterogeneous disease, deserving to be treated
according to the own peculiarities of each subtype. Based on this background, several
molecular classifications have been developed over the last few decades in an attempt to
select molecular alterations, which might act as a driver for each subtype [4].

In this context, the application of sequencing has led to the identification of aberrant
druggable pathways and somatic mutations within therapeutically relevant genes in GC.
However, since the majority of those evaluations use formalin-fixed paraffin-embedded
(FFPE) samples, an assessment of the concordance between comprehensive exome-wide
sequencing data from archival FFPE samples would be beneficial in order to find some
potential biomarker in GC. In this regard, Chong, LY. et al. [9] reported in this Special
Issue the analysis of whole-exome sequencing data from 16 matched fresh-frozen and FFPE
gastro-esophageal tumors (N = 32) with the aim of defining the mutational concordance.
The authors found a high median mutational concordance (97%) between fresh-frozen and
FFPE gastro-esophageal tumor-derived exomes, suggesting that comprehensive genomic
data can be generated from the exome sequencing of selected DNA samples extracted from
archival FFPE samples.

The molecular peculiarities of GC subtypes can influence the treatment choice in the
metastatic setting. Based on that, Gambardella, V. et al. [10] provided a comprehensive
overview of the role of precision medicine in metastatic GC. In particular, the authors
described the novel pathways implicated in GC and the state of the art of target therapies in
those tumors, according to molecular classifications and alterations. Even if the road toward
a personalized approach requires further studies, this paper underlined the importance of
molecular selection to use tailored treatments for metastatic GC.

In this scenario, the development of immunotherapy could also represent a promis-
ing strategy in a selected population affected by metastatic GC. In this Special Issue,
Ghidini, M. et al. [11] conducted an update of the predictive biomarkers of response to
immunotherapy in GC. Additionally, the authors provided an overview regarding the trans-
lational meaning of those findings in the practice, alongside descriptions of the landmark
and ongoing clinical trials in this field.

Lastly, one of the most important frontiers in the GC scenario is represented by the
development and use of liquid biopsy, both in localized and metastatic disease. In this
Special Issue, Lengyel, C.G. et al. [12] summarized the state of the art and future application
of liquid biopsy in GC, showing that, although preliminary results are promising, more
research is required to obtain better insights into the molecular mechanisms, as well as to
validate and standardize the methods for liquid biopsy.

In conclusion, the papers collected in this Special Issue highlight that the treatment of
metastatic GC is challenging. A careful and comprehensive evaluation of these patients
by a multidisciplinary team in dedicated and high-volume centers is crucial in order to
improve the outcomes. The multidisciplinary evaluation should include a nutritional
assessment, since sarcopenia and fat distributions might affect the prognosis and the rate
of drug toxicities, as well as the evaluation of metastases’ distribution and the definition
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of oligometastatic disease, which is at the forefront of metastatic GC research today. In
this context, the role of surgery as part of a multimodal strategy for metastatic disease is
improving. We should consider that GC is a very heterogeneous disease; therefore, we
should attempt to treat each patient according to the tumor and patient characteristics,
which lead to the choice of a unique and personalized treatment journey, based on the
milestone concepts of precision medicine and a continuum of care.

However, the journey to discover the molecular mechanisms that control GC behavior
has just started and further investigation is still required. Thus, working together as
a multidisciplinary team including different professional figures, such as oncologists,
nutritionists, surgeons, pathologists, radiotherapists, gastroenterologists, etc., is the only
way to achieve proper patient care in the complex and evolving landscape of metastatic GC.

Conflicts of Interest: The author received personal fees from Eli-Lilly, Servier, Merck and MSD. No
fees are connected with the submitted paper.
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Abstract: Background: In the last 10 years, the management of patients with gastric cancer liver
metastases (GCLM) has changed from chemotherapy alone, towards a multidisciplinary treatment
with liver surgery playing a leading role. The aim of this systematic review and meta-analysis is to
assess the efficacy of hepatectomy for GCLM and to analyze the impact of related prognostic factors
on long-term outcomes. Methods: The databases PubMed (Medline), EMBASE, and Google Scholar
were searched for relevant articles from January 2010 to September 2020. We included prospective
and retrospective studies that reported the outcomes after hepatectomy for GCLM. A systematic
review of the literature and meta-analysis of prognostic factors was performed. Results: We included
40 studies, including 1573 participants who underwent hepatic resection for GCLM. Post-operative
morbidity and 30-day mortality rates were 24.7% and 1.6%, respectively. One-year, 3-years, and
5-years overall survival (OS) were 72%, 37%, and 26%, respectively. The 1-year, 3-years, and 5-years
disease-free survival (DFS) were 44%, 24%, and 22%, respectively. Well-moderately differentiated
tumors, pT1-2 and pNO-1 adenocarcinoma, RO resection, the presence of solitary metastasis, unilobar
metastases, metachronous metastasis, and chemotherapy were all strongly positively associated to
better OS and DFS. Conclusion: In the present study, we demonstrated that hepatectomy for GCLM
is feasible and provides benefits in terms of long-term survival. Identification of patient subgroups
that could benefit from surgical treatment is mandatory in a multidisciplinary setting.

Keywords: gastric cancer; liver metastasis; conversion surgery; hepatectomy; stage iv gastric cancer

1. Introduction

Gastric cancer (GC) is the fourth most common cancer worldwide and the second
among cancer deaths [1]. Distant metastases are found in 30-35% of patients at their
first clinical observation and they spread commonly to the liver (48% of metastatic cancer
patients), peritoneum (32%), lung (15%), and bone (12%). Patients with stage IV GC have a
median survival of 3 months, which is worst among those with bone and liver metastases
(2 months) [2]. According to current guidelines, systemic chemotherapy is recommended
as a single modality treatment for stage IV GC [3]. However, despite the development
of new molecular targeting agents, the prognosis remains unsatisfactory, with a reported
median overall survival (OS) of 13.8 months [4,5].

The role of surgical resection of GC metastases has always been debated. However,
in the last 10 years, many studies showed encouraging results. Recently, Yoshida et al.
proposed a new classification of stage IV GC, dividing the stage IV in four categories which
results in different treatment approaches (Figure 1) [6]. Gastric cancer liver metastases
(GCLM) without peritoneal carcinomatosis belong to categories 1 and 2; in those patients,

J. Clin. Med. 2021, 10, 1141. https://doi.org/10.3390/jem10051141
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the authors suggest using the so-called “conversion therapy”, which consists of intensive
chemotherapy followed by adjuvant surgery if radical resection is achievable. In addition,
the last revision of the Japanese Gastric Cancer guidelines stated that hepatectomy can
be considered for a subset of patients such as cases with solitary liver metastasis [7]. This
approach is also endorsed by the Italian Group on Gastric Cancer Research [8].

Stage IV Gastric Cancer

Macroscopic
Peritoneal
Dissemination

©)

Macroscopic
Peritoneal
Dissemination

(D

Resectable one liver
metastasis or few para-
aortic lymph node
(16a2,b1) or CY1

Category 1 Potentially resectable metastasis

Liver mets > 1 or tumor
size > 5 cm, close to vein
or distant mets (lung,
Virchow) or para-aortic
Iymph node (16a1,b1)

Category 2 Marginally resectable metastasis

Incurable and unresectable
Category 3 metastasis Other organ ()
(except for local palliation needs)

Category 4 Non-curable metastasis Otherorzan!(+)

Figure 1. Yoshida categories for stage IV gastric cancer (GC).

However, GC patients often present with metastases in multiple sites and only 0.4-1%
of patients have liver metastases amenable to radical resection [7]. Most recent reports
in the literature showed promising results after adopting aggressive multidisciplinary
management, including surgery, to treat patients with GCLM [9].

In our study, we performed a systematic review of the literature of the last decade
to evaluate the OS and disease-free survival (DFS) after hepatectomy for GCLM, and a
meta-analysis of the prognostic factors, in order to clarify which patients would benefit
more from surgical treatment.

2. Materials and Methods

A systematic review protocol was registered at the International Prospective Register
of Systematic Reviews (PROSPERO): database registration number CRD42021218350 [10].
This study is reported in compliance with the Transparent Reporting of Systematic Reviews
and Meta-analyses (PRISMA) statement [11].

2.1. Criteria for Considering Studies for This Review
2.1.1. Type of Studies

We included prospective and retrospective studies reporting survival outcomes after
hepatectomy for GCLM. We have selected only studies involving humans and available
as full text in English published in the last decade. We excluded case reports, animal and
other experimental, as well as purely imaging studies.

2.1.2. Type of Participants

We included studies where all participants who had hepatectomy for GCLM were
eligible for upfront radical resection (R0) of both primary tumor and metastasis in the liver.
In order to avoid selection bias, studies including participants with metastatic sites other
than the liver were excluded.
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2.1.3. Type of Interventions and Outcomes

We included only studies in which there were reported short-term outcomes (post-
operative morbidity and 30-day mortality) and long-term outcomes (1-, 3-, 5-years OS and
DFS) after hepatectomy for GCLM. We investigated the impact of the prognostic factors
collected from the studies on OS and DFS.

2.2. Search Methods for Identification of Studies
2.2.1. Electronic Searches

Two independent reviewers (G.M. and ES.) performed a systematic search of the
literature, from January 2010 to September 2020. The authors did not consider previous
articles as the management of gastric liver metastases has changed significantly over the
last decade.

We searched the PubMed (Medline), Cochrane, EMBASE, and Google Scholar databases
using MeSH and free text words (tw) for GC and liver metastases.

We performed the search using different combinations of the following keywords:
“gastric AND cancer AND hepatectomy”, “gastric AND cancer AND metastases” “gastric
AND cancer AND metastasectomy”, “stomach AND cancer AND hepatectomy”, “stomach
AND cancer AND metastasectomy”. The same search was then repeated changing the word
“cancer” with “carcinoma”, “cancer” with “neoplasm”, “metastases with “metastasis”, and
“hepatectomy” with “liver resection”.

"o

2.2.2. Searching Other Resources

We also checked the references of the selected studies in order to find further relevant
trials.

2.3. Data Collection and Analysis
Two authors (G.M. and ES.) independently selected studies and two authors (G.M.

and A.T.) extracted data from those trials in a pre-piloted data extraction form created
using Microsoft Excel (Microsoft, Redmond, WA, USA).

Study Selection

Study selection was performed by first screening the titles and abstracts in order to
exclude the studies that were clearly not eligible. Then, using the predefined inclusion
and exclusion criteria, the full texts of the studies were screened. Figure 2 illustrates the
flow-chart diagram of the study selection.

and Google Scholar (n=736): 2499

Medline (n=1212), EMBASE (n= 551)
abstracts retrieved

English, studies prior to 2010

(Duplicated results, language other than
(2439 excluded abstract)

60 full text studies considered for
analysis

20 articles excluded: not related to
the objective of the work, case
L reports, few data available

40 articles included in our
systematic review

Figure 2. Flow-chart diagram of the study selection.
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Then, some papers were excluded after discussion between the two reviewers (G.M.
and ES.), because they were not strictly linked to the topic of the review.

Ethical approval and informed consent were not needed for this paper as per local
rules at our institution.

2.4. Literature Search
2.4.1. Data Extraction and Management

Two independent reviewers performed data collection (G.M. and A.T.) and included
the following data:

Year of publication.

Country of recruitment.

Study interval (year(s) in which the trial was conducted).

Inclusion and exclusion criteria.

Population details, such as age, sex, characteristics of the primary tumor, and liver
metastases.

Outcomes (mentioned in “Type of interventions and outcomes’).

7. Details of the prognostic factor(s).

G @

o

The reviewer extract survival data from tables, directly from the text whenever possi-
ble or by manual interpolation in case of data available only in graphs. The clarification of
unclear or missing information was done by direct contact with the authors of each study.
We solved any differences in opinion through discussion.

2.4.2. Assessment of Risk of Bias in Included Studies

Due to the nature of this systematic review, the study quality or risk of bias was
assessed by the Oxford Centre for Evidence-Based Medicine (CEBM) classification only for
descriptive purposes [12].

2.4.3. Data Synthesis

One, three, and five-year OS and DFS were calculated as the proportion of patients
alive and free from the tumor at 1, 3, and 5 years and the total of patients included in the
study. Median Survival Time (MST) was also calculated. StatsDirect Software (StatsDirect
Ltd., Birkenhead, UK) was used to calculate the meta-analysis of proportion [13].

Hazard ratio (HR) with corresponding 95% confidence intervals (95% Cls) were calcu-
lated to assess the impact on OS and DFS of the liver metastases related prognostic factors
using the inverse variance method with Review Manager 5.4 (Cochrane Collaboration) [14].

The HR and its variance were obtained from the study or calculated according to the
data presentation: annual mortality rates, survival curves, number of deaths, or percentage
freedom from death [15].

A random-effects model was used to perform a meta-analysis due to the clinical
heterogeneity among studies. Funnel plots were used to graphically represent publication
bias and in order to find asymmetry and any outliers. Heterogeneity across the studies was
assessed using the Cochran Q test and/or the I statistic to measure the degree of variation
not attributable to chance alone. This was graded as low (I2 < 25%), moderate (I2 = 25% to
75%), or high (12 > 75%) [16].

A significant p value < 0.05 was considered in order to assess statistically significant
differences in each analysis. Forest plots showed the results of the current meta-analysis.
Calculations were performed by A.T. and verified by G.M.

2.4.4. Subgroup Analysis

We performed a subgroup analysis of the OS and DFS based on ethnicity. One, three,
and five-year OS and DFS were calculated as the proportion of patients alive and free from
tumor at 1, 3, and 5 years and the total patients included in the study. StatsDirect Software
was used to calculate the meta-analysis of proportion [17].
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3. Results

We identified 2499 references through electronic searches of Medline (n = 1212),
EMBASE (n = 551), and Google Scholar (n = 736). We excluded 2439 duplicates and
clearly irrelevant references through reading the abstracts. The remaining 60 records were
retrieved as full text for further assessment. Then, we discharged the other 4 references
(for further details, see the section “Characteristic of excluded studies” below). At least, 40
studies were included in the study and were finally analyzed.

3.1. Characteristics of the Included Studies

The 40 included studies [8,18-57] included 1573 participants who underwent hepatic
resection for GCLM. All studies were reported in English. All studies were retrospective
analyses. No prospective studies or randomized trials were found (Tables 1 and 2). The
majority of the studies were conducted in Asia (33 studies: 82.5%), whereas only 7 trials
included data from Western countries (17.5%).

The median age of the whole population was 64 years old (range 30-89), the majority
of whom were men (1050 participants, 66.8%). Two hundred eighty-five participants
(30.3%) had pT1-2 and 656 (69.7%) pT3—4 gastric adenocarcinoma in 26 studies reporting
this data. Four hundred twenty participants (37%) had pNO-1 and 714 (63%) pN2-3 gastric
adenocarcinoma in 25 studies reporting this data. Lymphatic invasion was present in
230 patients (48%) included in 10 studies, whereas 216 patients (53.7%) included in 7
studies had a venous invasion. Nine studies reported the size of the primary tumor: 94
participants (37.3%) had primary tumor <5 cm and 158 (62.3%) >5 cm (median 5.2 cm). The
tumor was poorly differentiated in 236 patients (16.4%), whereas it was well or moderately
differentiated in 1201 (83.6%) participants in 19 studies reporting this data. Six hundred
twelve participants (63.4%) underwent surgical resection for solitary hepatic metastasis
and 354 (36.6%) were treated for multiple hepatic metastases in 27 studies reporting this
data. Three hundred fifteen participants (78.5%) underwent surgical resection for unilobar
hepatic metastases and 86 (21.5%) were treated for bilobar hepatic metastases in 13 studies
reporting this data. Eight hundred seventy-six participants (62.3%) underwent surgical
resection for synchronous liver metastases and 529 (37.7%) were treated for metachronous
hepatic metastases in 33 studies reporting this data.

The median time between gastrectomy and the onset of hepatic metastases was 12.5
months (range 7-135) in 12 studies reporting this data.

The median size of the hepatic metastases was 28 mm (range 17-160 mm) and 52
participants (57.7%) had liver tumor >3 cm and 38 <3cm (42.3%) in 18 studies reporting this
data. Seven hundred ninety-nine participants (77%) underwent minor hepatectomy and
239 (23%) major hepatectomy in 18 studies reporting this data. A total of 757 participants
(86.3%) underwent R0 hepatic resection, 72 (8.2%) had R1 resection, and 48 (5.5%) R2 in 12
studies reporting this data.

One hundred fifty-one participants (12.3%) underwent neoadjuvant whereas 610
(48.6%) underwent adjuvant chemotherapy in 30 studies reporting this data.
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3.2. Characteristics of the Excluded Studies, Risk of Bias, and Applicability Concerns

Three studies were excluded because authors included also patients with peritoneal
metastasis [58-60].

Data from one study were excluded from all the analyses because the authors did
not specify if the patients underwent liver resection or other treatments (Radiofrequency
ablation (RFA), Microwave ablation, others) [60]. Data from 4 studies were included from
the analysis of the short-term outcomes (morbidity and mortality) but excluded from the
analysis of the OS, DFS, and the analysis of the prognostic factors because the authors did
not specify if the patients underwent liver resection or other treatments [33,39,41,42].

All the studies included in the analysis had a type 2b quality of evidence, according to
the Oxford Centre for Evidence-Based Medicine scoring system.

3.3. Discrimination Results
3.3.1. Morbidity and Mortality

Surgical resection of GCLM was performed with 24.7% of morbidity from the 19
studies reporting this data (250/1011) and 1.6% of 30-day mortality from the 30 studies
reporting this data (22/1338). Short- and long-term outcomes are shown in Table 3.

3.3.2. Survival Data

After a median follow-up of 26 months (range 8-77), the 1-year, 3-year, and 5-year
OS were 72% (range 66-77%), 37% (range 31-43%), and 26% (range 21-30%), respectively
(Figure 3).

The 1-year, 3-year and 5-year DFS were 44% (range 40-48%), 24% (range 19-29%), and
22% (range 15-31%), respectively (Figure 4).

Subgroup meta-analyses based on ethnicity were performed (Figures 5 and 6). Eastern
studies showed better 1-year (75% vs. 59%), (HR 0.38, 0.29-0.49, p < 0.00001, I? 78.9%),
3-year (39% vs. 28%) (HR 0.44, 0.32-0.60, p < 0.00001, I? 72.3%), and 5 year (27% vs. 19%)
(HR 0.36, 0.21-0.60, p = 0.0001, 12 66.2%) OS. The results of the DFS for Eastern and Western
studies at 1 year (42% vs. 28%) (HR 1.26, 0.85-1.86, p = 0.25, 12 4.8%) and 3 years (25% vs.
21%) (HR 0.69, 0.43-1.11, p = 0.13, I? 46.2%) were similar, while the 5-year DFS was better
in the Eastern studies (25% vs. 10%) (HR 0.29, 0.15-0.54, p = 0.0001, 12 77.9%).

The analysis of the funnel plots showed the presence of a slight asymmetry. However,
even if the presence of a small study bias cannot be excluded at all, the data suggest that it
seems unlikely.

Heterogeneity was significant, so the variability cannot be related only to ethnicity.

3.3.3. Analysis of Prognostic Factors

The results of the meta-analysis of prognostic factors are shown in Tables 4 and 5.
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Figure 3. Overall survival results. (A): 1-year OS, (B): 3-years OS, (C): 5-year OS.

Nevertheless, we could not include all the studies due to missing data. The analy-
sis demonstrated that the primary cancer factors associated with higher OS were well-
moderately differentiated tumors, pT1-2 and pNO-1 adenocarcinoma. Chemotherapy was
also a strong prognostic factor as well as RO resections. Considering the burden of the
disease, the presence of solitary metastasis, unilobar and metachronous metastases were
all strongly positively associated with OS. On the contrary, older age, sex, size of primary
tumor or metastasis, and the presence of lymphatic or venous invasion by the primary
tumor were not significantly associated with OS.

The factors associated with a higher DFS were pT1-pT2 primary cancers, the absence
of lymphatic invasion by the primary tumors, metachronous liver metastases, solitary
metastasis, and the size of liver metastasis <3 cm. However, for the analysis of the prognos-
tic factors related to DFS, less than 5 studies reported the results for each outcome.

The majority of the analyses had mild or low levels of heterogeneity, suggesting
that the impact of those prognostic factors on OS and DFS is quite similar despite the
well-known differences in the studies.
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Table 4. Analysis of prognostic factors related to overall survival.

Prognostic Factor N. of Studies Participants HR (95% CI) P 2

Male sex 16 788 0.86 (0.68-1.09) 0.21 0%
Age >65 19 896 0.86 (0.49-1.51) 0.60 94%
Synchronous liver metastases 14 730 1.62 (1.17-2.25) 0.004 62%
Multiple liver metastases 17 788 1.66 (1.44-1.91) <0.00001 4%
Bilobar liver metastases 9 495 1.96 (1.34-2.87) 0.0005 69%
>3 cm liver metastases 19 803 2.39 (1.14-5.04) 0.02 98%
R + liver resection margin 6 400 4.15 (2.37-7.26) <0.00001 33%
Chemotherapy before/after liver resection 11 781 1.49 (1.11-1.99) 0.008 73%
Primary tumor Size >5 cm 7 179 1.50 (0.99-2.26) 0.06 14%
pT3-4 21 1084 1.77 (1.31-2.41) 0.0002 51%
pN2-3 16 750 1.54 (1.28-1.85) <0.00001 11%
Lymphatic invasion present 9 467 1.28 (0.96-1.70) 0.09 72%
Venous invasion present 7 364 1.23 (0.93-1.62) 0.15 0%
Primary tumor poorly differentiated 17 796 1.34 (1.10-1.63) 0.004 14%

Table 5. Analysis of prognostic factors related to disease-free survival.

Prognostic Factor N. of Studies Participants HR (95% CI) P 2
Male sex 3 291 0.94 (0.65-1.36) 0.76 0%
Age >65 4 301 0.96 (0.70-1.31) 0.80 39%
Synchronous liver metastases 4 302 1.50 (1.21-1.86) 0.0002 0%
Multiple liver metastases 4 301 2.34 (1.67-3.29) <0.00001 0%
Bilobar liver metastases 1 25 3.39 (1.09-10.56) 0.04 -
>3 cm liver metastases 4 301 1.51 (1.10-2.07) 0.01 0%
Chemotherapy before/after liver resection 3 291 0.77 (0.56-1.06) 0.11 0%
Primary tumor Size >5 cm 1 10 3.22 (0.71-14.57) 0.13 -
pT3-4 4 301 1.43 (1.06-1.94) 0.02 0%
pN2-3 3 292 1.35(0.93-1.97) 0.11 35%
Lymphatic invasion present 3 291 1.46 (1.02-2.08) 0.04 43%
Venous invasion present 2 266 1.25 (0.92-1.70) 0.16 0%
Primary tumor poorly differentiated 4 317 1.27 (0.80-2.01) 0.31 46%

4. Discussion

This systematic review and meta-analysis demonstrate that surgical resection of
GCLM, in the absence of peritoneal disease, is a safe procedure, with a 1.6% risk of
mortality. It can achieve a 5-year OS of 26%. Those results are in line with the results of
recent studies. Long et al., in a meta-analysis [61] of 39 studies, showed a 5-year OS rate of
27%. Similarly, Liao et al. [62], in a comparative analysis of 8 retrospective studies between
hepatectomy and chemotherapy only, showed better OS in the surgical group with an odds
ratio of 0.17 and 0.15 at 1 and 2 years. Up to now, no other meta-analysis has investigated
DEFS and prognostic factors related to DFS. We found that liver resection was associated
with 5-year DFS of 22%.

Those positive results were particularly highlighted in the Asian studies. Histori-
cally, GC survival has always been substantially different in Asian and Western countries.
However, results from recent systematic review and meta-analysis are discordant. While
Gavriilidis et al. [63] showed no significant difference between Eastern and Western coun-
tries in terms of OS, Markar et al. [64] reported a better survival rate for the Eastern studies
compared to Western. Furthermore, the results on this topic should be interpreted carefully
due to differences between populations in terms of characteristics related to primary cancer,
population screening, and dietary habits [65].

In clinical practice, patient selection is crucial in order to achieve acceptable mortality
and morbidity. However, in addition to the importance of precision medicine, the role
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of a careful evaluation of each patient by multidisciplinary teams is improving. In fact, a
multidisciplinary approach could increase the proportion of patients” candidates to curative
treatment also in the metastatic setting. In this context, tools to perform a better selection of
candidates for hepatectomy, such as the assessment of patients’ performance status, hepatic
invasiveness, and the feasibility of obtaining RO resection, play a central role. Although
there are still discordant results in the literature, we believe that radical resection of primary
tumor and metastases is vital to achieve good outcomes.

Beom et al. demonstrated in a retrospective study the central role of conversion surgery
following chemotherapy for 101 patients with metastatic GC [66]. In the trial, 65 patients
(64.4%) had a major response and 11 patients (10.9%) received metastasectomy. Fifty-seven
patients (56.4%) had a complete macroscopic resection, with a median survival of 26 months.
The importance of R0 resection clearly emerged also in the study of Morgagni et al. [67], in
which 11/54 metastatic GC underwent R0 resection. The authors concluded that conversion
surgery in metastatic GC could be beneficial only if RO resection could be achieved. We
showed the same results in our analysis, with R1 resection strongly associated with poor
OS and DFS. On the other hand, Cheon et al. [68] observed a similar survival rate after RO
or R1 resection, in contrast with our findings. However, the fact that a higher percentage of
patients in the Korean series (88% vs. 27.6% in our series) received chemotherapy could
be responsible for the differences in the outcomes, due to the positive impact of active
treatment on survival. In general, in the case of synchronous disease, achieving an R0
resection both for primary tumor and for the hepatic metastases is recommend. Median
survival exceeds 16 months after radical resections and drops to 6 months in case of R1
resections [8]. In our meta-analysis, RO resection was found strongly associated with a
better outcome, in terms of both OS and DFS. In addition to radical resection, other factors
have been demonstrated to have a huge impact on prognosis.

In the study of Kinoshita et al. [35], a significant association with poor OS was found
in the case of lymphatic and serosal invasion, when the liver metastases were more than 3,
the maximum liver metastasis diameter was > 5 cm, or when there was high baseline CEA
and CA19.9. Tiberio et al. [8], in an Italian cohort of 105 patients, showed that T-stage, RO
resection, and use of adjuvant chemotherapy were prognostic factors. Montangini et al. [69]
showed that T and N staging, lymphovascular invasion of the primary tumor, and the
burden of liver disease (i.e., number and diameter of the metastases) were strongly linked
with survival. In particular, patients with involvement of the serosa or lymph nodes as well
as with lymphovascular invasion had a poor prognosis. Otherwise, <3 liver metastases,
tumor maximum diameter <5 cm, metachronous presentation, and RO resections were
linked to a better prognosis.

Other authors showed that some clinical and pathologic parameters, such as nodal
status and histologic grade of the primary tumor, could impact the prognosis [48]. In this
context, the lymph node ratio (number of metastatic lymph nodes on the number of the
lymph nodes removed by surgery) is recognized to be an important factor linked to a poor
prognosis among patients with GCLM who received combined surgical resection [70,71].
In fact, high lymph node ratio was significantly related to the more advanced pN stage,
larger primary tumor dimension, microvascular invasion, and neoadjuvant chemotherapy.

In case of peritoneal involvement from GC, the survival is extremely poor. In those
patients, hepatic resection does not add any benefit to survival [72,73]. For this reason, we
excluded from the analysis the studies that included patients with peritoneal metastases.

Previous studies [22,56,74] have shown that the presence of multiple or synchronous
liver metastases [74] were significant negative prognostic factors. However, in a recent meta-
analysis, Cui et al. [75] showed that only the presence of synchronous GCLM was a negative
prognostic factor, but they concluded that synchronous or multiple liver metastases should
not be considered absolute contraindications for surgery.

Better survival could be obtained in presence of multiple scattered metastases in both
lobes if RO resection can be obtained [8]. In our study, the size of primary tumor and liver
metastases were not unfavorable prognostic factors, as well as the presence of lymphatic
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or venous invasion by the primary tumor. However, we found that the best candidate
for aggressive treatment is the patient with a well-moderately differentiated, pT1-2 and
pNO-1 primary tumor and solitary, unilobar, and metachronous metastasis. Of course, R0
resection is vital in all cases.

Thus, three main treatment options have been identified for resectable GCLM: chemother-
apy, upfront surgery, and preoperative chemotherapy followed by surgery [76]. In West-
ern countries, there is no difference in the treatment strategy in case of synchronous or
metachronous GCLM, whereas in Japan, upfront surgery is the preferred treatment option
for the synchronous disease. According to international guidelines [5,77], a multimodality
approach based on preoperative chemotherapy followed by surgery is considered the best
treatment for both synchronous and metachronous resectable GCLM.

Although the REGATTA trial [77] is often cited in support of those guidelines, nowa-
days many oncologists still do not take the surgical approach into consideration in stage
IV GC based on those results. In this phase 3 trial, 175 patients with GC and a single
metastatic site confined to liver, peritoneum, or para-aortic lymph nodes were randomized
to receive chemotherapy alone or gastrectomy followed by chemotherapy. The study failed
to show an improvement in the survival of the experimental arm; additionally, it showed
a detrimental effect of gastrectomy in this setting (median OS: 14.3 versus 16.6 months
in the chemotherapy arm). However, those results should be interpreted with caution
since two main concerns, at least, emerged: first, patients in the REGATTA trial did not
receive neoadjuvant chemotherapy; second, the trial was designed to assess only the role
of primary tumor site resection (gastrectomy with D1 lymphadenectomy) without any
resection of metastatic lesions. That said, it is clear that the surgical treatment in the trial
cannot be considered curative but only palliative. Additionally, in the trial, only 9% of
the metastatic GC patients had a liver limited disease. Therefore, for all these reasons, the
REGATTA trial should not be considered as strong evidence to discharge a multimodality
strategy for patients with GCLM.

We believe that for surgeons a new era started since FLOT regimen (5FU, Folinic acid,
Oxaliplatin, Docetaxel) was widely approved as the standard of care for advanced GC [78].
The neoadjuvant strategy was widely accepted for >T1N+, and oligometastatic GC has
been increasingly recognized as a distinct clinical entity. It is characterized by limited
metastatic spread and benefits from a multimodality strategy including chemotherapy
and surgery [79]. Despite some limitations due to a non-randomized trial and a relatively
small sample size, the phase 2 AIO/FLOTS3 [58] showed an increased OS in oligometastatic
GC patients treated with neoadjuvant chemotherapy (FLOT schedule) followed surgery.
The trial underlined the concept that a more aggressive treatment strategy including
preoperative chemotherapy and surgical resection of metastases might have better results
in terms of survival in this setting.

Still, open questions are unsolved on which sub-population could really benefit from
this strategy. In this regard, the results of the ongoing phase 3 RENAISSANCE/AIO-FLOT5
trial (NCT02578368) [80] are awaited.

In general, our study showed some interesting results that support the new surgical
trend of approaching GCLM. However, the importance of neoadjuvant chemotherapy and
the number of cycles of adjuvant chemotherapy should be taken into account. In our study,
poor data were found for neoadjuvant CT to draw any firm conclusion, although, in our
forest plot analysis regarding chemotherapy, including adjuvant and neoadjuvant, HR was
1.49 (p = 0.008). If we analyze separately, adjuvant chemotherapy had HR 1.5 (p = 0.01)
instead of neoadjuvant CT with HR 1.39 (p = 0.34), therefore not significant (Figure 7,
supplementary Figures S1-525).
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A) Forest plot Chemotherapy related to OS

B) Forest plot Chemotherapy related to DFS

Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio] _SE_Weight IV, Random, 95% C1 1V, Random, 95% CI Study or Subgroup log[Hazard Ratio]  SE Weight IV, Random, 95% CI 1V, Random, 95% CI
:J:kl 2':{:"’“ 012 02 13.2% 1.13[0.76, 1.67] 1 ‘dju“nl
3 X . . .76, 1. T . i
proomr 0 036 036 085 10,19, 3,781 — Kinoshita 2015 025 017 896%  078(056,109)
Komeda 2014 0.36 055 1.43(0.49,4.21) = Quu 2013 <073 058  7.7%  048(0.15,1.50
e 2018 IHeN 8% skl L Subtotal (95% C1) 973%  075(054,103)
u 3 0. B B
Song 2017 002 001 17.4%  0.98(0.96,1.00] Heterogeneity: Tau® = 0.00; Chi* = 0,63, df = 1 (P = 0.43); I = 0%
Takemura 2012 069 2.72 1.99 [0.01, 3 Test for overalleffect: 2 = 1.77 (P = 0.08)
Tatsubayashi 2016 -0.25 057 0.78(0.25, 2.38) ——
Tiberio 2016 11 028 10.7% 3.00 [1.74, 5.20) - .
Tsujimoto 2010 062 041 7.5%  1.86(0.83,4.15] — 282 neoadjuvant
ey R o e > Nishi 2018 072 098 27%  205(030,1402) ——
Heterogeneity: Tau® = 0.14; Chit = 42.43, df = 9 (P < 0.00001); I* = 79% ’.
Test for overall effect: Z = 2.47 (P = 0.01) ::blo(al (9_5" :l) bl 27K 205(030,1402)
terogeneity: Not applicable
182 neadjuvant Test for overalleffect: 2 = 0.73 (P = 0.46)
Komeda 2014 0.02 052 1.02(0.37, 2.83) — i
Nishi 2018 031 077 1.36[0.30,6.17) I
Takemura 2012 0.74 059  46%  2.10(0. 61 b Total (95% C1) 1000% 07706, 1.06] L
f‘::oul .(:ls: :Ia)u’ = 0.00; Chi* = 0.84, df = 2 (P :’oz :s)- " :.3‘:‘[0‘70. sl hl Heterogeniy: Tau' = 0.00; Cti' = L66,df =2 0= 0445 ' 0% =001 0=1 l=0 100:
SRl s £ it =030 o Test for overall effect: 2 = 1.62 (P = 0.11) " Favours [no chemo] Favours [chemo)
Test for subgroup differences: Chi' = 1,03, df = 1(P = 0.31), = 2.9%
Total (95% CI) 149111, 1.99) >
Heterogeneity: Tau® = 0.13; Chi’ = 44.25, df = 12 (P < 0.0001); I’ = 73% o1 100

Test for overall effect: Z = 2.67 (P = 0.008)

Test for subgroup differences: Chi’ = 0.04, df = 1 (P = 0.84), 1" = 0%

0.1 10
Favours [No Chemo) Favours (Chemo]

Figure 7. Forest plot showing the impact of chemotherapy on overall survival (OS) and disease-free survival (DFS).
(A): Forest plot Chemotherapy related to OS (B): Forest plot Chemotherapy related to DFS.

