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Case Report

Proteogenomic analysis in an early onset diffuse gastric cancer 
patient revealed alterations in PIK3R1, TP53, SMAD4 and a 
potential role of the PI3K-AKT and EGFR pathways: a case report
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Background: Early-onset gastric cancers (EOGC) are poor prognosis hard-to treat malignancies that 
affect young individuals (<45 years old). 
Case Description: Herein we describe the case of a 26-year-old female EOGC patient that initially 
displayed stable disease after first-line CAPOX plus immunotherapy. However, patient eventually developed 
progressive disease and was consecutively switched to paclitaxel plus ramucirumab, and palliative irinotecan. 
In search for therapeutic alternatives a proteo-genomic analysis was performed in a tissue biopsy taken after 
the first progression. Our analyses found a total of 18 somatic mutations, including TP53 and PIK3R1, and 
a previously unreported germline alteration in the tumor suppressor SMAD4. Also, our proteomic analysis 
found 62 proteins previously documented as “enriched in stomach cancer” and AKT/mTOR and EGFR as 
pathways with therapeutic potential. Unfortunately, the clinical utility of AKT/mTOR inhibitors or EGFR 
targeted therapies could not be assessed. 
Conclusions: As explained above EOGC is a growing health concern that affects young individuals. 
Furthermore, the reported case displayed a poor response to standard therapy including checkpoint 
inhibitors and chemotherapy despite the presence of biomarkers that predict a favorable outcome. Future 
studies should adopt alternative approaches to find novel, more effective therapies. 
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Introduction

Typically, early-onset gastric cancers (EOGC) present at 
the age of 45 years old or younger. Although its prevalence 
ranges from 2.7% to 15% depending on the population 
being studied, it is generally accepted that 10% of gastric 
cancers (GCs) fall into this category. However, using the 
SEER database and a <60 years old cutoff, a recent study 
determined that >30% of GC cases in the United States 
were EOGC during the period 1973–2015. This study 
also found that EOGC was associated with the presence of 
signet-ring cells, diffuse histology and metastatic disease, 
relative to “late onset” cases (1). Intriguingly, despite its 
early clinical onset that would suggest a strong hereditary 
component, reports show that only a small proportion of 
cases (~10%) are associated with germinal mutations. 

To date, cancer heterogeneity remains a major obstacle 
for the development of effective therapies. In recent 
decades, the development of massively-parallel sequencing 
techniques [such as next generation sequencing (NGS) and 
RNA-sequencing (RNASeq)] has allowed the identification 
of distinctive molecular signatures in several malignancies, 
including GC; thereby establishing molecular subtypes 
of the disease. In this regard, one of the best examples 
is the classification elaborated by The Cancer Genome 
Atlas Research Network Group (TCGA) (2). Molecular 
characterization studies in EOGC patients have shown 
high rates of CDH1 but similar rates of TP53 mutations (3)  
compared to “traditional” GC, along with a higher 
frequency of Epstein-Barr virus positive (EBV+) and 
genomically stable (GS) molecular subtypes (1). Moreover, 
a related study found a lower frequency of RHOA somatic 
mutations in EOGC (4). Interestingly, unlike “traditional” 
GC studies have also demonstrated higher mutation rates 
on MUC5B and BANP (5). 

Herein,  we report  c l inical  and proteogenomic 
characteristics of a 26-year-old EOGC patient with a 
tubular poorly cohesive cell adenocarcinoma characterized 
by rapid clinical deterioration and unfavorable prognosis. 
We present the following case in accordance with the CARE 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-21-780/rc).

Case presentation

The patient was a 26-year-old female with a history of 
insulin resistance and a laparoscopic cholecystectomy for 
gallstones. In January 2020 patient came to the clinic after 

