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Introduction

Since the year 2000, many new therapies have been studied and 
approved in the treatment of gastrointestinal malignancies. 
Largely, these incremental gains are due to better 
characterization of biologic mechanisms in cancer growth, 
self-sustenance, and metastatic spread, as described in the 
landmark Hallmarks of Cancer (1). Targeting epidermal 
growth factor receptor (EGFR), vascular-endothelial 
growth factor (VEGF), its receptor, VEGF-R, and human 
epidermal growth factor receptor-2 (HER2/Neu) have 
each yielded FDA-approved therapies in multiple tumor 
types because of demonstrable responses in phase III trials 
(Figure 1). Across studies, changes in response rate (RR), 
progression-free survival (PFS), and overall survival (OS) 

have been demonstrated with varying levels of success. 
In spite of their early promise in these areas, patients with 

colon and gastroesophageal cancers uniformly progress, and 
still die from their disease. As in other cancers, researchers 
are now making strides to understanding why the responses 
to these biologic therapies are not as durable as previously 
hoped. 

This review will focus primarily on demonstrated 
mechanisms of resistance to biologic therapies. We define 
primary resistance as a characteristic of the tumor that exists 
prior to the initiation of biologic therapy that predicts for 
no response or a poor response. Secondary resistance we 
define as a tumor or host characteristic that arises during, 
or in response to, treatment with biologic therapies. We 
will review these mechanisms based on the molecular target 
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involved, and reference the different diseases involved 
within each section.

Resistance to EGFR inhibitors: primary

As many tumors of the gastrointestinal tract arise from 
epithelial origins, the attractiveness of treating with 
therapies blocking EGFR is readily evident. A series of 
colon cancer trials have shown, improvements in RRs 
and OS, particularly in populations without mutations in 
EGFR and/or downstream effectors, which are described 
in the next section. In most other GI cancers, however, 
blocking EGFR has not demonstrated clinically relevant 
improvements in outcome (2-4). New strategies to 
investigate anti-EGFR therapy in other tumor types are 
focusing on selecting for patients whose tumors overexpress 
EGFR, or do not harbor deleterious mutations (ENRICH 
study, NCT 01813253) (5). 

KRAS/NRAS

KRAS and NRAS belong to the family of RAS oncogenes. 

Mutations in these genes generate a constitutively activated 
tyrosine kinase which renders the tumor insensitive to 
upstream blockade of the EGFR/RAS/RAF pathway. The 
most common KRAS mutations are found in exon 2 (codon 
12 or 13). Activating mutations in KRAS at exon 2 have proven 
to predict resistance to anti-EGFR therapies (6-11). These 
mutations are well-established as mediators of primary 
resistance to targeted biologics.

In a retrospective European consortium analysis, De 
Roock and colleagues analyzed tumor samples from a large 
cohort of patients with chemotherapy-refractory mCRC 
treated with cetuximab and chemotherapy (12). Forty 
percent of evaluable samples harbored KRAS mutations, 
most commonly at codon 12 or 13 (exon 2) with 2.1% at 
codon 61 (exon 3) and 2% at codon 146 (exon 4). Among 
those treated with cytotoxic chemotherapy plus cetuximab 
any mutation in KRAS was a negative prognostic indicator 
for RR, PFS, and OS. Other RAS family mutations have 
demonstrated importance as well; NRAS mutations were 
found in 2.6% of evaluable samples, mostly in codon 61, 
and were mutually exclusive of KRAS mutations. NRAS 
mutant cancers had a significantly lower RR when treated 
with chemotherapy and cetuximab. Numerically, lower PFS 
and OS were seen, but not statistically significant, perhaps 
owing to the low sample size of NRAS mutants (12).

The OPUS study examined the efficacy of cetuximab 
in combination with FOLFOX4 as first-line treatment 
for mCRC (7). KRAS mutations were assessed at exon 
2 at codon 12 or 13 with 93% mutational status known 
(315/337). When treated with FOLFOX4/cetuximab versus 
FOLFOX alone, the KRAS exon 2 wild-type population 
had a better RR and median PFS. Among the KRAS exon 
2 mutant populations, outcomes were reversed; adding 
cetuximab to FOLFOX4 resulted in worse RR, shorter 
PFS. OS was not significantly affected in either population. 
Further analysis of patients with KRAS exon 2 wild-type 
cancers in the cohort demonstrated that other KRAS and 
NRAS mutations led to resistance to anti-EGFR therapies (13). 