Systemic chemotherapy remains the mainstay for the treatment of metastatic GC and
progression during chemotherapy is probably the most relevant contraindication for any
surgical approach.

In a study focusing on GCLM responder to induction chemotherapy, an RO re-
section rate of 100% was obtained in all patients who underwent radical gastric resec-
tion plus liver metastasectomy after Docetaxel-Cisplatin-5-FU (DCF) chemotherapy [81].
Kinoshita et al. [82] reported a case series of 18 patients with liver metastases from GC
and treated with DCE. In this experience, the majority of patients underwent conversion
gastrectomy after chemotherapy (11 patients; 5 patients received also liver metastasectomy),
showing an improvement in MST and 3-years OS rate if compared to patients who did not
receive surgery (MST: 18.9 vs. 15.6 months; 3-year OS rate: 40.4% vs. 27.5%)

Another retrospective case series including 29 patients with GCLM reported that six
patients underwent conversion surgery after DCF chemotherapy (complete response in
two patients), two patients received partial hepatectomies with a complete pathological
response and two were treated with radiofrequency ablation (RFA) [83]. Additionally,
Yamaguchi et al. [84] showed a conversion rate of 21.5% in patients with GCLM liver treated
with chemotherapy and subsequent metastasectomy. Same results regarding the good
impact of surgery on the survival of those patients were reported in different analyses [66].

Regarding morbidity, most of the studies included in our analysis did not specify if
the complications were major or minor. The 30-day morbidity and mortality were 24.7%
and 1.6%, respectively, in our study.

Low mortality rate and a limited morbidity rate are not requisites to push patients
with GCLM towards a surgical strategy, but certainly these data, in agreement with our
results in terms of OS and DFS, reinforce the importance of future randomized prospective
studies, needed to validate this strategy and recognize subgroups of patients who can
really benefit from it.

Like previous works available in the literature, our study has some limitations. First,
all the studies included in the analysis are retrospective and characterized by heterogeneous
patient groups. Then, the results may have been affected by selection, institutional and
national bias, underpowered sample size, and smaller oncological burden.

5. Conclusions

Japanese guidelines have begun to change attitudes towards GCLM, reporting sur-
gical resection as recommended for cases with small number of metastases with no other
incurable factor even though with a weak level of evidence [7,85]. Our findings suggest the
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References

possibility of expanding surgical indications for patients with GCLM if R0 can be achieved,
always in a multidisciplinary setting.

Resection of GCLM is feasible, and a benefit in terms of long-term survival emerged
despite the current guidelines. Identification of patient subgroups that would benefit from
surgery is mandatory and in a multidisciplinary setting, we should take into consideration
the stage of primary cancer, mainly with regard to serosal infiltration and lymph node
ratio, and the characteristics of the liver metastases. The presence of solitary or unilobar
metastases are positive prognostic factors, whereas size does not matter if GCLM are
resectable and RO could be achieved. Pre- and postoperative chemotherapy plays a key role
in the treatment of these patients, even though the role of neoadjuvant CT should be better
investigated. The ongoing FLOT 5 trial and a prospective register in the coming years
will specify these findings and probably will change the current guidelines. A European
registry from which a randomized controlled trial could be developed is necessary in the
near future.
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Abstract: Gastric cancer (GC) is the third cause of cancer-related death worldwide; the prognosis is
poor especially in the case of metastatic disease. Liver, lymph nodes, peritoneum, and lung are the
most frequent sites of metastases from GC; however, bone metastases from GC have been reported
in the literature. Nevertheless, it is unclear how the metastatic sites may affect the prognosis. In
particular, knowledge about the impact of bone metastases on GC patients’ outcome is scant, and
this may be related to the rarity of bone lesions and/or their underestimation at the time of diagnosis.
In fact, there is still a lack of specific recommendation for their detection at the diagnosis. Then, the
majority of the evidences in this field came from retrospective analysis on very heterogeneous study
populations. In this context, the aim of this narrative review is to delineate an overview about the
evidences existing about bone metastases in GC patients, focusing on their incidence and biology, the
prognostic role of bone involvement, and their possible implication in the treatment choice.

Keywords: metastatic gastric cancer; target therapy; bone flare; stage IV; treatment; RANK-L

1. Introduction

Gastric cancer (GC) is the third cause of cancer-related death worldwide [1]. In partic-
ular, even today, survival is dismal, and only 5.5% of patients diagnosed with metastatic
GC are alive at 5 years [2]. Although over the last decades the research in GC has focused
on the role of novel and targeted treatments, chemotherapy based on a doublet with platin
and fluorouracil remains the standard of care for the first-line therapy in case of metastatic
disease without overexpression of human epithelial growth factor 2 receptor (HER2) [3].
To date, trastuzumab is the unique target agent approved for first-line treatment of HER2-
positive metastatic GC in addition to the doublet chemotherapy backbone, due to the fact
that all the other targeted agents failed to improve survival outcomes in this setting [4,5].
Recently, the immune checkpoint inhibitors have shown promising results in the treatment
of first-line metastatic GC [6-8]. However, data are preliminary, and the final results of the
trials are awaited in order to clarify their role in the first-line treatment of metastatic GC.
Therefore, these agents have not been approved by the regulatory authorities yet, and their
use is not a standard of care at the time of writing.

In the last decades, one of the most important conceptual achievements in this field
is represented by the “continuum of care”, meaning the possibility to treat patients with
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multiple subsequent lines of therapy in order to obtain longer survivals. In fact, almost
40% of patients receiving a first-line treatment for metastatic disease maintains a good
performance status after progression; they are able to receive a second and even a third
line of treatment [9,10]. In the second line, a treatment with paclitaxel and ramucirumab is
the standard of care in case of patients with good performance status (PS 0-1 according
to the Eastern Cooperative Oncology Group (ECOG) scale); otherwise, ramucirumab as
monotherapy is the preferred choice in case of patients with ECOG PS 2 [3]. Then, up to
date, triflurifine/tipiracil is the unique agent to have shown a benefit as third line treatment
in patients with metastatic GC and good PS, representing the standard choice in this field
after the approval of local authorities [3]. Thus, moving from the experience in colorectal
cancer patients [11], the definition of the right sequence of treatment from the diagnosis is
becoming crucial in GC as well [12].

Over the last decades, a better understanding of molecular patterns of metastatic
GC led to validated molecular classifications [13,14], indicating that GC is no longer a
single entity, while it includes many subgroups with their own peculiarities and different
behavior. However, so far, these molecular classifications have not been applied diffusely
in the everyday clinical practice. Additionally, there is still a lack of validated prognostic
and predictive biomarkers in GC able to guide the choice of a tailored treatment for each
patient [15]. Therefore, the treatment algorithm for metastatic GC is often painted according
to the patient’s (age, PS, comorbidities, and nutritional assessment) or tumor’s (tumor
burden, symptomatic disease, metastatic sites) characteristics. Thus, a multidisciplinary
evaluation of each patient is crucial in the treatment decision process.

In this context, it is unclear how the sites of metastases may affect the prognosis. In
fact, if the presence of peritoneal disease or of multiple metastatic sites is considered a
well-known worse prognostic factor [16], the knowledge about the role of bone metastases
or other visceral sites, such as lung, is scant. This could be related to the rarity of bone
involvement in GC, representing the fifth metastatic site after liver, peritoneum, lymph
nodes, and—according to the series—lung. Additionally, they are often underestimated at
the diagnosis due to the lack of specific recommendation for their detection. Thus, bone
metastases have been typically searched for only in case of appearance of new symptoms
(e.g., pain), and a consistent fraction of them have been recognized only post-mortem
during autopsy in case of non-symptomatic disease [17].

Based on this background, the aim of this narrative review is to describe the evidence
existing about bone metastases in GC patients, focusing on their incidence and biology,
their prognostic role, and possible implication in the treatment choice.

2. The Biological Basis of Bone Involvement in Metastatic Gastric Cancer

From a biological point of view, bones are a unique and favored site for metastases
from several types of cancer, and complex mechanisms are responsible for the development
of bone metastasis [18,19]. The cells mostly responsible for bone metabolism are osteoblasts,
osteoclasts and osteocytes. In general, osteoblasts produce a bone matrix, called osteoid,
which consists of proteins, mainly type I collagen (95%), and they synthesize hydroxyap-
atite crystals, mineralizing the bone matrix; at the end of their synthetic processes, some
osteoblasts are “trapped” into their own matrix and become osteocytes [20]. Osteoblasts,
which derived from mesenchymal stem cells, are primarily responsible for bone forma-
tion; however, they are also involved in bone destruction [21]. In fact, these cells could
be stimulated in both physiological and pathological conditions through the excretion
of parathormone (PTH) or, in pathological conditions only, through its related peptide-
PTHrP- to overproduce the Receptor Activator of Nuclear factor-«B Ligand (RANK-L) [22].
RANK-L—a member of the RANKL/RANK/ osteoprotegerin (OPG) pathway and belong-
ing to tumor necrosis factor (TNF) superfamily—exists both as a transmembrane protein
and as a soluble form; it interacts with RANK on the surface of osteoclasts, resulting in their
activation via transcription factors [23,24]. Preclinical studies have shown that RANK-L is
able to promote the migration of breast cancer cells [25] but also of GC cells. Interestingly,
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in GC it could interact with epidermal growth factor receptor (EGFR) [26]. Osteoblasts are
also able to reduce osteoclastogenic activity by expressing OPG, which is a decoy receptor
for RANKL that prevents RANK signaling activation [27].

Osteoclasts are multinucleated cells deriving from the monocyte/macrophage lineage,
which is responsible for bone resorption by creating sealed zones. In these zones, they can
dissolve bone minerals and degrade extracellular matrix (ECM) bone proteins through
the secretion of H+, Cl- and enzymes such as cathepsin K and matrix metalloproteinases
(MMPs) [28]. During this process, growth factors—namely bone morphogenetic proteins
(BMPs) and fibroblast growth factors—are released from the bone matrix; this release
causes the attraction of osteoblasts and the start of a new cycle inside the Bone Remodeling
Compartment [29,30]. In adulthood, in physiological conditions, bone remodeling reaches
equilibrium between formation and resorption. Nevertheless, the quantity of bone loss
is not entirely replaced over the years, causing an unrelenting decline in bone mass with
aging [31,32].

Several steps are required for bone metastases development: first of all, cells from
the primary tumor should reach bones through systemic circulation; then, they enter
the bone microenvironment, especially in areas of the skeleton characterized by high
vascularization, such as bones with red marrow [33]. The hypothesis of vascular niches
in the bone microenvironment, which promotes the skeletal localization of tumor cells
through their extravasation and docking, is supported by the discovery of biological and
molecular mechanisms, such as cytokines, adhesion molecules, and skeletal endothelial
cells properties [34]. Additionally, the dormancy of disseminated tumor cells, followed
by their reactivation and proliferation, is a poorly understood process involved in bone
metastases development [35].

Although during metastatic dissemination, the circulating tumor cells could localize
in bone marrow virtually in all types of solid tumors [36], differences in the incidence of
bone metastases across distinct primary tumor sites have suggested the implication of
specific and histotype-related mechanisms. In fact, there are several mechanisms—that
are not entirely understood—that could lead to a distinct pattern of metastatization, also
according to the heterogeneity of primary tumor. In this context, an analysis on 910 samples
from 100 patients affected by renal cancer showed that monoclonal tumors tend to provide
a more rapid metastatization to multiple sites. Otherwise, heterogeneous tumors had
late progression as single metastatic lesions [19]. Nevertheless, bone metastases from
gastrointestinal cancers are quite uncommon [33].

Regarding GC, it is still not very clear how the tumor cells colonize the bone microen-
vironment. Since bone metastases are the results of hematogenous spreading of cancer
cells, preferential ways among venous systems, potentially used by GC cells to reach the
skeleton, have not been identified [37]. Angiogenesis, which is involved in gastric carcino-
genesis and tumor progression, could play a primary role in bone metastasis growth [38].
Among the actors of tumoral angiogenesis, mast cells positive to tryptase (MCPT) have
demonstrated to be positively associated with neovascularization in bone metastases from
GC, identifying them as a new potential anti-tumor target [39].

PTHrP has been found to be expressed in several epithelial cancers, including gas-
tric adenocarcinoma [40], where it was found to be overexpressed in moderately and
poorly differentiated tumors as well as in metastatic sites [41,42]. However, no association
with an increased risk of bone metastases has been reported in gastric adenocarcinomas
overproducing PTHrP [42].

RANKL expression in resected GC has been associated to high risk of distant metas-
tases and poor prognosis [43]. However, to date no correlation between RANKL expression
and bone metastases development risk has been found in those tumors.

Finally, BMP4 has been described to be overexpressed in GC [44]. In an in vivo model
of prostate cancer, BMP4 favors tumor growth in bone by tumor-induced osteogenesis [45].
In GC cells, BMP4 could be responsible for the development of metastasis by enhancing
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epithelial-mesenchymal transition (EMT) [46]. However, despite of these evidences, the
role of BMP4 role in bone metastases from GC should be further elucidated.

3. Clinical Overview on Bone Metastases from Gastric Cancer

The skeleton has been considered a typical metastatic site in some kind of tumors,
such as breast or prostate cancer [47,48]. However, bone involvement is considered unusual
in GC. In fact, the little evidence that exists in the literature has shown that bone metastases
occur in metastatic GC patients in a range between 0.9% and 13.4%, according to the study
population [17,49-62]. However, it is important to note that these data mostly come from
retrospective analysis and case series. Therefore, no prospective evaluation regarding the
characteristics and distribution of bone metastasis in GC exists to date.

In general, the most important issues to consider in the knowledge of bone metas-
tases in GC patients are the time of onset (at diagnosis—synchronous, or at the time of
progression—metachronous), the type of metastases (osteolytic, osteoblastic, or mixed),
their distribution (axial versus appendicular skeleton), the prognostic implications of
metastatic bone involvement and correlation with other patients’ and tumor’s clinicopatho-
logical characteristics.

3.1. Incidence, Onset, Type and Distribution

Moving from the first historical report by Yoshikawa et al. in 1983 [17], showing 33 GC
patients with bone metastases, the research has focused on this topic especially over the last
decade. Table 1 summarizes the most significant data reported in the literature regarding
the descriptive evaluation of bone metastases in GC, including time of onset, type, and
distribution. Of note, the articles that were not available in English were not considered in
this review.

Among the available studies, a retrospective Italian analysis, which collected the data
from 2000 metastatic GC patients treated at 22 centers over 12 years (from 1998 to 2011),
is one of the largest multicenter experiences in this context [55]. The trial showed a bone
involvement in 10% of metastatic GC patients (208 patients); of them, 28% were diagnosed
with bone metastasis (synchronous disease), whereas 62% had a bone progression of disease
(metachronous disease). The majority of patients were young (<61 years old: 52.9%), male
(66%), showing an ECOG PS 1 (43.9%); the most frequent disease characteristics were
the following: intestinal subtype according to Lauren classification (38.9%) [63], grade
3 (81.3%), N2 involvement according to TNM stage (41.5%), and concurrent visceral
metastasis (86.3%). It is important to underline that 27% of patients had an ECOG PS 2-3
at the diagnosis of bone involvement; additionally, 33% of patients had a diffuse tumor
subtype according to Lauren classification [63]. Regarding the type and distribution of
the lesions, the majority of patients included in the study population had multiple bone
metastasis, especially in the long bones (52%); those lesions were mostly osteolytic (52%
versus 25% mixed lesions and 23% osteoblastic ones).
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A subsequent Chinese retrospective analysis evaluated the clinicopathological charac-
teristics of bone metastases in 66 patients with GC treated at one institution over a period
of 10 years (2008-2018), representing 11.3% of the entire metastatic GC patients population
evaluated in the study (884 patients) [56]. Among them, 45.5% and 54.5% had synchronous
and metachronous bone metastases, respectively. The majority of those patients were
young male (68.2%) with ECOG PS 0-1 (68.2%), multiple metastatic sites involved (bone
and visceral: 84.9%), and multiple bone metastases (84.8%) with prevalent axial distribution
(spine: 78.5%; pelvic bones: 68.2%; ribs: 47.0%; lower extremity: 34.8%; sternum: 33.3%;
scapula: 31.8%; upper extremity: 21.2%; skull: 19.7%). However, this analysis did not
report the type of metastasis (osteolytic, osteoblastic, or mixed). Finally, the majority of
tumors was poor differentiated /mucinous/signet ring cells (71.2%) and were located in
the antrum (30.3%).

Recently, another Chinese retrospective analysis showed the data from 42,966 GC
collected in the American population by Surveillance, Epidemiology, and End Results
(SEER) database over a period of six years (2010-2016) [57]. Of them, 1798 patients had
bone involvement (4.18%). In addition, in this case bone metastases were more commonly
reported in young patients (7.3% in 20-39 years old range), with an inverse correlation
with age (5.45% in 40-59 years older, 4.09% in 60-79 years older, and 2.39% in >80 years
older subgroup). Additionally, they were more common in men and in tumors showing
the following characteristics: grade 3 (odd ratio (OR): 3.93, p < 0.001), located to the
stomach (antrum versus proximal location: OR = 0.81; p = 0.02), diffuse according to Lauren
classification [63] (OR: 1.46, p < 0.001), with signet ring cells or with nodal involvement (OR:
2.09, p < 0.001). These data regarding tumor and patients’ characteristics were consistent
with those showed by Qiu MZ et al. in another retrospective analysis from the SEER
database including GC treated between 2010 and 2014 [58]. Of note, Liang C et al. [56]
reported that the patients who underwent to surgical resection of primary tumors had
a lower incidence of bone metastases if compared to the patients who did not receive
a surgical approach (0.36% versus 7.6%). Finally, also in this case, patients with bone
metastases had concurrent extra-bone metastatic sites and multiple bone sites involved.
However, this analysis evaluated neither the type of the lesions and their distribution nor
their onset time.

Finally, few anecdotal cases of GC patients with bone metastasis located to the bones
of the hand were reported [64-68].

For a summary of the incidence of bone involvement according to different skeletal
sites, see Figure 1.

Additionally, there are few reports in the literature regarding the appearance of bone
lesions related to early GC [69,70]. When the primary tumor is an early lesion, the presence
of metastases to the bone is often underdiagnosed, because bone involvement is investi-
gated only in case of symptoms (e.g., pain). Park et al. focused on the incidence and risk
factors of bone recurrence in 1683 GC patients who received a curative resection between
1989 and 2008 [71]. Therefore, this retrospective study analyzed only metachronous bone
disease. The incidence of bone involvement was 1.8% in the entire study population, with a
higher rate in case of advanced primary tumor at diagnosis (0.4% in case of early GC versus
3.4% in the more advanced stages). The median time from the surgery to the detection
of bone metastases was 28 months (range: 4-111 months) and the majority of patients
had multiple metastases located to the axial skeleton (spine: 93.3%, pelvic bone: 40% and
ribs: 36.6%).
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Figure 1. Incidence of bone metastases from gastric cancer according to skeletal sites.

Lastly, even if the majority of the GC recurrence occur into the first two years after cu-
rative resection, anecdotal cases of late relapses have been reported in the literature [72,73].
In particular, Iovino et al. reported the case of a 49-year-old patient who showed a tumor
relapse from GC after 11 years from the curative surgical resection [73]. The patient had
severe neurological signs from a diffuse vertebral involvement and marrow infiltration
without detection of any other metastatic lesions or primary tumor; the biopsy of the
soft tissue near the lumbar vertebra confirmed the metastatic nature of the lesion, which
spread from GC. The authors explained the long latency with the tumor dormancy theory,
according to that few tumor cells could be present in the organs in a state of cell-cycle
arrest; thus, there is a balance between tumor cells growth and apoptosis that could persist
over many years [34]. Even if the entire process is still poorly understood, the tumor cells
could reactivate after the variable time, leading to a tumor relapse.

3.2. Prognostic Implications of Bone Metastasis in GC Patients

Unfortunately, unlike in other types of tumors, such as renal cancer [74,75], up to date,
no prospective dedicated trials regarding GC patients with bone metastases exist in the
literature. Additionally, no data about the outcomes of these patients were reported in the
landmark phase II and III trials in the metastatic GC setting (see above). Therefore, the most
representative data regarding the prognosis of patients with GC and bone metastasis came
from the same retrospective analysis already cited in the previous Section 3.1 [17,49-62]
(Table 1).

More in detail, Silvestris et al. reported a median overall survival (OS) of 14 months in
the entire study population (95% confidence interval (CI): 12-15.9 months), with a median
time of 8 months for the first diagnosis of bone involvement (95% CI: 6.1-9.8 months) and
a median OS of 6 months from that diagnosis (95% CI: 5-6.9 months) [55]. Of note, they
included in the analysis only GC patients with bone metastases who died, whereas they
did not evaluate alive patients with documented metastases to the bone. Additionally, they
showed that the appearance of skeletal-related events (SREs) impacts on the prognosis (for
additional details regarding SRE see the next Section 4.2.2). This analysis showed that a D2
lymph node dissection was an independent prognostic factor of both shorter time to the
diagnosis of bone involvement in GC patients (hazard ratio (HR): 2.7, p: 0.013) and worse
survival in case of bone metastases recognition (HR: 2.285, p: 0.008). Finally, there was no
difference in median OS in patients diagnosed with synchronous or metachronous bone
disease (5 months in each subgroup). This may be related to the worse prognosis linked to
the mere diagnosis of bone metastatic involvement. Finally, the authors evaluated only the
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use of zoledronic acid, whereas there is no mention of the type of chemotherapy used or its
impact on survival.

Wen et al. [56] showed a median OS of 6.5 months in the entire population (95% CI:
4.2-8.7 months), with 69.7%, 41.5%, and 13.3% patients alive at 6, 12, and 24 months,
respectively. Unlike the previous Italian analysis [55], the author showed a worse OS in
case of synchronous disease if compared to metachronous one (4.1 versus 11.8 months,
p = 0.032). Additionally, they reported a better survival in patients who had received an ac-
tive chemotherapy (p: 0.004) as well as in patients who showed a good PS ECOG (8 months
versus 3.6 months in the ECOG 0-1 and ECOG 2 subgroup, respectively; p = 0.001). How-
ever, the authors did not show the type of active treatment used and the study population
was deeply heterogeneous, which was mainly due to the retrospective nature of the study
design and the rarity of bone involvement in metastatic GC.

The risk of developing bone metastases was higher in patients affected by metastatic
GC with lung involvement (20.24% versus 4.06%, p < 0.001) as reported by Qiu et al. [58].
In this analysis, they showed a median OS of 4 months in case of bone metastases, with a
case-specific survival rate of 1.27% (versus 29.86% in patients without bone involvement).
Therefore, they concluded that even if it is hard to routinely assess a metastatic disease
to the bone or the brain from GC, due to the rarity of their involvement and the risk of
overlook, it could be feasible to evaluate those sites in patients who have risk factors (e.g.,
lung or liver metastasis).

The recent analysis by Liang et al. underlined the impact of surgery of the primary
tumor site and of the chemotherapy on the outcome of GC patients with bone involve-
ment [57]. In fact, they reported a median OS of 3 months in the entire study population,
improved to 9 months in patients who received surgery (versus 3 months in case of no
resection, HR: 0.54, 95% CI: 0.40-0.72; p < 0.001) and to 7 months in patients who received
chemotherapy (versus one month, p < 0.001). Of note, this analysis did not show any
benefit by adding radiotherapy to the treatment (p > 0.05). However, also in this case, the
authors did not describe the type of surgery or chemotherapy used, due to the nature of the
analysis (retrospective design on data collected in the SEER database). Additionally, they
reported the following limitations of the analysis: the underestimation of bone involvement
in GC, since they recorded only symptomatic diagnosed cases, the lack of data regarding
peritoneal metastasis, and the inaccurate evaluation of death-related causes.

In conclusion, the presence of bone metastases seems to be related to worse prognosis
in metastatic GC patients. However, due to the retrospective design of the analysis,
the heterogeneity of the study populations, and the rarity of bone involvement, further
investigations are needed in order to evaluate the prognostic role of bone metastases and
to confirm these findings.

4. Clinical Management of Metastatic Gastric Cancer Patients with Bone Involvement
4.1. Radiological Assessment

Unlike others cancer types with higher incidence of bone metastases, the European
Society of Medical Oncology (ESMO) [3] and National Comprehensive Cancer Network
(NCCN) guidelines [76] do not recommend skeletal screening with bone scintigraphy in
patients with GC at the time of diagnosis or during treatment. Therefore, the incidence
of asymptomatic bone lesions is likely underestimated, and approximately 14% of GC
patients are diagnosed with bone metastasis only during autopsy [52].

Chest-abdomen-pelvis computed tomography (CT) scan is the most commonly used
imaging technique in the initial diagnostic workup; however, in the follow-up setting, it is
recommended only in case of symptoms suspicious for bone recurrence, such as pain [77].

The elevated serum levels of alkaline phosphatase (ALP), which is known to be the
most predictive biological marker for the presence of bone metastases in GC, together with
the presence of elevated tumor markers, such as carcinoembryonic antigen (CEA) and
CA19-9, suggest the need for skeletal screening [78].
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In case of recurrence of disease, it has been demonstrated that more aggressive tumor
phenotypes, including the presence of lymph node metastasis, are associated with higher
risk of bone recurrence. In particular, Park et al. showed that the N2/N3 stage has a risk
of bone recurrence significantly higher than NO/N1 (HR: 1.44, 95% CI: 1.217-1.694) [64].
Additionally, Liang et al. have recently described some clinical and histological features
than could help the oncologists to identify the “patients with high risk of bone metastases”:
Gastro Esophageal Junction (GEJ) cancer, younger age, white race, poor differentiated
tumor grade, higher lymph nodes stage, and diffuse histology according to Lauren clas-
sification [57,63]. They might suggest the use of radiological bone assessment in this
population as standard at baseline.

18Fluorodeoxiglucose Positron Emission Tomography (*®FDG-PET) scan can be useful
for the evaluation of lymph nodes involvement as well as for distant metastases including
bone metastases. Nevertheless, it is well known that it has a lower sensitivity in GC patients
with diffuse histological type, due to the lower glucose transporter 1 (GLUT1) expression
in these cells [79].

Finally, the role of magnetic resonance imaging is limited to the evaluation of medullary
involvement in the presence of neurological symptoms. Additionally, it is very sensitive
for the study of vertebral and pelvic metastatic disease [80].

A “Tricky” Evaluation of the Response on Bone Metastases during Treatment: Focus on the
Bone Flare

Patients with bone metastases from GC require periodic bone evaluation with a
CT scan with a bone window in order to assess the response to therapy according to
Response evaluation criteria in solid tumors (RECIST) 1.1 criteria [81]. Additionally, a bone
scintigraphy or ¥ FDG-PET could be performed. However, unlike the visceral sites, the
response evaluation in case of bone metastases might be difficult due to the existence of
strict criteria in this setting [81] and the possibility to detect the bone flair.

The bone flare is a radiological phenomenon, which refers to an increased radiotracer
uptake (i.e., 99mTc-labeled bisphosphonates used in the bone scintigraphy) in the bones of
the patients with metastatic cancer and bone metastases at baseline, despite the clinical and
radiological findings of response to treatment in the other metastatic districts of the body.
This phenomenon was firstly studied in prostate cancer patients in the mid-1980s [82].
Indeed, learning from the experiences in prostate cancer, a worsening in bone scan during
the first months of systemic treatment for bone metastases could be caused by an intense
osteoblastic response and not by a progression of disease [83]. Therefore, it is important
to note that we can refer to the bone flair only in case of osteoblastic lesions, whereas
an increased isotope uptake by osteolytic metastases should always be considered as a
progression of disease. However, often it could be difficult to discriminate bone flare
from progressive bone metastases, with a concrete risk of wrong response assessment. In
prostate cancer, a prospective study on treatment-naive metastatic patients showed that
bone flare can occur in patients with positive baseline bone scan in a high percentage
of cases but also in patients with no abnormalities at the scintigraphy performed at the
baseline. Interestingly, these patients were confirmed to have skeletal metastases at follow-
up [84].

Bone flare phenomenon has been also reported in other kind of tumors [85-88], in-
cluding GC. Up to date, only two case reports about bone flare in GC patients have been
published. More in detail, Amoroso et al. reported the case of a 43-year-old man who
started chemotherapy for advanced disease. Despite of the appearance of new osteoblastic
lesions, treatment was continued, and the second radiological evaluation confirmed the
presence of stable osteoblastic lesions [89]. The other case is about a 54-year-old male with
baseline bone metastases from GC who showed an increased intensity at bone scan after
three cycles of chemotherapy, despite an improvement in skeletal pain. Nevertheless, after
additional three cycles of chemotherapy, the bone scan revealed a decrease in the intensity
of the signal in the same areas [90].
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In conclusion, even if rare, bone flare should be taken into account in metastatic GC
patients with osteoblastic lesions who show progression of disease only to the skeleton.
In these cases, especially if the patients do not show a clinical worsening, the clinicians
should be aware about this phenomenon, since it could be misinterpreted as progression of
disease, leading to a change in the chemotherapy regimen. Therefore, a multidisciplinary
framework in distinguishing the two conditions is critical also in GC patients.

4.2. How to Treat Metastatic Gastric Cancer Patients with Bone Metastases

The treatment of GC patients with metastases to the skeleton can be distinguished
into two areas: treatment of metastatic GC disease per se and bone-related treatments.

4.2.1. Systemic Treatments

According to international guidelines [3,76], palliative chemotherapy—with or with-
out targeted agents—is the standard of care in the treatment of metastatic GC. In fact,
surgery is not an option in case of metastatic disease, especially to the bone. A detailed
description of the currently recommended treatments for metastatic GC disease and/or
future perspectives is not in the aim of this review; however, you can refer to dedicated
literature and guidelines [3-5,12,76] for detailed coverage.

To date, there is a lack of specific data regarding bone involvement in the landmark
phase II and III trials in GC. In fact, among =250 clinical trials investigating the role of
chemotherapy, target therapies, and immunotherapies in advanced GC (first-, second-,
>third lines) over the last two decades, only seven trials showed specific data for GC
patients with skeletal metastases (Table 2).

In particular, among chemotherapy trials, in 2008, Al-Batran S et al. compared the
efficacy of FLO (fluorouracil, leucovorin, and oxaliplatin) and FLP (fluorouracil, leucovorin,
and cisplatin) regimen as first-line treatment for 220 metastatic GC patients, reporting
the data of 6.8% of patients with bone involvement [91]. However, the trial did not show
the subgroup analysis for those patients and did not report the outcomes accordingly.
In 2009, the non-inferiority phase III ML17032 trial, which compared CX (cisplatin and
capecitabine) versus CF (cisplatin and fluorouracil) as first-line treatment in 316 metastatic
GC patients, showed a bone involvement in 6.3% of patients; additionally, the authors
evaluated the impact of bone metastases on survival outcome (subgroup analysis), showing
a benefit by using the CX regimen in these patients (see Table 2 for additional details) [92].
Finally, the phase III SOS trial reported 3.2% prevalence of bone metastases in 625 Asian
patients receiving Cisplatin+S-1 every five weeks versus Cisplatin+S-1 every three weeks
as first-line treatment [93]. However, no data regarding the impact of bone involvement on
the prognosis were shown in this trial as well.

The Korean trial is the only second-line chemotherapy trial reporting the rate of bone
involvement in the study population (6%) [94]. No data about the prognosis are available
from this trial.

In the context of target therapies trials, the AVATAR [95] and INTEGRATE [96] are the
only studies reporting the rate of skeletal metastases. The phase III AVATAR trial investi-
gated the efficacy of the addition of bevacizumab (anti-vascular endothelial growth factor
agent) to chemotherapy (CX regimen) as first-line treatment in 202 Asian patients with
metastatic GC [95]. The phase Il INTEGRATE trial evaluated the activity of regorafenib
versus best supportive care as second or third-line treatment for 147 metastatic GC pa-
tients [96]. The trials showed that 3.5% [95] and 10.8% [96] of patients had metastatic bone
disease, respectively. However, unfortunately, there are no data regarding the prognostic
effect of bone involvement in both trials.

Regarding the trials investigating the role of immunotherapy in metastatic GC, the
Asian phase III ATTRACTION-2 trial, which tested the efficacy of nivolumab in highly
pretreated patients, is the only one showing data about the rate of bone metastases
(2.2%) [97,98]. However, also in this case, no data about the outcomes are available for
these patients.
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In conclusion, even if retrospective evidence seems to suggest a possible worse prog-
nosis in patients with metastatic GC and bone disease, there are no randomized prospective
trials confirming these findings. Additionally, no specific data regarding targeted-bone
treatments in metastatic GC are available. Therefore, to date, the treatment of metastatic
disease does not change according to the metastatic sites involved [3,76]. In particular, the
data regarding the impact on bone involvement as well as the response of bone metastases
to chemotherapy are limited, and further evaluations about the molecular mechanisms
and landscape of bone invasions are needed in order to design specific trials. A multidisci-
plinary management of those patients, including bone-related treatments, is mandatory in
order to palliate the symptoms and to preserve a good PS.

4.2.2. Skeletal-Related Events and Bone-Related Treatments

In general, the presence of bone metastases causes a reduction of physical functions
of the patients and deterioration of their quality of life (QoL), especially in case of axial
skeleton involvement with multiple osteolytic lesions. In fact, they are often the cause of
consistent bone pain that requires opioid-based therapy [139]. Additionally, the presence
of bone metastases results in significant morbidity for the patients, mainly because of the
associated SREs, which are defined as “pathologic fractures, the need for radiotherapy or
surgical interventions to treat or prevent an impending fracture, spinal cord compressions,
and hypercalcemia” [59].