3-month of episodic epigastric pain and post-prandial 
vomiting. Upper digestive endoscopy revealed an antral 
gastric neoplasia. Endoscopic biopsy confirmed a tubular 
adenocarcinoma with poorly cohesive cells. Molecular 
studies demonstrated HER2 negativity, MMR proficiency 
and PD-L1/combined positive score (CPS) =20. Timeline 
of relevant therapies and clinical follow-up is summarized 
in Figure 1 (left panel). Computed tomography (CT) scan 
showed thickening of the gastric mucosa, epigastric and 
infra-pyloric adenopathies and peritoneal carcinomatosis 
(Figure 1, right panels); in February 2020, patient started 
first-line CAPOX + pembrolizumab in the context of 
a clinical trial. After 5 cycles, CT scan showed stable 
disease. At cycle 7, the patient developed metrorrhagia and 
abdominal pain. In August 2020 a gynecological ultrasound 
discovered bilateral adnexal masses. Scanner confirmed 
progression of peritoneal carcinomatosis. Biopsy revealed 
a signet ring cell+/poorly differentiated carcinoma. The 
same biopsy sample was used for a proteogenomic study. 
Then in August 2020, patient started second-line paclitaxel 
plus ramucirumab for metastatic gastric cancer. A week 
after the patient was hospitalized for partial intestinal 
occlusion in the small bowel eventually resolved by systemic 
corticosteroids. The patient displayed good tolerance to 
paclitaxel plus ramucirumab and maintained performance 
status without symptoms until January 2021 when a follow-
up CT scan showed an increase in ascites and secondary 
adnexal masses. Following progression, clinical trial blind 
information was open to decide next treatment (third line). 
Patient then received palliative irinotecan and remained 
under this treatment until April 14th, 2021, when she 
passed away. 

As mentioned, a NGS panel of 688 cancer-related 
genes (Sentis Cancer + Discovery, BGI) found 18 somatic 
mutations in a GC biopsy (FFPE) of the patient. Three 
of them were clinically relevant and 15 were variants 
of uncertain significance (VUS). One germinal likely 
pathogenic mutation was found. Tumor mutational burden 
(TMB) was 4.3 mut/MB and classified as microsatellite 
stable (MSS). Relevant alterations included a TP53 
mutation, p.H233_Y234insSIH, a 3-aminoacid insertion 
in the DNA binding domain of p53, classified as likely 
pathogenic and a p53 copy number loss (Table 1). Analyses 
also found a PIK3R1 nonsense, likely pathogenic mutation, 
(p.Q110*) and a germline previously unreported intronic 
mutation in the SMAD4 gene. This alteration is caused by 
a 45-nucleotide insertion in the exon 7—intron 7 boundary 
that alters the wild type donor site, probably affecting 

https://jgo.amegroups.com/article/view/10.21037/jgo-21-780/rc
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Figure 1 Timeline of the case. Left panel shows a timeline of the case and relevant outcomes. Right panels show CT images at specific 
times, yellow circles indicate parietal thickening. Frontal images were obtained at progression (August 2020 and January 2021), yellow circles 
highlight the primary lesion and perigastric adenopathies. Red circle shows peritoneal carcinomatosis. Red and yellow arrows show ascites 
and secondary adnexal masses, respectively. CT, computed tomography. 

Table 1 Clinically relevant alterations discovered by NGS analysis

Affected 
gene

Type of alteration Category
Approved 
therapies

Functional consequence

TP53 Insertion Somatic, likely pathogenic None Impaired protein and DNA binding; impaired p53 function

TP53 Copy number loss Somatic, likely pathogenic None TP53 deletion and poorer survival

PIK3R1 Non-sense mutation Somatic, likely pathogenic None Under-expression and poorer survival

SMAD4 Intronic insertion Germinal, likely pathogenic None Aberrant mRNA splicing leads to truncated form of protein

NGS, next generation sequencing. 
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Time period Therapy or outcome

Jan. 2020 Patient presented with epigastric pain and 
postprandial vomiting.
Upper digestive endoscopy: Antral gastric neoplasia.
Biopsy: tubular adenocarcinoma with loosely 
cohesive cells, Her2 (−), MSI (−), PD-L1 (+) CPS 20.

Feb. 2020 First line treatment: CAPOX (oxaliplatin 130 mg/m2,  
capecitabine 1,000 mg/m2 BID for 14 days) plus 
Pembrolizumab at 200 mg IV every 3 weeks.

May. 2020 Scanner shows stable disease after 5 cycles.

Aug. 2020 Progressive disease after 7 cycles: metrorrhagia 
and Krukenberg tumor. Biopsy: Poorly differentiated 
carcinoma with presence of signet ring cells.
Second line treatment: Paclitaxel-Ramucirumab
(Paclitaxel 80 mg/m2 days 1, 8, 15 and Ramucirumab  
6 mg/kg days 1 and 15) every 28 days.

Sep. 2020 Small bowel subocclusion resolved with medical 
management. Patient continues treatment with 
paclitaxel-ramucirumab, remains with stable disease 
and in good performance status, asymptomatic.