A recent reevaluation of the CRYSTAL data assessed 
other RAS mutations, and found similar results (14). 
Alternative RAS mutations (KRAS exon 3, 4 and NRAS 
exons 2, 3, 4) were examined in patients with KRAS exon 2 
wild-type cancers treated with FOLFIRI/cetuximab versus 
FOLFIRI alone. The presence of any RAS mutation showed 
no improvement to the addition of cetuximab in RR, PFS 
or OS. Similar results were found when all RAS mutations 
were combined. In contrast, the all-RAS wild-type 
population demonstrated highly significant improvements 
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Figure 1 Therapies involving biologic pathways in gastrointestinal 
cancers and their downstream effectors.
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in RR, PFS and OS when treated with FOLFIRI/cetuximab 
compared to FOLFIRI alone (14).

Retrospective data of 579 patients treated with cetuximab 
in the refractory setting suggested that specific mutations in 
KRAS (G13D) might preserve response to cetuximab. Since 
this mutation is a common one in KRAS (19% of mutations 
in that gene, 5–8% of all mCRCs), prospective phase II 
studies were conducted. The ICECREAM study, published 
in 2016, showed in a prospective manner that anti-EGFR 
therapy has no role for patients with this mutation (15,16).

For treatment with panitumumab, the same concepts 
of any RAS mutation predicting resistance to anti-EGFR 
therapy hold true. Among all RAS wild-type (KRAS at exon 
2, 3, 4 and NRAS 2, 3, 4) patients, benefits were observed 
in PFS when treated with FOLFIRI/panitumumab versus 
FOLFIRI alone as second-line treatment (17). Similar 
to results in other studies, the addition of an anti-EGFR 
therapy to standard chemotherapy provided no statistically 
significant benefit in terms of OS, PFS, or RR in the 
presence of any RAS mutation. As a review of the PRIME 
data, RAS mutations were assessed in patients treated with 
FOLFOX4 with and without panitumumab. Among those 
with a RAS mutation other than at KRAS exon 2 treated 
with FOLFOX4/panitumumab versus FOLFOX4 alone, 
there was no difference in PFS or OS. With a complete 
RAS mutation analysis (all KRAS at exon 2, 3, 4 and NRAS 
mutations at exon 2, 3, and 4), this review showed those 
patients with a mutation treated with chemotherapy and 
an anti-EGFR therapy had a significantly shorter median 
PFS and OS. Having no RAS mutations treated with 
FOLFOX4/panitumumab conferred a longer median PFS 
and OS compared to FOLFOX4 alone (8). 

Other mutations clearly play a role, because among KRAS 
exon 2 wild-type patients, as many as 65% are resistant to 
EGFR mAbs (18). The search for which genes and which 
mutations cause this resistance are active areas of research.

BRAF

BRAF is an oncogene in the RAF gene family that encodes 
a serine-threonine protein kinase found in the RAS-RAF-
MAPK cascade. Approximately 10% of colorectal cancer 
harbors a BRAF mutation, though this number varies 
depending on the population of study (19-21). The most 
significant and prevalent mutation occurs at the kinase 
domain from a substitution of valine to glutamic acid 
(V600E). Numerous clinical studies have suggested that the 
presence of this mutation predicts resistance to anti-EGFR 

therapies, as well as marks poor prognosis (7,12,20,22-24).  
In one study, BRAF mutant tumors had a significantly lower 
RR compared to wild-type cancers when treated with an 
anti-EGFR therapy, as well as shorter PFS and OS (8,12) 
Similarly, in a retrospective analysis of RAS and BRAF 
mutation status of PRIME data (8), patients with neither 
RAS nor BRAF mutations showed significantly better OS 
and PFS when treated with FOLFOX4/panitumumab 
compared to FOLFOX4 alone. The presence of BRAF 
mutations in RAS wild-type patients resulted in a worse 
outcome. Treatment with anti-EGFR therapy did not 
significant improve median PFS or OS. FOLFIRI/
panitumumab versus FOLFIRI alone was examined in the 
second-line setting by Peeters and colleagues (17). The 
presence of a BRAF mutation resulted in no significant 
differences in PFS or OS whether patients were treated 
with FOLFIRI/panitumumab or FOLFIRI alone, 
indicating BRAF mutations may confer EGFR therapy 
resistance although this study was not powered for this 
purpose. Having a BRAF V600E mutation generated a poor 
prognosis regardless of treatment group. 