In the largest multicenter retrospective study on bone metastases in GC, 31% of
patients with skeletal involvement experienced at least one SRE [55]. In this analysis,
radiotherapy treatment of the bone lesions was the most common SRE (47.1% of all events),
followed by pathologic fracture (22.4%), surgery to the bone sites (15.3%), spinal cord
compression (10.6%), and hypercalcemia (4.7%).

Regarding the prognostic value of SREs, median survival in the whole population was
3 months after the development of the first SRE (versus 5 months in patients without SREs),
suggesting that the poor prognosis of these patients is related not only to the presence of
bone disease per se but also to the appearance of SREs.

Therefore, the bone-targeted treatments are important as well as the systemic therapies
in order to improve the outcomes for metastatic patients, allowing them to control pain
and to maintain a good PS and eventually receive multiple lines of treatment for metastatic
disease (“continuum of care” concept). In this context, radiotherapy, surgery, and drug
therapies represent the main options; there is no difference in those treatments according
to the primary tumor site (e.g., prostate, breast, gastric, etc.) [140].

The use of radiotherapy has been shown to be very effective to control pain—especially
with a neuropathic component—in patients with bone metastases after failure of or in-
tolerance to opioid-based therapy as well as to prevent impending fractures. Several
randomized trials have been conducted to assess the fraction schedule of the palliative
radiotherapy; based on these analyses and a systematic review [141], a single dose of
8 Gy seems to be the best option for patients with poor prognosis, especially if they have
vertebral involvement.

In selected cases, also, orthopedic surgery and neurosurgery can help to improve
the QoL of these patients, to control incoercible pain, to prevent long bones and vertebral
impending fractures and spinal cord compression.

The role of “bone-focused” drugs has been defined in the last years. Bisphosphonates
and RANK-L inhibitors are the most important agents in this field. Bisphosphonates-based
treatments, such as zoledronic acid at the dose of 4 mg every 3 or 4 weeks as intravenous
infusion, is able to modify the bone homeostasis, with the inhibition of osteoclast-mediated
bone resorption; they are useful to prevent and delay SREs in solid tumors, including
GC [142]. Silvestris et al. showed a significant extension of the time to the first SRE and
an increase in the median survival by using zoledronic acid after the diagnosis of bone
metastases in GC patients [55]. These interesting retrospective data may support the
beneficial effects of zoledronic acid in GC patients with bone involvement, especially in
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case of osteolytic lesions. However, further prospective analyses are needed in order to
confirm this assumption. Denosumab is a well-studied agent among RANK-L inhibitors.
Recently, a combined analysis of three randomized phase III trials has shown that the
receptor activator of NF-«B ligand inhibitor Denosumab—used at the dose of 120 mg as
subcutaneous injection every 4 weeks—is superior to zoledronic acid in delaying the time
to first SRE appearance and in reducing the risk of SRE itself, also in patients with bone
metastases caused by cancers different from breast, prostate, lung, and kidney [143]. The
optimal duration of treatment with bone-related drugs is not well-established.

Another important issue in the management of bone metastases is the risk of hypercal-
cemia. In this case, the patient should receive a medical treatment according to guidelines
for hypercalcemia stratified for serum calcium levels [144].

Finally, the “hungry bone” syndrome is worth mentioning. This syndrome typically
occurs after curative surgery for hyperparathyroidism [145]. However, it could be diag-
nosed also in anecdotal cases of osteoblastic bone metastases by the occurrence of severe
hypocalcemia, which is mainly related to excessive calcium apposition into the osteoblastic
massive lesions. Recently, Sakai et al. reported the case of an 87-year-old man diagnosed
with GC and bone involvement due to the appearance of hypocalcemia [146]. The treatment
of the hungry bone syndrome is the correction of hypocalcemia.

In conclusion, although there are limited evidences regarding the efficacy of zoledronic
acid and denosumab in patients with bone metastases from GC, the use of these drugs
could be helpful also in GC in order to control the spread of the disease, to improve the
life expectancy and QoL, and to reduce the probability of occurrence of SREs. Since no
specific data are available up to date, the choice of the best drug should be based on the
cost-benefit ratio and toxicity profile.

5. Conclusions and Future Perspectives

GC is a very heterogeneous disease; this quite recent concept has become diffusely
accepted today. However, the journey to discover the molecular mechanisms that control
GC behavior has just started. Recently, the molecular classifications of GC have depicted
a very complex landscape [13,14] and multiple molecules, which could be eventually
targeted by specific treatments, have been identified [4,5]. Among those molecules, the
investigation regarding the role of antiangiogenic agents and multikinase inhibitors, such
as cabozantinib, might be interesting future frontiers in the control of bone metastasis also
in GC, as shown in other types of tumors, such as renal cancer [147]. However, at the
moment, these classifications are hardly applicable in clinical practice. Additionally, there
is a lack of knowledge about the molecular mechanisms that control the process of GC
metastatization.

In this context, the bone metastases from GC represent still a challenge for the research
in this field. In fact, they are rare and often underdiagnosed due to the lack of specific
recommendation for their detection according to international guidelines [3,76]. However,
bone involvement should be evaluated not only in patients with bone pain or neurological
symptoms but also in metastatic GC patients with risk factors, such as aggressive disease
or lung metastases. Additionally, there is a lack of prospective evidences regarding specific
treatments for patients with bone metastases as well as data showing the outcomes of
patients with skeletal metastases from GC or the response of those lesions to standard
therapies. Therefore, since the majority of the data in the literature are retrospective and
based on a very heterogeneous populations, further prospective studies are needed in
order to define the best treatment for GC with bone metastases. Additionally, a better
understanding of the underlying molecular mechanisms, by analyzing tumor cells as well
as inflammatory tumor infiltrating cells or bone matrix compounds into the bone lesions
specimens, could be useful in order to design specific trials.
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Abstract: Gastroesophageal adenocarcinoma (GEA) represents a heterogeneous disease and,
when diagnosed as locally advanced or metastatic, it is characterized by poor prognosis. During the
last few years, several molecular classifications have been proposed to try to personalize treatment
for those patients diagnosed with advanced disease. Nevertheless, despite the great effort, precision
medicine is still far from being a reality. The improvement in the molecular analysis due to the
application of high throughput technologies based on DNA and RNA sequencing has opened a novel
scenario leading to the personalization of treatment. The possibility to target epidermal growth factor
receptor (HER)2, Claudine, Fibroblast Growth Factor Receptors (FGFR), and other alterations with
a molecular matched therapy could significantly improve clinical outcomes over advanced gastric
cancer patients. On the other hand, the development of immunotherapy could also represent a
promising strategy in a selected population. In this review, we sought to describe the novel pathways
implicated in GEA progression and the results of the molecular matched therapies.

Keywords: advanced gastric cancer; precision medicine; new drug development

1. Introduction

Gastroesophageal adenocarcinoma (GEA) represents the fifth most frequent tumor and the
third leading cause of cancer-related deaths worldwide. In 2018 GEA was diagnosed in about
1,000,000 people, causing death in 783,000 patients [1]. GEA is characterized by a worldwide
variation in incidence, with a peak in Japan and South Korea, and lower incidence observed in the
United States, Canada, India, and Middle Eastern countries. Beyond their higher rates of gastric cancer,
Asian patients tend to have more distal gastric tumors, often associated with H. pylori, with less
frequent gastroesophageal junction (GEJ) tumors, adenocarcinomas of the esophagus or Barrett’s
esophagus disease [2]. This geographical distribution is a reflection of multifactorial etiology related
mainly to genetic susceptibility, diverse strains of H. pylori, dietary factors, and principally differences
in the tumor-immune microenvironment [3,4]. As symptoms during early cancer development are
generally mild and unspecific, late diagnosis is frequent, contributes to the high mortality observed
in countries without screening programs [5,6]. GEA is recognized as a highly heterogeneous disease.
Despite concerted efforts to develop comprehensive molecular classifications for GEA aimed at offering
a precision approach to patients, only a few drugs have been approved. The aim of this article is to
review the state of the art in precision medicine for advanced GEA.
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2. From Morphological to Molecular Classifications

Historically, Lauren classified gastric cancers into intestinal, diffuse, and indeterminate/mixed
histology [7]. The most common type is intestinal, which tends to form glandular structures and is
often associated with intestinal metaplasia and H. pylori infection. Conversely, diffuse-type tumors are
characterized by non-cohesive scattered cells, sometimes associated with the presence of signet-ring
cells. These tumors trends to be locally aggressive with a higher rate of peritoneum invasion and
a lower response rate in neoadjuvant studies, when treated with platinum-based therapies without
taxanes [8,9]. The World Health Organization (WHO) further classified gastric cancer into tubular,
papillary, mucinous, poorly cohesive (including Lauren diffuse type), and mixed variants. Nevertheless,
neither stratification has helped characterize patient outcomes or guide treatment approach.

Further research focus has been directed at analyzing predictive biomarkers and targetable drivers.
Molecular studies have been led by The Cancer Genome Atlas (TCGA) and also by the Asian Cancer
Research Group (ACRG) [10,11]. TCGA studied both adenocarcinoma and squamous cell carcinoma
spanning the stomach and esophagus while the ACRG focused on gastric adenocarcinoma across the
Asian population. TCGA proposed a comprehensive molecular classification of GEA according to
genomic, transcriptomic and proteomic data into four different subgroups, respectively, named as
chromosomally instability (CIN), genomically stable (GS), Epstein—Barr Virus (EBV) and microsatellite
instability (MSI). More than 50% of tumors belong to the CIN subgroup, which is mainly characterized
by receptor tyrosine kinase (RTK) alterations [10]. Despite this, apart from epidermal growth factor
receptor (HER)2 amplification, MSI and EBV, no other molecular alterations have been used in the
clinic as effective predictors for treatment decision-making (Table 1).

Table 1. Molecular features of GEA subgroups of TCGA analysis.

GS EBV MSI CIN
CDH1 and RHOA mutations DNA hypermethylation Hypermutation RTK-RAS activation
CLDN18-ARHGAP 26 fusion ~ PIK3CA and ARIDIA mutations MLH] silencing TP53 mutation
Cell adhesion JAK2 amplification RAS activation Cell cycle activation
CDKN?2 silencing
Immune activation Mitotic pathway

GEA: Gastroesophageal adenocarcinoma; TCGA: The Cancer Genome Atlas.

The ACRG [11] group developed a different classification, considering also four groups based
on array-based gene-expression profiling: MSI (22.7%), microsatellite stable with epithelial-to-
mesenchymal transition (MSS/EMT; 15.3%), MSS with TP53 mutations (26.3%), and MSS without TP53
mutations (35.7%). The MSS/EMT class was enriched in diffuse-type tumors classified as GS by TCGA,
and MSS/TP53+ was enriched for EBV+ tumors. ACRG analysis found inferior survival among the
MSS/EMT+ group. Although no survival associations were seen in the TCGA study, potentially owing
to the therapeutic heterogeneity of the internationally diverse sample set, subsequent studies applying
the TCGA classes to two large independent cohorts demonstrated that EBV+ tumors have superior
survival and GS tumors have inferior survival [12].

Tumor heterogeneity is the main obstacle to progress in precision medicine for GEA patients.
Comprehensive molecular assessment sequencing primary and metastatic GEA has revealed marked
differences in genomic aberrations, with frequent discrepancies between findings in primary versus
metastatic tumors. When gene mutations were specifically analyzed, 20% could be found only in
the primary tumor, while a similar proportion was found only in metastatic tumors. The rest (60%)
of mutations detected were shared by both primary and metastatic. Turning to gene amplifications,
32% are seen only in primary tumors, 31% in metastatic tumors and only 37% were shared by both.
This observed discrepancy in genomic aberrations led to treatment modification in almost a third
of patients [13,14]. Liquid biopsies assessing cell-free DNA have the potential to help optimize
therapy selection.
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3. Targeting HER2 beyond Trastuzumab: Novel Steps towards Precision Medicine

HER?2 receptor is a member of the epidermal growth factor receptor (HER) family consisting of
four members (HER1 (ErbB1, EGFR), HER2 (ErbB2), HER3 (ErbB3) and HER4 (ErbB4)), activated
by spontaneous homo/heterodimerization [15]. HER?2 is amplified in several tumors, such as breast,
colorectal and GEA [16], where it accounts for about 7-34% of all cases. HER2 overexpression is more
highly detected among tumors of the GE junction (GE]) and varies across different histological subtypes
and differentiation grades [17]. HER2-amplified tumors are mostly well- or moderately-differentiated
intestinal subtypes [18]. Despite identification of HER2 amplification in GEA, the use of HER2 blocking
agents has not achieved the outstanding results shown in breast cancer (Table 2.). Trastuzumab,
a monoclonal antibody inhibiting HER2 activation by binding to the extracellular domain IV of HER2,
improves clinical outcomes over HER2-amplified localized and advanced breast cancer, both as a
single agent and in combination with chemotherapy.

A randomized multicenter trial (ToGA) assessed the addition of trastuzumab to platinum-based
chemotherapy in HER2-amplified patients with locally advanced or metastatic GEA [19]. Patients were
randomized to receive trastuzumab plus platinum-based chemotherapy (capecitabine or 5-fluorouracil
plus cisplatin) versus chemotherapy alone. In the experimental arm, patients experienced a substantial
improvement in all outcomes and particularly in overall survival (OS). Median OS was increased
by 2.7 months in the trastuzumab-containing arm (13.8 versus 11.1 months, Hazard ratio (HR)
0.74, P.0.0046) [19]. Based on these results, the combination of trastuzumab plus platinum-based
chemotherapy represents the gold standard for advanced HER2-amplified GEA. The extent of
improvement was related to the degree of amplification, as demonstrated in an exploratory post-hoc
analysis. The subset of tumors with HER2 immunohistochemistry (IHC) 3 or IHC2/FISH+ reached
a median OS of 16 months in the trastuzumab group versus only 11.8 months in the chemotherapy
control arm (HR 0.68, 95% CI 0.5-0.83). These results suggest that trastuzumab provides the best
therapeutic benefit in strongly HER2-amplified patients [20].

These findings highlight the need for adequate patient selection. HER2 amplification is highly
heterogeneous across patients and even intratumorally [21], a phenomenon that could account for the
general lack of benefit when anti-HER2 drugs are administered without correct scoring by a dedicated
pathologist. The level of HER2 amplification in metastatic GEA by FISH has been shown to predict
response to trastuzumab [22]. Beyond IHC and FISH, when HER2 amplification was determined
by next-generation sequencing (NGS) in tumor samples or in plasma, analyzing cell-free circulating
tumor DNA, response to antiHER2 agents directly correlated with level of expression observed in
plasma samples.

Other HER2 blocking drugs were successively tested to evaluate their potential in HER2-amplified
and advanced GEA patients (Table 2). Disappointingly, no benefit in overall survival was achieved in
patients diagnosed with locally advanced or metastatic GEA when treated with lapatinib, either as
a single agent or in combination with platinum-based chemotherapy (CT) pertuzumab or TDM-1.
Lapatinib, a dual EGFR/HER?2 small tyrosine kinase inhibitor, was tested as first-line treatment in a
phase III, double-blinded study (LoGic Trial) and failed to demonstrate OS improvement [23]. Lapatinib
also failed to improve OS in a second-line trial in Asian patients (TyTAN trial) despite a significant
increase in response rate. [24]. Based on the good results achieved in advanced HER2-amplified breast
cancer patients, we also tested pertuzumab, a humanized monoclonal HER2-targeted antibody that
binds to a different epitope on the HER2 receptor than trastuzumab. In a phase III trial JACOB),
the combination of trastuzumab, pertuzumab and platinum-based (CT) was tested as a first-line
treatment in HER2 amplified GEA patients [25] and failed to improve survival.

Trastuzumab emtansine (TDM-1), an antibody-drug conjugate, was also tested as second line
versus paclitaxel in patients progressing after first-line trastuzumab-containing treatment, showing
no benefit in OS in the phase II/IIl GATSBY trial [26]. Similarly, when trastuzumab was tested in
combination with paclitaxel beyond tumor progression in a phase II trial enrolling patients who
experienced progression on first line with trastuzumab and platinum-based CT, no benefit was found.
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In this phase II randomized trial, trastuzumab beyond progression, a common approach used in
HER?2 amplified BC did not improve progression free-survival (PFS) in advanced HER amplified
GEA patients [27]. One possible cause of treatment failure could have been the significant loss of
HER2 amplification after trastuzumab blockade, already described in HER2 amplified BC [22,28].
Several other mechanisms of resistance have been addressed to explain the lack of benefit of other
antiHER?2 agents. Among them, the most significant could be intratumor heterogeneity, as well as
the presence of emerging molecular alterations, such as PI3K, MAPK activation and MET or FGFR
aberrations [13,17,29-31].

Interestingly, an elegant translational study found that oral pan-HER inhibitor afatinib could rescue
patients progressing after trastuzumab when they co-expressed HER2, EGFR or MET amplifications,
paving the way for multi-targeted agents according to personalized profiles [13].

Among other antiHER2 agents under development, margetuximab, an Fc-modified chimeric
monoclonal antibody, has shown promising results in early-phase clinical studies for HER2-expressing
solid tumors, including low HER2-expressing gastric cancer [32]. In a phase 1b-2 trial in locally
advanced HER2-amplified, PD-L1 unselected GEJ, patients who experienced disease progression
to trastuzumab and at least two previous lines of CT were enrolled to receive margetuximab and
pembrolizumab. This combination showed acceptable safety and tolerability and objective responses
were observed in 18.4% of evaluable patients, suggesting synergistic anti-tumor activity with checkpoint
inhibitors [33]. Preclinical and clinical evidence support combining pembrolizumab with trastuzumab
and cytotoxic chemotherapy to treat HER2-positive cancers [34]. In several analyses performed in tumor
samples of GEA patients treated with trastuzumab, it was possible to observe upregulation of PD-1 and
enhanced gene expression signatures of immune infiltration, [35] which could suggest a potential benefit
deriving from checkpoint inhibitors. Moreover, the combination of trastuzumab with pembrolizumab
could increase T-cell response [36,37]. On the strength of these findings, this combination has a
promising biological rationale.

In a phase II trial, patients diagnosed with locally advanced or metastatic HER2-amplified GEA
were treated with pembrolizumab, trastuzumab, fluoropyrimidine and platinum as first-line therapy.
Twenty-six (70%) of 37 patients were progression-free at 6 months and 17% achieved a complete
response. The 91% response rate and median overall survival of 27.3 months were also higher
than previously reported for chemotherapy plus trastuzumab, the existing first-line standard [19].
Treatment-related adverse events were similar as with combinations of trastuzumab with chemotherapy
and pembrolizumab with chemotherapy [38,39]. PD-L1 combined positive score was not predictive of
outcome in this study population; nevertheless, patients with HER2 amplification had more durable
responses to trastuzumab-based combination therapy than HER2-positive patients who did not have
HER?2 gene amplification by next-generation sequencing. A phase III trial of pembrolizumab versus
placebo in combination with trastuzumab and chemotherapy is ongoing.

Interesting results have recently been achieved with another antibody-drug conjugate.
Trastuzumab deruxtecan (DS-8201) consists of a humanized, monoclonal, anti-HER2 antibody binding
a cytotoxic topoisomerase I inhibitor by means of a cleavable, tetrapeptide-based linker [40]. This drug
is stable in plasma [41], but is highly cleaved in cancer cells [42]. The most appealing characteristic of
this conjugate is that it binds even to cells with lower levels of HER2 expression [43] due to the ability
of the released payload to diffuse across cell membranes. Probably owing to this dynamic feature,
trastuzumab deruxtecan represents a good strategy for heterogeneous tumors, such as gastric cancer in
which HER2 overexpression may vary from cell to cell or even across different metastatic locations
within the same patient [19,44]. In a phase II trial design, after encouraging results obtained in a
previous phase I, patients diagnosed with advanced GEA who had received at least two previous lines
were stratified into high and low HER2 and were randomized 2:1 to receive trastuzumab deruxtecan
versus the treating physician’s choice of irinotecan or paclitaxel [45,46]. Objective response was
significantly higher in the experimental group than with chemotherapy (51% versus 14%). Ten patients
(8%) in the experimental arm had a confirmed complete response versus none in the chemotherapy arm.
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Patients on trastuzumab deruxtecan gained significantly in overall survival (median OS, 12.5 months
versus 8.4 months. HR = 0.59; p = 0.01). Greater efficacy of trastuzumab deruxtecan over chemotherapy
was confirmed in patients with the highest level of HER2 expression (Response Rate 58% versus
29%) [46]. However, in tumors with lower HER2 expression levels, a lower response rate was
determined. The more efficient linker-payload system of trastuzumab deruxtecan, ten-fold more potent
than SN-38, may contribute to the differing treatment outcomes versus TDM-1 [47,48]. Interstitial lung
disease has been observed in 10% of patients receiving trastuzumab deruxtecan, most classified as
grade II, although some were severe. Monitoring this trend and understanding ways of preventing
and treating it is vital before recommending this drug-conjugate antibody for general use.

Table 2. Randomized clinical trials testing anti-epidermal growth factor receptor (HER)2 blocking
agents in HER2-amplified advanced GEA.

. . Number of Increase in
TRIAL. Phase Experimental Chemotherapy Line of Included HR for p Value Response Median
Drug Backbone Therapy . os Rate N
Patients Survival
- e % vs. 379
ToGA [19] I Trastuzumab Cisplatin+5-EU/ First 584 0.74 0.04 51%vs. 37% ) & months
capecitabine p=0.0017
Oxaliplatin/ o/ < Q0
LOGIC[23] 1 Lapatinib capecitabine First 545 0.91 035 RN 17 months
+/—Lapatinib p=0
p . Paclitaxel+/— 27% vs. 9%
TyTAN [24] g Lapatinib Lapatinib Second 261 0.84 0.20 p=0.001 +2.1 months
GATSBY [26] TI/1I1 TDM-1 TDM-1 vs. Taxane Second 345 115 0.85 NP —0.7 months
Cisplatin+5-FU/
capecitabine - 56% vs. 48% .
JACOB [25] 1 Pertuzumab [Trastuzumab +/— First 780 0.84 0.056 p=0026 3.3 months
Pertuzumab
Trastuzumab
DESTINY: q  [Trastuzumab Deruxtecan vs. Third 187 059 001  51%vs.14%  4.1months
Gastric01 [46] Deruxtecan

Paclitaxel or Irinotecan

GEA: Gastroesophageal adenocarcinoma. HR: Hazard Ratio. OS: Overall survival. 5FU: 5-fluorouracile.

4. Targeting MET, EGFR, PI3K/AKT/mTOR Pathways and NTRK Fusions

Phase III trials with other targeted therapies based on molecular features other than HER2 have
achieved disappointing results in GEA (Table 3) [2,49]. The epidermal growth factor receptor (EGFR) is
amplified in about 5% and the receptor is overexpressed in between 30-50% of cases [50]. Both cetuximab
and panitumumab, approved anti-EGFR monoclonal antibodies in advanced colon cancer, have been tested.
However, in two randomized phases III trials, no improvement in clinical outcomes was detected when the
anti-EGFR treatment was added to a first line of a platinum-based chemotherapy [51,52]. These anti-EGFR
antibodies might have decreased the tolerance of the backbone CT in first line, leading to dose delays
and reduction which could have had a detrimental effect. Beyond first line, the anti-EGFR tyrosine
kinase inhibitor gefitinib showed no clinical benefit versus placebo in tests [53]. As a general limitation,
no molecular patient selection was properly performed. The subset analysis of both COG [53] and
EXPAND trials [51] underlined a potential effect in EGFR-amplified patients. Nevertheless, these results
should be confirmed prospectively.

The results of MET inhibition have also been discouraging. MET amplification is detectable
in about 6% and overexpressed in 25-60% of GEA [10,49]. When monoclonal antibodies such as
onartuzumab [54] and rilotumumab [55] were added to first-line chemotherapy, no clinical benefit was
observed. Moreover, similarly negative results were obtained when tyrosine kinase inhibitors such
as AMG 337 were administered in a heavily treated population of MET-amplified patients. Another
molecular alteration widely present across GEA patients is activation of the PIBK-AKT-mTOR pathway.
Everolimus, a mTOR inhibitor approved in breast cancer, was tested on unselected patients, showing
no clinical benefit in OS beyond the first line [56].

Given the evidence of the complex molecular landscape of GEA, an umbrella platform [57] has been
designed with preplanned genomic biomarker analyses to assign advanced GEA patients to molecularly
matched therapies. Several biomarker groups were identified based on RAS alterations, TP53, PIK3CA
mutations, MET and PIK3CA amplification, etc. Of the whole screened population, only 14.7%
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received biomarker-assigned drug treatment. The highest response rate was observed in patients with
MET amplification treated with savolitinib, a potent small-molecule reversible MET kinase inhibitor.
This strategy obtained encouraging response rates and survival when compared with conventional
second-line standard chemotherapy, especially in patients presenting high MET expression enriched for
higher MET copy number. Circulating tumor (ctDNA) analysis demonstrated good correlation between
high MET copy number by ctDNA and response to MET inhibitors. Further results are awaited.

As NTRK has been recently identified as a relevant molecular driver over solid tumors, despite
the low incidence over GEA, the molecular evaluation searching for NTRK fusion, could be an option
in patients with a good performance status [58].

5. The Role of Stemness and Metalloprotease in GEA

As interesting preclinical data suggested the potential role of stemness pathways in GEA
development and progression, the inhibition of STAT3, a principal actor of this pathway, was also
tested. Nevertheless, when NAPA, a STAT3 inhibitor, was added to Paclitaxel, no clinical benefit
was demonstrated in a phase III trial enrolling pre-treated GEA patient [58]. Disappointing results
were also observed in a phase III trial randomizing patients to receive andecaliximab, a monoclonal
antibody targeting matrix metalloproteinase 9 (MMS9), combined with CT in pretreated GEA patients.
Despite the potential role of MMS9 in GEA development and progression, the inhibition of this target
was no longer able to increase PFS or OS [59]. The lack of predictive biomarker could have negatively
influenced the potential role of these drugs.

6. Angiogenesis-Targeting Drugs

Although antiangiogenic therapies are the current standard of care in other gastrointestinal
tumors, addition of these agents did not show a benefit in unselected patients with GEA. In first line,
bevacizumab improved overall response rate and PFS, but not OS, when added to chemotherapy for
the first-line treatment of advanced gastric cancer [60]. In the same setting, ramucirumab was not able
to improve clinical outcomes, yet demonstrated significant albeit modest OS benefit in the second
line, both as monotherapy and combined with docetaxel [61-63]. In an Asian population, apatinib,
a tyrosine kinase inhibitor of VEGFR2, showed improvement in PFS and OS when used in patients
who experienced disease progression to two or more lines [64]. No biomarkers able to predict response
to antiangiogenics have been so far identified.

Table 3. Randomized trials targeting angiogenesis, EGFR and MET pathways in first line in GEA.

Trial Chemotherapy Experimental Drug HR Trial Chemotherapy
AVAGAST [62] Cisplatin+ capecitabine Bevacizumab 0.87 0.10 +2.0 months
RAINFALL [63] Cisplatin+5-FU/ Ramucirumab 096 068 0.5 month

capecitabine
EXPAND [51] Cisplatin+ Cetuximab .00 095 ~1.3 months
capecitabine
REAL-3 [52] Oxaliplatin+ epi- + Panitumumab 137 0013 ~2.5 months
capecitabine
- Cisplatin+ . . P, e
RILOMET-1 [55] epi+capecitabine Rilotumumab - - Stopped in futility analysis
METGASTRIC [54] FOLFOX6 Onartuzumab 1.06 0.83 —0.6 months

GEA: Gastroesophageal adenocarcinoma. HR: Hazard Ratio, OS: Overall Survival, EGFR: Epidermal Growth Factor
Receptor. 5FU: 5-Fluorouracile.

7. The Search for Biomarkers for Precision Inmunotherapy

Immunotherapy has revolutionized the treatment of many solid tumors; nonetheless, no biomarker
for patient selection has been clearly identified as yet [65,66]. Among GEA patients, the PD-L1 combined
positivity score (CPS), consisting of immunohistochemistry-detected protein in at least 1% of cells in
the tumor or surrounding stroma, is often used for candidate selection in pembrolizumab-related trials.
In the phase II KEYNOTE-059 trial, evaluating pembrolizumab as third-line treatment for metastatic
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gastric cancer, the overall response rate was 22.7% in PD-L1-positive tumors, with a median response
duration of 8.1 months [38]. However, response rate was only 16.2% in PD-L1-negative tumors.
On the other hand, results obtained testing another anti-PD-1 inhibitor, nivolumab, were similar to
pembrolizumab, yet no relation with PD-L1 expression was found. In the phase III ATTRACTION-2
trial including Asian patients, nivolumab monotherapy led to an overall response rate ORR of 11%
and significantly increased 12-month OS to 27% versus 11% with a placebo (HR: 0.63; p = 0.0001).
This survival benefit was independent of PD-L1 positivity [65]. When nivolumab was tested in a
western population as a single agent or added to ipilimumab, ORR was higher in PDL1-positive tumors
(27%) than in PDL1-negative tumors (12%) [66].

MSI-H and EBV-positive tumors each comprise approximately 5% of metastatic and 20-30% of
localized gastric cancers [10]. The MSI-H subtype is characterized by hypermutation, frequently on
KRAS, PI3K, PTEN, mTOR, ALK, and ARID1A, resulting from silenced DNA mismatch repair proteins,
such as MLH1. EBV-positive gastric cancer is characterized by high PD-L1 and 2 expression, PIK3CA
and CDKN2A mutations, and JAK2 amplification. Both MSI-H and EBV-positive types, regardless of
histology, are considered the most immunogenic subtypes, susceptible to treatment with checkpoint
inhibitors [67]. A recent phase II study testing pembrolizumab in metastatic gastric cancer patients
described a notable, durable response in the MSI and EBV subtypes [68]. In MSI tumors, checkpoint
inhibitor antitumor activity is associated with high tumor mutation load and neoantigen formation [68],
with response rates for MSI gastric cancer ranging from 57% to 86% [67,68]. EBV subtype tumors
are associated with tumor immune-cell infiltration and high expression of PD-L1, and in a subgroup
analysis of a phase II study, all EBV-positive gastric cancer patients responded to pembrolizumab [67].

Furthermore, correlation between gene expression profile and response to checkpoint inhibitors
was assessed in two different cohorts of advanced GEA patients treated with immunotherapy, used as
a test and validation cohort. High alternate promoter utilization tumors exhibited decreased markers
of T-cell anti-cancer activity, causing immune evasion and lower responses to checkpoint inhibitors
(8% versus 42%, p = 0.03). This alternative promoter utilization was confirmed in multivariate analysis
as an independent predictor of survival in patients receiving checkpoint inhibitors, indicating the
potential role of alternate promoter utilization as a predictive biomarker for immunotherapy [69,70].

The GEA tumor microenvironment is directly involved in tumor development and progression [71]
and, for this reason, the combinations of checkpoint inhibitors and antiangiogenetic drugs is being
tested. In a small phase II trial, the use of the combination of pembrolizumab and levantinib as I or II
line showed, across HER2 negative Asiatic GEA, an objective response recorded in 69% of patients
with an acceptable toxicity suggesting a potential role of the combination also in the MSS population
that should be further explored [72,73]. The combination of nivolumab and regorafenib is also under
evaluation [74]. Further results are awaited.

8. Novel Potentially Druggable Pathways: Tight Junction Proteins, Fibroblast Growth Factor
Pathway and DNA Damage Repair Response

8.1. Claudin 18.2

Tight junction protein Claudin (CLDN) 18.2 has recently been identified as a possible target
for GEA patients [75]. Physiologically, CLDN18.2 is buried in the tight junction supramolecular
complex. However, due to changes occurring in the malignant transformation, tight junctions expose
CLDN18.2 epitopes on the surface of tumor cells [75], making it possible to target it. Zolbetuximab
is a chimeric IgG1 monoclonal antibody that binds to CLDN18.2 on the surface of tumor cells
inhibiting cell survival and proliferation through antibody-dependent cellular cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC) [76].

In a phase II trial, patients diagnosed with advanced GEA who had progressed to at least
one previous chemotherapy line, whose tumors expressed CLDN18.2 (moderate-intense membrane
staining intensity in >50% of cancer cells) were treated with zolbetuximab as monotherapy [77]. A total
of 54 patients were enrolled. Zolbetuximab monotherapy was found to be well tolerated with only
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mild gastrointestinal adverse events and exhibited anti-tumor activity in patients with CLDN18.2-
positive advanced gastric or GEJ adenocarcinomas, as already demonstrated when it was used as a
single agent. Despite the small number included, among 43 evaluable patients, 4 achieved partial
response (ORR 9%) and 6 (14%) had stable disease for a clinical benefit rate of 23%. In the subgroup of
patients whose tumors expressed moderate or high CLDN18.2 level in >70% of tumor cells, ORR was
14%. Moreover, a randomized exploratory phase II trial (FAST) showed that zolbetuximab combined
with platinum-based chemotherapy (EOX) confers a survival benefit over EOX alone in patients with
CLDN18.2p positive advanced gastric/GE]J cancer. These results warrant validation in a prospective
randomized phase III design. Several phase III trials among Caucasian and Asian patients are currently
underway to evaluate the role of zolbetuximab in improving OS in locally advanced and metastatic
GEA in combination with a platinum-based chemotherapy.

8.2. FGFR Pathway

FGER signaling is made up of four highly conserved transmembrane tyrosine kinases receptors
(FGFR1-4) and FGER5, which lack the intracellular kinase domain. All these receptors are activated
by FGF, and participate in cell survival and proliferation [78,79]. Multiple trials studying diverse
solid tumors have proposed the aberrant FGFR signaling pathway as a potential therapeutic target,
and several inhibitors are under development (Table 4) [80-89]. The FGFR2 splice variant FGFR2b [89] is
overexpressed in 2.5-31.1% of GEA [10]. In in vitro and in vivo models of GEA, FGFR2b overexpression
has been related to both amplification and aberrant transcriptional upregulation of the FGFR2 gene [78],
and in GEA, both FGFR2b overexpression and FGFR2 gene amplification have been associated with
worse prognosis. FGFR2 gene amplification is associated with both chromosomal instability and
genomically stable molecular subtypes [71].

