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Unraveling the hurdles in the development of HER2-targeted
agents for metastatic gastro-esophageal cancer patients
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Gastric cancer (GC) is one of the most lethal cancers,
representing the third leading cause of cancer-related deaths
worldwide (1). In fact, more than two thirds of the cases of
GC present metastatic widespread at diagnosis. Despite the
efforts done in Western countries for improving more radical
approaches, such as perioperative strategies (2) and adjuvant
chemo-radiation (3), 50% of resected GC patients will
inevitably develop metastatic disease. Systemic chemotherapy
remains the mainstay therapeutic option for these patients,
with objective responses ranging between 30-40% and overall
survival (OS) rates of 12 months at most (4). Considering this
discouraging panorama, the identification of the biologic role
of the epidermal growth factor receptor 2 (ERBB2 or HER?2)
and the promising results of clinical trials with HER2-
directed agents among breast cancer patients, highlighted
the possibility of further categorizing other tumor subtypes
in search of similar therapeutic targets (5). Thus, GC
emerged as the ideal candidate for evaluating trastuzumab, a
monoclonal HER2-antibody, as part of the armamentarium
against the 20% of GC patients where HER2 overexpression
is described as a frequent molecular aberration (6).

In 2010, a phase 3 randomized study assessing trastuzumab
in combination with a doublet of fluoropyrimidines-
cisplatinum chemotherapy (ToGA trial, NCT01041404),
met its primary endpoint of improving OS rates among
HER2-positive GC patients (7). Following the results of

this study, trastuzumab was licensed in combination with
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chemotherapy as an optimal first-line therapy for this subset
of GC patients, and in parallel, led to the establishment of
an algorithm-based diagnosis using a companion tool of
combined immunohistochemistry (IHC) plus fluorescent
in situ hybridization (FISH). To date, HER2-positivity is
defined with an THC 3+ or IHC 2+/FISH HER2:CEP17
ratio >2 (8), since these patients whose tumors presented
higher levels of HER2 protein expression (IHC 2+ or 3+)
were the ones who achieved the greatest benefit from
treatment with cisplatinum-fluoropyrimidine-trastuzumab
(OS of 16 months). However, no other HER2 biological
compounds have been approved for this molecularly
selected population of HER2-positive GC patients. Over
the last decade, other HER2-directed agents have been
also evaluated, such as lapatinib, a small molecule acting
as a dual inhibitor of the epidermal growth factor receptor
(EGFR) and HER? tyrosine kinases (2,9), and trastuzumab
emtansine—formerly known as T-DM]1, an antibody-
drug conjugate comprised by trastuzumab linked to a
tubulin inhibitor (10). Despite promising preclinical data
and encouraging initial results, three statistically powered
studies have failed to demonstrate their primary endpoints
of improved efficacy when assessed versus standard
chemotherapy.

The TRIO-013/LOGIC study (NCT00680901)
evaluated in previously untreated HER2-positive GC
patients the efficacy of adding lapatinib to capecitabine
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Table 1 Some of the principal randomized clinical trials testing HER2-directed agents in gastric cancer patients

Study Clinicaltrials.gov  Line Treatment arms

Primary endpoint HR/P value Inclusion criteria Ref.

ToGA NCT01041404  First CDDP + 5-FU/CPC
CDDP + 5-FU/CPC + TTZ

TRIO013/ NCT00680901  First
LOGIC

CAPOX + placebo
CAPOX + lapatinib
TyTAN NCT00486954 Second Paclitaxel

Paclitaxel + lapatinib
GATSBY NCT01641939 Second Taxane

T-DMA1

OS 11.1 months  0.74/0.0046 IHC 3+ or IHC 2+/ (7)
0S 13.8 months FISH-positive (ratio =2)

0OS 10.5 months  0.91/0.34 FISH-positive (ratio >2) (©)]

OS 12.2 months

OS 8.9 months  0.84/0.1044 FISH-positive (ratio =2) @)

OS 11 months

0S 8.6 months  1.15/0.86 IHC 3+ or IHC 2+/ (10
0S 7.9 months FISH-positive (ratio >2)