The negative predictive influence of BRAF extends across 
multiple lines of therapy. FOLFIRI/panitumumab versus 
FOLFIRI alone was examined in the second-line setting. 
The presence of a BRAF mutation resulted in no significant 
differences in PFS or OS whether patients were treated 
with FOLFIRI/panitumumab or FOLFIRI alone, indicating 
BRAF mutations may confer EGFR therapy resistance 
although this study was not powered to definitively for this 
purpose (17). 

Inhibition of BRAF has demonstrated remarkable 
responses in patients with V600E mutations in BRAF in 
melanoma (25). Colorectal cancers which harbor the same 
mutation do not have nearly the same successful response to 
this therapy (26). Preclinical studies have suggested a variety 
of mechanisms describing resistance to BRAF inhibition. 
A possible escape mechanism is activation of MAPK/
ERK through an EGFR-mediated activation of RAS and 
CRAF. In a pre-clinical model exploring this hypothesis, 
BRAF mutant CRC cells displayed high basal levels of 
phosphorylated receptor tyrosine kinases, suggesting that 
activation of MAPK may take place via upstream mediators 
even when BRAF is inhibited. Interestingly, in this murine 
model, dual MAPK pathway suppression with vemurafenib 
and an EGFR inhibitor demonstrated less induction of 
GTP-bound RAS, decrease in the phosphorylation of ERK1/2 
and less induction of GTP-bound RAS, corresponding with 
tumor inhibition and tumor regression (27).
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These preclinical data led to clinical studies evaluating 
activity of combined EGFR and BRAF inhibition. Data 
presented at ASCO 2014 suggested dual inhibition with 
MEK1/2 inhibitors plus cetuximab may have clinical 
efficacy (28). Patient-derived xenograft data suggested that 
dabrafenib (RAF inhibitor), trametinib (MEK inhibitor), 
and EGFR blockade had the most antitumor efficacy in a 
BRAF-mutant model (29). A phase 1–2 study of dabrafenib, 
trametinib, and panitumumab in BRAFV600E colon cancers 
demonstrated safety, tolerability and efficacy with a partial 
response in 4/6 patients on the triplet, and the other two 
with stable disease (30). A similar study looking at BRAF and 
MEK inhibition with dabrafenib and trametinib has been 
published, with 12% of refractory patients demonstrating 
a partial response. All patients in this study who had post-
treatment biopsies had reduced levels of activated ERK1/2, 
demonstrating the clinical plausibility of the hypothesis 
proposed in the preclinical model cited above (31).

PIK3CA

Phosphoinositide 3-kinases (PI3K) are a family of 
heterodimeric lipid kinases consisting of regulatory (p85) 
and catalytic (p110) subunits. These kinases are important 
for multiple cellular processes including cell growth, 
proliferation, survival and apoptosis. PI3K is downstream 
of EGFR signaling, so activation of this pathway might lead 
to resistance to anti-EGFR therapies. The PIK3CA gene 
encodes the catalytic subunit, p110a, which, when mutated, 
results in a constitutively active PI3K. PIK3CA mutations 
in occur in 10–20% of colorectal cancers (12,32-34). Exon 
9 and 20 are responsible for more than 80% of PIK3CA 
mutations in colorectal cancer (35). It is mutations in these 
exons that generate the activated PI3K that can generate 
secondary resistance to anti-EGFR therapies.

Controversy exists about how critical these mutations 
are in generating resistance to therapy. Sartore-Bianchi and 
colleagues examined 110 patients with mCRC treated with 
either panitumumab or cetuximab (34). Of patients carried 
PIK3CA mutations (13.6%; 15/110), of which the majority 
(11/15) were located at exon 20 and 4 of 15 at exon 9, and 
0/15 patients with PIK3CA mutation responded to anti-
EGFR therapies compared to wild type, and PFS was lower. 
The authors concluded that PIK3CA mutations may be an 
independent predictor of resistance to anti-EGFR. Other 
studies have similar results (36,37). In contrast, Prenen 
and colleagues found no such association. PIK3CA and 
KRAS status were assessed in 200 chemotherapy-refractory 