In a phase II trial, patients diagnosed with advanced GEA presenting FGFR2 amplification or
polysomy were randomized to receive AZD4547, an FGFR tyrosine kinase inhibitor, or paclitaxel.
AZD4547 did not improve PFS over standard CT [88]. The lack of benefit could relate to the
notorious intratumor heterogeneity for FGFR2 gene amplification and poor concordance between
FGFR2 amplification/polysomy and FGFR2 expression [88]. Bemarituzumab (FPA144), is a humanized
IgG1 monoclonal antibody that specifically inhibits cancer cells presenting the splice-variant FGFR2b
binding of the ligands FGF7, FGF10, and FGF22 (25). In a phase I basket trial enrolling patients with
advanced solid tumors and a specific cohort for GEA, it demonstrated single-agent activity as late-line
therapy in patients with advanced-stage GEA, achieving partial response in 5 out of 28 patients.
Bemarituzumab is currently being evaluated in combination with chemotherapy in a phase III trial as
front-line therapy for patients with high FGFR2b-overexpressing advanced-stage GEA [89]. Apart from
amplification, FGFR may exhibit other molecular alterations, and several novel drugs have been tested
in solid tumors harboring mutations and gene rearrangements. The specific role of each one and
their contribution in predicting drug response seems different for each specific molecular alteration
presented in each of the four genes involved in the FGFR family [85]. Table 4 shows different FGFR
inhibitors under development, describing their mechanisms of action as well as other characteristics
including availability of predictive biomarkers.
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Table 4. FGFR inhibitors under development.

Compound Type Mechanisms of Action Predictive Biomarkers Clinical Phase of
Development
Bemarituzumab mAb Inhibitor of FGF7, FGF10, and FGF22 1L, 111

ligand of the splice-variant FGFR2b
. Potent and selective inhibitor of
AZD4547 TKi FGFR 1, 2, and 3 I

Selective, ATP-competitive inhibitor

Infigratinib TKi of FGFR1, 2, and 3 1
E-7090 TKi Oral and selective inhibitor of FGFR1, I
2,and 3
LY2874455 TKi Potent Pan FGFR inhibitor I
Pemigatinib [81] TKi Potent inhibitor of FGFR1, 2, and 3 FGFR2 fusions )i
Rogaratinib [82] TKi Potent Pan FGFR inhibitor FGFR1-3 mRNA expression I
Potent and highly specific against

P . wildtype FGFR1-4 as well as against FGFR?2 fusions,

Futibatinib [53] TKi some FGFR2 kinase domain FGFR1 mutations I
mutations
. . . Potent and selective inhibitor
Fisogatinib TKi of FGFR4 I
. Selective and covalent inhibitor
H3B-6527 TKi of FGFR4 I
Potent and selective,
Roblitinib TKi reversible-covalent small-molecule 1
inhibitor of FGFR4

Erdafitinib TKi Potent Pan FGFR inhibitor FGER3 mutations, it

FGFR2/3 fusions

mAb: monoclonal antibody; TKi: Tyrosine Kinase inhibitors.

8.3. DNA Damage Response Pathway in GEA

The identification of a molecular subgroup characterized by chromosomal instability (CIN) and
aneuploidy underlines the possible role of DNA damage in GEA. In light of this, several trials have studied
the use of PARP inhibitors. Despite promising phase II data [90], the phase IIl GOLD trial failed to show
benefit from adding the PARP inhibitor olaparib to paclitaxel in the second-line setting [91]. These negative
results across the overall unselected population might be explained by the lack of appropriate predictive
biomarkers indicating PARP-dependency or homologous recombination defects (HRD). Unexpectedly,
patients in whom immunohistochemistry detected loss of ATM expression causing potential sensitivity to
PARP inhibitors, saw no benefit from olaparib either. Potential explanations include immature follow-up
of the ATM-negative subgroup, and confounding of treatment by favorable prognostic factors enriched
in ATM-low tumors, such as PD-L1 expression [91]. The data also underline the need for additional
evaluation of HRD and replication stress as predictive biomarkers of response to PARP inhibitors. Platinum
sensitivity may itself be a predictive biomarker, a concept that has led to a phase III trial of PARP inhibition
versus placebo as maintenance therapy in locally advanced or metastatic gastric cancer that experienced
response to a first line of platinum-based chemotherapy.

Maintenance strategies are also ongoing. In a phase III trial, advanced GEA patients, who have
responded to first-line, platinum-based chemotherapy for at least 8 weeks, are randomized to placebo
versus pamiparib, a novel PARP inhibitor. Other experimental agents, such as CHEK1, ATR, and WEE1
inhibitors are also under clinical testing. Among the CIN subgroup, some GEAs presented high
amplification of KRAS or other alterations in cell-cycle regulators, and consequently several studies
evaluating inhibition of RAS downstream effectors and CDK2 inhibitors are underway.

9. Conclusions

GEA presents as a very heterogeneous disease. The high number of molecular alterations,
as reflected in the percentage of tumors belonging to the CIN subtype, makes a precision approach
complicated. Nevertheless, the possibility of identifying certain drivers due to the implementation of
omics in recent years has opened up novel opportunities in cancer patients. Among HER2-amplified
tumors, more active molecules are leading to significantly improved benefits in these patients.
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The growing interest in tumor microenvironment, together with development of novel immunotherapies
and combinations could also herald new approaches. The road towards a personalized approach is
long, requiring further studies and breakthroughs in current knowledge.
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Abstract: Despite extensive research efforts, advanced gastric cancer still has a dismal prognosis with
conventional treatment options. Immune checkpoint inhibitors have revolutionized the treatment
landscape for many solid tumors. Amongst gastric cancer subtypes, tumors with microsatellite
instability and Epstein Barr Virus positive tumors provide the strongest rationale for responding
to immunotherapy. Various predictive biomarkers such as mismatch repair status, programmed
death ligand 1 expression, tumor mutational burden, assessment of tumor infiltrating lymphocytes
and circulating biomarkers have been evaluated. However, results have been inconsistent due to
different methodologies and thresholds used. Clinical implementation therefore remains a challenge.
The role of immune checkpoint inhibitors in gastric cancer is emerging with data from monother-
apy in the heavily pre-treated population already available and studies in earlier disease settings
with different combinatorial approaches in progress. Immune checkpoint inhibitor combinations
with chemotherapy (CT), anti-angiogenics, tyrosine kinase inhibitors, anti-Her2 directed therapy,
poly (ADP-ribose) polymerase inhibitors or dual checkpoint inhibitor strategies are being explored.
Moreover, novel strategies including vaccines and CAR T cell therapy are also being trialed. Here we
provide an update on predictive biomarkers for response to immunotherapy with an overview of
their strengths and limitations. We discuss clinical trials that have been reported and trials in progress
whilst providing an account of future steps needed to improve outcome in this lethal disease.

Keywords: immune checkpoint inhibitors; gastric cancer; Epstein Barr Virus; tumor mutational
burden; microsatellite instability; predictive biomarkers; CAR T cell therapy; vaccines

1. Introduction
Owerview of Gastric Cancer Classification and Relevance for Immunotherapy

Gastric cancer (GC) is a leading global cause of morbidity and mortality [1]. In 2020, over
a million people were diagnosed with GC (representing almost 6% of all cancer diagnoses),
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and nearly 800,000 patients died due to this disease (representing 8.2% of all cancer deaths) [2].
Worldwide, GC is particularly prevalent in East Asia and central /Eastern Europe.

The Lauren classification, published in 1965, differentiates gastric adenocarcinoma
into two distinct types, termed the intestinal and diffuse subtypes [3]. The intestinal type
is most common, present in over half of the patients and characterized by microscopic
glandular structures, with infiltrating capacity of the mesenchymal tissues [4]. The diffuse
subtype accounts for a third of cases and is characterized by poor differentiation and
poorly cohesive malignant cells with invasive capacity [5]. In general, the intestinal type
is associated with exogenous risk factors such as Helicobacter pylori, while the diffuse
subtype encompasses a hereditary familial pattern related to germline pathogenetic muta-
tions of the E-cadherin (CDH1) and «E-catenin (CTNNAT1) genes [6]. While these subtypes
of GC are associated with different carcinogenesis mechanisms and disease biology, this
classification, along with the subsequent World Health Organization classification of GC,
has not translated into distinct subtype-driven treatment strategies [7,8]. More recently,
following comprehensive molecular profiling, The Cancer Genome Atlas (TCGA) defined
four distinct subtypes of gastric cancer: Epstein-Barr virus (EBV) positive, microsatellite
unstable tumors (MSI), genomically stable tumors (GS) and tumors with chromosomal
instability (CIN) [9]. Significant overlap was seen between the histologically determined
Lauren’s diffuse variant and the molecular GS TCGA subtype [10]. Interestingly, certain
molecular subtypes were most commonly detected in specific anatomic locations with
EBV positive tumors more likely to be in the gastric fundus or body and CIN tumors
in the cardia [9]. Although the molecular classification of gastric cancer has not directly
changed clinical practice, it has provided an important platform to identify novel molecular
targets and pave the way for innovative clinical trial design with the incorporation of
biomarker enrichment stratification strategies. EBV-positive and MSI tumors are associated
with signatures suggestive of an immune responsive profile [11]. A hyper-mutated DNA
phenotype is defined as 20.5 mutations/Mb in GC and is a phenotype typical of most MSI
tumors [12]. The MSI high (MSI-H) phenotype is most commonly related to epigenetic
silencing of the mismatch repair gene, MLH1, rather than germline mutation (i.e., Lynch
syndrome) [13]. The presence of a higher number of somatic mutations has been asso-
ciated with a better prognosis [14] and an increased susceptibility to immune-activating
antineoplastic treatments [15]. Currently, patients with MSI gastric cancer can benefit
from established immunotherapy approaches with anti-programmed death-1 (anti-PD-1)
immune-checkpoint inhibitors [16]. Rather than a hypermutated phenotype, EBV-positive
tumors (accounting for 9% of GC) have a profile favoring immunotherapy in view of
their high expression of membrane immune-checkpoint molecules such as programmed
death ligand-1 (PD-L1) and 2. Key molecular features of EBV-positive tumors include the
expression of virus-associated antigens (e.g., nuclear antigen 1, latent membrane protein
2A), the extensive methylation of viral and host genome and the epigenetic regulation of
specific cytosine-phosphatidyl-guanosine (CpG) DNA islands through methylation mecha-
nisms [17]. The pattern of DNA methylation of CpG has been associated with anti-tumor
immune-activation, with predictive and prognostic significance [18,19]. Therefore, MSI and
EBV-positive tumors have been proposed as chief candidates for immunotherapy trials,
though not exclusively, for their intrinsic immune-mediated biology [11]. The advent of
immunotherapy in oncology has in fact been embraced in most if not all tumor types and
disease settings [20]. The identification of an immune-signature or predictive factors of
immune-response in patients with GC have been identified as a research priority given that
it is a tumor type associated with poor prognosis when diagnosed at an advanced stage
and any benefit derived from chemotherapy (CT) is very limited [21]. While advancements
in the development of pharmacotherapies have improved overall survival (OS) and quality
of life, the low proportion of patients alive after two years from the diagnosis of metastatic
disease remains a cause for concern [22,23].

The strategies implemented to enhance the immune response against tumors, includ-
ing GC, aim to re-orient the immune-system response, by dampening the suppressive
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regulatory molecules and enhancing a stimulating milieu [24]. This strategy has been
pursued by developing a number of immune-checkpoint inhibitors [e.g., PD-1, cytotoxic
T-lymphocyte antigen-4 (CTLA-4)], a class of molecules capable of acting on several im-
mune cells and (re-)activating an effective antineoplastic response [25]. This strategy is
particularly beneficial in tumors exerting immune-activating signatures and/or recognized
by the immune-system as foreign, and therefore regulated by the immune-response [26].

Another therapeutic approach is based on the bioengineering of immune-competent
cells against specific tumor- associated antigens [27]. The principal expression of this
approach is represented by the Chimeric Antigen Receptor T-cells (CAR-T) constructs.
CAR-T are genetically engineered T-cells designed to direct the specific immune-response
against tumor- antigens, thereby inducing an artificial acquired antineoplastic immune
response, through cytotoxic activity. Though still widely experimental in solid neoplasms,
the clinical implementation of CAR-T cells for hematological malignancies has paved a
new way of cancer immunotherapy, due to the durable responses seen in some cases, the
different patterns of response observed [28] as well as the specific safety profile which
needs to be considered and the structural efforts required to build and deliver cell-based
treatments [29].

Here we review the clinical and translational landscape of the determinants of response
to various immunotherapy agents in patients with GC, by elucidating the key findings from
clinical trials and describing established and proposed predictive biomarkers throughout
ongoing clinical studies incorporating immunotherapy.

2. Biomarkers of Response to Immunotherapy in Gastric Cancer

The characterization of immune-related biomarkers is becoming increasingly impor-
tant in the multi-modality treatment of advanced GC (Figure 1) [30].
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Figure 1. Biomarkers of response to immunotherapy: soluble, tissue based and hybrid. Legend:
CAR-T: chimeric antigen receptor-T cell, CA 19.9: carbohydrate antigen 19.9, CEA: carcinoembryonic
antigen, EPCAM: epithelial cell adhesion molecule, IL2: interleukin 2, MUC1: mucin 1, cell surface
associated, PD-L1: programmed death-ligand 1, s PD-L1: serum programmed death-ligand.
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2.1. Tissue Based Biomarkers

Currently, the most studied biomarkers include mismatch repair (MMR) status as-
sessment, MSI identification, PD-L1 expression, tumor-infiltrating lymphocytes (TILs)
assessment, and tumor mutational burden (TMB) quantification. However, there is cur-
rently a gap in knowledge regarding the reliability of these tests for clinical use in GC.
MMR deficiency (AMMR) and/or MSI has been reported in approximately 14% and 22%
of GCs, respectively [31,32]. The MMR system is able to identify and counteract unpaired
DNA bases in order to preserve genome stability [33-35]. Alterations in this system, due
to dMMR, are associated with the accumulation of alterations in microsatellite regions,
resulting in variable degrees of MSI that are commonly defined as “low” (MSI-L) and “high”
(MSI-H) [35]. MMR and MSI screening is recommended as a useful tool at all stages of GC
to refine treatments and determine patient prognosis [36]. In GC, MSI is more common with
older age, female sex, distal stomach location, lower number of lymph-node metastases
and is associated with an overall better prognosis [36-38]. According to a meta-analysis
which included 1556 resectable GC patients, MSI-H patients had longer five-year OS and
disease-free survival (DFS) compared to patients with microsatellite stable tumors (OS,
77.5% vs. 59.3%; DFS, 71.8% vs. 52.3%) [14,39]. Evidence suggests that dAMMR is more
likely to activate an immune response and lead to the increased presence of TILs, and
PD-L1 upregulation in GC [40-43]. In particular, PD-L1 is expressed on the surface of
neoplastic cells in 15-70% of GC [37], with increased expression being associated with
non-metastatic cancer tissue [44], well differentiated tumors [44] and improved OS (median
OS not reached vs. 40 months; p = 0.008) [45] although its association with a favorable OS
has not always been consistent [37,46]. The immunohistochemical expression of PD-L1
protein can be scored using the combined positive score (CPS), where CPS > 1 is consid-
ered positive [47]. There appears to be an association between PD-L1+ GC and MSI-H
or EBV positive tumors [48]. The evaluation of PD-L1 CPS on formalin-fixed paraffin-
embedded tumor tissue samples has been proposed as a method to select patients for
immune-checkpoint inhibition [49]. High PD-L1 CPS score has been associated with a high
density of CD3+/CD8+ TILs. Interestingly, PD-L1 negative tumors with high-density CD3+
and CD8+ cells had a good prognosis [46]. A meta-analysis on various TIL subtypes in GC
has shown that high levels of CD8+, CD3+, and CD4+ T cell infiltration is associated with
better OS. Additionally, a high density of forkhead box P3 (FOXP3) positive cells within
the tumor does not appear to be a negative prognostic indicator [50]. TILs are gathering
increasing importance as a prognostic biomarker in GC [51]. Regarding TIL assessment in
GC, only the stromal count (= % area occupied by mononuclear inflammatory cells over the
total stromal area)—stained by hematoxylin and eosin—has been suggested for evaluation,
due to a lack of prognostic significance for intra-tumoral TILs [52]. However, this finding
requires further validation [52,53].

In the KEYNOTE 059 study, PD-L1 expression as a potential biomarker of response
to pembrolizumab in advanced and refractory GC patients was evaluated and demon-
strated a higher overall response rate (ORR) in PD-L1+ compared to the PD-L1 negative
tumors (15.5%, CPS >1 vs. 6.4%, CPS < 1). However, PD-L1 negative tumors displayed
greater complete response rate (CR) (2.8% vs. 2.0%) [39,54]. Such findings prompted the
need for defining and utilizing further biomarkers of response to immunotherapy. Tumor
mutational burden (TMB), dAMMR/MSI, TILs and EBV have been broadly explored as
the main molecular determinants of immunotherapy response in GC. Of note, TMB (i.e.,
the number of somatic mutations derived from next-generation sequencing techniques)
has been correlated with higher levels of neoantigen expression, and subsequently in-
creased immune responses [55]. High TMB has been suggested in 3% and 5% of patients
with esophageal and stomach cancer, respectively (>20 mut/Mb) [30]. Recently, the food
and drug administration (FDA) approved the FoundationOneCDx assay (Foundation
Medicine, Inc., Cambridge, MA, USA) as a companion diagnostic (CDx) for treatment with
pembrolizumab in unresectable or metastatic TMB-high solid tumors (>10 mut/Mb) [56].
Findings in GC also show an improved OS in TMB-High tumors treated with immunother-
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apy, compared to those with lower TMB levels: 80% 2-year survival for TMB-high vs. 12%
for TMB-low, p = 0.03 [57] and median OS = 16.8 vs. 6.62 months, p = 0.058 [58]. Yet, TMB
as a potential biomarker of response to immunotherapy is challenged by the lack of harmo-
nized sequencing panels as well as lack of clearly defined cut-offs for implementation in
clinical practice [36].

MSI-H tumors have also been associated with a good response to immunotherapy [15,
59,60]. Based on these findings, the FDA approved pembrolizumab for the treatment of
MSI-H tumors that had progressed following prior treatment, irrespective of tumor site [61].
In GC, studies have also demonstrated that dAMMR and MSI-H tumors generally have
a favorable response to immune-checkpoint blockade [36,59]. A multi cohort study of
pembrolizumab monotherapy in advanced GC showed that MSI-H tumors had greater
ORR (57.1%) compared to MSS patients (9%) and also a significant disease control rate
(DCR) of 71.4% was achieved [30,36]. These results were supported by findings from the
phase III, KEYNOTE-062 clinical trial which are discussed in the clinical trial section of this
review [62]. MMR status is commonly assessed by immunohistochemistry although the
lack of CDx tests and tumor-specific guidelines is seen as a disadvantage [35]. However,
unlike in other types of tumors, a high correlation between MMR immunohistochemistry
and MSI testing in gastro-esophageal cancer is generally observed [36]. Hence, the PCR-
based Bethesda panel, consisting of two mononucleotide repeats and three dinucleotide
repeats, and NGS are employed in MSI evaluation [63].

EBV+ tumors are associated with a response to immunotherapy and this appears to be
independent of TMB and MSI status [64]. According to a multi-factorial genomic biomarker
analysis in GC patients administered pembrolizumab, EBV positivity, MSI and PD-L1
expression are associated with improved ORR (100%, 85.7%, and 50%, respectively) [65].
EBV+ GC appears to be relatively immunogenic. This results in increased infiltration
with immune cells and also increased PD-L1 and PD-L2 gene expression [65]. Further
investigation into biomarkers of response to immunotherapy in advanced GC/gastro-
esophageal cancer is warranted. A summary of the most commonly studied biomarkers
along with their strengths and limitations is provided in Table 1.
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2.2. Circulating Biomarkers

Circulating molecules and their role in predicting response to immunotherapy is
a topic of great interest and is an area that still has not been studied in depth. These
soluble factors can be released from both tumor cells and immune cells and may provide a
simple method to evaluate the dynamic behavior of the immune system in cancer patients
during treatment and avoid the need for invasive procedures [66]. Much effort is being
spent on identifying primary responders to immunotherapy at a relatively early treatment
timepoint. Circulating biomarkers, some of which are currently used in clinical practice,
such as pepsinogen, carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9)
and soluble IL-2, are not accurate enough to predict prognosis in GC [67-69].

Recent evidence has shown that patients with GC have higher serum soluble PD-
L1 (sPD-L1) concentrations than healthy controls. Moreover, both elevated tissue PD-L1
and serum sPD-L1 were independent prognostic factors for poor OS and poor DFS in
GC patients who underwent surgery [70-72]. Lymphocyte activation gene 3 (LAG3) is
a checkpoint receptor localized on activated T cell surfaces and NK cells. The soluble
variant, in turn, can have a regulatory function on immune cells [73,74]. Its role has been
investigated in GC patients. High sSLAG-3 expression is associated with a better prognosis
in GC and its expression was positively correlated with IL-12 and IFN-y production in
GC patients. In a recent in vivo experiment sLAG3 was shown to be able to promote the
activation of CD8 T cells and the production of INF and IL-12, resulting in tumor growth
inhibition [75].

While the prognostic value of soluble checkpoints is under investigation in several
solid tumors, the question that remains to be answered is whether soluble checkpoints can
predict response to treatment. Given that the immune system is a key factor involved in
the response to treatments such as immunotherapy and CT, there is a clear rationale to
suggest that such soluble markers could be biomarkers of response to treatment [76]. A
study including 11 patients with NSCLC and 9 patients with GC treated with an anti-PD1
agent showed that pre-treatment levels of sPD-L1 were not associated with OS in these
patients. However, reduction in plasma sPD-L1 levels was significantly associated with
tumor response after four cycles of treatment [77]. A study including 68 patients with
metastatic GC eligible for first line CT analyzed baseline level of sSPDL1 and the dynamic
changes during therapy. Patients with low levels of sPD-L1 at diagnosis showed a better
OS and PFS than patients with a high sPDL1. Patients whose sPDL1 increased after the
first cycle of CT showed worse PFS and OS. This result suggests that soluble checkpoints
may be the ideal method of studying the immune system as an extremely dynamic entity
allowing real-time, non-invasive monitoring during cancer treatment [78]. Takahashi
et al. confirmed in their study that high serum levels of sPD-L1 correlated with worse
OS in patients with metastatic GC treated with first-line CT [79]. These data suggest the
possibility of individualizing the therapeutic choice based on the immunological profile,
thereby leading to promising new combination strategies in the near future.

Immunotherapeutics in solid tumors is constantly evolving due to the introduction
of new technologies to manipulate the patient’s immune system to attack cancer cells.
Tumor antigen vaccines are currently being studied in several solid tumors. They are
created from cancer cells” pure tumor antigens [80]. The antitumor activity of tumor
peptide vaccines, such as G17DT, vascular endothelial growth factor receptor (VEGFR)
and OTSGC-A24, have been investigated in GC patients. G17DT is a vaccine able to
promote an immune response against gastrin, a hormone involved in carcinogenesis and
progression in GC [81-83]. A phase II/III study (NCT00042510) reported that G17DT
is able to induce efficient anti-gastrin antibody production and is able to inhibit tumor
proliferation and progression [84]. A multi-center study showed that the combination
of G17DT and platinum-5FU CT prolonged the median time-to-progression and median
survival time for patients with unresectable cancer of the stomach or gastroesophageal
junction, compared to platinum-5FU CT alone. Therefore, the FDA approved the fast
track designation for the vaccine G17DT in February 2003 [85]. Another peptide vaccine
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involving the use of VEGFR 1 and 2, receptors of the VEGF angiogenic factor, has been
investigated. In a phase I/II study, the administration of the VEGFR1/2 peptide vaccine
in combination with CT induced a cytotoxic T cell response. In the 82% of patients with a
cytotoxic T lymphocyte response to VEGFR2-169 peptide, time to progression and OS were
significantly prolonged compared to those without such a response [86]. Such findings are
encouraging, although it should be noted that only 22 patients were included. A phase I/Ib
study (NCT01227772) evaluated OTSGC-A24, which is thought to be able to target several
specific tumor antigens, such as forkhead box M1, DEP domain containing 1, kinesin
family member 20A, URLC10 and VEGFR1. Although the treatment was well tolerated, no
radiological responses were observed [83].

An innovative immunotherapeutic strategy uses adoptive T cell therapy to overcome
the immune-evasion mechanisms mediated by cancer cells. T lymphocytes are removed
from patients and modified in vitro in order to activate specific immune cells. Then, the
modified activated T cells are administered to patients, thereby eliciting a tumor response
against cancer [87]. Chimeric antigen receptor-T (CAR-T) cell therapy was shown to be
effective in hematologic disease and it is actually under investigation in several solid
tumors [88,89].

In GC, several antigens, including human epidermal growth factor receptor 2 (HER2),
carcinoembryonic antigen (CEA), mucin 1 (MUC1) and epithelial cell adhesion molecule
(EpCAM), have been used as targets for CAR-T. The anti-HER2 CAR-modified T cell was
evaluated in many pre-clinical studies [90]. Clinical studies are now evaluating it in GC
patients (NCT02713984, NCT01935843, NCT00889954). CEA-specific CAR-T cells were
confirmed to be active in pre-clinical studies in mice with GC. Since then, a clinical trial is
ongoing (NCT02349724) to define the correct dose and safety profile [91,92]. MUC1 and Ep-
CAM are transmembrane glycoproteins expressed in different solid tumors, but in GC they
are markers of aggressive disease. Clinical Phase I/1I trials (NCT02617134, NCT02725125)
are evaluating EpCAM and MUC1 modified CAR-T in solid tumors expressing these
targets [93].

3. Immunotherapy: From Landmark Trials to Clinical Practice and Future Perspectives

Over the last decade, the safety and efficacy of immunotherapy has been investigated
in clinical trials in GC patients, initially in the advanced disease setting and more recently
in the earlier disease setting.

3.1. Non-Metastatic Disease

Most immune checkpoint inhibitor trials in the earlier disease setting are ongoing
(Table 2). The use of immune checkpoint inhibitors- alone or in association with CT is not
currently considered standard of care [94].

In the context of neoadjuvant and perioperative treatments, the phase III Keynote
585 trial (NCT03221426) is evaluating the efficacy of pembrolizumab plus CT versus CT
alone [95]. The CT arm was initially cisplatin plus capecitabine or cisplatin plus fluorouracil.
Following the favorable results of the FLOT-4 study, the trial protocol was amended to
enable the inclusion of the FLOT CT regimen comprising fluorouracil, docetaxel and
oxaliplatin as a safety cohort [96]. The primary endpoints are OS, event free survival (EFS)
and the rate of pathological complete response (pCR). It is important to note that PD-L1
status is not being used for patient selection, although an exploratory endpoint assessing
efficacy by PD-L1 expression is planned.
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In the adjuvant setting, the initial results from the phase III Checkmate 577 trial
were recently presented [97]. This trial (NCT02743494) assessed the safety and efficacy
of nivolumab versus placebo as adjuvant treatment in 794 patients with stage II and III
esophageal (squamous tumors and adenocarcinomas) and esophagogastric junctional
adenocarcinoma (GEJA) who had received neoadjuvant treatment followed by surgery.
Patients were not selected for PD-L1 status. Nivolumab significantly prolonged DFS
(22.4 versus 11 months, Hazard Ratio (HR): 0.69; p = 0.0003) with a good safety profile
(grade 3—4 adverse events: 13% versus 6% in the placebo arm). Whilst these initial results
are promising, the full publication is awaited in order to analyze the data in more detail.
Additionally, it should be noted that the trial included both esophageal and GEJ cancers as
well as squamous tumors and adenocarcinomas. Therefore, it could be argued that these
tumor types should be assessed separately in dedicated clinical trials to better understand
clinical applicability. For additional details regarding ongoing trials in these settings, see
Table 2.

3.2. Metastatic Disease: 1st Line Treatment

Evidence for the role of immune checkpoint inhibitors in first-line treatment of
metastatic GC is very recent, arising during the last few months. In this regard, pem-
brolizumab, nivolumab and avelumab are the main agents that have been investigated
(Table 3).

The phase III Keynote 062 trial was a study with a complex design, including both
superiority and non-inferiority comparisons. In fact, in the superiority part, the trial
evaluated the safety and efficacy of pembrolizumab plus standard CT (cisplatin plus 5-
fluorouracil/ capecitabine) versus CT alone in first-line treatment of metastatic GC/GEJA
patients with epidermal growth factor receptor 2 (HER-2) negative status. Additionally,
the trial included a third arm, evaluating the non-inferiority of pembrolizumab as a single
agent treatment and compared it to standard CT [62]. Therefore, 763 patients (Asian and
non-Asian) were randomized 1:1:1 to one of the three arms. The central assessment of
PD-L1 was mandatory at screening and only patients with a PD-L1 > 1 tumor according to
the CPS score were randomized. After a median follow up of 29.4 months, single agent
pembrolizumab was found to be non-inferior to the control arm (median OS: 10.6 versus
11 months; HR: 0.91; 99.2% Confidence Interval (CI): 0.69-1.18; non-inferiority margin: 1.2)
with a trend of superiority for patients with PD-L1 CPS > 10 (median OS: 17.4 versus 10.8
months, HR: 0.69). However, this last analysis was not planned. The survival rates at 12
and 24 months were 46.9% and 26.5% in the experimental single agent arm versus 45.6%
and 19.2% in the control arm. Nevertheless, the trial did not improve OS in the combination
arm, both for patients with PD-L1 CPS > 1 (median OS: 12.5 versus 11.1 months; HR: 0.85,
95% CI: 0.70-1.03, p: 0.05) and PD-L1 CPS > 10 (median OS: 12.3 versus 10.8 months;
HR: 0.85; 95%CI: 0.62-1.17; p: 0.16). Likewise, the superiority in PFS was not met for the
experimental arm (median PFS: 6.9 versus 6.4 months; HR: 0.84; 95%CI: 0.70-1.02; p: 0.04).
Of note, patients with MSI-H benefited the most from pembrolizumab both for patients
with PDL-1 CPS >1 (median OS: not reached (NR) versus 8.5 months in the control arm,
HR: 0.29) and PDL-1 CPS > 10 (median OS: NR versus 13.6 months). The survival benefit
was maintained in this subgroup also in the combination arm (pembrolizumab plus CT:
HR: 0.37).
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Recently, the preliminary results of the phase IIl Checkmate 649 [98] and ATTRACTION-4
trial [99] were presented at the ESMO Congress 2020. The Checkmate 649 trial (NCT02872116)
randomized untreated metastatic GC patients to three arms: nivolumab plus ipilimumab,
standard CT (Folfox or Xelox), standard CT plus nivolumab [98]. Patients were enrolled
regardless of PD-L1 status and HER-2 testing was not mandatory, although patients with
known HER-2 positive tumors were excluded. The preliminary results only reported
the analysis for the combination arms (1581 patients) and, among those patients, the
data focused on those with PDL-1 CPS > 5 (955 patients, 60%). In this population, the
experimental arm (nivolumab plus CT) was associated with improved survival benefit
when compared to CT alone (median OS: 14.4 versus 11.1 months, respectively, HR: 0.71,
p < 0.0001; median PFS: 7.7 versus 6.1 months, HR: 0.68; p: < 0.0001). However, the benefit
was also confirmed in the entire population- including PD-L1 negative tumors- (median OS:
13.8 versus 11.6 months, respectively, HR: 0.8, p: 0.0002) as well as in the PD-L1 CPS > 1
subgroup (median OS: 14 versus 11.3 months, respectively, HR: 0.77, p: 0.0001). The safety
profile was acceptable and the rate of grade 3—4 adverse events for the experimental versus
control arm was 59% versus 44%, respectively. Of note, the trial included 75% non-Asian
patients. Therefore, the combination of Folfox/Xelox plus nivolumab seems to be very
promising in first-line treatment of metastatic disease in GC. However, the full publication
is awaited in order to better understand the biological mechanisms that underpin the
positive results and to understand how this combination could be used in clinical practice.

The phase III ATTRACTION-4 trial (NCT02746796) randomized 724 Asian patients to
receive CT alone (Xelox or oxaliplatin plus S-1) or with nivolumab as first-line treatment
for HER-2 negative metastatic GC, regardless of PDL-1 status [99]. After a follow up of
11.6 months, the addition of nivolumab improved PFS when compared with the control
arm (median PFS: 10.5 versus 8.3 months, respectively; HR: 0.68, p: 0.0007). However,
with a median follow-up of 26.6 months, OS was not significantly different in the two
arms (median OS: 17.5 versus 17.2 months, HR 0.90; 95% CI: 0.75-1.08; p: 0.257), whereas
the benefit in PFS and overall response rate (ORR) were confirmed (ORR: 57.5 versus
47.8%; p: 0.0088). Therefore, the Checkmate 649 and ATTRACTION-4 trials provide the
first evidence for the efficacy of nivolumab in this setting, even if in different populations.
However, the final results and publication from the ATTRACTION-4 trial, are also awaited.

The phase III Keynote-859 [106] and Keynote-811 [107] are currently ongoing in this
setting (Table 2). Keynote-859 (NCT03675737) is randomizing untreated metastatic HER-2
negative GC patients to receive standard CT (cisplatin plus 5-fluorouracil/ Xelox, investiga-
tor choice) alone or with pembrolizumab as first-line treatment [106]. The trial includes
patients regardless of PD-L1 status; however, assessment of PD-L1 status is mandatory. The
Keynote-811 trial (NCT03615326) is investigating the role of pembrolizumab in first-line
treatment for HER-2 positive metastatic GC [107]. The trial was based on the promising
results of the phase Ib/II trial PANACEA trial [108] in breast cancer and in the following
phase II study in esophageal /GEJA /GC [100]. This latter phase II study was an open-label,
non-randomized, single-arm trial that showed promising activity and a good safety profile
by using pembrolizumab in addition to standard CT (Folfox/Xelox plus trastuzumab or
cisplatin plus 5-fluorouracil/ capecitabine plus trastuzumab- according to investigator’s
choice) in 37 HER-2 positive tumors (5% Asian patients), regardless of PD-L1 status. Of the
patients, 70% were alive at six-months and free from relapse (primary endpoint), median
PFS and median OS were 13 and 27.3 months, respectively. Of note, ORR was 100%, 17%
had a complete response and 74% a partial response. These initial results are of significant
interest as they show the potential for a new treatment option in patients with HER-2 posi-
tive tumors if confirmed in a larger phase III study. The results of the randomized phase
III Keynote-811 trial which includes patients with the same characteristics are therefore
eagerly awaited.

