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Abstract
Purpose We have shown that activation of the receptor tyrosine kinase (RTK)-RAS pathway in gastric adenocarcinoma (GA)
promotes acquisition of cancer stem-like cell (CSC) phenotypes including metastasis and chemotherapy resistance. Here, we
evaluated the prognostic value of the CSC marker CD44 and the RTK-RAS activation marker phosphorylated MEK (p-MEK) in
patients with resectable GA.
Methods CD44 and p-MEK were measured in tumors from GA patients who underwent curative-intent gastrectomy at Fujian
Medical University Union Hospital (FMUUH, n = 134) andMemorial Sloan Kettering Cancer Center (MSKCC, n = 56). Overall
survival (OS) was estimated by the Kaplan-Meier method, and multivariate analysis was performed by Cox proportional hazards
regression modeling.
Results Despite multiple significant differences in clinicopathologic characteristics between the FMUUH and MSKCC cohorts,
high CD44 and high p-MEK expression were both independent negative prognostic factors for OS on univariate analysis in both
cohorts (p < 0.05). Both factors were also significant on multivariate analysis when the cohorts were combined (p ≤ 0.003). On
subgroup analysis, the 5-year OS of patients with both high CD44 and high p-MEKwas 39.5–41.6% compared with 55.4–66.4%
for patients with low CD44. High CD44 expression was associated with more advanced TNM stage in the FMUUH cohort and
larger tumor size and undifferentiated histology in the MSKCC cohort. High p-MEK was associated with undifferentiated
histology in the FMUUH cohort and larger tumor size in the MSKCC cohort.
Conclusions Increased CD44 and p-MEK expression are predictive of worse OS in GA patients. Thus, targeting the RTK-RAS
pathwaymay benefit patients with CD44-positive, RAS-activated GA by inhibiting metastasis and reversing chemotherapy resistance.
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Synopsis Receptor tyrosine kinase (RTK)-RAS signaling in gastric
adenocarcinoma (GA) promotes acquisition of cancer stem-like cell
(CSC) phenotypes including metastasis and chemotherapy resis-
tance. Here we find that high tumor expression of the CSC marker
CD44 and the RTK-RAS activation marker phosphorylated MEK
are independent predictors of worse overall survival. Thus, the
RTK-RAS pathway may be a therapeutic target in CD44-positive
GA to inhibit metastasis and reverse chemotherapy resistance.
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Introduction

Gastric cancer, the vast majority of which are gastric adeno-
carcinomas (GAs), is the fifth most common malignancy
worldwide and is the third leading cause of cancer death.1,2

The disease continues to carry a poor prognosis, accounting
for over 700,000 deaths per year. The majority of patients with
gastric cancer present with advanced or metastatic disease.3

Though the response rate to multi-agent chemotherapy is 50%
or greater, nearly all patients develop chemotherapy resis-
tance, and median survival is extended to only 9–
11 months.4,5

There is growing evidence to support the cancer stem cell
(CSC) theory which postulates that a small population of cells
within a solid tumor has “stem-like” characteristics including
self-renewal and differentiation.6–8 These CSCs generally
demonstrate resistance to chemotherapy or radiation.9,10 The
cell surface protein CD44 is the only gastric CSC marker
associated with tumor formation in immunodeficient mice
and spheroid colony formation in vitro.11 CD44 is the major
cell surface receptor for hyaluronic acid encoded on the short
arm of chromosome 11 in humans.12 The extracellular domain
of CD44 binds to hyaluronic acid, where their interaction pro-
motes cell migration and maintains proliferation and differen-
tiation of CSCs.13

Genes encoding the receptor tyrosine kinase (RTK)-RAS
signaling pathway are altered in 60% of GAs.14 The RAS
family of proteins (in humans, HRAS, KRAS, and NRAS)
are small GTPases involved in cellular signal transduction
supporting cell growth and survival.15 KRAS is amplified or
mutated in 17% of GAs.14 Upon stimulation by upstream
receptors, KRAS switches from an inactive, GDP-bound form
to an active, GTP-bound form. This conformational change
leads to its binding with RAF. KRAS recruits RAF to the
membrane where it promotes RAF dimerization and activa-
tion. Activated RAF phosphorylates and activates MEK, and
activated MEK phosphorylates and activates ERK.