mCRC patients subsequently treated with cetuximab as a 
monotherapy or in combination with irinotecan. Twenty-
three (12%) of 200 carried PIK3CA mutations, of which the 
majority were found on exon 9. There were no differences 
in PIK3CA mutation status among responders and non-
responders (5/39 vs. 18/160, P=0.781) (33). Furthermore, 
there were no differences in median PFS (24 vs. 18 weeks;  
P=0.760) and OS (45 vs .  39 weeks; P=0.698) when 
comparing mutant to wild type tumors. In the European 
consortium, a similar prevalence of PIK3CA mutations, 
14.5%, was found (12). PIK3CA mutations at exon 20 were 
associated with lack of response to cetuximab whereas 
mutations in exon 9 did not. Most studies to date have 
looked at exon 9 and 20 alone, as they account for the 
majority of the mutations, but the remainder of the gene 
may have relevance, as has been shown in RAS and RAF. 
Clearly, further investigations are needed to clarify the 
role of PIK3CA mutations as predictive biomarker for the 
treatment of mCRC patients with anti-EGFR therapies.

Amphiregulin (AREG)/Epiregulin (EREG)

Responses are not universal for patients who do not harbor 
a mutation in the RAS/RAF pathway. For EGFR blockade 
to be effective, upregulation of EGFR may be required. 
High mRNA expression of EREG and AREG are found 
in colorectal cancers, and this overexpression is thought 
to portend increased response to blockade of the EGFR 
pathway. An analysis of the PICCOLO study assessed 
AREG and EREG expression; high ligand expression 
was associated with statistically significant improvements 
in PFS, but not OS for patients treated with anti-EGFR 
therapy, when compared to irinotecan monotherapy (38). 
This study in isolation is not practice-changing, but merits 
further study. If validated, it gives clinicians another way to 
stratify patients for response to anti-EGFR therapies.

Anatomy as a surrogate for biology: right- vs. left-sided 
colon cancers

Prognostic differences in sidedness have been identified 
previously, indicting a worse prognosis for those cancers on 
the right side of the colon, even when controlling for stage 
and tumor size (39). Recently a planned post-hoc analysis 
of the CALGB 80405 study demonstrated that right-sided 
colon cancers are also significantly less responsive to anti-
EGFR therapies in the first-line setting (40). 

Further prospective studies are warranted with 
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retrospective analyses on-going to further characterize 
the key biological variables responsible for differences in 
response based on anatomy. Some of the potential biologic 
variables responsible for this treatment effect include BRAF 
mutations, NRAS mutations and the CpG island methylator 
phenotype (CIMP), though these do not completely 
account for the differences observed (41). Until these 
biological variables are completely elucidated sidedness 
remains and important factor in the use of anti-EGFR 
directed therapies. Patients whose primary cancers arise in 
the right side of the colon should not receive cetuximab or 
panitumumab in the first-line setting. Treatment with these 
agents could be considered in later lines of therapy though 
the odds of benefit may be significantly decreased. 

Summary

Current best clinical practice mandates that assessment 
of all common mutations in KRAS, NRAS, and BRAF 
be undertaken at the time of diagnosis of metastatic 
colorectal cancer. Based on the strength of the evidence, 
this recommendation has been adopted by the NCCN, 
ASCO, and ESMO (42-44). Sidedness is also an important 
factor and is now standard of care to take this into account 
when determining the first-line treatment for patients 
with metastatic colon cancer. PIK3CA mutation profiling 
should be considered for patients as the some evidence of a 
potential decrease in response with these mutations. With 

the current level of evidence, it is difficult to recommend 
treatment with cetuximab or panitumumab with a known 
PIK3CA mutation. Alterations in AREG and EREG are 
interesting avenues for future study, but do not, as yet, have 
the strength of evidence necessary to recommend routine 
testing in clinical practice. 

Resistance to EGFR inhibitors: acquired

Studies including anti-EGFR mAbs demonstrated 
improvements in RRs, but only modest improvements 
in PFS and OS. In CRYSTAL and PRIME, the PFS 
improvements were around 1.5 months when compared 
to cytotoxic therapy alone (45). So, even in a selected 
population enriched for KRAS WT patients, the acquisition 
of secondary resistance occurs relatively early in treatment, 
and prompts disease progression on these agents. For 
patients who have progressed on cetuximab, changing 
therapy to panitumumab has shown a small chance of 
recapitulating a modest response (46,47). 