Maintenance treatment with immunotherapy after first-line therapy has also been
investigated. The phase III Javelin 100 trial assessed the efficacy and safety of using
an immune checkpoint inhibitor (avelumab) in this setting [101]. The trial randomized
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805 metastatic HER-2 negative GC/GEJA patients who demonstrated a response to first
line CT (Folfox/Xelox) to receive either CT (continuation of the ongoing treatment) or
avelumab. The trial included Asian patients (20%); patients were not selected by PD-L1
status, although a subgroup analysis for PD-L1 CPS > 1 was pre-planned. The trial failed
to show an improvement in OS with avelumab in this setting (median OS: 10.4 versus
10.9 months, HR: 0.91, 95% CI: 0.74-1.11; p: 0.1779). These results were also confirmed
in the PD-L1 positive population (median OS: 16.2 versus 17.7 months, HR: 1.13; 95% CI:
0.57-2.23, p: 0.6352). However, in this trial, the small MSI-H subgroup of patients appeared
to benefit from immunotherapy (HR: 0.27; 95% CI: 0.06-1.25).

The results from studies using immune checkpoint inhibitors in first-line treatment
for metastatic GC are promising. However, it is not yet entirely clear which patients benefit
the most from immunotherapy due to the lack of reliable, validated predictive biomarkers
to guide the treatment choice for patients with GC [109]. Therefore, the search for new
biomarkers as well as a better understanding of the molecular mechanisms underlying
the response to immunotherapy is urgently needed. Immunotherapy does not currently
represent standard of care in the first line metastatic setting in GC and its use is restricted
by local authorities.

3.3. Metastatic Disease: Second Line Treatment and Beyond

Following progression with a first-line platinum- and fluoropyrimidine-based CT
regimen [110], the VEGFR2 human monoclonal antibody (mAb) ramucirumab is a stan-
dard of care in the second-line setting. Ramucirumab monotherapy improved OS when
compared to best supportive care (BSC) (5.2 vs. 3.8 months, HR = 0.77, p = 0.047) and
also in association with paclitaxel when compared to paclitaxel alone (9.6 vs. 7.4 months,
HR = 0.80, p = 0.017) in two randomized phase III trials (REGARD and RAINBOW, respec-
tively) [111,112]. While efficacy and safety of ramucirumab were confirmed in “real-life”
populations [113-115], the randomized phase III TAGS trial confirmed the OS benefit of
the cytotoxic oral drug trifluridine/tipiracil over placebo (5.7 vs. 3.6 months, HR = 0.69,
p = 0.0005) as a third-line regimen in a global population [116].

The role of immunotherapy was first demonstrated when monotherapy with PD-
1 inhibitors (nivolumab and pembrolizumab) showed significant efficacy in later lines
of treatment [54,103,117] (Table 3). In the phase III ATTRACTION-02 trial, nivolumab
significantly prolonged OS compared to placebo (5.2 vs. 4.1 months, HR = 0.63, p < 0.0001)
in patients progressed or intolerant to at least two previous lines of treatment, with a
3-year OS rate of 5.6% and 1.9%, respectively. Therefore, only a small proportion of
patients achieved durable clinical benefit from nivolumab. Notably, PD-L1 status did
not identify patients likely to benefit from nivolumab. Toxicity profile included mild to
moderate diarrhea, fatigue, pruritus, and rash. However, longer OS was observed in
patients experiencing immune checkpoint inhibitor (ICI)-related AEs compared to those
who did not (2-year OS of 20% and 0%, respectively). These findings resulted in the
approval of nivolumab in third- or later-line in Japan, Taiwan and South Korea [103].
Similar data were obtained in Western populations [117] even if phase III data are lacking.

The human anti-PD1 pembrolizumab was first tested in the phase I KEYNOTE-059
trial and obtained higher ORR (15.5% vs. 6.4%) and longer duration of response (DOR,
16.3 vs. 6.9 months) in PD-L1-positive (CPS > 1%) rather than in PD-L1-negative mGC as a
third- or later-line treatment. These results led to FDA approval of pembrolizumab as a
third- or later line of treatment for CPS > 1% mGC patients in the USA [54].

The positive results of the ATTRACTION-02 trial were not replicated in two phase III
trials testing the efficacy of PD1/PD-L1 inhibitors compared to CT. In the JAVELIN Gastric
300 trial, the PD-L1 inhibitor avelumab did not improve survival over standard CT (mOS:
4.6 vs. 5.0 months, p = 0.81, respectively) in third-line treatment, irrespective of PD-L1
status (TPS > 1%) [105].

In the KEYNOTE-061 trial, 592 mGC patients progressed on a first-line platinum- and
fluoropyrimidine-based CT were randomized to receive pembrolizumab or paclitaxel as
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second-line. Primary endpoints were OS and PFS in patients with PD-L1 CPS > 1, with
significance threshold for OS set at p = 0.0135 (one-sided). Pembrolizumab failed to improve
outcome in terms of OS (mOS: 9.1 vs. 8.3 months, HR = 0.82, p = 0.042) and PFS (mPFS:
1.5 vs. 4.1 months) when compared to paclitaxel alone [102]. One of the main limitations
of this trial was the control arm of paclitaxel without ramucirumab, which is considered
standard of care in the second-line setting of mGC. In an updated 2-year analysis of the
KEYNOTE-061 trial, a trend towards improved OS in PD-L1 CPS > 1 patients in favor
of pembrolizumab was shown. Moreover, a higher benefit from pembrolizumab over
paclitaxel in terms of OS, ORR and DOR was described in subgroups of patients with
performance status 0, CPS > 10% and MSI-high [118].

As multiple immune checkpoint pathways modulate antitumor response, combining
PD1/PD-L1 inhibitors with other ICIs is a potential strategy to overcome resistance. For
example, the immune checkpoint molecule CTLA-4 suppresses T-cell proliferation early in
the immune response, whereas PD-1 acts in a later phase of T-cell suppression [119].

The phase I-II CheckMate-032 trial tested nivolumab alone or in combination with
the inhibitor of cytotoxic T-lymphocyte associated protein-4 (CTLA-4) ipilimumab in 160
pretreated Western mGC patients, reaching an ORR of 12% and 24% and G3-4 AEs of 17
and 47%, respectively. These results were obtained regardless of PD-L1 status [104].

The tumor microenvironment (TME) is an integral part of cancer and includes a variety
of immune and non-immune cell types and factors playing a pivotal role in driving an
inflammatory, immunosuppressive and pro-angiogenic intra-tumoral environment [120].
Tumor-associated macrophages (TAMs) play a role in cancer microenvironment, they can
affect inhibitory and growth cancer cell processes depending on stage, tissue type, and
host microbiota [121]. Furthermore, TAMs can impact on the antitumor effects of CT
and radiotherapy and contribute to intrinsic/acquired resistance to PD-1 inhibitors [122].
Interestingly, these cells can be reduced by inhibiting the colony-stimulating factor-1 (CSF-
1)/receptor pathway. The association of the CSF-1 inhibitor lacnotuzumab and the PD-1
inhibitor spartalizumab is under investigation in a phase II trial enrolling pre-treated
patients (Table 2). Within the TME, tumor neo-vascularization promoted by tumor-induced
angiogenic factors can lead to an imbalance between immunosuppressive cells such as
regulatory T cells (Treg) and TAMs, and anti-tumor CD8+ cytotoxic T-lymphocytes (CTLs),
causing tumor progression, invasion and angiogenesis [120]. Anti-angiogenic agents
may restore the anti-tumor immune activity by disrupting the VEGF/VEGFR axis in
the TME [122]. On the other hand, the association of immunotherapy and CT might be
of benefit by improving immunogenicity and restoring balance within the TME [120].
This strategy is currently under investigation, safety and activity data from combinations
treatments such as paclitaxel and ramucirumab with avelumab (RAP: NCT03966118) or
pembrolizumab (SEQUEL: NCT04069273) (Table 2) are awaited.

The multi-targeted tyrosine kinase inhibitor (TKI) regorafenib enhances antitumor
immunity through macrophage modulation [123]. In the Japanese EPOC1603 phase Ib
trial, the combination of regorafenib and nivolumab showed anti-tumor activity (ORR 44%,
mPFS 5.8 months) [124]. The multi-targeted TKI lenvatinib was evaluated together with
pembrolizumab in the Japanese EPOC1706 phase II trial, showing promising activity (ORR
69%) [125].

Genomic instability derives from deficient DNA damage response. Poly (ADP-ribose)
polymerase (PARP) inhibitors (PARPi) alter the ability to repair DNA damage; their effect is
more pronounced in tumors with pre-existing defects in DNA repair (such as MSI/dMMR
tumors). Unrepaired DNA damage secondary to PARPi treatment was reported to activate
immune pathways and PD-L1 expression on tumor cells, which could in turn increase
sensitivity to ICIs [126]. Phase II trials combining ICIs and PARPi with or without VEGFR
inhibitors or CT are ongoing (Table 2).

The HER-2 inhibitor trastuzumab has immune mechanisms of action involving innate
and adaptative immunity through antibody-dependent cellular cytotoxicity, upregula-
tion of PD-L1 and promotion of immune infiltration [127,128]. In the global phase I-II
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CP-MGAH22-05 trial, the association of the novel anti-HER2 mAb margetuximab and
pembrolizumab provided positive results in terms of safety and efficacy (ORR 18%, DCR
53%) in 95 pre-treated HER2-positive mGC patients [129].

The composition of the gut microbiome has emerged as a key factor affecting the
peripheral immune system in the context of cancer. Moreover, gut microbiota might affect
the efficacy of immune checkpoint inhibitors in various cancers [127]. The DELIVER trial
(JACCRO GC-08, UMIN000030850) aims to investigate the role of immune-related biomark-
ers (gut microbiome, genetic polymorphisms, gene expression, and the metabolome in
plasma) in patients treated with nivolumab.

4. Discussion

In recent years, immunotherapy has revolutionized cancer care. Due to its efficacy, its
long-lasting effect and its relative favorable safety profile, this innovative approach has
changed the natural history of different types of tumors, such as lung cancer, head and
neck and urological malignancies. For patients with mGC the prognosis disappointingly
remains dismal. The standard therapies (chemotherapy, trastuzumab or ramucirumab)
have limited impact on patient outcomes, and median survival ranges from four months
with BSC only, to 12 months with chemotherapy [22]. Therefore, improving the knowledge
of the GC molecular landscape as well as developing targeted therapies may serve as a
promising approach in the treatment of GC patients. To date, several studies have been
carried out and many are ongoing, aimed to define the magnitude of benefit and the role
for immunotherapy, as monotherapy and combined with chemotherapy, targeted agents,
and other immunotherapies, in GC. In this context, a huge variety of biomarkers have
shown promising results, particularly MSI, PD-L1 and TMB, as well as soluble biomark-
ers, including sPD-L1, sLAG-3, circulating tumor DNA (ctDNA), exosomes, cytokines,
cancer-testis antigens (CTA) [130] and metal chelators, and finally the microbiome [131].
Unfortunately, none of these biomarkers has been validated for use in clinical practice,
so far.

Therefore, discovering reliable predictive biomarkers of response to immunotherapy
in GC represents a critical unmet need to personalize treatment and improve survival.
Despite the success achieved with ICIs for the treatment of other solid tumors, the results in
the treatment of GC are uncertain, although the benefit appears to be more pronounced in
patients with PD-L1+ expression, MSI-H or dAMMR tumors [132]. Consequently, nowadays,
the approved indications for immunotherapy in mGC are limited to second or subse-
quent lines of therapy. However, surgery remains the only curative option in GC and
immunotherapy may play an important role even in the neoadjuvant and adjuvant setting.
Most trials of immune checkpoint blockade in the earlier disease are ongoing, such as the
phase III Keynote 585 trial in the neoadjuvant setting [95] and the Checkmate 577 trial in
adjuvant [97]. Combining immunotherapy and chemotherapy might lead to improved
tumor immunogenicity, and, in this way, improve immunotherapy efficacy. The rationale
to combine an immunosuppressive drug, such as chemotherapy, with agents that act to
modulate immune regulatory mechanisms to boost the immune response against cancer
cells, is potentially challenging. In mGC the addition of chemotherapy to immunotherapy
by increasing TMB with platinum agents could be especially interesting [133].

Several trials are further investigating the activity of the association between ICIs and
different chemotherapy agents, as first- or second-line treatment for mGC. Of these, the
results of combining paclitaxel and ramucirumab with avelumab (RAP: NCT03966118) or
pembrolizumab (SEQUEL: NCT04069273) are eagerly awaited.

Additionally, numerous clinical trials evaluating the combination of immunotherapy
with targeted agents (anti-angiogenic agents, PARPi and anti-HER2 mADb) are generat-
ing much excitement. In this context, there is a strong rationale to combine ICIs with
anti-angiogenic drugs. Preclinical evidence has demonstrated that normalizing the tumor
vasculature enhances immunotherapy activity. Notably, evidence suggests that enhanced
immune stimulation improves tumor vascular normalization [134]. In mGC encourag-
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ing results have been observed for this strategy (i.e., combining nivolumab plus ramu-
cirumab [135] or regorafenib) [124]. However, the level of evidence for these combinations
is still limited, thereby hampering their approval for clinical use.

5. Conclusions

In conclusion, despite the efforts made, GC remains a highly lethal cancer and the
magnitude of benefit from immunotherapy for these patients is still under debate. A
critical open question regarding patient selection for treatment with immunotherapy and
the optimal sequence of where it should be used in the treatment paradigm remains.
Nowadays, a plethora of potentially useful predictive biomarkers has been investigated,
but unfortunately their clinical use is still limited. Additionally, the results achieved with
immunotherapy in the metastatic setting are encouraging, but not completely satisfactory.
Further studies are urgently needed to deepen the molecular knowledge of the GC milieu.
It is hoped that this will eventually lead to a more clearly defined algorithm of key criteria
to select candidates likely to obtain the most benefit from immunotherapy.
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Abstract: (1) Background: Liquid biopsy (LB) is a novel diagnostic method with the potential of
revolutionizing the prevention, diagnosis, and treatment of several solid tumors. The present paper
aims to summarize the current knowledge and explore future possibilities of LB in the management
of metastatic gastric cancer. (2) Methods: This narrative review examined the most recent literature
on the use of LB-based techniques in metastatic gastric cancer and the current LB-related clinical trial
landscape. (3) Results: In gastric cancer, the detection of circulating cancer cells (CTCs) has been
recognized to have a prognostic role in all the disease stages. In the setting of localized disease, cell-
free DNA (cfDNA) and circulating tumor DNA (ctDNA) qualitative and quantitative detection have
the potential to inform on the risk of cancer recurrence and metastatic dissemination. In addition,
gastric cancer-released exosomes may play an essential part in metastasis formation. In the metastatic
setting, the levels of cfDNA show a positive correlation with tumor burden. There is evidence that
circulating tumor microemboli (CTM) in the blood of metastatic patients is an independent prognostic
factor for shorter overall survival. Gastric cancer-derived exosomal microRNAs or clonal mutations
and copy number variations detectable in ctDNA may contribute resistance to chemotherapy or
targeted therapies, respectively. There is conflicting and limited data on CTC-based PD-L1 verification
and cfDNA-based Epstein—Barr virus detection to predict or monitor immunotherapy responses.
(4) Conclusions: Although preliminary studies analyzing LBs in patients with advanced gastric
cancer appear promising, more research is required to obtain better insights into the molecular
mechanisms underlying resistance to systemic therapies. Moreover, validation and standardization
of LB methods are crucial before introducing them in clinical practice. The feasibility of repeatable,
minimally invasive sampling opens up the possibility of selecting or dynamically changing therapies
based on prognostic risk or predictive biomarkers, such as resistance markers. Research is warranted
to exploit a possible transforming area of cancer care.

Keywords: liquid biopsy; circulating tumor cell; cfDNA; ctDNA; metastatic gastric cancer; epithelial-
mesenchymal transition; resistance to treatment; HER2-inhibition; VEGFR-inhibition; immunother-
apy; response monitoring

1. Introduction

The term liquid biopsy simultaneously encompasses a group of significantly different
techniques, emerging as a tool that clinical practitioners can use to diagnose cancer, assess
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prognosis, identify targetable alterations, predict the effectiveness of treatments, and
monitor tumor burden and therapeutic resistance. Among solid tumors, the potential for
liquid biopsy has been most thoroughly studied in colorectal cancer, non-small cell lung
cancer, and breast cancer and less explored in gastric cancer [1-3]. In our introduction,
following a brief description of gastric cancer’s prognostic and predictive biomarkers, we
provide a brief overview of the history and applications of liquid biopsy. It is not the
purpose of this article to describe the technical and procedural background and limitations
of liquid biopsy, which would go beyond the scope of this review. Readers may also refer
to some of the excellent recent reviews on this topic [1-3].

1.1. Overview of the Prognostic and Predictive Tissue Biomarkers in Gastric Cancer

Stomach cancer is the fifth most prevalent tumor globally, with a worldwide incidence
in increasing trend of growth [4]. According to the Global Cancer Observatory of the World
Health Organization, from the 1.09 million cases diagnosed in 2020, the incidence will rise
to 1.77 million by 2040 [5].

Histologically, around 90% of gastroesophageal junction cancer (GEJC) and gastric can-
cer cases are adenocarcinomas [6,7]. Gastric adenocarcinomas can be further divided into
four categories based on The Cancer Genome Atlas (TCGA) Research Network’s molecular
classification. The classification differentiated (i) chromosomally unstable, (ii) Epstein-Barr
virus-induced, (iii) genomically stable, and (iv) microsatellite unstable groups [8].

Several biomarkers have prognostic or predictive value in gastric cancer, and their
prevalence may vary depending on the disease stage. Both Programmed cell death lig-
and 1 (PD-L1) and Human epidermal growth factor receptor 2 (HER2)-positive tumors
have been linked to aggressive disease and reduced survival, although some conflicting
evidence still exists [9-12]. A decreased risk of lymph node metastasis, tumor invasion,
and mortality has been correlated with microsatellite instability (MSI) in stomach cancer.
However, the connection with improved prognosis remains unclear in light of conflicting
evidence [13]. Several publications have questioned the role of neoadjuvant chemotherapy
in microsatellite-instable tumors and supported a surgery-only approach. The predic-
tive value of microsatellite instability in the clinical decision of providing perioperative
chemotherapy may be prospectively confirmed by subgroup analyses of the FLOT-4 and
JACCRO GC-07 studies [14-17]. In EBV-positive gastric cancers, subsequent studies have
also demonstrated that PD-L1 expression is increased and associated with a decrease in
survival [18,19].

The clinical benefit of immunotherapy has been reported in two subgroups of gas-
tric cancer, in tumors with elevated PD-L1 expression and in tumors with microsatellite
instability [20-22]. Correlation between HER?2 positive status and clinical response to
trastuzumab has also been observed [11]. Therefore, according to the National Comprehen-
sive Cancer Network (NCCN)’s newest guidelines in the USA, MSI testing is suggested
in all newly diagnosed patients, and HER2 and PD-L1 testing are recommended in all
metastatic cases [23]. High tumor mutational burden and positive EBV status are emerging
predictive biomarkers for gastric cancer immunotherapy [24-26].

1.2. A Brief Introduction to Liquid Biopsy

In 1948, Mandel and Métais published the results of discovering extracellular nucleic
acids (DNA and RNA) in the blood [27]. In 1966, Leon et al. measured circulating free DNA
(cfDNA) levels in 173 oncology patients and 55 healthy controls by using radioimmunoas-
say. The authors observed that 50% of cancer patients had normal cfDNA levels. However,
they reported substantially higher levels of cfDNA in the serum of metastatic patients. In
some patients, dynamic changes in cfDNA have been observed after radiation therapy by
using serial sampling [28]. Nearly thirty years later, evidence has been provided that tumor
cells release their DNA into the bloodstream. By parallel testing of the primary tumor
and the plasma, characteristic mutations of selected genes like RAS or gene alterations in
the genes involved in DNA mismatch repair (MMR) (i.e., present in the primary tumors)
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could also be detected in the matching plasma. This phenomenon was reported across the
indications by several groups [29-31]. In 2008, Diehl et al. demonstrated that it is possible
to molecularly detect tumor relapse in colorectal cancer by tracking individually selected
tumor-specific mutations in the plasma. The authors summed this approach’s benefits
in its high specificity, and the downside was to create a unique mutation-specific probe
marker for each subject [32]. Simultaneously, it was recognized that tumor DNA could
be isolated from many other body fluids, such as cerebrospinal fluid, saliva, pleural fluid,
urine, and fecal samples [33-36]. Nowadays, liquid biopsy is composed of different biolog-
ical sources such as circulating tumor microemboli (CTM)), circulating tumor cells (CTC),
cell-free nucleic acids, exosomes, or tumor-educated platelets (TEP) [37,38]. Additional
information can be obtained by molecular characterization in addition to detecting these
specific circulating factors” presence or concentration.

The aim of this narrative review, based on this context, is to study the current landscape
and the future application of liquid biopsy in metastatic gastric cancer. Therefore, we
present an outline of its potential role in the diagnosis of metastatic disease and monitoring
of clonal dynamics during systemic therapies together with possible future applications.

2. The Role of Liquid Biopsy in Gastric Cancer in the Early Detection of
Metastatic Disease

Circulating free DNA (cfDNA) in the blood is mainly derived from apoptotic cells,
mostly from leukocytes [39]. Invasive primary tumors, circulating tumor cells, and
metastatic sites may also be the source of circulating free DNA passively or actively releas-
ing tumor DNA into the circulation [40]. In a case-control study, enrolling 30 gastric cancer
patients and 34 healthy individuals, Kim et al. demonstrated that mean plasma cfDNA lev-
els were the lowest among healthy subjects and highest in patients with advanced gastric
cancer [41]. In a larger trial, among the subset of 18 gastric cancer patients, an association
has been observed between the higher level of postoperative cfDNA and recurrence [42].
One study followed the dynamics of total circulating cell-free DNA (cfDNA) levels in
73 gastric cancer patients in the postoperative period. The authors reported that plasma
cfDNA levels might increase for three months after surgery, then decrease [43]. Circulating
tumor DNA (ctDNA) is usually only a small portion of circulating free DNA and has
recently emerged to predict recurrence or relapse in several cancer types. For example, in
breast cancer, serial ctDNA sampling is reliable in identifying tumor progression or distant
metastatic disease. Circulating tumor DNA may be detected from the plasma up to 1 year
before radiologically detectable disease progression [44]. Other similar studies have found
that liquid biopsies can also be used for surveillance of other gastrointestinal malignancies.
In addition to detecting relapsed or recurrent disease, the presence of ctDNA may influence
the choice of adjuvant chemotherapy [45,46].

In gastric cancer patients undergoing gastrectomy, a Japanese study has monitored
somatic mutations of the TP53 (tumor protein P53) gene in plasma that were initially
present in (matched) tumor samples and ctDNA (detected in 3/42 patients). Elevated TP53-
mutant ctDNA levels were associated with a higher risk of disease progression; however,
the number of patients that the authors could track (n = 3) was relatively small [47]. The
hypothesis of detecting molecular residual disease (MRD) by ctDNA has been prospec-
tively investigated in 46 patients with stage I-III gastric cancer resected with curative
purpose. Baseline ctDNA was positive in 45 percent of the plasma samples and inde-
pendently associated with the primary tumor’s extent (p = 0.006). Patients with early
tumors with no gastric muscularis propria infiltration had no detectable pre-operative ctDNA
(p = 0.024), irrespective of the involvement of the regional lymph nodes. Postoperative
ctDNA detection was associated with disease recurrence in all patients in this study. The
ctDNA positivity preceded radiological recurrence by a median of 6 months, and its
positivity at any time postoperatively associated with worse disease-free and overall sur-
vival [48]. Another study analyzed the personalized cancer-specific rearrangements of
25 gastric cancer patients in the postoperative period for one year. While no correlation was
found between ctDNA positivity preoperatively and cancer recurrence, the detection of
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ctDNA postoperatively was significantly associated with cancer recurrence in the first year
(p = 0.029), and the median time observed between ctDNA detection and radiologic cancer
recurrence was 4.05 months [49]. The Japanese MONSTAR-SCREEN study performed a
serial ctDNA assay involving 540 patients with advanced solid tumors, of whom 133 had
gastrointestinal (GI) tumors (48 patients had gastric tumors). Published results showed
that ctDNA levels in GI tumors were significantly higher compared to non-GI tumors.
One-third of the alterations detected in tumors were detected only in ctDNA, not in the
tissue sample [50]. The SCRUM-Japan GOZILA (UMIN000016343) study examined the
role of ctDNA-based comprehensive genomic profiling in facilitating the recruitment of
patients for clinical trials compared to tissue-based detection. The use of liquid biopsy,
according to the authors, reduced the lead time of testing to its one-third (11 vs. 33 days)
and doubled the rate of patient enrolment into studies (9.5 vs. 4.1%). When detectable
target alterations in tumors were determined using ct-DNA, the efficacy of the treatment
was not inferior to that associated with tissue-based determination [51].

In gastric cancer, the detection of circulating tumor cells (CTCs) in peripheral blood
may have clinical utility in monitoring tumor recurrence and metastatic spread [52]. Ac-
cording to a meta-analysis encompassing 2566 patients from 26 trials, the detection of
CTCs was correlated with a substantial inferior effect on the patients” overall survival in all
stages [53].

In a prospective trial that has enrolled 93 patients with resectable gastric cancer, pa-
tients with CTCs > 5/7.5 mL detected in postoperative blood samples had significantly
inferior disease-free survival (DFS) and overall survival (OS) than those with a smaller
number of CTCs. The increased number of CTCs after treatment correlated with early
recurrence as well [54]. In addition to the detection and concentration of CTCs, additional
methods can be used to characterize CTCs, including chromosomal abnormalities, cell
surface markers, and receptors. One example of this is the CD44 positivity of the CTCs,
which may have a negative prognostic significance in epithelial tumors. A prospective trial
that enrolled 228 patients with resectable gastric cancer found that during the long-term
follow-up, among the 99 cytokeratin-positive tumors, distant metastases were observed in
half of the CD44-positive patients, compared with 19% of patients in the CD44-negative
group [55]. CTCs often contain more than two copies of chromosome 8. Based on this
feature, they can be identified by specific methods (e.g., SET-iFISH). According to Li et al.,
monitoring the therapeutic response in metastatic gastric cancer by tracking chromosome
eight aneuploidy may be a useful tool [56,57]. Cancerous stem cell features, tumor cell inva-
siveness, and chemoresistance properties are all gained during the epithelial-mesenchymal
transformation (EMT). The emergence of mesenchymal markers and a decline in epithelial
markers accompany this transformation. As a result, epithelial markers are unable to
identify CTCs undergoing EMT (EpCAM-based enrichment methods) [58-60].

The development of peritoneal metastases is relatively common, affecting one in two
patients with gastric cancer. Predisposing factors for the development of peritoneal metas-
tases are less well known. Tumor implantation, hematogenous spread, or exosomes have
all been described as possible mechanisms for developing peritoneal metastasis [61]. Sev-
eral authors have questioned the practical utility of using CTC identification for the early
detection of peritoneal metastases. According to a prospective study involving 136 patients
with advanced gastric cancer, the presence of peritoneal metastases did not correlate with
the number of CTCs [57]. In contrast to CTCs, gastric cancer-released exosomes may play
an essential part during the process of peritoneal metastatic spread in the transformation
of the premetastatic microenvironment. Exosomes may weaken the mesothelial barrier
by inducing apoptosis of the peritoneal cells and fibrosis [62]. The content of exosomes
consists of proteins, lipids, and RNA (miRNA and mRNA) that are characteristic of the
original cell secreting them, thus allowing further segmentation [63]. The composition
of microRNA (miRNA) contained in exosomes may induce proliferation and has been
reported to determine the site of metastasis formation (organotropism) [64,65]. In a bioin-
formatics study of exosomal miRNAs, three candidates were suggested as biomarkers for
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gastric cancer metastasis, namely miR-10b-5p for nodal metastasis, miR-101-3p for ovarian
metastasis, and miR-143-5p for liver metastasis [66]. Another study described gastric
cancer exosomes enriched with miR-106a being able to induce the formation of peritoneal
metastases [67]. Among serosa-involved gastric cancer patients, reduced exosomal miR
29 levels in peritoneal lavage fluid or ascites are correlated with the enhanced risk of
developing peritoneal metastases and worse OS [68]. In addition to exosomal information
transfer from tumor cells, there is also crosstalk between healthy tissues and tumor cells. A
proteomic study confirmed the role of omental exosomes in the growth of gastric cancer
and the development of peritoneal metastases [69]. In the circulation, microRNAs can not
only be found in exosomes or microvesicles, but also in a protein-bound state. MicroRNAs
primarily bind to Argonaute2 (Ago2) protein or to High-density lipoprotein (HDL). As
described in colon cancer, monitoring of Ago2 as well as Ago2-miRNA levels in the blood
of gastric cancer patients may be a possible marker of tumor progression and response to
chemotherapy [70-72].

3. The Role of Liquid Biopsy in Disease Monitoring

Circulating tumor microemboli (CTM) are clusters of CTCs in the blood, which are
not only entirely composed of tumor cells. Non-cancerous cell types found in CTMs
are white blood cells, fibroblasts, endothelial cells, pericytes, and platelets [73]. Several
authors have described that tumor cells in CTM have specific phenotypic and molecular
characteristics. In contrast to CTCs, no apoptotic signals are observed in CTMs, suggesting
that the CTM clusters are not developing within the blood, but tumor cells are cleaved
together from their site of origin, retaining their cell-cell connections [74]. In a study that
enrolled 41 patients with treatment-naive metastatic gastric cancer, Zheng et al. examined
the prognostic significance of CTM in peripheral blood samples. In a multivariate analysis,
detectable CTM in the blood was an independent prognostic factor for shorter overall
survival [58].

In the next section, we detail the role of liquid biopsy in the therapy follow-up and
treatment resistance.

3.1. Liquid Biopsy in Response Monitoring or Detection of Resistance Mechanisms to
Chemotherapy or Targeted Therapy

In recent years, monitoring the response to anti-cancer treatment has undergone a
rapid change. Liquid biopsy has proven to be helpful in different solid malignancies for
detecting new resistance mechanisms to chemotherapy and targeted therapy. However,
data available for molecular mechanisms of resistance to gastric cancer treatment in this
clinical setting is still scarce. Liquid biopsies may also help diagnose resistance to treatment
before radiological progression and are gaining more relevance as a tool for optimizing
patient care. The serum exosome proteome of metastatic gastric cancer patients was defined
recently in detail by Ding et al. [75]. A study showed that, in gastric cell lines, exosomal
Ribosomal Protein S3 (RPS3) secreted by cisplatin-resistant tumor cells could be taken
up by cisplatin-sensitive cells and thus become chemoresistant (through activation of
the PI3K-Akt-cofilin-1 signaling pathway) [76]. Another gastric cell-line experiment has
identified the microRNA-501-5p (miR-501) as an inductor of doxorubicin resistance [77].
Overexpressed long noncoding RNAs (IncRNAs) may regulate chemotherapy resistance
indirectly through a variety of mechanisms [78].

Two main targeted therapy groups are approved for their use in metastatic gastric
cancer, namely anti-angiogenics and HER2 inhibitors. The retrospective biomarker anal-
ysis of the phase III REGARD trial examined the role of VEGFR2 (vascular endothelial
growth factor receptor 2) expression on survival and the response to ramucirumab. This
analysis ruled out any predictive value of the VEGFR2 expression levels and suggested a
non-significant prognostic trend of shorter PFS among the high expressors. The analysis
proved no relationship between the baseline concentration of serum circulating VEGF-C,
VEGEF-D, VEGFR1, VEGERS3 proteins, and the efficacy of ramucirumab treatment [79]. In
the phase III AVAGAST trial, resistance to treatment with bevacizumab was seen among
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patients with lower baseline VEGF-A plasma levels and a trend towards lower survival
rates. Another examined biomarker was baseline neuropilin-1 expression. Low initial
neuropilin-1 expression was not only prognostic (indicating poor survival), but was predic-
tive of the response to bevacizumab [80]. The novel VEGFR2 inhibitor apatinib appeared
to antagonize the chemotherapy resistance by inhibiting the transport function of the
multi-drug resistance proteins MDR1 and BCRP and could be considered in combination
with platinum compounds or fluoropyrimidines. However, the clinical benefit of such
strategies is still to be determined [81]. The anti-HER2 monoclonal antibody trastuzumab
is a standard-of-care in treating HER-2 positive metastatic gastric cancer. Interestingly,
according to a report, the examination of the HER2 status of circulating tumor cells (CTCs)
reported higher positivity in CTCs (43%) compared to primary tumors (11%) [82].

Several resistance mechanisms against HER-2 inhibition have already been described [83].
One such mechanism is downregulation of the ERBB2 at a transcriptional level, leading
to lower HER2 expression and failure of HER-2 inhibition strategies [84,85]. In vitro and
in vivo models with gastric cancer cell lines show that the activation of several alternative
pathways is an alternative mechanism for developing resistance to HER2 inhibition. The
HER4-YAP1 axis is activated after chronic exposure to trastuzumab in cell cultures and
translates into a higher rate of EMT and resistance to therapy. Blocking HER4 phosphoryla-
tion lowers the activity of YAP1, a downstream transcription factor directly involved in
regulating the expression of HER2 and E-Cadherin [86]. Other alternative activations in re-
sistant gastric cancer include another downstream effector of HER2, FGF3, and RAS/PI3K,
and MAPK/ERK signaling pathways, mainly through the activation of other members of
the ERBB family, such as EGFR or HER3. In another experimental model, simultaneous
inhibition of these three receptors potentially overcame trastuzumab resistance [87]. The
activation of the PI3K pathway also upregulates the factor known as metastasis-associated
in colon cancer 1 (MACC1), which promotes the Warburg effect in cancer cells, resulting in
a poor prognosis [88]. A clinical trial that investigated the utility of ctDNA for the detection
of biomarkers of resistance to trastuzumab therapy was conducted on 39 patients with
advanced gastric cancer. The authors showed a consistent correlation of clonal mutations
between tumor and peripheral blood samples, identifying 32 mutations potentially related
to trastuzumab resistance, and defined another valuable biomarker to monitor response to
chemotherapy, the molecular Tumor Burden Index (mTBI), as an independent prognostic
factor for progression-free survival [89]. The concept of serial plasma sampling for response
monitoring has been proven by Wang et al. CtDNA reliably predicted antitumor response
or tumor growth in 24 trastuzumab-treated patients. By tracking HER2 copy numbers’
changes, the leading mechanism of primary or acquired resistance could be differentiated
(in the case of acquired resistance, HER2 copy numbers decreased during progression,
compared to baseline) [90].