N, number of included patients; HR, hazard ratio; Ref., reference; CDDP, cisplatinum; 5-FU, 5-fluoropyrimidine; CPC, capecitabine;
TTZ, trastuzumab; CAPOX, capecitabine plus oxaliplatin; OS, overall survival; IHC, immunohistochemistry; FISH, fluorescence in situ

hybridization.

and oxaliplatin (CAPOX). Median OS in the experimental
arm was 12.2 and 10.5 months in the CAPOX arm, which
was not significantly different (hazard ratio of 0.91; 95%
confidence interval: 0.73 to 1.12). The exploratory pre-
planned analysis showed differences in the lapatinib arm
depending on the geographical region and the age of
patients, but no clear correlation between the degree
of HER2 overexpression and OS was detected (9).
Furthermore, a phase III study evaluated lapatinib versus
paclitaxel monotherapy as second-line strategy in a HER2-
positive Asian population (TyTAN trial, NCT00486954).
In the case of this study, lapatinib plus paclitaxel showed
activity among patients with IHC 3+/FISH-positive tumors,
although did not significantly improve OS in the intention-
to-treat population (2). Of note, both trials assessing
lapatinib enrolled GC considered as HER2-positive only
based on FISH-positive results (HER2:CEP17 ratio >2)
performed in a local or central laboratory. The later analysis
of HER2 protein overexpression demonstrated that a high
proportion of these HER2-amplified patients presented in
reality low protein levels, with 35% of patients presenting
IHC of 0 or 1+ in the TyTAN study. The GATSBY study
(NCT01641939) evaluated T-DM1 against taxanes, either
paclitaxel or docetaxel, for previously treated with at
least a platinum-fluoropyrimidine agent HER2-positive
GC patients. Patients were considered eligible based on
centrally tested primary or metastatic tumors, by standard
IHC/ISH criteria (IHC 2+ and ISH-positive results or IHC
3+ regardless of ISH status) (10). Again, this study also
failed to show any OS superiority, and neither clinical nor
biomarker subgroups were identified for benefitting from
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the experimental arm. Noteworthy, most of the enrolled
patients were selected after having previously received
trastuzumab and on the basis of the results of archival GC
HER? status at any disease stage. Taking into account the
evidence of clonal evolution and changes in the molecular
profile across the innate tumoral evolution (11,12), it seems
evident that HER2 expression might have been altered
or lost during the progression (13). In addition, it is well
recognized the heterogeneous and/or focal expression of
HER2 protein over the polarized membrane of the gastric
cell, which may in turn have limited the degree of activity
of the immune-conjugate [e.g., reduced HER2 recognition
by the trastuzumab-antibody portion of T-DMI, therefore
decreased cleavage of the linker and emtansine molecules,
limiting the subsequent bystander effect (14)]. Furthermore,
there is increasing evidence of several mechanisms that may
confer acquired resistance to HER2-guided therapies, such
as co-amplification of HER3/EGFR, heterodimerization
of HER2-HER3 or HER3 mutations, co-amplification
of cMET or FGFR autocrine loops among others (15).
Further characterization of these resistance mechanisms
will certainly help in better understanding why T-DM1
may have failed in this promising setting. Table 1 depicts
the main characteristics of these mentioned clinical trials
testing HER2 agents in GC. The disappointing results
of these studies reflect, in the background, a poor pre-
selection strategy for finding the most suitable candidates
for participating in these trials, which may have obscured
the real HER2-positive GC population that could have
benefitted from the HER2-blockade therapy.