Alterations in RAS

The most common drivers of that resistance appear to 
be the emergence of mutations in KRAS and NRAS, 
particularly in exons 3 and 4 (Figure 2) (48-50). In many 
cases, multiple distinct genetic events arose in the same 
sample as assessed by ctDNA or repeat tumor biopsies. 

Anti-EGFR genetic alterations in mCRC

KRAS WT

KRAS exon 4

NRAS exon 4

MET amplification

KRAS exon 2

NRAS exon 2

BRAF

HER2 amplification

KRAS exon 3

NRAS exon 3

KRASC amplification

Figure 2 Known genetic alterations affecting susceptibility to anti-EGFR therapies in metastatic colorectal cancer. EGFR, epidermal 
growth factor receptor.
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Withdrawal of treatment with EGFR mAbs appeared to 
decrease the prevalence of these mutations, suggesting 
that there is a clonal selection that takes place in response 
to the stress placed on the cancer cells by targeting with 
anti EGFR mAbs. 

Changes in the EGFR binding pocket 

In vitro testing has demonstrated a point mutation in 
the extracellular domain of EGFR (s492R) that changes 
the binding pocket of EGFR, rendering it insensitive to 
cetuximab, but not panitumumab. For patients harboring 
this point mutation, there is a hypothetical benefit to a class 
switch from one drug to the other (51).

MET signaling

The MET signaling pathway has been implicated in the 
development of therapy resistance in multiple different tumor 
types that utilize the EGFR pathway. For example, in EGFR-
mutant non-small cell lung cancer (NSCLC) MET proto-
oncogene amplification and activation of PI3 kinase signaling 
underlies the development of resistance to TKI’s (52).  
Similarly, in HER2 overexpressing breast cancer, MET 
activation has been implicated in the development of 
resistance to trastuzumab (53). 

There have been a number of studies that studied the 
role of this pathway in CRC. Liska et al. demonstrated 
that hepatocyte growth factor (HGF) treatment can block 
cell cycle arrest induced by EGFR inhibition in cultured 
CRC cells (54). Highly selective MET inhibition and 
down-regulation of MET expression by RNAi were able to 
abrogate HGF affect in this setting, suggesting a central role 
of MET pathway in anti-EGFR resistance (54). Luraghi et al.  
confirmed the role of MET in the development of anti-
EGFR resistance by demonstrating MET amplification 
in patients who have become resistant to cetuximab or 
panitumumab. In pre-clinical models HGF/MET signaling 
has been implicated to underlie CRC stem cell resistance to 
therapy (55). Recent data suggests that MET amplification 
is responsible for anti-EGFR resistance in a subset of 
patients. In the study by Bardelli et al., tumors from three 
out of seven studied patients who have progressed on 
anti-EGFR therapy demonstrated amplification of MET  
gene (56). One of the three patients also had rare, but 
detectable, MET-amplified cells in the pretreatment tumor 
sample, suggesting that anti-EGFR therapy selected for this 
resistant clone and that primary resistance to therapy was 

present at the onset of treatment.

Amplification of HER2

HER2 has been seen in cell models and tumor biopsy 
specimens as a possible mechanism of acquired resistance 
to EGFR directed therapies (57,58). HER2 amplification 
has been seen in about 5% of KRAS wild-type cancers. In 
a limited sample, patients who have this amplification had 
significantly inferior PFS on anti EGFR therapy (2.9 vs. 
8.1 mo) (59). More studies are necessary to confirm these 
findings, but the mechanism is biologically plausible. 

Clinical trials for acquired resistance to EGFR mAbs

Other parallel pathways may be mutated or upregulated, 
including PI3K, MET, or other downstream effectors of 
the MAPK pathway (51,56). As mentioned above, changes 
in the secretion of AREG and EREG may alter sensitivity 
to anti-EGFR mAbs, but further study is needed to fully 
understand the role of these ligands.