3.2. Liquid Biopsy in Response Monitoring or Detection of Resistance Mechanisms to Immunotherapy

Immunotherapy treatment of gastric cancer has shown promising activity and recently
demonstrated improved survival in selected patients with metastatic disease. In the first-
line setting, the use of the anti-PD1 pembrolizumab was shown to be non-inferior to the
platinum-based chemotherapy in patients with HER2-negative, PD-L1 positive tumors
(i.e., Combined Positive Score [CPS] equal or higher than 1, intended as the PD-L1 positive
fraction of tumor and/or immune-cell), in the KEYNOTE-062 trial [91]. Such an effect
seemed driven by the subset of patients with highly immune-sensitive tumors for the
presence of DNA microsatellite instability (MSI). The CheckMate 649 study has tested the
combination of the anti-PD1 nivolumab and chemotherapy and demonstrated a consistent
benefit in the patients with CPS > 5%, establishing a role in the first-line setting [92].

Among patients failing on first-line therapy, the use of the anti-PD1 pembrolizumab
also showed to be superior to paclitaxel (CPS > 1 subset) for the OS in the KEYNOTE-061
trial [25]. However, the PD-L1 expression in gastric cancer has not been demonstrated to be
a reproducible or univocal marker, and many concerns have been reported in confirming a
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predictive role of the PD-L1 CPS in selecting patients for immunotherapy [93,94]. Therefore,
identifying predictive biomarkers for cancer immunotherapy is highly desirable, including
less invasive diagnostic procedures and dynamic monitoring assays. The informative
potential of the ctDNA in gastric tumors has been proposed for the upfront selection of
patients or disease-course monitoring, either for qualitative (e.g., molecular typization) and
quantitative (e.g., tDNA change) measurements [95]. This concept is relatively new and
only recently implemented in clinical research.

An emerging biomarker for tumor-agnostic utilization is the tumor mutational burden
(TMB) [96]. TMB has been identified as a marker of improved survival in patients with
gastric cancer receiving immune-checkpoint inhibitors [97,98].

While tissue-assessed TMB has been broadly implemented in clinical practice and
research, blood-based assays (bTMB) are technically more challenging, representing an
essential barrier for their validation and clinical uptake [99]. In addition, the predictive
role of TMB seems partially overlapping and less significant than microsatellite instability
(MSI), positivity to Epstein-Barr virus (EBV), and PD-L1 CPS [100]. These three markers
are established prognostic and predictive indicators in gastric cancer [26,101-103]. First,
the initial attempts to test circulating cancer cells for PD-L1 expression revealed challenges
to differentiate them from macrophages, which might express this biomarker and be misin-
terpreted. Accordingly, the patient selection based on non-tissue PD-L1 assessments seems
not ready for clinical utilization and requires technology improvements [104]. Exosomal
PD-L1 in metastatic gastric cancer has been discovered to be an independent predictor
for OS and was negatively correlated with CD4+ or CD8+ T-cell count and granzyme B
levels [105,106]. Ishiba et al. examined the possibility of detecting ctRNA in the blood of
760 patients with solid tumors, including 44 cases of gastric cancer. Their study showed
that it is possible to determine the mRNA of the PD-L1 gene, and quantification of PD-L1
gene expression is feasible. The authors suggest that ctRNA isolated from blood may be
a potential alternative to tissue PD-L1 assay [107]. Second, applications of liquid biopsy
have also been reported across several tumor types to evaluate the status of the microsatel-
lites [108]. The ctDNA sequencing technologies have demonstrated a good concordance
with the tissue-MSI assessment: 99.5% (95% CI, 98.7-99.8) and 87% (95% ClI, 77-93) for
low- and high-MSI, respectively [109]. Third, for the EBV status ascertainment via liquid
biopsy, the evidence is less robust. Viral ctDNA can be detected in patients with EBV-
positive gastric cancer by quantitative real-time polymerase chain reaction (PCR), with
reasonable specificity (97%) and modest sensitivity (71%)—and mostly in patients with
larger primary tumors [110]. Essentially, PCR assay detects EBV viremia in the context
of EBV infection and gastric cancer, but this is not always the case for EBV-immortalized
cancer cells. However, the demonstration of latent EBV in ctDNA from cancer cells is more
challenging, as these cells are commonly apoptotic or necrotic, and the EBV cannot be
consistently demonstrated, often not preserved and destroyed [111]. However, methylation
genome markers that are recurrently present in EBV-positive tumors have been identified
as surrogate indicators of EBV and may help predict the immune response [112].

Recently, the first analysis of the phase II clinical INSPIRE trial (NCT02644369; drug:
pembrolizumab) has been provided. This study assesses changes between genomic and im-
mune biomarkers with tissue- and liquid biopsy-based assays at baseline, during treatment
and at progression. In the first analysis, the investigators identified tumor-specific muta-
tions at baseline from tissue and developed a tumor-informed personalized ctDNA assay
for the on-treatment monitoring [113]. The investigators confirmed a baseline prognostic
significance of the ctDNA with immunotherapy, as reported in other studies, including
gastric cancer cohorts [114,115]. More interestingly, the study demonstrated an informative
role of the ctDNA changes to discriminate between actual disease progression and radiolog-
ical pseudo-progression: when ctDNA was rising, patients were unlikely to derive a benefit
from immunotherapy and, vice versa, ctDNA decline was associated with a shrinkage
of the actual tumor burden [113]. This observation seems to suggest the role of liquid
biopsy to confirm the disease progression and initiate immediate treatment changes in
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patients more unlikely to derive a clinical benefit [116]. Interestingly, ctDNA clearance
was associated with sustained and durable responses to pembrolizumab, although this
occurred in only a subset of patients. The radiographic response was also preceded by
ctDNA clearance. Although Bratman et al. provided the first evidence for the clinical utility
of ctDNA in patients receiving immunotherapy, unfortunately, it is not clear whether the
study has included gastric cancer patients [113].

4. Ongoing Clinical Trials Using Liquid Biopsy Approaches for Gastric Cancer

Although the impact of liquid biopsy in gastric cancer is thought to be immature,
significant progress is ongoing in almost all areas of gastric cancer (Table 1). The Dan-
ish CURE study is a continuous prospective cohort (NCT04576858) designed to examine
the relevance of ctDNA determination in the plasma of patients with gastroesophageal
cancer in different clinical cohorts: (1) Scheduled for surgical resection and periopera-
tive chemotherapy; (2) Neoadjuvant chemoradiotherapy followed by surgical resection;
(3) Definitive chemoradiotherapy with curative intent; (4) Systemic treatment to extend
the patient’s life; and (5) Palliative treatment without the use of chemotherapy. A Chinese
prospective cohort study (NCT04000425) uses serial sampling to evaluate the clinical use of
ctDNA as a potential indicator of minimal residual disease (MRD) after radical gastrectomy.
One primary endpoint of the trial is ctDNA clearance among patients with positive postop-
erative ctDNA; in these patient segments, the clearance of ctDNA could reflect a response
to adjuvant chemotherapy. The other primary endpoint of the trial would validate the
use of ctDNA for the detection of recurrent disease, measuring the time between the first
ctDNA positivity and the occurrence of clinically detectable disease recurrence.

Several clinical studies from China investigate whether serial ctDNA mutation profil-
ing may support the early diagnosis of the disease (NCT04665687) or predict recurrence in
the postoperative setting (NCT02887612). Since the KEYNOTE-012 study investigated the
efficacy of pembrolizumab in patients with advanced PD-L1 positive gastric cancer, a study
is being performed to predict the efficacy of ctDNA for the immune-checkpoint blockade in
advanced gastric cancer (NCT04053725). Three phase II trials are in progress, including one
study investigating adjuvant doublet pembrolizumab and trastuzumab versus trastuzumab
alone in patients with HER2+ esophagogastric cancer with persistent ctDNA following
curative surgery (NCT04510285). Moreover, another phase II trial will explore the clinical
value of dynamic detection of circulating tumor cells (CTCs), ctDNA, and cell-free DNA
(cfDNA) in neoadjuvant chemotherapy and surgery for resectable or locally advanced
gastric or gastroesophageal junction cancer settings (NCT03957564). Promisingly, GAS-
THER?2 is another phase II trial evaluating the efficacy of adding trastuzumab to standard
chemotherapy in patients with advanced HER2-negative gastric cancer and HER2-positive
expression in CTCs (NCT04168931). The role of ctDNA and CTCs as a biomarker for
cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy and
systemic chemotherapy in gastric cancer with regional peritoneal metastasis is also being
investigated in a multicenter and single-arm and phase III study (NCT03023436).
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5. Discussion

There is a clear need for novel non-invasive diagnostic methods in both non-metastatic
and metastatic gastric cancer settings, which may also capture tumor heterogeneity [117-120].
A real challenge in the early detection of gastric cancer is that its diagnosis requires an
invasive procedure, and most patients are asymptomatic at an early stage [121]. Liquid
biopsy may play a prominent role in early diagnosis in the future. Two studies show that
elevated postoperative cfDNA may be associated with a higher risk of recurrence [42,43].
Several reports have described that ctDNA may be used as a marker of MRD and may
influence the choice of adjuvant chemotherapy, and may allow personalized monitoring
of progression [45-47]. A strong relationship between the detectability of CTCs and a
substantial inferior effect on the patients’ overall survival in all stages has been reported
in the literature. CTCs may also help identify high-risk patients by detecting minimal
residual disease (MRD) may provide an option for risk stratifying and identifying the
patients at the highest risk of recurrence [53,122]. In summary, in the nonmetastatic setting,
several data show that liquid biopsy may provide valuable biomarkers to diagnose cancer
early, estimate tumor volume, determine the completeness of the tumor resection and
prognosis. Identification and detailed analysis of cancer-derived exosomes may be useful
in identifying tumor-preferred metastatic sites, outlining the potential for a more active,
organ-focused follow-up. Accurate knowledge of exosomal data transfer may open new
perspectives in tumor diagnosis, monitoring of therapy, and non-invasive follow-up of the
patient and may hold new therapeutic options in the future.

In the metastatic setting, the levels of cfDNA show a positive correlation with tumor
burden [41]. There is evidence that detectable CTM in the blood among metastatic patients
was an independent prognostic factor for shorter overall survival [58]. Gastric cancer-
derived exosomal microRNAs and clonal mutations or CNVs detectable in ctDNA may
contribute resistance to chemotherapy or HER?2 inhibition, respectively [76-78,89,90,123].
Although there are limitations to CTC-based PD-L1 verification, there are other ways to
determine PD-L1: from exosomal PD-L1 or to detect and quantify PD-L1 mRNA from
ctRNA [104,105,107]. Data are conflicting and limited around cfDNA-based EBV detection
and epigenomic applications [110,111]. If gastric cancer patients were also included in the
phase II INSPIRE clinical trial, an analysis of the study may provide valuable information
on tumor-based, personalized monitoring of the disease by ctDNA. Monitoring of cfDNA
provided valuable information to differentiate between actual disease progression and
radiological pseudo-progression, thus opening a window for immediate treatment changes
in non-responders [113,116].

Most ongoing clinical trials address the pre- and post- surgical interval; two trials
focus on the metastatic setting. The phase Il GASTHER2 NCT04168931 trial examines
the HER?2 status of CTCs as a predictor of response to standard therapy combined with
trastuzumab. The NCT04053725 trial investigates the predictive dynamics of serial ctDNA
sampling during the immune-checkpoint blockade.

6. Conclusions

Recent revolutionary advancements in technology and the incorporation of genetic
tumor characterization have significantly improved the possibilities of forecasting the
prognosis of patients with metastatic gastric cancer, but the future holds even more excite-
ment. Integrating broad tumor genomic characterization, dynamic monitoring of responses
by the techniques of liquid biopsy will allow the implementation of adaptive, real-time
treatment modifications in precision oncology. Clinical validation and standardization of
novel liquid biopsy procedures are also necessary before being widely used in everyday
practice. Although initial experiments analyzing liquid biopsies look very promising in
patients with advanced gastric cancer, more prospective studies are needed to understand
the molecular mechanisms behind resistance to targeted therapies. Applications of liquid
biopsy to select and monitor patients receiving immunotherapy seem promising for iden-
tifying established and innovative qualitative-quantitative biomarkers in the ‘circulome’
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and prompt treatment change in the primary- and secondary-resistant tumors. It seems
that if the liquid biopsy and the immunotherapy revolution in cancer treatment eventually
meet, they can facilitate patient compliance and improve overall outcomes.
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Abstract: 1. Background: The application of massively parallel sequencing has led to the identi-
fication of aberrant druggable pathways and somatic mutations within therapeutically relevant
genes in gastro-oesophageal cancer. Given the widespread use of formalin-fixed paraffin-embedded
(FFPE) samples in the study of this disease, it would be beneficial, especially for the purposes of
biomarker evaluation, to assess the concordance between comprehensive exome-wide sequencing
data from archival FFPE samples originating from a prospective clinical study and those derived
from fresh-frozen material. 2. Methods: We analysed whole-exome sequencing data to define the
mutational concordance of 16 matched fresh-frozen and FFPE gastro-oesophageal tumours (N = 32)
from a prospective clinical study. We assessed DNA integrity prior to sequencing and then identified
coding mutations in genes that have previously been implicated in other cancers. In addition, we
calculated the mutant-allele heterogeneity (MATH) for these samples. 3. Results: Although there was
increased degradation of DNA in FFPE samples compared with frozen samples, sequencing data
from only two FFPE samples failed to reach an adequate mapping quality threshold. Using a filtering
threshold of mutant read counts of at least ten and a minimum of 5% variant allele frequency (VAF)
we found that there was a high median mutational concordance of 97% (range 80.1-98.68%) between
fresh-frozen and FFPE gastro-oesophageal tumour-derived exomes. However, the majority of FFPE
tumours had higher mutant-allele heterogeneity (MATH) scores when compared with corresponding
frozen tumours (p < 0.001), suggesting that FFPE-based exome sequencing is likely to over-represent
tumour heterogeneity in FFPE samples compared to fresh-frozen samples. Furthermore, we identified
coding mutations in 120 cancer-related genes, including those associated with chromatin remodelling
and Wnt/-catenin and Receptor Tyrosine Kinase signalling. 4. Conclusions: These data suggest that
comprehensive genomic data can be generated from exome sequencing of selected DNA samples
extracted from archival FFPE gastro-oesophageal tumour tissues within the context of prospective
clinical trials.

Keywords: gastro-oesophageal cancer; mutational concordance; exome sequencing; formalin fixed
paraffin embedded; biomarkers
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1. Introduction

Gastric and oesophageal cancers are, respectively, the third and seventh leading causes
of cancer-related deaths [1-3]. Disease relapse following first-line treatment in patients
with advanced disease is frequent, with limited subsequent treatment options. Previously
studied targeted therapies in patients with advanced gastro-oesophageal cancer include
inhibitors of erythroblastic oncogene B (ERBB2) [4], epidermal growth factor receptor
(EGFR) [5,6], vascular endothelial growth factor (VEGF) [7], vascular endothelial growth
factor receptor (VEGFR?2) [8,9], and poly (ADP-ribose) polymerase (PARP) [10]. However,
an improved understanding of individual patient responses is required to identify action-
able mechanisms of treatment response and resistance. Genome-wide DNA sequencing
studies have confirmed that gastro-oesophageal adenocarcinomas are highly mutated
and heterogeneous tumours [11,12]. We and others have identified aberrant druggable
pathways and somatic mutations within therapeutically relevant genes in the treatment
of naive frozen gastro-oesophageal tumours using massively parallel sequencing tech-
niques [11,13-15]. For the purposes of biomarker evaluation, it would be beneficial to
utilise whole-exome DNA sequencing to generate comprehensive genomic data that could
be compared with clinical response and outcome within mature phase III studies. Unfor-
tunately, only formalin-fixed paraffin-embedded (FFPE) tissues are available for genomic
evaluation in most of these trials; this could potentially be problematic as the process of
tissue immobilisation by the FFPE process can result in cross-linked and fragmented DNA
that may not be fit for purpose for massively parallel sequencing [16]. It is, therefore, impor-
tant to understand the level of mutational concordance between frozen and FFPE tumours
to assess the utility of next-generation sequencing of DNA extracted from FFPE tissues.
Here, we describe an analysis of whole-exome sequencing data to define the mutational
concordance of DNA extracted from matched fresh frozen and FFPE gastro-oesophageal
tumours, and to estimate the feasibility of this approach within the context of prospective
clinical trials.

2. Experimental Section
2.1. Sample Description and Preparation

Snap frozen and matched FFPE gastro-oesophageal tumour biopsies used for exome
sequencing were obtained from patients at the time of endoscopic ultrasound staging, prior
to treatment by the same endoscopist at the Royal Marsden Hospital, UK. The biopsies were
fixed in neutral buffered formalin for 5-8 h. Oesophageal tumour samples with malignant
cell purities of over 70% were selected for DNA extraction and subsequent whole-exome
sequencing. Signed written informed consent from each patient was obtained before
recruitment to the study according to regulations of the local ethics review board.

2.2. Genomic DNA Extraction and Whole-Exome

Genomic DNA was isolated from tumour biopsies using the DNeasy Blood and
Tissue kit (Qiagen, Hilden, Germany) and quantified using Qubit fluorometric quantitation
(Invitrogen Life Technologies, Carlsbad, CA, USA). Genomic DNA was fragmented to
200 basepairs (bps) using a Covaris E Series instrument (Covaris Inc., Woburn, MA, USA).
The resultant library was subjected to DNA capture using the 50 Mb SureSelect Human All
Exon V5 kit (Agilent, Santa Clara, CA, USA). DNA capture was carried out, and Illumina
paired-end libraries were prepared from the captured target regions and quantified using
a Bioanalyzer DNA chip (Agilent). This process was then followed by sequencing on a
HiSeq2500 platform (Illumina, San Diego, CA, USA), acquiring 2 x 100 bps reads. Bcl2fastq
software (v1.8.4, Illumina) was used for converting the raw basecalls to fastqs and to further
demultiplex the sequencing data. The demultiplexed paired-end fastq files were used for
further analysis.
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2.3. Read Mapping and Detection of Mutations from Exome Sequencing

BWA-mem (v0.7.5a) was used to align reads to the human reference genome
(GRCh37) [17]. Variant calling was carried out using the Broad Best Practice pipeline
with standard settings [18]. In summary, GATK (v3.3-0) was used to detect frameshifts and
MuTect (v1.1.4) was used to detect point mutations. The effects of single-point mutations
were determined by SnpEff (v3.3h). Candidate mutations were selected using the following
list of heuristic rules: (1) variants detected at a mutant allele frequency (MAF) of greater
than 5% in any of the 1000 Genomes project populations were excluded from analysis,
(2) variants called in regions not covered by the exome capture probes were excluded,
(8) variants marked as low quality (QUAL below 30) were excluded, and (4) variants not
reaching a depth threshold of 10 reads were excluded.

3. Results
3.1. Clinicopathological Features of Patients

All patients were treatment-naive at the time of biopsy retrieval. The median age was
64 years for the 16 patients included in this study (Table 1). The majority were male (81.2%).
The most common disease site was at the gastro-oesophageal junction (GOJ, 68.8%). The
GQOJ and gastric tumours were adenocarcinomas (93.8%) that were either moderately or
poorly differentiated (grade 2 or 3). The remaining cancer was an early, well-differentiated
(grade 1) neuroendocrine tumour located in the distal oeosphagus. The majority of tumours
were locally advanced (T3 NO/1 MO, 62%). Four patients had early disease (T1/2 NO, MO,
25%), and two patients presented with metastatic disease (T3 N1 M1, 12.5%). The storage
period of the tissues ranged from 4 to 10 years, with a median time of 8.5 years.

Table 1. Clinicopathological characteristics of patients.

Characteristic (N =16)
Age at diagnosis
Median—y 64
Range—y 22-82
Sex—No. (%)
Male 13 (81.2)
Female 3(18.8)
Site of tumour—No. (%)
Distal oesophagus 1(6.3)
GOJ type I 3(18.7)
GOJ type I 4(25)
GOJ type III 4(25)
Stomach 4 (25)
Histology—No. (%)
Adenocarcinoma 15 (93.8)
Neuroendocrine 1(6.2)
Grade—No. (%)
1 1(6.2)
5(31.3)
3 10 (62.5)
TNM Stage—No. (%)
T1/2 NO MO 4 (25)
T3 N0O/1 MO 10 (62.5)
T3 N1 M1 2 (12.5)
Time from biopsy to sequencing
Median—y 8.5
Range—y 4-10
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3.2. Assessment of DNA Integrity

We observed that there was a significant difference in the concentration of double-
stranded DNA extracted from frozen compared with FFPE oesophageal tumour (p = 0.0026,
Mann-Whitney U test), suggesting improved integrity of DNA extracted from frozen
samples and increased degradation of FFPE biospecimens (Figure 1A) [19]. However, there
was no significant difference in either the total quantity of pre-hybridisation PCR product
generated or the number of PCR cycles required to generate the pre-hybridisation library
prior to exome sequencing (Figure 1B,C). Following exome sequencing, mutation filtering
was applied including mapping quality threshold of >30, depth threshold of >10 reads,
and variant allele frequency (VAF) threshold of >0.05. Of note, in the absence of matched
blood samples, many germline variants are likely to exist in our mutational repertoire.
By applying these thresholds, mutation calls detected in frozen tumour samples were
considered a gold standard, allowing for the calculation of true positive, false positive,
and false negative rates. For each set of thresholds, combined numbers for sensitivity,
precision/positive predictive value (PPV), and F-score were calculated (Table 2). The two
sets of thresholds with the highest PPV and F-scores were for mutant read counts of ten or
more and a minimum of 5% VAE. We observed that all of the 16 frozen samples achieved
adequate exome coverage and depth. However, two of the 16 FFPE samples (samples
178 and 260) did not achieve the minimum median depth threshold of 50x. The ages of
the two FFPE specimens that failed were 5 years and 10 years, respectively (the range for
this cohort was 4-10 years). Whilst the initial starting quantities of DNA and following
fragmentation were adequate, the total amount of post-adapter-ligation DNA was lower
than expected (less than 400 ng), indicating inferior DNA quality. These samples failed the
quality control criteria and were excluded from further analyses.

Table 2. Sensitivity, precision/positive predictive value (PPV), and F-Score for selected variant allele frequency (VAF) and

tumour depth thresholds.

VAF (%) Tumour Depth (X) Combined Sensitivity Combined Precision PPV Combined F Score
2 5 0.775700935 0.83 0.801932367
5 5 0.775700935 0.83 0.801932367
10 5 0.76076555 0.81122449 0.785185185
15 5 0.712643678 0.765432099 0.738095238
20 5 0.732283465 0.801724138 0.765432099
2 10 0.778301887 0.829145729 0.802919708
5 10 0.778301887 0.829145729 0.802919708
10 10 0.763285024 0.81025641 0.786069652
15 10 0.715116279 0.763975155 0.738738739
20 10 0.744 0.801724138 0.771784232
2 15 0.773584906 0.83248731 0.80195599
5 15 0.773584906 0.83248731 0.80195599
10 15 0.758454106 0.813471503 0.785
15 15 0.709302326 0.767295597 0.737160121
20 15 0.736 0.807017544 0.769874477
2 20 0.763033175 0.829896907 0.795061728
5 20 0.763033175 0.829896907 0.795061728
10 20 0.747572815533981 0.810526316 0.777777778
15 20 0.695906433 0.762820513 0.727828746
20 20 0.717741935 0.801801802 0.757446809
2 25 0.759615385 0.822916667 0.79
5 25 0.759615385 0.822916667 0.79
10 25 0.748768473 0.808510638 0.777493606
15 25 0.704142012 0.767741935 0.734567901
20 25 0.729508197 0.809090909 0.767241379
2 30 0.747572816 0.814814815 0.779746835
5 30 0.747572816 0.814814815 0.779746835
10 30 0.736318408 0.8 0.766839378
15 30 0.694610778 0.753246753 0.722741433
20 30 0.716666667 0.788990826 0.751091703
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Figure 1. Mutational concordance between frozen and formalin-fixed paraffin-embedded (FFPE)
gastro-oesophageal tumour samples. Box and whiskers plots showing the distribution of (A). The
concentration of double-stranded DNA (nanograms per microlitre) extracted from FFPE and frozen
gastro-oesophageal tumours. An increased double-stranded DNA yield was extracted from frozen tu-
mour tissues compared with FFPE tissue (p = 0.0026,) (B). Prehybridisation PCR product (nanograms)
(C). The number of PCR cycles required to generate the pre-hybridisation library from FFPE and
frozen gastro-oesophageal tumour samples. No difference between FFPE and frozen samples was
observed in terms of the overall quantity of pre-hybridisation PCR product generated, nor in terms of
the number of PCR cycles required to generate the pre-hybridisation library prior to sequencing (D).
Bar graph showing a high mutational concordance (range 80.1% to 98.68%) in terms of the percentage
of shared mutations detected (in both frozen and FFPE samples) compared with mutations unique to
frozen samples and FFPE samples.

3.3. Mutational Concordance between Frozen and FFPE Oesophageal Tumour Samples

To assess the mutational concordance between matched frozen and FFPE-derived
gastro-oesophageal tumour DNA in the 14 matched samples that passed quality control
criteria (N = 28), we cross-referenced mutations detected from exome sequencing. We
observed that there was a high median mutational concordance of 97.07% (range 80.1% to
98.68%) between fresh-frozen and FFPE gastro-oesophageal tumour samples (Figure 1D,
Table 3). There was no difference overall in the percentage of unique mutations found in
DNA derived from FFPE compared with frozen tumour tissue (p = 0.41, Mann-Whitney
U test). Given that 93% (90/96) of randomly selected mutations have previously been
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validated with Sanger sequencing, and that 95% (1791/1883) of mutations were recognised
by both exome sequencing and the Ion Proton platform from our previous study [14],
our current results demonstrate the feasibility of exome sequencing of FFPE-derived
DNA samples from gastro-oesophageal tumours that have passed the described quality
control criteria.

Table 3. The of percentage mutational concordance of matched fresh frozen and formalin-fixed
paraffin-embedded (FFPE) gastro-oesophageal tumour samples.

Patient Sample Mutations Unique to Sample % Unique to Sample
Frozen 1955 6.72
169 FFPE 1129 3.88
Shared 25,997 89.40
Frozen 456 1.65
170 FFPE 250 0.90
Shared 26,958 97.45
Frozen 471 1.73
172 FFPE 361 1.32
Shared 26,424 96.95
Frozen 853 2.72
176 FFPE 1017 3.24
Shared 29,508 94.04
Frozen 476 1.42
177 FFPE 6205 18.48
Shared 26,896 80.10
Frozen 3056 9.91
187 FFPE 146 0.47
Shared 27,630 89.61
Frozen 204 0.72
195 FFPE 168 0.60
Shared 27,790 98.68
Frozen 428 1.56
203 FFPE 233 0.85
Shared 26,811 97.59
Frozen 311 1.14
218 FFPE 154 0.57
Shared 26,738 98.29
Frozen 317 1.18
220 FFPE 493 1.84
Shared 25,978 96.98
Frozen 257 0.92
249 FFPE 408 1.47
Shared 27,119 97.61
Frozen 327 1.23
254 FFPE 159 0.60
Shared 26,076 98.17
Frozen 325 1.20
259 FFPE 441 1.63
Shared 26,234 97.16
Frozen 468 1.61
267 FFPE 413 1.42
Shared 28,209 96.97
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3.4. Detection of Mutations within Cancer-Related Genes

To identify coding mutations in genes from exome sequencing that have also been
implicated in other cancers, we correlated genes harbouring frameshift, non-synonymous,
splice site, and stop-gained mutations with genes in the Cancer Genome Census (CGC) [20].
Overall, this comparison identified 120 cancer-related genes in the gastro-oesophageal sam-
ples from this study, with an average of 12 potentially deleterious CGC mutations (range 7—
50) present in each sample (Figure 2). These mutations were further analysed to determine
the dysregulation of cancer-associated pathways. Using this approach, we observed coding
mutations in tumour-suppressor genes usually required for normal chromatin remodelling,
including ARID1A (AT-rich interaction domain 1A gene), BRD3 (Bromodomain-containing
protein 3 gene), and SMARCA4 (SW1/SNF-Related Matrix-Associated Actin-Dependent
Regulator of Chromatin Subfamily A, Member 4 gene). In addition, 8 out of 16 tumours
harboured mutations in well-established DNA repair-related tumour-suppressor genes,
including FANCE (Fanconi Anemia Complementation Group E gene), FANCF (Fanconi
Anaemia Complementation Group F gene), MSH6 (MutS Homolog 6 gene), PMS1 (PMS1
Homologl, Mismatch Repair System Component gene), PMS2 (PMS1 Homolog 2, Mis-
match Repair System Component gene), ERCC2 (ERCC Excision Repair 2, TFIIH Core
Complex Helicase Subunit gene), or SETD2 (SET Domain Containing 2 gene), sugges-
tive of disrupted DNA repair pathway signalling in these tumours. Coding mutations
in genes involved in Wnt signalling were detected, including mutations in BCL9 (B-Cell
CLL/Lymphoma 9 gene) and AXIN1 (Axin 1 gene). Coding mutations in TP53 were
detected in 4 out of 16 tumours from exome sequencing. We also identified mutations in
genes involved in RAS/RAF signalling, including KRAS (Kirsten ras oncogene) and BRAF
(B-Raf Proto-Oncogene, Serine/Threonine Kinase gene). Mutations in therapeutically rele-
vant genes were also observed, including those in MET (MET Proto-Oncogene, Receptor
Tyrosine Kinase gene) and FGFR1 (Fibroblast Growth Factor Receptor 1 gene).

3.5. Intratumoural Genetic Heterogeneity

Gastro-oesophageal tumours are known to be heterogeneous cancers [14,21]. Intratu-
moural heterogeneity with respect to actionable mutations has clinical implications for how
targeted therapies might work [22,23]. Genomically distinct subpopulations of cells lead
to differences among mutated loci in terms of the fraction of sequence reads displaying a
mutant allele. A heterogeneous tumour will likely have a wider distribution of mutant-
allele fractions among loci centred at a lower fraction, compared with a homogeneous
tumour [24]. Taking this into consideration, we analysed exome sequencing results for each
of the frozen and FFPE tumours. Moreover, we calculated the mutant-allele heterogeneity
(MATH) score as the ratio of the width to the centre of its distribution of mutant-allele
fractions among tumour-specific mutated loci (Supplementary Figure S1). We observed
that the median MATH score for the frozen tumours was 32.95 (range 17.4 to 96.6), indicat-
ing notable differences in inter-tumoural heterogeneity in this set of gastro-oesophageal
samples. The majority of the FFPE tumours (11 out of 14 samples) had higher MATH scores
when compared with the corresponding frozen tumours (p < 0.001 Wilcoxon rank test,
Figure 3A), suggesting that this analysis is likely to over-represent tumour heterogeneity
in FFPE samples. In addition, the number of clonal clusters calculated by MATH was
discordant in 9 out of 14 matched samples (Figure 3B). Although the median mutational
concordance between fresh-frozen and FFPE gastro-oesophageal tumour samples was high
(median 97%, range 80.1-98.68%), MATH analysis to assess tumour heterogeneity was not
found to be reliable in FFPE samples.
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Figure 2. Detection of cancer-related genes from exome sequencing of gastro-oesophageal tumour DNA. Commutation plot
showing the presence of mutations in genes from the Cancer Genome Census from exome sequencing of DNA extracted
from frozen and formalin-fixed paraffin-embedded (FFPE) oesophageal tumours.
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Figure 3. Differences in mutant-allele heterogeneity (MATH) scores and variant allele frequency (VAF) clusters identified
from matched formalin-fixed paraffin-embedded (FFPE) and frozen gastro-oesophageal tumours. Histogram illustrating (A)
differences in MATH scores between FFPE and frozen tumour samples—11 out of 14 FFPE tumours had higher MATH
scores when compared with the corresponding frozen tumours (p < 0.001 Wilcoxon rank test); and (B) VAF clusters identified
from FFPE and frozen samples.

4. Discussion

Considering the potential clinical impact of dissecting molecular mechanisms of treat-
ment response and resistance within prospective clinical trials where only FFPE samples
are available for analysis [25], the main purpose of this study was to assess the feasibility
of using DNA extracted from FFPE gastro-oesophageal tumour for massively parallel
sequencing. It is acknowledged that DNA cross-linking, degradation, and fragmentation
occurring during the FFPE process has the potential to influence the reliability of muta-
tional sequencing data [26-29]. Taking matched FFPE and frozen melanoma specimens
as examples, a comparison of whole-exome sequencing data from 10 tumours revealed a
very low overall mutational concordance (average 43.2%). However, the most clinically
actionable mutations for this tumour type (BRAF and NRAS) were found to be concor-
dant [30]. The authors from this study concluded that specialised library construction to
account for low quality DNA is necessary before this approach could be used for routine
clinical decision making. In contrast, studies relating to other tumour types and utilizing
different massively parallel sequencing techniques have yielded more promising results;
the concordance rate was found to be up to 96.8% in a lung cancer study comparing the
variants of 27 cancer-related genes in 16 matched FFPE and frozen samples [31]. Mutational
comparisons have also been undertaken in colorectal cancer (CRC) specimens; the detected
concordance rate was up to 81.9% in a study of 33 matched metastatic CRC samples [32]. In
a cohort of 10 paired metastatic liver CRC specimens, a high mutational concordance was
observed when 212 amplicon regions in 48 cancer-related genes were sequenced, revealing
21 identical mutation calls and only two differing mutations [33]. Furthermore, Gao et al.
conducted an extensive study using a 22-gene panel detecting 103 hotspot mutations in
paired FFPE and fresh-frozen primary CRC tissues from 118 patients [34]. The investigators
identified a concordance rate ranging from 73.8% to 100% and highlighted that important
differences exist between the two tissue types.