We have previously shown that oncogenic Kras can in-
crease gastric tumorigenesis and metastasis in a genetically
engineered mouse model.16 In GA driven by Cdh1 and
Trp53 loss in gastric parietal cells, 69% of mice developed
diffuse-type GA that metastasized to lymph nodes at 1 year.17

Combining that with oncogenic Kras (KrasG12D) increased
the penetrance of GA development to 100% and reduced sur-
vival to 76 days. In these triple-conditional (Tcon) mice, both
intestinal and diffuse primary tumors are observed throughout
the stomach, as well as lymph node, lung, and liver metasta-
ses.When Tconmice are treated with aMEK inhibitor starting
at 4 weeks of age, median survival increases from 76 to
95 days.

We also recently reported that KRAS activation in GA
promotes epithelial-to-mesenchymal transition (EMT) and ac-
quisition of cancer stem-like cell (CSC) phenotypes including

metastasis and chemotherapy resistance.18 Inhibition of the
RTK-RAS pathway using RNA interference or pharmacolog-
ic inhibition decreased spheroid formation (a marker of
CSCs), expression of EMT-related proteins, migration, inva-
sion, and chemotherapy resistance. KRAS inhibition in GA
spheroid cells led to reduced growth of human gastric cancer
cell flank xenografts, loss of the infiltrative tumor border, few-
er lung metastases, and increased survival.

Here we evaluate the prognostic value of the GA CSC
marker CD44 and the RTK-RAS activation marker phosphor-
ylated MEK (p-MEK) in two cohorts of patients with resect-
able GA.

Methods

Patient Population

Tumor tissue analysis was performed on patients from Fujian
Medical University Union Hospital (FMUUH, Fujian, China)
and fromMemorial Sloan Kettering Cancer Center (MSKCC,
New York, USA). At FMUUH, 134 patients who underwent
gastrectomy between 2013 and 2014 were identified for inclu-
sion in this study, and at MSKCC, 56 patients who underwent
gastrectomy between 2007 and 2011 were identified for inclu-
sion in this study. All patients had adenocarcinoma arising in
the stomach or gastroesophageal junction (GEJ) Siewert type
II or III and underwent curative-intent gastrectomy. Patients
who received neoadjuvant chemotherapy were excluded. All
research protocols in the current study were approved by the
Institutional Review Boards of both FMUUH andMSKCC. A
portion of each patient’s tumor was fixed in 10% buffered
formalin for 24 h and processed into paraffin blocks.
Clinicopathologic data were collected from the two institu-
tions’ prospective databases. Pathologic staging was deter-
mined according to the 8th edition American Joint
Committee on Cancer (AJCC) staging system.19

Tissue Microarray and Immunohistochemistry

A representative core biopsymeasuring 2 mm in diameter was
obtained from each tumor paraffin block and deposited into a
recipient tissue microarray (TMA) block using a precision
tissue array instrument (from Shanghai Outdo Biotech Co.
Ltd. at FMUUH; and from Beecher Instruments, Inc., Sun
Prairie, WI, at MSKCC).20 Several serial sections 4 μm in
thickness were cut from the TMA blocks, and one section
from each was stained with hematoxylin-eosin and served as
a reference. Immunohistochemistry (IHC) was performed
using monoclonal antibodies against CD44 (eBioscience,
BMS113, San Diego, CA) and phosphorylated (Ser217/
221)-MEK1/2 (Cell Signaling, #9154, Danvers, MA) and
the VECTASTAIN Elite ABC Kit per the manufacturer’s
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protocol (Vector Laboratories, Burlingame, CA).21 TMA sec-
tions were deparaffinized with xylene, rehydrated by alcohol
gradient, and subjected to antigen retrieval using citrate buffer
(pH 6.0) and microwave heating. Endogenous peroxidase ac-
tivity was blocked, and the sections were incubated overnight
at 4 °C with the primary anti-CD44 antibody or the primary
anti-p-MEK antibody diluted 1:50 in CAS-Block blocking
reagent (Invitrogen, Grand Island, NY). Staining was visual-
ized using anti-IgG biotinylated secondary antibody,
streptavidin-HRP (Vector Laboratories), and 3,3′-diaminoben-
zidine. The sections were counterstained with hematoxylin.

Immunostained tissue sections were examined and scored
independently evaluated by two experienced pathologists
(Q.Y. and S.Q.). The intensity of staining for CD44 and p-
MEK was scored as 0 to 3 (Fig. 1a). The proportion of posi-
tively stained cells was scored as follows: ≤ 5% positive cells,
0; 6 to 25% positive cells, 1; 26 to 50% positive cells, 2; ≥
51% positive cells, 3. To obtain an IHC score that considers
the IHC signal intensity and the frequency of positive cells,
the intensity score was multiplied by the percentage score.
Composite scores less than 3 were defined as low expression
and scores of 4 or higher, as high. Discordant results in terms

of intensity of staining or proportion of positively stained cells
were found in less than 10% of cases. Discordant results were
resolved through re-analysis by both pathologists to arrive at a
concordant result.