Jan. 2021 Progressive disease with severe ascites and an 
increase in secondary adnexal masses.
Third line treatment: Irinotecan (150 mg/m2 was 
administered intravenously) every 2 weeks

Diagnosis
(February 2020)

Stable disease
(May 2020)

Progressive disease
(August 2020)

Stable disease
(September 2020)

Progressive disease
(January 2021)

splicing (Figure 2). Interestingly, skipping of intron 7 and 
the use of alternative splicing donor sites causes an early 
stop codon that translates into a truncated protein of 323 
amino acids, versus 552 in the full-length protein. The 

truncated protein loses the MH2 domain in SMAD4, which 
is required for homomeric and heteromeric interactions 
and transcriptional regulation. Please note that our in-silico 
prediction of functional impact of this alteration should be 
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further validated.
In addition, we performed an exploratory qualitative 

proteomic analysis seeking to identify relevant proteins in 
the biology and pharmacology of this aggressive type of 
GC. A workflow of the proteomic analysis can be found 
in Figure S1. Briefly, a fresh frozen biopsy from the same 
tumor was used for the proteomic profile characterization. A 
total of 7,109 proteins were identified, among these 25 have 
been reported as “most abundant non-silent variant genes”, 
89 as “unfavorable prognosis targets”, and 91 as “known 
druggable proteins” (6). Also, 62 out of 147 were identified 
as “proteins enriched in stomach cancer” according to The 
Human Protein Atlas (7) (Figure 3A). Regarding potential 
druggable targets, we identified AKT1/mTOR and EGFR 
pathways; Figure 3B show oncogenic and tumor suppression 
proteins discovered using our approach and the signaling 
pathway they belong. Unfortunately, our approach did not 
allow us to identify under/over expressed pathways/proteins 
via a quantitative or specific phosphoproteomic analysis. 
A full list of identified proteins can be found in website 
(https://cdn.amegroups.cn/static/application/011747afd4dd
140646bb20a12cac8bce/jgo-21-780-1.xlsx). 

Ethical statement 

All procedures performed in the study were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Declaration of 

Helsinki (as revised in 2013). Written informed consent was 
obtained from the patient for publication of this case report 
and accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

Discussion

Early-onset GC incidence has steadily increased over the 
last 4 decades (1). A recent population-based cohort study 
assessed global GC incidence and mortality during the 
1980–2018 period and reported an increase in GC incidence 
among <40 years old individuals in several countries 
including the United Kingdom, Sweden and Ecuador (8). 
Studies suggest that this increase is not linked to traditional 
risk factors that affect GC incidence such as binge drinking 
or smoking (9,10). Moreover, EOGC seems to display 
distinct clinico-pathological characteristics versus traditional 
GC. Studies report a predominance of the GS subtype in 
EOGC, which is characterized by poor prognosis, and a lack 
of therapeutic benefit by traditional systemic treatments 
such as chemotherapy (11). Current literature indicates 
that EOGC is more frequent in females (12-14), generally 
of diffuse type (14), multifocal (15) and non-microsatellite 
instability (MSI) (16,17). It is also estimated that about 
10% of cases have a family history (9). Accordingly, the 
patient on this report was a female, MSS, HER2−, and 
therefore did not qualify for standard targeted therapies, 
like trastuzumab. As occurs with “traditional” or “ordinary” 

Wild type SMAD4
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Exon 7 Exon 7 STOP

Exon 8
Intron 7 Intron 7

Splice donor site loss/aberrant splicing
mRNA splicing

Exon 8

Exon 8 Exon 8

Early stop codon

Truncated SMAD4 (323 aa)Full length SMAD4 (552 aa)

SMAD4 mRNA
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Altered SMAD4
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Figure 2 Hypothetical impact of the germinal intronic insertion in SMAD4. Left panel shows the normal processing of the SMAD4 mRNA 
and the generation of the full length SMAD4 protein. Right panel shows that a 45-bp insertion causes aberrant splicing with an early stop 
codon and generates a truncated form of SMAD4 protein. 
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Figure 3 Proteomic analysis. (A) Shows a comparative diagram of protein match between the patient biopsy and published datasets including 
“most abundant non-silent variant genes”, “unfavorable prognosis targets” and “known druggable proteins”, “proteins enriched in stomach 
cancer” and “cancer genomics panel”. (B) Shows oncogenic (orange) and tumor suppressor (blue) proteins detected by our proteomic 
analysis in the biopsy sample. 
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GC (18), ethnicity appears to be a significant risk factor 
for EOGC. A retrospective study that included >3,800 
EOGC cases in Hispanic/Latino-origin US residents found 
that Mexican or Central/South American patients were 
more likely to be diagnosed with EOGC versus Cuban, 
Puerto Rican or Dominican Republic counterparts (19).  
In fact, the percentage of <40 years. Patients among 
Mexicans or Central/South Americans was 15% or 11%, 
respectively versus 3% in the entire cohort of the National 
Cancer Database, used as reference for this study. 