There are a few different strategies currently under 
investigation for patients with secondary resistance to anti-
EGFR mAbs. Combining mAbs with MEK inhibitors, RAF 
inhibitors, or anti HER2 therapies have been proposed 
as possibilities. In the primary BRAF mutant population, 
MEK and RAF inhibitors have shown promise, and are 
being pursued in trials of later line treatment. Newer agents 
that are essentially pooled anti-EGFR mAbs, Sym004 
and MM151 are currently under investigation. These 
agents might be especially beneficial in the setting of an 
extracellular domain mutation in EGFR. 

Resistance to VEGF inhibitors: primary and 
acquired

Blocking circulating VEGF and its receptors have 
shown evidence of clinical utility in colon cancer and 
gastroesophageal cancers. Bevacizumab an antibody against 
VEGF-A was the first biologic therapy to demonstrate an 
improvement in OS for patients with mCRC in addition to 
irinotecan or a fluoropyrimidine (60-62). Like treatment 
with cetuximab or panitumumab in KRAS WT patients, 
the responses are initially evident but eventually resistance 
develops, with an improvement in PFS of around  
2 months (62). Mutations in KRAS, NRAS, BRAF or 
PIK3CA have not been shown to alter sensitivity to 
bevacizumab therapy (40,63)
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Clinical benefit in gastric cancer with bevacizumab is 
mixed. In the AVAGAST study, improvements in PFS 
and RR were evident in patients with gastric cancer, but 
the primary endpoint of OS was not met (64). In the wake 
of bevacizumab, other agents targeting the pathway have 
been tested. Rather than targeting circulating VEGF, 
ramucirumab targets VEGFR-2, thought to be the primary 
driver of VEGF-A mediated angiogenesis. The RAINBOW 
study showed an improvement in OS by nearly two months 
for patients treated with ramucirumab (65). In REGARD, 
ramucirumab was used as a single agent with an increase in 
survival of 1.4 months (66). Because of these positive results, 
ramucirumab has received FDA approval for the late-line 
treatment of gastroesophageal cancers.

Alternative isoforms of VEGF

Assaying circulating biomarkers to assess for response/
resistance has been challenging, largely because there are so 
many different/overlapping mechanisms in play regulating 
angiogenesis in tumor cells. Circulating VEGF-A, or 
short VEGF-A isoforms did not correlate with PFS/
OS outcomes (67,68). Preclinical work has suggested 
that alternative members of the VEGF signaling family 
[Placental growth factor (PlGF), VEGF-C and VEGF-D] 
can stimulate angiogenesis in the setting of VEGF-A 
blockade with bevacizumab (69,70). Research out of MD 
Anderson using chemotherapy plus bevacizumab in colon 
cancer demonstrated that levels of circulating VEGF-C 
were increased prior to disease progression, and VEGF-D 
levels were increased at the time of progression. In addition, 
patients treated with chemotherapy plus bevacizumab had 
increased levels of PlGF and VEGF-D, but patients treated 
with chemotherapy had no such increase. These increases 
were transient, suggesting that increases in VEGF-D 
and PlGF were directly in response to treatment with 
bevacizumab (71). The CAIRO-2 population (capecitabine, 
oxaliplatin, bevacizumab ± cetuximab) was analyzed for 
different levels of VEGF isoforms (VEGF-A, -B, -C-, and- 
D, VEGF-R1, -R2), and indicated a significant effect of 
VEGF-D on both PFS and OS in patients treated with 
bevacizumab. Patients with lower levels of VEGF-D 
had improvements, while patients with higher levels of 
VEGF-D saw almost no benefit (72). In patients with 
gastric cancer, similar evidence of lack of benefit has been 
shown with elevated levels of VEGF-D (73). However, 
the definition of high/low levels of VEGF-D has not been 
validated, and there is currently no good way to apply these 

levels to a broader population. Conceptually, VEGF-D 
is an attractive biomarker, because it has been shown that 
VEGF-D binds to VEGFR-2 (71,74). 

The MAVERICC study and CALGB 80405 may offer 
some insight into other biomarkers predicting response to 
VEGF-directed therapy, but these results have not yet been 
presented/published to answer the specific question.

HIF-1α

Bevacizumab is thought to promote apoptosis by decreasing 
tumor vascularity and by inducing hypoxia in the tumor 
microenvironment. Hypoxia-inducible factor 1-α (HIF-1α) 
promotes oxygen delivery to areas of relative hypoxia, 
and is integrally involved in regulation of the tumor 
microenvironment. Upregulation of HIF-1a promotes 
other proangiogenic factors by upregulating FGF2, IL-
8, STAT-3, and ANGPT-2 (68). While no specific HIF-
1a blockers have been tested in this population, it is an 
active area of research. Preclinical models suggest that 
IL-6 blockade could be another mechanism to overcome 
resistance to VEGF therapy mediated by changes in the 
microenvironment (75).