In the article by Press et 4l. (16) published in Molecular
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Cancer Therapeutics, the authors report the results of a
retrospective study of the HER2? status (gene amplification
and protein overexpression) among the gastro-esophageal
cancer patients evaluated for enrolment in the TRIO-
013/LOGIC trial. The aim of this analysis was to explore
and assess the potential correlation between levels of
HER?2 gene amplification and protein expression levels
with responsiveness to the experimental arm combining
CAPOX plus lapatinib. As mentioned before, patients could
be enrolled into the TRIO-013/LOGIC trial according
to local determination of HER2-amplification, in which
case required central confirmation for inclusion in the
primary efficacy population. In this study, five hundred
forty-five patients were accrued (4.4% esophageal, 8.3%
gastro-esophageal junction, 87.3% gastric), and 89%
were centrally confirmed for FISH-positivity. Of note,
the concordance between central and local HER2 FISH
testing was 83%. Although the study did not meet its
primary endpoint, Asian and younger patients (<60 years)
presented an improvement in progression-free survival rates
(PFS). One may wonder, why these differential results in
only this subset of patients? Interestingly, among patients
analyzed in this dataset, there were no cases IHC3+/FISH-
negative, while some of the initially considered HER2-
amplified patients by FISH did not express high levels of
HER?2 protein as expected. Precisely, among the 81 cases
included with HER2-amplification by FISH but only IH
0/1+ for HER2 protein, PFS was not statistically significant
(HR =1.12, P value =0.65), as also happened in the TyTAN
study. This detailed analysis highlights that the efficacy to
HER?2 blockade seems to correlate better with high HER?2
gene amplification, but because this translates into higher
HER?2 protein expression levels: 91% of patients who had
the highest HER2 protein distribution IHC3+) presented
FISH ratios with >10-fold HER2 gene amplification. The
inclusion of HER2-amplified but not HER2-overexpressed
patients may account as one of the reasons why the TRIO-
013/LOGIC trial was unsuccessful. Also, this retrospective
analysis draws the attention to the fact that there is
certain lack of concordance between the HER2 testing
results performed in local versus central laboratories, and
a marked inter-pathologist variability associated to the
partially subjective interpretation of the IHC results. These
discrepancies are even more remarkable when comparing
the IHC assays (agreement less than 58%) compared to the
FISH techniques (agreement of 87%).

These results are in light with the findings previously
reported by Gomez-Martin et 4/l. (17), who were among
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the first in demonstrating that the level of HER gene
amplification predicts sensitivity to trastuzumab-based
therapy among GC patients. Noteworthy, it seems that
this gene amplification-efficacy correlation is tightly
related to the subjacent HER2 overexpression, suggesting
that the protein levels may serve as a stronger predictive
biomarker of response. The long-term gained experience
in testing HER2 by IHC should help us to improve this
HER? assessment and interpretation, in order to ensure
that the GC patients who can really benefit are identified
and accordingly treated. Only by learning from our
previous mistakes we will be able to widen the horizon
towards new and precise assessments methods. With this
regards, it has to be considered that GC exhibits unique
immunostaining characteristics compared with other
tumors, such as breast cancer: a remarkable intratumoral
heterogeneity and the possibility of incomplete staining
of GC cells due to the innate gland-forming structure
of these tumors. These particularities may explain why
some GC patients are considered positive by IHC, whilst
they only present basolateral or lateral staining, instead
of complete membrane involvement. This trait does not
only account for HER expression (18), but also for other
molecular alterations described in GC, such as FGFR2 (19)
or PIK3CA (12). In light of these results, new approaches
have been developed in order to improve the assessment
of HER2 protein overexpression (20). It is in this context
where the previously mentioned proteomic analysis should
begin to be considered (21).

The assessment of HER2 status in GC remains a
controversial field, where recent efforts for integrating
the different molecular classifications have added another
layer of complexity (22-24). Novel combinations evaluating
promising therapeutic options, such as the double
blockade of the HER2/HER3 pathway by combining
trastuzumab and pertuzumab are ongoing (JACOB study—
NCT01774786—in metastatic setting and INNOVATION
study—NCT02205047—in the neoadjuvant setting), but
new strategies are certainly warranted to further improve
the selection of those patients more likely to respond to this
anti-HER?2 strategies. Rational integration of the innate
intratumoral heterogeneity of GC tumors seems mandatory,
in order to design accurate pre-selection strategies for
ensuring the success of future biomarker-driven trials. Only
by adopting a multidisciplinary approach, combining a
deeper understanding of the tumor biology, the increasing
genomic data and the development of accurate and
reproducible HER2? tests, we will be able to guide the
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successful development of new targeted agents for GC
patients (25).
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