We approached this problem by assessing DNA integrity prior to sequencing and
analysing whole-exome sequencing data to define the mutational concordance of matched
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fresh-frozen and FFPE gastro-oesophageal tumours. As expected, DNA degradation
was more pronounced in the FFPE biospecimens compared with the matched frozen
samples. However, there was no significant differences in either the total quantity of
pre-hybridisation PCR product generated or the number of PCR cycles required to gen-
erate the pre-hybridisation library prior to exome sequencing. Only two out of 16 FFPE
samples failed quality control criteria with the inability to achieve the minimum median
depth threshold of 50 . In the absence of normal/germline samples, we considered all
variants likely to include many germline variants. Based on these variants, the subsequent
calculation of PPV and F-scores, allowing for the calculation of true-positive, false-positive,
and false-negative rates, using frozen tumour samples as a gold standard, identified the
optimal filtering threshold as mutant read counts of 10 or more and a minimum of 5% VAFE.
Using this threshold, we observed a high median mutational concordance of 97% between
DNA derived from fresh frozen and FFPE gastro-oesophageal tumours. Consistent with
the literature, we also identified frequent mutations in genes responsible for chromatin
remodelling, Wnt/ 3-catenin, and Receptor Tyrosine Kinase signalling [13]. Finally, we
assessed intratumoural heterogeneity by calculating the MATH score, and the ratio of the
width to the centre of its distribution of mutant-allele fractions among tumour-specific
mutated loci, for each sample. We found that most FFPE gastro-oesophageal tumours in
this study had higher MATH scores compared with the corresponding frozen tumours.
FFPE samples are likely to over-estimate tumour heterogeneity due to the presence of
artefactual substitutions in FFPE samples [35]. This result may lead to a more significant
variation in observed VAFs, resulting in a higher MATH score.

Focusing on the two FFPE specimens that failed sequencing quality control, we have
scrutinised the clinicopathological characteristics of patients included in this study, as well
as the raw data generated after DNA extraction and before massively parallel sequencing,
to evaluate whether, at any stage, sequencing failure could have been predicted. We found
that none of the clinical characteristics were responsible. In particular, the age of the two
FFPE specimens that failed were five years and ten years, respectively (the range for this
cohort was 4-10 years). Furthermore, we confirmed that the initial quantities of DNA
and following fragmentation were indeed adequate. However, the total amount of post-
adapter-ligation DNA was lower than expected (less than 400 ng), which is an indication
of inferior DNA quality. Whilst this finding could serve as a warning for investigators, we
cannot definitively conclude that this factor alone should preclude the commencement of
exome sequencing in future studies.

Our findings support the validity of massively parallel sequencing of FFPE gastro-
oesophageal tissues as a discovery tool, recognising that only archival tumour blocks are
available in the majority of completed phase III studies. Through rigorous assessment of
DNA integrity and application of an optimal filtering threshold, a high level of mutational
concordance between FFPE and frozen tissues can be achieved. However, subsequent
orthogonal validation of actionable mutations is of utmost importance. In contrast, the
assessment of intratumoural heterogeneity using the distribution of mutant allele fractions
in FFPE gastro-oesophageal samples is much less reliable.

Supplementary Materials: The following are available online at https://www.mdpi.com/2077-038
3/10/2/215/s1, Figure S1: MATH Profiles of intra-tumoural heterogeneity in matched grozen and
FFPE gastro-oesophageal tumours.
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Abstract: Background: Few data about the link between nutritional status and survival are available
in the metastatic gastric cancer (GC) setting. The aim of this work was to evaluate the prognostic
role of tissue modifications during treatment and the benefit of a scheduled nutritional assessment
in this setting. Methods: Clinical and laboratory variables of 40 metastatic GC patients treated
at Modena Cancer Center were retrieved: 20 received a nutritional assessment on the oncology’s
discretion, the other 20 received a scheduled nutritional assessment at baseline and every 2—4 weeks.
Anthropometric parameters were calculated on Computed Tomography (CT) images at the baseline
and after 3 months of chemotherapy. Results: A correlation between baseline Eastern Cooperative
Oncology Group Performance Status (ECOG PS), Lymphocyte to Monocyte Ratio (LMR), C-reactive
protein (PCR), Prognostic Nutritional Index (PNI) and Overall survival (OS) was highlighted. Among
the anthropometric parameters, early skeletal muscle mass depletion (ESMMD) >10% in the first
months of treatment significantly impacted on mOS (p = 0.0023). A link between ESMMD and
baseline LDH > 460 U/L, baseline CRP > 2.2 mg/dL and weight decrease during treatment emerged.
Patients evaluated with a nutritional scheduled support experienced a mean gain in subcutaneous
and visceral fat of 11.4% and 10.21%, respectively. Conclusion: We confirm the prognostic impact of
ESMMD > 10% during chemotherapy in metastatic GC. The prognostic role of a scheduled nutritional
assessment deserves further confirmation in large prospective trials.

Keywords: gastric cancer; sarcopenia; nutritional status

1. Introduction

The prognosis of patients with advanced gastric cancer is still poor due to the absence
of potentially curative options [1]. Palliative chemotherapy improves survival and quality
of life (QoL) compared to best supportive care both in first and second line setting [2]. In
recent years, the development of new drugs alone or in combination with chemotherapy,
helped to raise the bar of median overall survival over 12 months at the expense of increased
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treatment related toxicities [3,4]. The introduction of anti-HER2 treatment in first such as the
development of ramucirumab alone or in combination with chemotherapy in second line
provided nearly 14-16 months of median overall survival in patients with new diagnosis
of metastatic gastric cancer [5-7]. In fact, alongside progress in the pharmacological field,
the target has moved to an adequate patient selection. The research of clinic-pathological
prognostic and predictive factors is one of the main objectives of prospective studies and
retrospective analysis [8,9].

Some prognostic scores have been developed combining inflammation-related and
nutrition-related markers, such as the neutrophil-to-lymphocyte ratio (NLR) platelets to
Lymphocyte ratio (PLR), lymphocyte to monocyte ratio (LMR) and prognostic nutritional
index (PNI): the prognostic role of these parameters and other factors such as performance
status and neoplastic markers (CEA and CA 19.9) is well known in patients with advanced
gastric cancer [10,11].

Almost two decades ago it was identified the close link between malnutrition and
survival and the impact of sarcopenia on tolerance to chemotherapy, longer hospitalization,
quality of life and mortality, but to date, many malnourished cancer patients still receive
inadequate nutritional support, mainly due to the poor awareness of the problem and
inefficient collaboration between oncologists and clinical nutritionists [12].

An adequate evaluation of patients’ nutritional status in metastatic setting cannot
ignore the assessment of skeletal muscle mass and skeletal muscle density using computed
tomography scan. Previous studies in various types of cancer highlighted the strong
association between survival, treatment toxicities and the amount of muscle and adipose
tissue at diagnosis such as its modification during chemotherapy [13-16].

A recent metanalysis focused on the effects of dietary interventions on nutritional
status of gastric cancer patients undergoing gastrectomy, but few data are available in
patients with metastatic gastric cancer treated with palliative chemotherapy [17].

The aim of our work is to evaluate the incidence of sarcopenia such as the prognostic
and predictive role of muscle and visceral tissue modifications during the first 3 months of
chemotherapy in patients with metastatic gastric cancer. In a subsequent pivotal analysis,
we matched two different group of patients to evaluate the role of an adequate nutritional
support during palliative chemotherapy.

2. Materials and Methods

Patients with recurrent or metastatic gastric cancer who received fluoropyrimidines
and platinum based first-line chemotherapy in Modena Cancer Center from November
2015 through December 2019 were retrospectively studied. All patients had histologically
proven adenocarcinoma of stomach with at least one metastatic lesion as confirmed by
diagnostic imaging. Computed Tomography (CT) scan was performed every 2-4 months
in most patients to evaluate treatment efficacy. The study was approved by local Ethic
Committee (n°® 427/2019/0SS/AOUMO). All alive patients provided written informed
consent.

Clinical and laboratory data were reported from the hospital electronic medical
database at diagnosis and first CT re-evaluation including the following variables: age, gen-
der, performance status (ECOG), height, weight, Body-Mass Index (BMI), blood count, neu-
trophil/lymphocyte ratio (NLR), platelets /lymphocyte ratio (PLR), lymphocyte/monocyte
ratio (LMR), systemic inflammatory index (SII) lactate dehydrogenase (LDH), C-reactive
protein (CRP), albumin, Sodium (Na*), Potassium (K*), CEA, CA 19.9 and prognostic
nutritional index (PNI).

In the second part of the work, we searched for differences in terms of clinical, an-
thropometric and survival outcomes between the first group of patients which received
a nutritional evaluation at oncology’s discretion and the second group of patients which
received a standardized nutritional evaluation at the baseline and then every 2—4 weeks
during treatment.
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The nutritional evaluation was defined as an individualized counselling aimed to col-
lecting data about the dietary intake, usual dietary pattern, intolerances or food aversions,
digestive difficulties, patients” psychological status, autonomy and need for help in the act
of eating. In addition, a symptom assessment was included in the nutritional evaluation.
Each nutritional assessment resulted in dietary advice and, if necessary, in prescription of
oral implementations.

2.1. Body Composition Parameter Measurements

All patients included in the study underwent CT scan at the time of diagnosis and
after 2—4 months, as part of the diagnostic and therapeutic path planned by the cancer
center.

CT exams were performed at our hospital using a 64-slice CT scanner (Lightspeed
VCT, GE Healthcare, Milwaukee, WI, USA).

Baseline and follow-up CT examinations were loaded on an Advantage Workstation
(VolumeShare 7, GE Healthcare, Milwaukee, WI, USA) and non-contrast images at the
level of the third lumbar vertebra (L3) were used for reconstructions and measurements of
quantitative and qualitative body composition parameters.

According to literature, skeletal muscle cross-sectional areas including the psoas,
paraspinal muscles and abdominal muscles were identified and quantified using the
preestablished HU thresholds for muscle (HU-30 to 150), whereas subcutaneous and
visceral adipose cross-sectional areas were quantified using HU thresholds for fat tissue
(HU-150 to-30) (Figure 1).

Figure 1. Measurement of body composition parameters with cross-sectional computed tomography
(CT) images at the level of third lumbar vertebra. (a) Skeletal muscle area (b) Subcutaneous and

Visceral fat areas.

The skeletal muscle mass index (SMI, cm?/m?) was calculated by dividing these
skeletal muscle areas by height squared and similarly visceral fat index (VFI, cm?/m?) and
subcutaneous fat index (SFI, cm?/m?) were calculated by normalizing each fat area for
height.
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Total adipose index (TAI) was calculated by adding SFI + VFL

Relative changes of body composition occurred in the period between baseline and
follow-up CT scans were also quantified for each patient by calculating delta (A) parameters:
ASMI (defined also as ESMMD), ASFI, AVFI, ATAIL SMI reduction between baseline and
first evaluation was classified as early skeletal muscle mass depletion (ESMMD).

In addition, the quality of skeletal muscle at the time of the diagnosis was examined
by calculating the mean attenuation (MA) of skeletal muscle and the intramuscular adipose
tissue content (IMAC) of paraspinal muscles.

Therefore, only for baseline CT scans, MA, i.e., density of the skeletal muscle tissue
was measured in HU and IMAC was calculated according to literature by dividing CT
density of the multifidus muscles (HU) with CT density of subcutaneous fat (HU).

Higher IMAC indicates a greater content of adipose tissue in muscle and, consequently,
suggests a lower skeletal muscle quality [18,19].

We used specific cut-off values for SMI, MA, SFI and VFIL We used these cut-off values
in accordance with their prognostic role highlighted in two large cohorts reported by
Martin et al. and Ebady et al. [14,19]. Sarcopenia was defined as SMI < 43 cm?/m? in male
patients with BMI < 25 kg/ m? and SMI < 53 em?/m? if BMI > 25 kg/ m?; in female patients,
sarcopenia was set at SMI < 41 kg/m? irrespective of BMI. Cut-off values for MA were
<41 HU in non-overweight patients (BMI < 25 kg/m?) and <33 HU if BMI > 25 kg/m? for
both sexes. Sarcopenic obesity was defined as sarcopenia combined with overweight or
obesity (BMI > 25 kg/ m?). The cut off values for VFI, SFI and TAI were 52.9 cm?/m? in
males and 51.5 cm?/m? in females, 50 cm?/m? in males and 42 cm?2/m? in females and
107.7 cm?/m? in males and 102.2 cm?/m? in females, respectively [14,20].

2.2. Statistical Analysis

Data on baseline characteristics and body composition are shown as mean and SD.
The median overall survival (OS) and progression free survival (PFS) were determined
using the Kaplan-Meier method. Differences in demographic and clinical data between
groups were evaluated using the Fisher exact test for categorical variables and independent
t-test for continuous variables. The best cut-off for laboratory values were defined by ROC
curve distribution.

Cox proportional hazards regression model was used to determine the relationship of
explanatory variables to survival as hazard ratios (HR) and 95% confidence intervals (CI).
Logistic regression was used to describe and explain the relationship between dependent
binary variables and independent variables. Odds ratio (OR) together with 95% confidence
interval (CI) were provided for logistic regression analyses. Independent variable statisti-
cally significant in the univariate analyses were used to build the multivariate analysis. All
tests were 2-sided and p < 0.05 was considered statistically significant.

MedCalc package (MedCalcl version 16.8.4) was used for all statistical analyses.

3. Results
3.1. Patients Characteristics

The present study included 40 patients with a confirmed diagnosis of advanced gastric
adenocarcinoma treated with first-line chemotherapy between November 2015 to December
2019 in Modena Cancer Center. The main characteristics of patients enrolled in the study
are summarized in Table 1. Overall, 82.5% of patients were younger than 70 years and the
60% of patients were male. The ECOG performance status was 0-1 in the 87.5% of patients
at baseline. Since we considered patients with advanced disease, in our sample, only six
patients (15%) were submitted to a previous gastrectomy. The first line regimens were
mainly doublet chemotherapy with fluoropirimidin and platinum-derivative: 26 patients
performed folfox (5-fluorouracil + oxaliplatin), four patients the TOGA regimen (cisplatin
+ 5-fluorouracil + trastuzumab), four patients a triplete regimen with EOX (epirubicin +
oxaliplatin + capecitabine), three patients Xelox (capecitabine + oxaliplatin), and three
patients monotherapy with 5-fluorouracil as De Gramont regimen.
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Table 1. Patients’ characteristics.

Variable N(%)
Age
<70 years 33 (82.5%)
>70 years 7 (17.5%)
Gender
Male 24 (60.0%)
Female 16 (40.0%)
Site of primary tumor
Gastroesophageal junction 5 (12.5%)
Fundus 3 (7.5%)
Body 12 (30.0%)
Fundus and body 4 (10.0%)
GE junction, fundus and body 1(2.5%)
Antrum 7 (17.5%)
Body and antrum 6 (15.0%)
Diffuse/linitis 2 (5.0%)
Previous gastrectomy
Yes 6 (15.0%)
No 34 (85%)
Eastern Cooperative Oncology Group Performace Status (ECOG PS) at 1'line chemotherapy start
0-1 35 (87.5%)
>2 5 (12.5%)
N° of metastatic sites at 1"line chemotherapy start
1 12 (30.0%)
>2 27 (67.5%)
Unknown 1(2.5%)
Metastatic site at 1"line chemotherapy start
Liver 5 (12.5%)
Nodes 11 (27.5%)
Peritoneum 24 (60.0%)
Lung 4 (10.0%)
Bone 11 (27.5%)
Others 5 (12.5%)
Body mass index—BMI (kg/ m?2)
<25 28 (70.0%)
>25 12 (30.0%)
Prognostic nutritional index—PNI
<38.6 8 (20.0%)
>38.6 18 (45.0%)
Unknown 14 (35.0%)
Type of first line treatment
Single agent 2 (5.0%)
Combination 38 (95.0%)
Laboratory parameter at first-line chemotherapy start
Neutrophil-lymphocyte Ratio—NLR (Mean = standard deviation) 51+35
<4.8 17 (42.5%)
>4.8 11 (27.5%)
Unknown 12 (30.0%)
Platelet-lymphocyte ratio—PLR (Mean =+ standard deviation) 260.8 +127.1
<217 12 (30.0%)
>217 16 (40.0%)
Unknown 12 (30.0%)
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Table 1. Cont.

Variable N(%)
Lymphocyte-monocyte ratio—LMR (Mean =+ standard deviation) 30+14
<21 7 (17.5%)
>2.1 21 (52.5%)
Unknown 12 (30.0%)
Systemic Immune-Inflammation Index (SII) (Mean + standard
deviation) (x10° cells/uL 1465 + 1041
<1110 20 (30.0%)
>1110 16 (40.0%)
Unknown 12 (30.0%)
Albumine (Mean =+ standard deviation) (g/dL) 3.6 £0.5
<35 19 (47.5%)
>3.5 17 (42.5%)
Unknown 4 (10.0%)
C reactive Protein—PCR (Mean =+ standard deviation)
32+4,6
(mg/dL)
<22 13 (32.5%)
>22 8 (20.0%)
Unknown 19 (47.5%)
Carcinoembryonic antigen—CEA (Mean =+ standard deviation) 201.6 -+ 683.2
(ng/mL)
<5 23 (57.5%)
>5 14 (35.0%)
Unknown 3(7.5%)
Carbohydrate antigen 19.9—Ca 19.9 (Mean =+ standard deviation) 622 1 1856
(U/mL)
<37 20 (50.0%)
>37 17 (42.5%)
Unknown 3(7.5%)

The median duration of first line chemotherapy was 6 months (range 1.68-16.38
months); in 7 of 40 (17%) patients an early discontinuation of the treatment was required
due to toxicities or worsening of patient clinical conditions.

The mainly reported toxicity was blood count alteration with neutropenia and anemia
in 11 patients (27%); afterward, gastrointestinal alterations (mainly nausea and vomit) and
peripheral neuropathy in 8 patients (19%). The grade of these adverse events was not
reported in our clinical records but none of these was a grade 4. Overall, 20 patients (50%)
were reported to receive a second line therapy, consisting prevalently in the association
ramucirumab and paclitaxel accordi2ng to the guidelines. In particular, 8/20 (40%) patients
in the first group and 12/20 (60%) patients in second group were treated with a second line
therapy.

Concerning the anthropometric characteristics, median BMI of the entire sample was
23.59 kg/m?. The prevalence of baseline sarcopenia and sarcopenic obesity were 42.5%
(17/40) and 7% (3/40), respectively.

3.2. Prognostic Factors

The first part of our analysis was addressed to research clinical and anthropometric
prognostic parameters and the correlation between these variables and clinical benefit in
the whole sample.

Overall, after a median follow-up of 16.4 months, mOS was 12.07 months, whereas
mPFS was 6.18 months.

All covariates retrieved were tested within a univariate model.

We evaluated the prognostic impact of baseline clinical, laboratory and anthropometric
measures finding a significant interaction between ECOG (ECOG 2 vs. ECOG 0/1. HR
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12.74; 95% C.I. 0.66 to 243.85, p < 0.001), LMR (LMR > 2.1 vs. LMR < 2.1. HR 3.47; 95%
C.I1. 1.35 t0 8.91, p 0.0095), PCR (PCR > 2.2 vs. PCR <2.2. HR 3.71; 95% C.I. 1.38 t0 9.93,
p 0.009), PNI (PNI > 38.6 vs. PNI < 38.6. HR 3.58; 95% C.I. 1.36 to 9.42, p 0.009) and overall
survival. Concerning the anthropometric parameters, only ESMMD > 10% from baseline to
the first radiological revaluation significantly impact on mOS (HR 2.57, 95% CI 1.13-5.82,
p = 0.0023) (Table 2).

Following adjustment for significantly prognostic covariates at univariate analysis, a
multivariate analysis was performed, which confirmed ECOG PS (0-1 vs. 2 HR 49.32, 95%
CI7.32-331.95, p = 0.0001) and ESMMD > 10% (HR 2.47 95% CI 1.05-7.09, p = 0.0375) as the
only independent prognostic factors in terms of OS and PFS (Figure 2).
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Figure 2. Kaplan-Meier curves for overall survival (a) and progression free survival (b) according to early skeletal muscle
mass depletion (ESMMD). HR: Hazard Ration; CI: Confidence Interval.

Moreover, by performing a logistic regression analysis, ECOG PS was highlighted to
be the only clinical parameter correlated with clinical benefit (defined as stable disease
and/or partial response vs. progression disease) (OR 7.25, 95% C.I. 0.9876 to 53.2239,
p = 0.0004).

Opverall, no correlation has been highlighted between anthropometric parameters and
toxicities from treatment.
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On the other hand, a relationship has been reported between several clinical and
bio-humoral variables and radiological assessment of early variation of SMI. In particular,
our analysis confirmed a strong link between ESMMD and baseline LDH > 460 U/1 (OR
7.91;95% CI11.31-47.51, p = 0.0046), baseline CRP > 2.2 mg/dL (OR 20.0; 95% CI 1.65-241.73,
p = 0.006) and weight decrease during treatment (OR 0.82; 95% C.L 0.71 to 0.94, p = 0.0009).

Table 2. Uni and multivariate analysis for overall survival.

Univariate Multivariate
HR (95% CI) p
Age (>65 vs. <65 years) 1.08 (0.57-2.07) 0.8110
ECOG PS (2 vs. 0-1) 12.75 (0.67-243.86) <0.0001 0.0001
Site of M (>1 vs. 1) 1.92 (0.90-4.11) 0.058
NLR (>4.8 vs. <4.8) 2.00 (0.84-4.75) 0.0711
LMR (<2.1vs. >2.1) 3.03 (0.88-10.46) 0.0060
PCR (>2.2 vs. <2.2mg/dL) 3.1(0.98-9.78) 0.0055
CEA (>5vs. <5ng/mL) 0.67 (0.33 to 1.36) 0.2763
PNI (>38.6 vs. <38.6) 0.34 (0.11-1.06) 0.0058
SIT (>1110 vs. <1110 (x 103 cells/uL) 0.95 (0.44-2.07) 0.9104
BMI (<25 vs. >25 kg/m?) 0.79 (0-37-1.70) 0.5215
IMAC (<-0.33 vs. >—0.33) 0.67 (0.34-1.32) 0.2233
VFI (>52.9 cm?/m? in males and
51.5 cm?/m? in females vs. <52.9 cm?/m? 1.24 (0.66-2.36) 0.5010
in males and 51.5 cm?/m? in females)
SFI (<50 cm?/m? in males and 42 cm?/m?
in females vs. >50 cm?/m? in males and 42 0.76 (0.40-1.43) 0.3921
cm?/m? in females)
Sarcopenia sec. Martin (Yes vs. No) 1.40 (0.72-2.73) 0.3058
Sarcopenia at revilsl.lz;\tll(())? sec. Martin (Yes 2.24 (1.07-4.69 0.0117
ESMMD (>10% vs. <10%) 2.57 (1.13-5.83) 0.0036 0.0375

3.3. Role of Nutritional Assessment

The second part of our analysis was focused on the role of an early and scheduled
nutritional evaluation. We searched for differences in terms of clinical, anthropometric
and survival outcomes between the first group of patients which received a nutritional
evaluation at oncology’s discretion and the second group of patients which received a
standardized nutritional evaluation at the baseline and then every 2-4 weeks during
treatment. Overall, 20 patients were included in the first group of patients and 20 patients
were included in the second group of patients.

Clinical characteristics were well balanced between the two groups of patients as
shown in Table 3.

No significant differences in terms of OS and PFS were reported between the two
groups of patients; in return, significative differences in adipose tissue modification during
treatment have been highlighted. In particular, our analysis showed that patients reserved
to a nutritional scheduled support experienced a mean gain in subcutaneous fat (SFI)
of 11.4% at the first radiological evaluation vs. baseline; contrarily, patients reserved
to an occasional nutritional support experienced a mean lost in SFI of 3.97% at the first
radiological evaluation vs. baseline. Consistently, we demonstrated in patients submitted to
a scheduled nutritional support a mean gain in visceral fat of 8.55% at the first radiological
evaluation vs. baseline, whereas in patients without a scheduled nutritional evaluation,
we found a mean loss of visceral fat of 10.21% at the first revaluation vs. baseline. No
significant differences in median ESMMD (—7.52% vs.—2.94%) or median ABMI (—3.7%
vs.—1.7%) were reported in the two groups of patients.
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Table 3. Patients categorized according to the nutritional approach.

Occasional Systematic Nutritional
Nutritional Evaluation Evaluation p
(n =20 (n =20)
Age
<70 years 16 (80%) 17 (85%) 1.00
>70 years 4 (20%) 3 (15%)
Gender
Male 13 (65%) 11 (55%) 0.54
Female 7 (35%) 9 (45%)
Site of primary tumor
Gastroesophageal junction 4 (20%) 1 (5%) 0.2334
Fundus 3 (15%) 0
Body 4 (20%) 8 (40%)
Fundus and body 2 (10%) 2 (10%)
GE junction, fundus and body 1 (5%) 0
Antrum 3 (15%) 4(20%)
Body and antrum 3 (15%) 3 (15%)
Diffuse/linitis 0 2 (10%)
Previous gastrectomy
Yes 3 (15%) 3 (15%)
No 17 (85%) 17 (85%)
ECOG PS at 1"line chemotherapy start
0-1 19 (95%) 16 (80%) 0.3416
>2 1 (5%) 4(20%)
N° of metastatic sites at 1'line
chemotherapy start
1 7 (35%) 5 (25%) 0.7311
>2 13 (65%) 14 (70%)
Unknown 0 1 (5%)
Metastatic site at 1"line
chemotherapy start
Liver 1 (5%) 4 (20%) 0.1173
Nodes 8 (40%) 3 (15%)
Peritoneum 11 (55%) 13 (65%)
Lung 1 (5%) 3 (15%)
Bone 8 (40%) 3 (15%)
Others 4 (20%) 1 (5%)
Body mass index—BMI (kg/m?)
<25 14 (70%) 14 (70%) 1.00
>25 6 (30%) 6 (30%)
Prognostic nutritional index—PNI
<386 2 (10%) 6 (30%) 0.2077
>38.6 9 (45%) 9 (45%)
Unknown 9 (45%) 5 (25%)
Type of first line treatment
Single agent 1(5%) 1 (5%) 1.00
Combination 19 (95%) 19 (95%)
Laboratory parameter at first-line
chemotherapy start
Neutrophil-lymphocyte Ratio—
NLR (Mean =+ standard deviation) 4619 55442
<4.8 7 (35%) 10 (50%) 0.3765
>4.8 5 (25%) 6 (30%)
Unknown 8 (40%) 4 (20%)
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Table 3. Cont.

Occasional Systematic Nutritional
Nutritional Evaluation Evaluation p
(n =20) (n = 20)
Platelet-lymphocyte ratio—
PLR (Mean =+ standard deviation) 2404 £ 819 276.1 £1506
<217 5 (25%) 7 (35%) 0.3835
>217 7 (35%) 9 (45%)
Unknown 8 (40%) 4 (20%)
Lymphocyte-monocyte ratio—
LMR (Mean + standard deviation) 28414 31+15
<21 3 (15%) 4 (20%) 0.3858
>2.1 9 (45%) 12 (60%)
Unknown 8 (40%) 4 (20%)
Lactate dehydrogenase—
LDH (Mean =+ standard deviation) (U/L) 631 £ 460 505 = 661
<460 8 (40%) 15 (75%) 0.0769
>460 6 (30%) 2 (10%)
Unknown 6 (30%) 3 (15%)
Albumine (Mean =+ standard deviation) (g/dL) 3,7+0,5 34+05
<35 8 (40%) 11 (55%) 0.6056
>35 10 (50%) 7 (35%)
Unknown 2 (10%) 2 (10%)
C reactive Protein—
PCR (Mean =+ standard deviation) (mg/dL) 37452 30+42
<22 4 (20%) 9 (45%) 0.0820
>2.2 3 (15%) 5 (25%)
Unknown 13 (65%) 6 (30%)
Carcinoembryonic antigen—
CEA (Mean = standard deviation) (ng/mL) 1785+ 537.3 2162 £ 7444
<5 11 (55%) 12 (60%) 0.8283
>5 7 (35%) 7 (35%)
Unknown 2 (10%) 1 (5%)
Carbohydrate antigen 19.9—
Ca 19.9 (Mean =+ standard deviation) (U/mL) 6467 £ 1013.6 6049 22174
<37 9 (45%) 11 (55%) 0.529
>37 9 (45%) 8 (40%)
Unknown 2 (10%) 1 (5%)

4. Discussion

Recently, the role of sarcopenia in gastric cancer has been focused among perioperative
setting. Preoperative muscle mass quality and malnutrition are strictly related to higher
surgical risk and delayed and prematurely interrupted adjuvant treatment [21]. Few data
are available on the prognostic role of malnutrition in mGC patients [22,23].

In this study, we evaluated a small cohort of 40 advanced GC patients treated with
first line palliative chemotherapy in Modena Cancer Center between 2016 and 2019. We
evaluated the prognostic impact of baseline clinical, laboratory and anthropometric mea-
sures finding a significant interaction between ECOG (ECOG 0/1 vs. ECOG 2, p < 0.001),
LMR (LMR > 2.1 vs. LMR < 2.1, p 0.0095), PCR (PCR > 2.2 vs. PCR < 2.2, p 0.009), PNI
(PNI > 38.6 vs. PNI < 38.6, p 0.009) and overall survival.

In our group of patients, the prevalence of baseline sarcopenia and sarcopenic obesity
were 42.5% (17/40) and 7% (3/40) but neither baseline sarcopenia nor BMI at diagnosis
significantly affected survival. Conversely, ESMMD > 10% (reported in 14/40 patients) and
sarcopenia at first re-evaluation (reported in 18/40 patients) during palliative chemotherapy
were associated with shorter mPFS and mOS. In multivariate analysis, in addition to ECOG
performance status, only early SMI reduction >10% was statistically relevant and associated
with both worse PFS and OS (median PFS 7.3 months vs. 4.4 months, p 0.038; median OS
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16.5 months vs. 8.5 months, p 0.0375). The relevant role of ECOG performance status was
highlighted also for its significant impact on clinical benefit at first evaluation (OR 7.25;
95% C.I. 0.9876 to 53.2239; p 0.049).

The prevailing role of ESMMD over baseline sarcopenia in metastatic setting has
been previously reported not only for gastric cancer patients [20] but also in patients with
different gastrointestinal cancers [24-27]. In the IMPACT trial, in particular, in patients with
metastatic pancreatic cancer, ESMMD > 10% was significantly associated with worse OS
(HR: 2.16; 95% CI1.23-3.78; p = 0.007) and PFS (HR: 2.31; 95% CI 1.30-4.09; p = 0.004) [27].

Beside the role of SMI depletion, another point of our study was the evaluation of
the prognostic impact of muscle tissue quality (IMAC and MA) as well as early changes
in subcutaneous and visceral adipose tissue during chemotherapy, but none of these
parameters were clinically relevant maybe due to the small sample size of the study. The
prognostic role of muscle quality at baseline is reported in other setting [19,27-31] but in
a recent Dutch series enrolled 88 mGC patients treated with capecitabine and oxaliplatin
as first line chemotherapy, no correlation between muscle attenuation and survival was
confirmed [24].

Several studies confirmed a well-known association between muscle mass depletion
and systemic inflammation [21,32,33]. Systemic inflammation has been reported as a
strong prognostic factor in cancer progression. In patients with cancer, pro-inflammatory
mediators cause an energetic imbalance between catabolic and anabolic pathways. IL-6,
IL-2, IL-10, epidermal growth factor (EGF) and IFN exert their effect by activating the
signal transducer and activator of transcription 3 (STAT3) producing loss of muscle mass.
The levels of IL-6, TNFa and CRP have been reported to be significantly up-regulated in
sarcopenia patients. The activation of a pro-inflammatory status can also lead to insulin
resistance and muscle depletion through the activation of the ubiquitin-proteasome pro-
teolytic pathway [34]. In our series, we confirmed the strong link between early muscle
mass loss and systemic inflammatory indexes because we noted that baseline LDH > 460,
CRP > 2.2 and weight decrease during treatment significantly predicted ESMMD.

The second part of our work was an exploratory analysis on the role of a scheduled
nutritional evaluation.

As we know, the nutritional support should be considered as an integrated treatment
in patients receiving palliative anti-cancer treatment. Patients identified by screening
for unintentional weight loss in last 3-6 years or decreased oral intake, should receive
adequate nutritional counselling and support but few studies reported a significative
benefit of nutritional support in advanced cancer patients [12,17,35,36].

In our center from 2018, all patients with mGC were evaluated through MUST screen-
ing test and then taking charge from a nutritional perspective. They performed a nutritional
evaluation every 2-4 weeks alongside the scheduled oncological examination. Before 2018,
the nutritional path was at the discretion of oncologists and often the first nutritional
evaluation was delayed.

Twenty patients were diagnosed in 2016-2017 and subjected to an occasional involve-
ment of the nutritional team; conversely, the other group of patients were evaluated at
diagnosis and then every 2 or 4 weeks with scheduled nutritional visit. No significant dif-
ference in OS and PFS were reported but relevant difference in adipose tissue modification
has been found.

About subcutaneous fat, a mean gain of 15.38% of SFI vs. baseline SFI was reported
between patients with nutritional scheduled support (+11.4% at 3 months vs. baseline)
vs. patients with occasional nutritional evaluation (—3.97% at 3 months vs. baseline).
Concurrently, a relevant mean gain of 18.76% was reported about the visceral fat between
patients in the first group (+8.55% vs. baseline) vs. patients in the latter one (—10.21% vs.
baseline).

No relevant difference in median ESMMD (—7.52% vs. —2.94%) or median ABMI
(—3.7% vs. —1.7%) were reported between the 2 groups.
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The prognostic role of adipose tissue in gastrointestinal cancers is still debating [37].
In patients with pancreatic and biliary carcinoma underwent resection, high VSR (visceral
to subcutaneous ratio) was reported as a negative prognostic factor in a single Japanese
series [38,39]. In a classic trial, enrolled patients underwent gastrectomy followed by adju-
vant chemotherapy, a marked loss of visceral or subcutaneous fat significantly predicted
shorter DFS and OS [40].