Resistance to HER2: primary

Blockade of HER2 has a track record of efficacy in 
breast cancer extending more than a decade. HER2 is 
overexpressed in 7–22% of esophagogastric cancers (76,77). 
The first randomized trial demonstrating efficacy showed 
an improvement in mOS of 2.7 months (13.8 vs. 11.1 mo, 
P=0.0046) when combined with chemotherapy (78). This 
benefit has been extrapolated in some studies to extend to 
any platinum/fluoropyrimidine containing regimen, akin to 
the REAL-2 data comparing cytotoxic backbones (79). In 
spite of these improvements, the efficacy is clearly limited 
to a small subset of primary GEJ cancers.

Selecting for patients with this overexpression is key, as 
patients whose tumors do not overexpress HER2 do not 
benefit from the addition of trastuzumab to chemotherapy. 
Much is known about HER2 overexpression in breast 
cancer, and similar guidelines exist for applying HER2 
directed treatment against esophageal cancer as in breast 
cancer. Immunohistochemical expression of 0–1 is a 
contraindication to treatment, and expression of 3+ is an 
indication for treatment. IHC of 2 should prompt analysis 
using fluorescence in situ hybridization (80). Staining 
of gastric cancer is different from breast cancer, in that 
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incomplete basolateral or lateral staining is considered 
positive as is complete membrane staining. This can 
result in inaccuracy/heterogeneity in HER2 positivity, 
and confirmation on multiple tumor specimens has been 
recommended to ensure accuracy (81). Newer technologies 
such as gene copy number have been used in breast cancer, 
and may be applied to GEJ cancers as well (82). It is this 
inaccuracy in molecular diagnosis that leads to at least some 
of the primary resistance of GEJ cancers to trastuzumab. 

Even in patients whose tumors overexpress HER2, 
RRs was only 47% in ToGA, implying primary resistance 
to the target (78). Other agents in the pathway have been 
tried in the HER2 overexpressing population with variable 
results. Small molecule TKI lapatinib showed activity in 
the second line setting but did not improve OS in the 
IIT population to a significant degree (83). The recently 
completed GATSBY study failed to show an OS advantage 
for trastuzumab coupled to a taxane, T-DM1, as well (HR 
1.15, P=0.86) (84). Heterogeneity in populations (Asian/
non-Asian) may explain some of the variation in response 
across studies, but these mechanisms of resistance in a 
HER2 overexpressing population have not been clearly 
worked out. More research is needed to understand why 
gastroesophageal cancers have different responses to 
treatment with therapies that have proven efficacy in the 
setting of breast cancer.

Resistance to HER2: acquired

Like other targeted agents, initial responses are met with 
nearly inevitable progression. Much of the data about 
acquired resistance to HER2 directed therapies has derived 
from research in breast cancer. Continued research into how 
therapies directed against HER2 actually work highlights 
the different possible mechanisms of resistance.

Alteration of the HER2 receptor

As a cell surface receptor, HER2 has intra- and extracellular 
domains that can be affected, altering the activity of 
targeted therapies. Truncations in the extracellular domain, 
the so called p95 protein, retain its kinase activity, without 
showing any sensitivity to trastuzumab. Overexpression 
of the p95 subunit, likely through proteolytic cleavage 
of the extracellular domain (or a primary mutation) confers 
resistance to trastuzumab both pre-clinically and clinically (85).  
Membrane-associated glycoproteins such as MUC4 have 

also been shown to mask the HER2 binding site and 
prevent primary binding of trastuzumab to its target, 
reflecting primary resistance to the drug (86). Whether 
or not these alterations affect response to treatment with 
trastuzumab in esophageal cancer is as yet unclear, but is an 
area of active investigation.