Although our NGS analyses did not find relevant 
actionable targets, our proteomic analysis identified AKT/
mTOR and EGFR as potential actionable pathways, which 
partially explains the rapid progression (1). Usually, EOGCs 
are linked to the EBV+ subtype and immunotherapy 
response, however this patient was categorized as EBV− and 
remained with stable disease for a relatively short period 
(5 cycles) after receiving CAPOX plus pembrolizumab. 
Similarly, a CPS =20 would also suggest immunotherapy 
response (20). Unfortunately, this was not the case. A report 
demonstrated a high spatial and temporal heterogeneity in 
PD-L1 expression in gastroesophageal adenocarcinoma (21).  
Thus, a potential explanation could be a rapid clonal 
expansion of tumor cells that became resistant to the 
checkpoint inhibitor.

Evidently, sporadic EOGC cases or those with a weak 

family history cannot be explained by traditional genetics. 
Our report is a case in point. Proteomic or epigenetic 
analyses could offer an alternative approach to discover 
potential therapies. Unfortunately, given the limitations of 
our proteomic analysis we were unable to test the clinical 
efficacy of targeting the AKT/mTOR or the EGFR 
pathways in this patient. Notably, a previous case report 
demonstrates long term survival in a metastatic GC patient 
by the combined use of cetuximab and FOLFIRI (22). On 
the other hand, in line with our findings, investigators have 
also speculated that PIK3CA or AKT inhibitors could be a 
promising alternative for GC patients (23,24). Obviously, 
more comprehensive studies should explore other 
alternatives such as DNA methylation in EOGC. 

In general, it is assumed that younger patients are 
exposed to fewer environmental carcinogens and therefore 
the underlying causes of EOGC are mainly genetic, 
however as mentioned above only 10% of cases report a 
family history. Interestingly, the presence of a germline 
SMAD4 mutation in this patient suggests a hereditary 
component on EOGC. SMAD4 (formerly called DPC4) is 
widely recognized as a tumor suppressor gene, frequently 
mutated in pancreatic (25) and colon (26) cancers. In mice, 
heterozygous null SMAD4 mutants (SMAD4+/−) develop 
GI polyposis and tumors that overexpress Cyclin D1 and 
TGF-β (27). Furthermore, concomitant loss of CDH1 and 
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SMAD4 in mice causes nuclear accumulation of β-catenin 
that promotes diffuse-type gastric adenocarcinomas and 
metastasis (28). In humans, a study reports 21% of juvenile 
polyposis syndrome (JPS) patients harbored germline 
SMAD4 alterations. Unlike our study, SMAD4 mutations 
were detected in exons 1, 4, 8, 10 and 11; investigators 
speculate that a wide range of SMAD4 alterations can 
affect TGF-β signaling (29). A similar study found a 
total of 17 germline SMAD4 mutations and six large 
deletions in a cohort of 80 JPS patients, among these 
11 were predicted to generate a truncated protein (30). 
Moreover, a systematic analysis identified SMAD4 as a 
GC susceptibility gene (31). Besides germinal alterations, 
somatic SMAD4 mutations are common among poorly 
cohesive gastric carcinoma patients (32). Finally, a study 
that analyzed 80 sporadic early onset diffuse gastric 
cancer patients by whole exome sequencing found a 
high prevalence of CDH1, TP53, PIK3CA and TGFBR1 
somatic mutations (4) partially confirming our findings. 
Interestingly, somatic CDH1 and TGFBR1 mutations were 
more frequently observed among females.

Conclusions

In summary, EOGC are hard-to-treat, poor prognosis 
malignancies with an increasing incidence. Tumor 
mutational profiling in this refractory EOGC patient 
did not identify potentially actionable relevant targets. 
In contrast, a proteomic profiling identified signaling 
pathways with therapeutic potential (AKT/mTOR and 
EGFR). Unfortunately, given the rapid deterioration 
of this patient the clinical utility of this approach could 
not be assessed. We present a model to search for new 
molecular alterations or targets in refractory patients. 
Future studies should clarify the benefits (if any) of a 
combined proteogenomic approach in the treatment 
refractory EOGC patients.
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Figure S1 A workflow of the proteomic analysis.
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