In a large series of 1473 gastrointestinal and respiratory metastatic cancer patients,
low TAI (total adipose index) was associated with increased mortality (mOS 19.8 months
vs. 14.0 months) [19]. In metastatic colorectal cancer, higher VFI has been associated with
shorter OS in patients treated with chemotherapy and anti-VEGF antibody but not in
those treated with chemotherapy alone [41]. In a post hoc analysis of two non-randomized
phase II trials in the same setting, low SFI (HR 1.63; 1.23-2.17) and low VFI (HR 1.48;
1.09-2.02) were associated with an increased risk of dying confirming the protective role of
obesity [42].

In addition, in our series, this protective role was confirmed although not statistically
significative maybe due to the small sample size: patients with a higher baseline SFI
(>50 cm?/m? in males and > 42 cm?/m? in females) experienced an increased median
overall survival (13.65 vs. 11.94 months), such as patients with a higher VFI (>52.9 cm?/m?
in males and >51.5 cm?/m? in females; mOS 13.65 vs. 11.34 months). Moreover, patients
with VFI gain during chemotherapy experienced an increased median overall survival
(16.02 months vs. 11.18 months), such as patients with SFI gain (14.64 months vs. 11.18
months) and patients with TAI gain (13.65 months vs. 11.35 months).

Our analysis has several limitations: firstly, the limited number of patients and the
retrospective design of the trial. Secondly, we reported a number of patients treated with
a consequent second line therapy, which could have influenced the survival outcomes of
the two groups of patients considered. Thirdly, patients without available CT scans or lost
at follow up were excluded from this trial leading to a possible selection bias. Moreover,
we could not have a comprehensive report of the relation between body composition
parameters and chemotherapy toxicities or quality of life due to few medical records about
these items and the retrospective nature of the study.

5. Conclusions

In conclusion, as reported in other metastatic setting, we confirm the prognostic
impact of ESMMD > 10% during the first 3 months of first line chemotherapy in metastatic
gastric cancer. The impact of ESMMD > 10% is independent from weight loss and could be
predicted by some immune-inflammatory markers such as CRP and LDH at baseline.

The prognostic role of a scheduled nutritional assessment could not be highlighted,
perhaps due to the sample size of this series, but a relevant gain in adipose tissue (SFI, VFL,
TAI) is reported in this group of patients, suggesting clinical benefit due to the protective
role of obesity in metastatic gastrointestinal cancers; therefore, a scheduled nutritional
assessment and intervention should be evaluated in metastatic gastric cancer patients.
However, the role of this approach deserves further confirmation in large prospective trials.
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Abstract: Sarcopenia is recognised as a predictor of toxicity and survival in localised and locally
advanced gastric cancer (GC). Its prognostication power in advanced unresectable or metastatic GC
(aGC) is debated. The survival impact of visceral and subcutaneous fat distribution (visceral fat
area (VFA)/subcutaneous fat area (SFA)) is ambiguous. Our aim was to determine the influence of
body composition parameters (BCp) on toxicity and survival in aGC patients undergoing palliative
treatment. BCp were retrospectively assessed by baseline computed tomography for 78 aGC patients
who received first-line chemotherapy from March 2010 to January 2017. Correlations between BCp
and toxicity and survival were calculated by Xz-test and by log-rank-test and Cox-model, respectively.
Sarcopenia fails to show association with progression-free survival (PFS) (p = 0.44) and overall
survival (OS) (p = 0.88). However, sarcopenia influences the development of high-grade neutropenia
(p = 0.048) and mucositis (p = 0.054). VFA/SFA (high vs. all the rest) results as a strong predictor of
objective response (p = 0.02) and outcome (PFS, p = 0.001; OS, p = 0.02). At multivariate analysis for
PFS, prognostic factors are VFA/SFA (p = 0.03) and a neutrophil-lymphocyte ratio >3. The same
factors remain significant for OS (each p = 0.03) along with Eastern Cooperative Oncology Group
(ECOG) performance status (p = 0.008) and number of metastatic sites >2 (p < 0.001). In our cohort of
aGC, VFA/SFA exhibit a robust impact on survival, with a higher sensitivity than sarcopenia.

Keywords: gastric cancer; metastatic; body composition; sarcopenia; visceral fat area; subcutaneous
fat area; outcome; toxicity

1. Introduction

Gastric cancer (GC) is the fifth most common malignancy and the third leading cause
of cancer death worldwide [1]. Sixty percent of cases are inoperable or advanced at di-
agnosis (aGC), requiring palliative chemotherapy treatment [2]. Body weight changes
are common in patients with aGC, even though they do not strictly correlate with body
composition changes. The body of literature investigating the prognostic role of body
composition has progressively increased in recent years [3]. The actual gold standard to
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evaluate skeletal muscle mass and adipose tissue distribution variations is the analysis
of a computed tomography (CT) scan at the level of the third lumbar vertebra (L3) [4,5].
The depletion of skeletal muscle mass (sarcopenia) has been recognised as a poor outcome
predictor in many solid tumours and in localised and locally aGC [6-11]. Moreover, after
gastrectomy, baseline preoperative sarcopenia constitutes an independent risk factor for
postoperative surgical complications and infections [9-11]. Despite this evidence, in the
case of advanced disease, the impact of sarcopenia remains controversial [12-16]. The
association with treatment-related toxicity has been mainly investigated in the periopera-
tive setting: in two retrospective series, a trend toward a moderately positive correlation
with treatment reduction, postponement or discontinuation was observed [17,18]. Though
data are not conspicuous, sarcopenia was not confirmed as a predictor of toxicity in the
metastatic setting [12,15]. The alteration of adipose tissue distribution among the visceral
and the subcutaneous compartment is a known metabolic disruption occurring during
the progression of neoplastic disease [19]. The ratio between visceral fat area (VFA) and
subcutaneous fat area (SFA) has shown a negative prognostic impact in many retrospective
series in gastrointestinal cancers, despite the fact that the majority were in the preoperative
or perioperative setting [20-24].

Considering the poor prognosis of aGC, a further exploration of these parameters
appeared necessary to clarify their role as outcome and toxicity predictors and improve our
quality care. The aim of our work was to define which body composition parameter better
correlates with outcome and chemotherapy-derived toxicity in a homogeneous cohort of
Caucasian aGC patients treated with first-line palliative chemotherapy.

2. Materials and Methods
2.1. Study Population

We retrospectively evaluated the medical records of consecutive patients diagnosed
with advanced esophagogastric junction carcinoma or aGC, who received at least one cycle
of first-line doublet chemotherapy at our Azienda Ospedaliero-Universitaria Pisana from
March 2010 to January 2017. All selected cases had a histologically proven diagnosis of
adenocarcinoma. Patients whose CT scans lacked images of the third lumbar vertebra
within 30 days prior to treatment initiation or patients who had palliative systemic therapy
before CT evaluation were excluded (study inclusion flow-chart, Figure Al). Collected
clinicopathological data included: age, sex, height, weight, Eastern Cooperative Oncology
Group (ECOG) performance status (PS), primary tumour and metastatic sites, previous
treatment history, human epidermal growth factor receptor 2 (HER?2) status, baseline
laboratory values (complete blood count with differential count and serum chemistry),
chemotherapy regimen and administration, radiological response, survival status and
last follow-up. Neutrophils-lymphocytes ratio (NLR) and platelets-lymphocytes ratio
(PLR) were also collected at baseline (before cycle one administration) and dichotomised
according to literature data cut-offs for metastatic gastric cancer patients: NLR > vs. <3
and PLR > vs. < 200 [25,26].

All patients signed institutionally approved written informed consent before treatment
administration.

2.2. Treatment

Only patients who received standard first-line palliative systemic therapy were in-
cluded. Treatments consisted of the combination of fluoropyrimidine and platinum com-
pound according to modified FOLFOX-6 regimen (mFOLFOX6) (5-FU 400 mg/ m? bolus on
day 1 and 2400 mg/m? continuous infusion from day 1 to 3 plus oxaliplatin 85 mg/m? on
day 1, in a two-weekly cycle) and CapOX regimen (capecitabine 1000 mg/m?, taken orally
two times a day on days 1 to 14 plus oxaliplatin 130 mg/m? on day 1, in a three-weekly
cycle). 5-FU was preferred over capecitabine in the case of dysphagia or contraindication
to oral fluoropyrimidine (such as concomitant treatment with oral anticoagulants), while
capecitabine was preferred in case of a patient’s request for an oral treatment. In case of
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HER2-positive disease, trastuzumab was added to the chemotherapy backbone. Treatment
was discontinued in case of disease progression, unacceptable toxicity, or on patient’s
request. Toxicity was assessed using the Common Terminology Criteria for Adverse Events
(version 4.03) by recording the highest grade of each adverse event throughout all adminis-
tered cycles [27]. In the case of the development of neurotoxicity of high grade (G3-G4),
according to CTCAE oxaliplatin administration was discontinued and maintenance with
fluoropyrimidine monotherapy was provided.

2.3. Efficacy and Outcome

Response evaluation was performed according to Response Evaluation Criteria in
Solid Tumours version 1.1 (RECIST 1.1), using radiological follow-up assessments obtained
every 8 to 12 weeks during treatment [28]. Progression-free survival (PFS) and overall
survival (OS) were defined as the time from first-line chemotherapy initiation to the date
of radiological/clinical progression or death from any cause and to the date of death or last
follow-up, respectively.

2.4. Body Composition Parameters Assessment

Slice thickness of included CT exams ranged from 2.5 to 3 mm. To evaluate the
quantitative assessment of skeletal muscle mass, visceral and subcutaneous fat tissue
for each patient, portal phase CT images, performed prior to the initiation of therapy,
were analysed by a trained radiologist who was blinded to clinical data on GE advantage
workstation (software version 4.7, G.E. Healthcare, Milwaukee, WI, USA).

Measurements of the total muscle areas were made on transverse images at the third
lumbar vertebra (L3) level, with the transverse processes fully visible. First, visceral and
subcutaneous fat was segmented, and VFA and SFA were separately calculated. Then,
after visceral and subcutaneous fat removal, the skeletal muscle area was measured using
automatic tissue-specific Hounsfield unit (HU) thresholds, according to literature values
(—50 to 140 HU).

The VFA /SFA ratio was calculated for each patient. Since no specific thresholds are
known to define normal VFA /SFA values, we divided the study population into quartiles,
as previously performed by other groups in oesophageal cancers [23]. Quartiles (Q) were
defined as follows: Q1 the lowest, Q4 the highest. In addition, the VFA /SFA variable was
treated as dichotomous with Q4 being defined as the “high ratio” and Q1-3 as “all the
rest ratio”.

Sarcopenia was categorized according to the Martin cut-off values for Skeletal Muscle
Index (SM], defined as Skeletal Muscle Area (SMA) measured at L3 vertebra normalized for
height squared), considering sex and body mass index (BMI), which demonstrated a strong
correlation with poor outcome in a large cohort of patients affected by gastrointestinal
and respiratory tract tumours. In detail, sarcopenia was defined in male patients as
SMI < 43 cm?/m? if BMI < 25 kg/m? and SMI < 53 cm?/m? if BMI > 25 kg/m?, and in
female patients as SMI < 41 kg/m? irrespective of BMI [6].

2.5. Statistical Analysis

Descriptive statistics were provided as the proportion or medians with standard devi-
ations and ranges for continuous variables. The association of sarcopenia, and different
VFA /SFA ratio cut-offs with clinicopathological parameters, efficacy and toxicity were
performed using the Pearson’s x test or Fisher’s exact test for categorical variables. Contin-
uous variables were analysed with the Mann-Whitney U test. PFS and OS were estimated
applying the Kaplan-Meyer method and compared by the mean of the log-rank test. A
multivariable Cox proportional hazard model was built to identify prognostic predictors of
outcome: only factors with a two-sided p-value < 0.05 by the log-rank test were included.
The analysis was performed using the statistical software Medcalc version 14.8.1 (Medcalc,
Ostend, Belgium).
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3. Results
3.1. Patient Characteristics and Body Composition Parameters Distribution

Characteristics of the 78 patients included and the correlations with body composition
variables are depicted in Table 1. Median age was 67 years (range 35-80). Most of the
patients (72%) were male and presented more than two metastatic sites (62%) of which
lymph nodes and peritoneum had the highest frequency. Sixteen patients (24%) were
HER? positive. At baseline, 47% of patients were of normal weight, only 6% were obese,
according to BMI categories.

Table 1. Patient characteristics according to loss of muscle mass and abdominal fat distribution.

Characteristics All Patients Sarcopenia p-Value VFA/SFA p-Value
_ o Yes(n=34)N Nom=44) N All the Rest High (n = 14)
(n=78)N (%) (%) (%) (n=43) N (%) N (%)
Age, years
sz::g)‘ 67, (35-80) 70, (35-80) 66, (37-79) 0.29 66, (35-80) 65, (55-78) 0.87
Sex
Female/male 22 ((17?)/ 56 12 (é%))/ 2 10 ((2737))/ 34 0.33 13 ((37%))/ 305 qay/12 36) 0.40
ECOG PS
0vs. 1-2 34 ((‘?6))/ a 12 ((36?)/ 2 2 ((55%))/ 2 0.28 z ((?;2)/ 20 40910 (71) 0.19
Primary
tumour site
32 (41)/26 13 (38)/10 19 (43)/16 12 (28)/21 8(58)/3
EGJ/PGC/DGC. 53y 0027y (30)/11(32)  (36)/9 (20) 048 49)/10(23)  (21)/3 1) 0.10
Primary
tumour
surgery
Yes/no 2028/5 3101y /3(9)  4193)/3 () 0.95 15G5/28 53 01y /11 (79) 0.62
(72) (65)
N° metastatic
sites
4 12 22 18 (41)/2 20 (46)/2
1vs. >2 30 ((?2))/ 8 ((36%))/ 8 ((59))/ 6 0.78 0 ((5%/ 3 1)/13 ) 0.02
Metastatic
sites
Liver 30 (38) 11 (32) 19 (43) 0.46 20 (47) 5(36) 0.69
Lung 6(7) 4(12) 2 (5) 0.45 2 (5) 3(22) 0.16
Lymph nodes 52 (66) 24 (71) 28 (64) 0.68 24 (56) 13 (93) 0.02
Peritoneum 39 (50) 17 (50) 22 (50) 0.81 22 (51) 6 (43) 0.81
Bone 79 6 (18) 1(2) 0.05 2(5) 3(21) 0.16
HER2 *
Yes/no 16 ((2746))/ Ly os)2105) 923)/30 (77) 0.91 10 ((2755))/ 30 5 25)/6 (75) 0.65
NLR>3
39 (50)/38 18 (53)/15 21 (48)/23 21 (49)/22
Yes/no/na 49,9)/1(0,1) (44)/1 (3) (52)/- 0.71 1) 8(62)/5 (38) 0.62
PLR >200
36 (46)/40 13 (38)/20 23 (52)/20 24 (57)/18
Yes/mo/ma  ern\0n  (59)/1(3) 45)/1.(3) 0.32 3 4(31)/9 (69) 0.18
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Table 1. Cont.

Characteristics All Patients Sarcopenia p-Value VFA/SFA p-Value
BMI
<20/20- 17 (23)/37
24.9/25- 47)/19 - - - - - -
30/>30 (24)/5 (6)
SMI, median
(range; SD)
40.65
Female (25.48-61.94; - - - - _ _
8.55)
48.51
Male (32.73-68.70; - - - - - -
8.50)
VFASS, 89.10
median (3.56-407.77; - - - - - _
(Range; SD) 88.57)
SFAS, 108.99
median (0.88-355.97; - - - - - _
(Range; SD) 80.55)

VFA/SFA, visceral fat area/subcutaneous fat area; ECOG PS, Eastern Cooperative Oncology Group (ECOG) performance status; EGJ,
esophago—gastric junction cancer; PGC, proximal gastric cancer; DGC, distal gastric cancer; HER2, epidermal growth factor receptor 2;
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; BMI, body mass index (kg/m?); SMI, skeletal muscle index (cm?/m?);
VEFA, visceral fat area (cm?); SFA, subcutaneous fat area (cm?) * Data available for 67 patients (pts); § Data available for 57 pts.

3.1.1. Skeletal Muscle

The mean L3 SMI was 40.65 cm? /m? (range: 25.48-61.94) for females and 48.51 cm?/m?
(range: 32.73-68.70) for males. As per Martin’s cut-off values, 34% of patients were judged
to be sarcopenic. No significant associations were observed between sarcopenia and clinico—
pathological characteristics, except for a higher prevalence of bone metastasis in patients
with a loss of muscle mass (p = 0.05).

3.1.2. Adipose Tissue

Regarding fat distribution parameters, assessable in 57 patients, the median VFA was
89.10 cm? (range: 3.56-407.77), the median SFA was 108.99 cm? (range: 0.88-355.97) and the
median VFA /SFA ratio was 1.09 (range: 0.17-4.05). According to quartiles of the VFA /SFA
ratio, patients were classified as follows: first quartile cases (Q1: <0.58); second quartile
cases (Q2: 0.59-1.09): third quartile cases (Q3: 1.10-1.53); and fourth quartile cases (Q4:
>1.54). Due to the findings of efficacy and survival for each Q group (see Section 3.2.1,
Figure A3a,b and Table A1), we defined a dichotomous VFA /SFA ratio: group Q4 as the
“high VFA/SFA” and groups Q1-3 as the “all the rest VFA/SFA”. Only fourteen patients
presented a high VFA /SFA ratio. All clinicopathological characteristics were stratified and
analysed in the aforementioned groups. Significant differences in terms of the presence of
>2 metastatic sites and especially lymph nodes metastasis among the high VFA /SFA ratio
group was noticed (p = 0.02).

3.2. Body Composition Parameters and Outcome
3.2.1. Efficacy

At a median follow-up of 52.2 months (range: 31.25-87.66), 74 patients (95%) had
progressed, and 70 (90%) had died: median PFS (mPFS) was 5.9 months (95% CI: 4.8-7.2)
and median OS (mOS) was 10.8 months (95% CI: 9.5-12.9).

Neither PFS (hazard ratio (HR): 0.83, 95% CI: 0.53-1.32; p = 0.44) nor OS (HR: 0.97,
95% CI: 0.60-1.55; p = 0.88) differed between sarcopenic and non-sarcopenic patients
(Figure A2).
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As shown in Figure A3a,b, Kaplan-Meyer curves were calculated for each Q group
of the VFA/SFA ratio. A statistically significant worsening of PFS (p = 0.01) and a trend
toward worse OS (p = 0.08) were observed for Q4 compared to any other group in a
univariate Cox proportional hazards model (Table A1). Therefore, we proceed to analyse
the VFA /SFA ratio as dichotomous groups: Q1-3 as “all the rest VFA /SFA ratio” and Q4
as the “high VFA /SFA ratio”. Looking at Q1-3 vs. Q4 survival comparison, patients in the
high VFA/SFA group experienced a statistically significant worse PFS (HR: 2.49, 95% CI:
1.11-5.61; p = 0.001) and OS (HR: 2.02, 95% CI: 0.93—4.41; p = 0.02) compared to those in the
all the rest of the VFA /SFA group (Figure 1a,b).

(b)

Progression Free Survival Overall Survival
100 100
80 . 8
g g
B p=0.01 3 p=0.02
3 60 3 60
2
é —— HighVFA/SFA 2 —— High VFA/SFA
a —— All the rest VFA/SFA a — All the rest VFA/SFA
T 4 T 4
"3 3
a a
20 20
0 [

0 6 12

Number at risk
Group: High VFA/SFA

43 26 4
Group: All the rest VFA/SFA
14 3 0

18
months

4

0

24 30 36 0 6 12 18 24 30 36 42 48 54 60

0

months

Number at risk
Group: High VFA/SFA

2 1 43 36 23 12 9 7 6 4 3 2 2
Group: All the rest VFA/SFA
0 0 14 8 4 1. 0 0 0 0 0 0 O

Figure 1. Kaplan-Meyer curves according to VFA /SFA ratio: (a,b) progression-free and overall survival stratified by high
vs. all the rest, respectively. Abbreviations: VFA/SFA, visceral fat area/subcutaneous fat area.

3.2.2. Activity

Partial response (PR) was achieved in 28 patients (no complete responses were ob-
served; response rate, RR: 35.9%), and disease control was achieved in 55 patients (disease
control rate, DCR: 70.5%).

The presence of sarcopenia did not affect activity (PR vs. stable disease (SD) vs.
progressive disease (PD): p = 0.55) or DCR (p = 0.44).

Conversely, a significant difference in treatment activity was noticed among the
57 patients belonging to different VFA /SFA quartiles ratio, with no PD observed in Q1
group in contrast to PD probability of 50% in the Q4 group (p = 0.02). The statistically
significant difference was retained also when responses were compared as presence vs.
absence of DCR (p = 0.03) (Figure 2).
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(a) (b)

VFA/SFA
a4

= Q@
-
-a

Disease Control Rate

Best Response

Figure 2. Response according to the VFA /SFA ratio, stratified by quartiles: (a) best response; and (b)
disease control rate. Abbreviations: VFA /SFA, visceral fat area/subcutaneous fat area; Q, quartile;
PD, progressive disease; PR, partial response; SD, stable disease; DCR, disease control rate.

3.3. Cox Proportional Hazards Model for Survival of Body Composition and Clinical Parameters
3.3.1. Univariate Analysis

As previously discussed, at univariate analysis, sarcopenia showed no prognostic
impact, while the VFA /SFA ratio as a dichotomous variable was strongly prognostic for
both PFS and OS. ECOG PS was highly prognostic in the log-rank test both for PFS (p = 0.02)
and OS (p = 0.03). The presence of bone lesions represented the strongest clinical predictor
of OS (p < 0.001). Systemic inflammatory parameters such as NLR and PLR confirmed
their prognostic impact on OS (p = 0.007 and p = 0.04, respectively), with NLR also being
associated with PFS (p = 0.008) (Table 2).

Table 2. Univariate analyses for progression-free survival and overall survival.

Progression-Free Survival Overall Survival

Variables
HR (95% CI) p-Value HR (95% CI) p-Value
Age
> vs. < 67 years 0.85 (0.54-1.35) 0.47 0.73 (0.46-1.18) 0.18
ECOG PS
Ovs. 12 0.58 (0.37-0.92) 0.02 0.59 (0.37-0.95) 0.03
Primary tumour surgery
Yes vs. no 0.70 (0.43-1.13) 0.16 0.69 (0.42-1.13) 0.16
N° metastatic sites
lvs. >2 0.64 (0.41-1.01) 0.06 0.63 (0.39-1.01) 0.06
Metastatic sites
Liver 0.91 (0.57-1.44) 0.68 0.67 (0.42-1.07) 0.09
Lung 1.56 (0.57-4.30) 0.29 1.27 (0.46-3.47) 0.61
Lymph nodes 1.21(0.75-1.75) 0.43 1.31(0.81-2.12) 0.29
Peritoneum 1.07 (0.67-1.68) 0.77 1.40 (0.87-2.24) 0.16
Bone 2.10 (0.72- 6.15) 0.05 4.35(0.97-19.57) <0.001
NLR >3
Yes vs. no 1.81 (1.13-2.90) 0.008 1.88 (1.16-3.05) 0.007
PLR > 200
Yes vs. no 1.44 (0.90-2.30) 0.11 1.63 (1.00-2.65) 0.04
SMI
Yes vs. no 0.83 (0.53-1.32) 0.44 0.96 (0.60-1.55) 0.88
VFA/SFA
All the rest vs. high 0.40 (0.18-0.90) 0.002 0.49 (0.23-1.10) 0.02

Abbreviations: HR, hazard ratio; ECOG PS, ECOG performance status; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio;
SM], skeletal muscle index; VFA /SFA, visceral fat area/subcutaneous fat area.
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3.3.2. Multivariate Analysis

At multivariate analysis, the VFA/SFA ratio retained its prognostic role for PFS
(p =0.03) and OS (p = 0.02), as did NLR for both survival parameters (each p = 0.03). ECOG
PS (0 vs. 1-2) and the presence of bone metastases maintained their independent value for
OS (p = 0.008 and p < 0.001, respectively) (Table 3).

Table 3. Multivariate analysis for progression-free and overall survival.

. Progression-Free Survival Overall Survival
Variables
HR (95% CI) p-Value HR (95% CI) p-Value
ECOG PS
Ovs. 12 1.59 (0.90-2.81) 0.11 2.36 (1.25-4.44) 0.008
N° metastatic sites
1vs. >2 0.99 (0.52-1.87) 0.97 1.35 (0.67-2.63) 0.41
Metastatic sites
Bone 2.32 (0.86-6.26) 0.09 9.63 (3.16-29.37) <0.001
NLR>3
Yes vs. no 2.00 (1.08-3.69) 0.03 2.19 (1.08-4.45) 0.03
PLR >200
Yes vs. no - - 1.59 (0.80-3.19) 0.18
VFA /SFA
All the rest vs. high 2.23 (1.08-4.59) 0.03 2.42 (1.44-5.13) 0.02

Abbreviations: HR, hazard ratio; ECOG PS, ECOG Performance Status; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte
ratio; VFA /SFA, visceral fat area/subcutaneous fat area.

3.4. Body Composition Parameters as Toxicity Predictors
3.4.1. Treatment Exposure

Thirty percent of patients received at least six cycles of chemotherapy, 8 being the
median number (range 1-12). In 36 patients (46.2%), the doses of fluoropyrimidine and/or
oxaliplatin were reduced or treatment administration was postponed due to toxicity. Treat-
ment was discontinued due to adverse events in six patients (7.7%).

Chemotherapy administration was not significantly influenced by the presence of
sarcopenia (p = 0.29) or visceral/subcutaneous adipose tissue distribution alterations
(r =0.95).

3.4.2. Adverse Events

A grade 3-4 hematologic adverse event was reported in 27 patients (35%). Grade
3—4 non-hematologic adverse events affected only nine patients (12%).

Sarcopenia seemed to be significantly associated with grade 3—4 neutropenia (p = 0.048):
among patients who suffered from grade 3—4 neutropenia, 61.9% were sarcopenic com-
pared to 18.2% who did not present muscle mass reduction. The development of mucositis
of any grade was also significantly associated with sarcopenia (55.9 vs. 44.1%, p = 0.054).
VFA /SFA ratios did not show any correlation with toxicity.

4. Discussion

In our study, sarcopenia was observed in nearly half of the enrolled population and
did not affect the response and survival of aGC patients treated with first-line doublet
chemotherapy. Indeed, sarcopenia had an impact on the development of grade 3—4 hema-
tologic toxicity and any grade mucositis. Of note, a higher proportion of visceral fat over
subcutaneous fat was convincingly associated with an unfavourable prognosis, without
showing the influence on treatment tolerance.

The impact of sarcopenia on toxicity has been to date scarcely investigated in first-line
aGC: almost no association was found in the literature, except for a correlation between
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baseline sarcopenic obesity and grade 2—4 neurotoxicity [12,15]. The body of evidence
in the perioperative setting suggests a significant association between sarcopenia and
dose-limiting toxicity and early treatment termination [17,18]; in contrast, we did not find
a negative impact of sarcopenia on treatment compliance and exposure. The correlation we
identified with high-grade neutropenia in sarcopenic patients could possibly be explained
by the known association with lean and muscle mass with pharmacokinetics parameters
such as drug distribution, metabolism and the clearance of chemotherapeutic agents,
especially for hydrophilic ones such as fluoropyrimidines [8,29].

Although several studies reported an association between the loss of skeletal muscle
mass and OS [6,7,9,12,14], we did not observe such a correlation. This was possibly due
to the reduced power of the study and the relatively small number of obese patients
(6%, Table 1), considering that the survival prediction of Martin’s cutoffs was greater in
overweight and obese patients [6]. In line with our data, two recent studies in the same
setting and in a Caucasian population achieved comparable negative results in terms
of OS. Dijksterhuis et al. observed no association between skeletal muscle and survival
in advanced esophagogastric cancer patients receiving palliative chemotherapy. In an
extensive retrospective analysis of baseline CT scans from the phase 3 EXPAND trial,
sarcopenia was identified as a predictor only for PFS [15,16].

Rather than skeletal muscle quantity, the quality of skeletal muscle mass appears to
be relevant for survival. Of uttermost importance, this can be studied on CT scan: the
skeletal muscle density (SMD) and the mean muscle attenuation (MA) are both parameters
of skeletal muscle infarction by adipose tissue, which compromises muscle properties.
This issue has been primarily investigated by a Japanese retrospective study on aGC that
showed lower SMD as independent predictor of survival in association with more than
two metastatic sites [13]. Interestingly, Hacker et al., in the analysis of 761 radiological
and clinical data from advanced esophagogastric cancer patients treated with first-line
chemotherapy achieved similar conclusions: MA constituted the only powerful body
composition parameter with a prognostic value for OS, although large differences in MA
were translated into only moderate differences in an expected cohort [16].

Considering that reduced SMD and/or MA, whose prognostic impact has been ex-
tensively discussed, are consequences of higher cytoplasmatic depots of intramyocellular
lipid droplets as well as intermuscular adipocytes [30], we might infer that the impact on
outcome observed for VFA /SFA in our work should be inscribed in the same context.

The role of baseline visceral and subcutaneous fat amount and distribution has been
explored in the operable setting in localised colorectal cancer patients undergoing surgery,
and in locally advanced rectal cancer planned to receive neoadjuvant chemoradiotherapy:
a correlation of higher VFA /SFA ratio with poorer disease-free survival (DFS) was demon-
strated [20,21]. The same results concerning these fat parameters were obtained in patients
affected by squamous oesophageal cancer after esophagectomy [23]. In a single centre
study cohort from the phase 3 CLASSIC (Capecitabine and Oxaliplatin Adjuvant Study in
Stomach Cancer) trial, the marked loss of VFA and SFA, analysed as indexes normalized
by height squared (VFI and SFI, respectively), appeared as a poor prognostic factor for DFS
both in the group receiving adjuvant chemotherapy, and in the surgery-only group; the
negative correlation with OS was demonstrated only in the interventional arm [24]. This
last evidence was in line with a retrospective evaluation of preoperative body composition
parameters in 507 upper gastrointestinal cancer patients: in this study, low visceral fat
cases experienced a higher overall mortality rate [22]. However, the results of these two
works should not be considered to be conflicting with the other literature evidence and our
findings. In fact, adipose tissue parameters were investigated as single entities, instead of a
proportion of visceral and subcutaneous fat components.

Chronic insulin resistance is a known metabolic disruption occurring in malignant
tumours in early stages prior to the development of weight loss and cachexia, actively
contributing to its pathogenesis [19]. Body composition parameters and especially visceral
adipose tissue have been shown to significantly correlate with insulin signalling [31]. The
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adipose tissue is an endocrine organ, secreting adipocytokines like adiponectin and leptin
and cytokines (IL-1, IL-6, TNF-c), which regulates appetite, inflammation, insulin sensitiv-
ity and fat metabolism itself. Excess of adipose tissue, particularly the visceral component,
metabolically more active than the subcutaneous one, is strongly associated with inflamma-
tory cytokines production, the upregulation of nuclear factor-kB leading to increased nitric
oxide and reactive oxygen species, which further propagate inflammation. Thus, visceral
adipose tissue activity along with insulin resistance, and systemic inflammation would
promote and perpetuate a pro-tumorigenic environment [19]. In this context, our findings
appear convincing and we should highlight the point that VFA /SFA is independently
associated with response, PFS and OS. Moreover, at multivariate analysis, the only other
factor that retained significance for PFS was the inflammation parameter NLR. Lastly, along
with known prognostic factors for OS like ECOG PS and a higher number of metastatic
sites, VFA/SFA and NLR maintained their prognostic role in the multivariate model. Due
to the mentioned evidence, we suggest that the VFA /SFA ratio is the best factor that depicts
the metabolic changes occurring during cancer initiation and progression.

We are aware of the limitations of our study represented by its retrospective design,
the single centre recruitment, and the small sample size of enrolled patients. Nevertheless,
it represents a homogeneous aGC population of Caucasian patients treated with the actual
standard of care in first-line doublet chemotherapy.

5. Conclusions

Our study confirms the absence of a prognostic role for sarcopenia in the advanced
setting and shows the VFA /SFA ratio, readily assessable during routine radiological exams,
as a potential game changer in the natural history of aGC. Further investigation on this
putative prognostic biomarker is warranted, along with the exploration of new nutritional,
hormonal and/or anti-inflammatory interventions (for example adiponectin replacement)
to better clarify its possible role as a therapeutic target.
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Appendix A

Retrospecitve research on medical charts of
aEGJC and aGC patients treated at our
institution with m-FOLFOX6 or CapOx

regimen and trastuzumab in case of HER2+

(n=127)

Not available CT scan within 30 days before
start of treatment
(n =35)

Absence of high quality imaging CT scan
(n=7)

L3 SMA not assessable at
CT scan

(n=7)

Patients included in the final analysis
(n=78)

Figure A1. Patient’s selection flow-chart. Abbreviations: aEGJC, advanced oesophagogastric junction
cancer; aGC, advanced gastric cancer; HER2, epidermal growth factor receptor 2; CT, computed
tomography; L3 SMA, third lumbar vertebra skeletal muscle area.
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Figure A2. Kaplan-Meyer curves according to presence or absence of sarcopenia: (a) progression-free
survival; and (b) overall survival.
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Figure A3. Kaplan-Meyer curves according to the VFA /SFA ratio: (a,b) progression-free and overall
survival stratified by quartiles, respectively.

Table Al. Univariate analysis for progression-free and overall survival according to VFA /SFA ratio
stratified by quartiles.

VFA/SFA N° Progression-Free Survival Overall Survival
Quartile HR (95% CI) p-Value HR (95% CI) p-Value
1 (Reference 1 (Reference
>
Q4 (>1.54) 14 Value) 0.01 Value) 0.08
Q3 14 1.89 B 1.56
(1.10-1.53) (0.74-4.84) (0.63-3.88)
Q2 15 2.85 N 242
(0.59-1.09) (1.16-6.97) (1.02-5.78)
2.76 2.16
<0. _
Q1 (<0.58) 14 (1.14-6.71) (0.89-5.21)
Abbreviations: VFA/SFA, visceral fat area/subcutaneous fat area; N°, number of cases; HR, hazard ratio;
Q, quartile.
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