Follow-up

All patients were followed up post-gastrectomy every
3 months for the first 2 years and every 6 months for the next
3 years. Each follow-up visit included a physical examination
and laboratory tests including serum CA19-9 and CEA. At
every other visit, chest X-ray or chest CT and abdominal CT
were performed. Patients who did not undergo total gastrec-
tomy underwent an upper endoscopy each year or every other
year. The median follow-up was 37.0 months (range, 2–
61 months) for FMUUH patients and 46.0 months (range,
1–98 months) for MSKCC patients.

Statistical Analysis

Descriptive statistics (mean and standard deviation) were cal-
culated using IBM SPSS version 22.0.0 (IBM Corporation,
Armonk, NY). Differences in the distribution of patient-, tu-
mor-, and treatment-specific factors between groups were
evaluated using Fisher’s exact test or Pearson’s χ2 test for
categorical variables and Student’s t test for continuous vari-
ables. Kaplan-Meier estimates were used to generate overall
survival plots. The log-rank test was used to compare survival
outcomes. Cox proportional hazards regression modeling was
used in univariate and multivariate survival analyses.
Significant differences were assumed at p values of less than
0.05 in a two-tailed test.

Results

Clinicopathologic Characteristics

Table 1 summarizes the demographic, treatment, and patho-
logic characteristics of the 134 FMUUH patients and 56
MSKCC patients. FMUUHpatients were on average 5.6 years
younger than MSKCC patients, and FMUUH patients were
more frequently male (79.1% vs. 57.1%, p = 0.002). Mean
BMI was higher in MSKCC patients (26.7 ± 5.1 kg/m2 vs.
22.2 ± 3.4 kg/m2, p < 0.001). All patients treated at FMUUH
were Asian, whereas 78.6% of patients treated at MSKCC
were Caucasian, 12.5% were Asian, and 8.9% were African-
American.

More than half of MSKCC patients underwent distal gas-
trectomy (53.5%), while more than half of FMUUH patients
underwent total gastrectomy (58.2%). Fewer lymph nodes
were examined in MSKCC patients compared with FMUUH
patients (21.7 ± 10.6 vs. 37.4 ± 15.0).
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Fig. 1 Immunohistochemical staining of tumors for CD44 and
phosphoryla ted MEK (p-MEK). a Photos of GA tumors
immunostained for CD44 and p-MEK. Examples of staining intensity
from 0 to 3 are shown. CD44 staining was predominantly localized to
the membrane, and p-MEK staining was predominantly localized to the
cytoplasm. Scale bars represent 20 μm. b Proportion of tumors with low
versus high staining for CD44 and p-MEK in the FMUUH and MSKCC
cohorts
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Upon pathologic review, FMUUH patients had a higher
rate of undifferentiated tumors (65.7% vs. 44.6%), a lower
rate of vascular invasion (33.6% vs. 69.6%), and a lower rate

of perineural invasion (29.9% vs. 58.9%). FMUUH patients
overall had more advanced tumors in terms of T status, N
status, and TNM stage (all p < 0.05).

Table 1 Clinicopathologic
characteristics of the FMUUH
and MSKCC cohorts

FMUUH (n = 134), n (%) MSKCC (n = 56), n (%) t/χ2 p value

Age (years) 63.3 ± 11.1 68.9 ± 13.4 − 3.003 0.003

Gender 9.583 0.002

Male 106 (79.1) 32 (57.1)

Female 28 (20.9) 24 (42.9)

Body mass index (kg/m2) 22.2 ± 3.4 26.7 ± 5.1 − 7.232 < 0.001

Ethnicity 157.996 < 0.001

Asian 134 (100.0) 7 (12.5)

Caucasian 0 44 (78.6)

African-American 0 5 (8.9)

Type of surgery 19.166 < 0.001

Distal gastrectomy 54 (40.3) 30 (53.6)

Total gastrectomy 78 (58.2) 18 (32.1)

Proximal gastrectomy 2 (1.5) 8 (14.3)

Lymph nodes examined 37.4 ± 15.0 21.7 ± 10.6 7.098 < 0.001

Tumor size (cm) 5.1 ± 1.9 4.6 ± 2.9 1.332 0.184

Tumor location 5.374 0.146

Upper third 60 (44.8) 21 (37.5)