Upregulation of HER3

Cellular proliferation via the HER2 pathway depends 
upon heterodimerization with other receptors. Current 
research suggests that HER3 is the most common and 
most potent dimerization partner. In models of both 
breast cancer and in HER2 overexpressing esophageal 
cancer, HER3 is upregulated in response to blockade 
by trastuzumab, conferring preserved cell signaling 
and a stimulatory growth signal. Blocking upregulated 
HER3 appeared to induce apoptosis in these models, 
suggesting that targeting HER3 and HER2 could result 
in improvements in response, or prevent the acquisition 
of resistance to trastuzumab (87). 

Alternative pathways and increased intracellular signaling

Other preclinical models suggest other pathways are 
upregulated during treatment with trastuzumab leading 
to the development of resistance. Paramount among these 
is the PI3K-AKT pathway. Both PIK3CA mutations and 
inactivation of PTEN are known to promote downstream 
signaling even in the absence of upstream HER2 activation. 
Tumors with activating mutations in PI3K appear to have 
increased primary resistance to HER2 directed therapies 
in both breast cancer and gastroesophageal cancer (88). 
Preclinical data has been paired with pre- and post-
treatment biopsies suggesting that higher expression of 
FGFR3 and p-AKT are seen in patients whose tumors 
are progressing on trastuzumab (89,90). Early phase 
studies are underway in gastroesophageal cancers and 
other solid tumors combining trastuzumab with agents 
targeting the PI3K pathway including direct PI3K inhibitors, 
mTOR inhibitors, TORC 1–2 inhibitors, and AKT inhibitors. 
Promising work has already been presented in breast cancer (91), 
but has not been completed in gastroesophageal cancer.

Conclusions

Biologic therapies have improved survival for subsets 
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of patients with gastrointestinal malignancies. Better 
identification of target populations has been shown in 
multiple tumor types to be the single greatest factor in 
generating these favorable responses. Through biomarker-
driven trials, we are improving understanding of these ideal 
patients, but also understanding the mechanisms behind 
the development of resistance. Additionally, the wider 

implementation of the routine use of molecular panels in 
the diagnosis and treatment of patients with gastrointestinal 
malignancies will aid in the search for biomarkers. Current 
and future clinical trials (Table 1) are dedicated to finding 
ways to identify resistance mechanisms and overcome them 
with pharmaceutical interventions or earlier transitions to 
subsequent lines of therapy.

Table 1 Ongoing trials targeting resistance mechanisms from clinicaltrials.gov

Trials registered with Clinicaltrials.gov NCI Trial # Agent(s)

EGFR resistance (colorectal)

Immune checkpoint blockade NCT02318901 Cetuximab + pembrolizumab

EGFR/ERBB2/ERBB3 blockade NCT01862003 AZD 8931

Oligoclonal EGFR inhibition NCT02785068 MM-151 + 5-FU + Nal-IRI

Recombinant EGFR antibody NCT02352571 GC1118

EGFR antibody mixture NCT02568046 Sym-004

Cetuximab rechallenge after progression NCT02296203 Cetuximab

EGFR and MET inhibition NCT02630420 Cetuximab + savolitinib

EGFR and MEK inhibition NCT02399943 Trametinib + panitumumab

BRAF mutation (colorectal)

Wee1 inhibitor NCT02906059 AZD1775 + irinotecan

AKT inhibitor NCT01902173 Dabrafenib + trametinib + GSK2141795

HER2 resistance (gastroesophageal)

Biomarkers for prediction of response NCT02305043 Observational

EGFR/HER2 blockade NCT02378389 Pyrotinib ± docetaxel

Immune checkpoint blockade NCT02901301 Pembrolizumab, trastuzumab

HER2 peptide vaccination NCT02276300 Vaccine targeting HER2

VEGFR2 + HER2 NCT02726399 Ramucirumab + trastuzumab

AKT inhibitor NCT02240212 Afuresertib + paclitaxel

EGFR TKI NCT01522768 Afatinib + paclitaxel

Extracellular domain of HER2 NCT02892123 ZW25

HER2 antibody drug conjugate NCT02576548 MEDI4276

Vaccine + chemotherapy NCT02795988 IMU131+ chemotherapy

VEGF resistance (colorectal or gastroesophageal)

Wnt-Beta Catenin antagonist NCT02413853 Chemotherapy + Bev + PRI-724

VEGFR/FGFR/PDGFR inhibition NCT02835833 Nintedanib + Bev

EGFR, epidermal growth factor receptor; VEGF, vascular endothelial growth factor.
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