Middle third 24 (17.9) 17 (30.4)

Lower third 47 (35.1) 15 (26.8)

More than two parts 3 (2.2) 3 (5.4)

Differentiation 7.246 0.007

Differentiated 46 (34.3) 31 (55.4)

Undifferentiated 88 (65.7) 25 (44.6)

Vascular invasion 20.822 < 0.001

Presence 45 (33.6) 39 (69.6)

Absence 89 (66.4) 17 (30.4)

Perineural invasion 14.114 < 0.001

Presence 40 (29.9) 33 (58.9)

Absence 94 (70.1) 23 (41.1)

T status 23.253 < 0.001

T1 4 (3.0) 14 (25.0)

T2 14 (10.4) 7 (12.5)

T3 58 (43.3) 17 (30.4)

T4 58 (43.3) 18 (32.1)

N status 24.950 < 0.001

N0 19 (14.2) 22 (39.3)

N1 23 (17.2) 17 (30.4)

N2 41 (30.6) 8 (14.3)

N3a 38 (28.4) 7 (12.5)

N3b 13 (9.7) 2 (3.6)

TNM stage 23.759 < 0.001

I 6 (4.5) 15 (26.8)

II 37 (27.6) 19 (33.9)

III 91 (67.9) 22 (39.3)

Values for categorical variables are n (%); those for continuous variables are median ± standard deviation

1150 J Gastrointest Surg (2021) 25:1147–1155



Tumor Expression of CD44 and p-MEK

Tumor samples were immunohistochemically stained and an-
alyzed to quantify expression of CD44, a marker of GACSCs,
and phosphorylated MEK (p-MEK), a marker of RTK-RAS
activation (Fig. 1a). Of the 134 FMUUH patients, 102
(76.1%) had tumors expressing high levels of CD44 (Fig.
1b), and 48 (35.8%) had high expression of p-MEK. Among
the 56 MSKCC patients, 43 tumors (76.8%) had high CD44
expression, and 23 (41.1%) had high p-MEK expression. The
proportions of patients with high versus low CD44 and p-
MEK expression in the FMUUH and MSKCC cohorts did
not significantly differ (all p > 0.05).

Relationships Between CD44 and p-MEK Expression
and Clinicopathologic Characteristics

Clinicopathologic characteristics of patients categorized by
CDK44 and p-MEK protein expression (within each cohort)
are compared in Supplemental Table 1. Within FMUUH and
MSKCC patient groups, those whose tumors exhibited low
versus high CD44 and p-MEK expression did not significant-
ly differ in gender distribution, age, tumor location, vascular
invasion, or perineural invasion (all p > 0.05). High CD44
expression was associated with more advanced TNM stage
in the FMUUH cohort and larger tumor size and undifferenti-
ated type in the MSKCC cohort. High expression of p-MEK
was associated with undifferentiated type in the FMUUH co-
hort and larger tumor size in the MSKCC cohort. Since these
correlations are not consistent, the significant p values may be
from multiple testing and may not be true correlations.

Because there were small numbers of patients with stage I
and II disease, stage I and II patients (total n = 77) were com-
bined and compared with stage III patients (total n = 113). In
combining cohorts, stage III patients had high CD44 expres-
sion in 93/113 (82%) of tumors compared with 52/77 (68%) in
stage I and II patients (p = ns). Stage III patients had high p-
MEK expression (43/113, 38%) in tumors compared with 27/
77 (35%) in stage I and II patients (p = ns). Thus, high expres-
sion of CD44 and p-MEK appear to be independent of tumor
stage.

CD44 and p-MEK Expression and Overall Survival

Estimated 5-year overall survival (OS) was 63.5% in FMUUH
patients and 57.5% in MSKCC patients. High CD44 expres-
sion was associated with significantly worse overall survival
in both cohorts (Fig. 2a, b). Five-year OS for high versus low
CD44 expression was 54.3% versus 90.6% in FMUUH pa-
tients (p = 0.002) and 49.7% versus 92.3% in MSKCC pa-
tients (p = 0.044). High p-MEK expression also was associat-
ed with worse OS in both cohorts (Fig. 2c, d). Five-year over-
all survival for high versus low p-MEK expression was 47.2%

versus 73.3% in FMUUH patients (p = 0.012) and 45.2% ver-
sus 65.1% in MSKCC patients (p = 0.032).

Among patients with low CD44 expression, the 5-year OS
of patients with low versus high p-MEK expression did not
significantly differ in either cohort (p > 0.05, Supplemental
Fig. 1). Among patients with low CD44 expression, 5-year
OS was 96.6–92.3%, regardless of p-MEK expression level.
Among the patients with high CD44 expression, those with
low p-MEK expression had an intermediate prognosis (5-year
OS, 55.4–66.4%) and those with high p-MEK expression had
the worst prognosis (5-year OS, 39.5–41.6%) (Fig. 2e, f).
Similar results were found when the FMUUH and MSKCC
cohorts were considered a single group (Fig. 3). Because of a
small sample size of patients in stage I (21 patients in all
patients), we combined stages I and II for survival analysis.
The results showed that in stages I–II or III, the high expres-
sion of CD44 and p-MEK all have worse survival
(Supplemental Fig. 2).

Factors Predictive of Survival

We next performed univariate and multivariate analyses of
factors possibly associated with overall survival (Table 2).
The following factors were significant negative prognostic
factors on univariate analysis in the FMUUH cohort: ad-
vanced T status, advanced N status, high CD44 expression,
and high p-MEK expression; all of these remained significant
on multivariate analysis. In the MSKCC cohort, univariate
analysis found that age, tumor size, vascular invasion, ad-
vanced T status, advanced N status, CD44 expression, and
p-MEK expression were associated with worse overall surviv-
al. Multivariate analysis narrowed this list to tumor size, ad-
vanced N status, and high p-MEK expression. The same anal-
ysis among the combined cohort identified advanced N status
and high CD44 and high p-MEK expression as negative prog-
nostic factors (Supplemental Table 2).

Discussion

In this study, we evaluated expression of the CSC marker
CD44 and the RTK-RAS activation marker p-MEK as prog-
nostic factors for overall survival in two cohorts of patients
undergoing curative-intent gastrectomy for GA, one from
China and one from the USA, because some studies have
found that there were several different clinicopathological
characteristics between East and West.22,23 Although there
were several differences in clinicopathologic variables and
treatment between the two cohorts, CD44 and p-MEK expres-
sion predicted worse overall survival outcomes in both
groups. Based on our prior studies,16,18 we suspect that the
subgroup of patients with high tumor expression of CD44 and
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p-MEK have higher propensity for metastatic disease and are
more resistant to adjuvant chemotherapy.

We previously found that CD44 expression distinguishes a
subset of GA cells with CSC and malignant transformation
properties that can be blocked by Hedgehog pathway
inhibition.24 CD44 is the principal cell surface receptor for
hyaluronic acid, a major component of extracellular matrix,12

and plays important roles in cell-matrix interactions, motility,
matrix degradation, proliferation, and survival. Several studies
have shown an association between expression of a specific
CD44 isoform, variant 6, and lymph node metastasis and
worse prognosis in GA.25,26 We used CD44 antibodies that
recognize all CD44 isoforms, and did not analyze expression
of specific CD44 isoforms. Our finding that high CD44 ex-
pression is associated with reduced overall survival confirms

those of other studies.13,27,28 Other studies have shown that
more than half of analyzed GAs have some CD44
expression.29,30 Additionally, CD44 expression in this study
did not correlate with more advanced TNM stage, which dif-
fers from the review by Wang et al.31

While the relationship between RTK-RAS activation and
CSC function has not been extensively studied in GA, there
have been some studies in other gastrointestinal tumors. In co-
lorectal cancer, Blaj et al. found that high MAPK activity pro-
motes EMT and marks a progenitor cell subpopulation that
served as the predominant source of growing flank
xenografts.32 Also in colorectal cancer, Moon et al. showed that
in cells carrying mutated APC, oncogenic KRAS increases ex-
pression of CSC markers (CD44, CD133, and CD166), spher-
oid formation, and the size of tumor xenografts. In pancreatic
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Fig. 2 Overall survival stratified
by CD44 and p-MEK expression.
Kaplan-Meier curves comparing
overall survival within the
FMUUH (a) and MSKCC (b)
cohorts between patients with low
or high CD44 expression.
Kaplan-Meier curves comparing
overall survival within the
FMUUH (c) and MSKCC (d)
cohorts between patients with low
or high p-MEK expression.
Kaplan-Meier curves comparing
overall survival within the
FMUUH (e) and MSKCC (f) co-
horts between patients with low
CD44, high CD44/low p-MEK,
or high CD44/high p-MEK
expression
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CSCs, inhibition of KRAS led to downregulation of JNK sig-
naling and loss of self-renewal and tumor-initiating capacity.33

MEK overexpression has been identified in a number of
other malignancies including renal cancer, breast cancer, and
prostate cancer and has been linked to tumor progression and

metastasis.34–36 While studies of the role of MEK in gastric
cancer tumorigenesis are limited, one study by Liang et al.
linked high expression to GA progression in patients.
Among 42 patients, increased MEK expression was signifi-
cantly associated with lymph node metastasis.37

p<0.001

CD44 low + p-MEK high n=11
CD44 high + p-MEK low n=85
CD44 high + p-MEK high n=60

p<0.001

n=45
n=145

p=0.001

n=119
n=71

a b

c

CD44 low + p-MEK low n=34

Fig. 3 Kaplan-Meier curves for
the combined FMUUH and
MSKCC cohorts comparing
overall survival between patients
with low versus high CD44
expression (a), low versus high p-
MEK expression (b), and each
combination of low or high CD44
and p-MEK expression (c)

Table 2 Univariate and multivariate analysis of factors predictive of overall survival in the FMUUH and MSKCC cohorts

FMUUH cohort MSKCC cohort

Variable Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

p value HR 95% Cl p value p value HR 95% Cl p value

Age 0.850 0.010 1.017 0.975–1.061 0.440

Gender 0.417 0.604

Type of surgery 0.652 0.616

Tumor size 0.112 0.001 1.200 1.010–1.425 0.013

Tumor location 0.139 0.906

Differentiation type 0.220 0.080

Vascular invasion 0.919 0.039 1.835 0.605–6.826 0.354

Perineural invasion 0.425 0.053

T status < 0.001 1.782 1.037–3.063 0.036 0.038 1.205 0.735–1.973 0.142

N status < 0.001 1.931 1.383–2.696 < 0.001 0.022 1.410 1.096–2.040 0.037

High CD44 expression 0.005 4.540 1.402–14.703 0.012 0.044 4.116 0.937–31.573 0.083

High p-MEK expression 0.015 2.183 1.197–3.979 0.001 0.038 2.144 1.052–5.397 0.046
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Our results, by clinically linking high MEK activation to
worse outcomes, suggest that RTK-RAS inhibition may ben-
efit a subgroup of patients with GA. Targeted therapies are
urgently needed to overcome the challenge of chemotherapy
resistance. Appropriately selecting patients for targeted thera-
pies is crucial to demonstrating their efficacy, as seen with
trastuzumab plus chemotherapy in patients whose GA
overexpresses human epidermal growth receptor 2 (HER-2),
which prolonged survival from 11 to 14 months,38 compared
with the lack of benefit of combining cytotoxic chemotherapy
with agents targeting the vascular endothelial growth factor A
(VEGF-A) or epidermal growth factor (EGF) pathways in
unselected patients.39–41 RTK-RAS pathway inhibition may
only be effective for the subset of GAs with high CD44 ex-
pression and high RTK-RAS activity. Our finding that patients
with increased tumor levels of CD44 and increased p-MEK
expression had significantly worse overall survival after resec-
tion of their tumors suggests that this may be a subgroup in
which MEK inhibition would be most beneficial. Supporting
this conclusion, in our genetically engineered mouse model of
GA driven in part by mutant KRAS, MEK inhibition using
PD0325901 starting at 4 weeks of age increased median sur-
vival times by 25% (Yoon CH et al.,Mol Cancer Res in press).
Several MEK inhibitors including trametinib, cobimetinib,
and binimetinib are currently FDA-approved for use in pa-
tients with BRAF-mutated melanoma, which should facilitate
initiation of a clinical trial in GA.42,43

There are several limitations to this study. First, the rela-
tively limited number of patients in this study makes our find-
ings less definitive than those of a larger-scale investigation.
Second, the fact that all patients were treated at only two
institutions means that these results require validation in other
cohorts. Third, patients receiving neoadjuvant treatment were
excluded, raising the potential for selection bias (they were
excluded because such treatment can affect CD44 and MEK
expression). Lastly, we did not examine correlations between
CD44 and MEK expression and response to therapy among
patients who developed recurrence and received treatment in
the metastatic setting.

In summary, this study shows that high tumor expression of
CD44 and p-MEK are associated with significantly worse
overall survival in patients with GA. Together with our previ-
ous findings, we suspect that targeting the RTK-RAS-MEK
pathway may be a means to inhibit metastases and reverse
chemotherapy resistance in the subset of patients with high
CD44 expression and RTK-RAS activation.
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