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HER2 Positivity Predicts Unresponsiveness to EGFR-Targeted
Treatment in Metastatic Colorectal Cancer
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GBSTRACT

Background. HER2 amplification is detected in 3% of patients
with colorectal cancer (CRC), making tumors in the metastatic
setting vulnerable to double pharmacological HER2 blockade.
Preclinical findings show that it also might impair response to
anti-epidermal growth factor receptor (EGFR) treatment.
Subjects and Methods. Patients with KRAS exon 2 wild-type
metastatic CRC underwent molecular screening of HER2 posi-
tivity by HERACLES criteria (immunohistochemistry 3+ or 2+ in
>50% of cells, confirmed by fluorescence in situ hybridization).
A sample of consecutive HER2-negative patients was selected
as control. A regression modeling strategy was applied to iden-
tify predictors explaining the bulk of HER2 positivity and the
association with response to previous anti-EGFR treatment.
Results. From August 2012 to April 2018, a total of 100 HER2-
positive metastatic CRC tumors were detected out of 1,485 KRAS

exon 2 wild-type screened patients (6.7%). HER2-positive
patients show more frequently lung metastases (odds ratio [OR],
2.04; 95% confidence interval [CI], 1.15-3.61; p = .014) and
higher tumor burden (OR, 1.48; 95% Cl, 1.10-2.01; p = .011), and
tumors were more likely to be left sided (OR, 0.50; 95% Cl,
0.22-1.11; p = .088). HER2-positive patients who received treat-
ment with anti-EGFR agents (n = 79) showed poorer outcome
(objective response rate, 31.2% vs. 46.9%, p = .031;
progression-free survival, 5.7 months vs. 7 months, p = .087).
Conclusion. Testing for HER2 should be offered to all patients
with metastatic CRC because the occurrence of this bio-
marker is unlikely to be predicted based on main clinicopath-
ological features. Patients with HER2-amplified metastatic
CRC are less likely to respond to anti-EGFR therapy. The
Oncologist 2019;24:1395-1402

Implications for Practice: Patients with HER2-amplified/overexpressed metastatic colorectal cancer (mCRC) harbor a driver
actionable molecular alteration that has been shown in preclinical models to hamper efficacy of the anti-epidermal growth
factor receptor (EGFR) targeted therapies. The present study confirmed that this molecular feature was associated with
worse objective tumor response and shorter progression-free survival in response to previous anti-EGFR therapies. More-
over, it was found that the occurrence of this biomarker is unlikely to be predicted based on main clinicopathological fea-
tures. Therefore, HER2 status assessment should be included in the molecular diagnostic workup of all mCRC for speedy
referral to clinical trials encompassing HER2-targeted double blockade independently of previous anti-EGFR treatment.
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INTRODUCTION

Amplification and/or overexpression of human epidermal
growth factor receptor 2 (HER2) encoded by the ERBB2
gene is a negative prognostic biomarker and a positive pre-
dictor of response to anti-HER2 therapies in metastatic
breast [1] and gastroesophageal junction adenocarcinoma
[2]. In metastatic colorectal cancer (mCRC), the rate of
HER2 amplification or overexpression ranges from 1.3% to
3.2% of cases in all stages, molecularly unselected [3], up
to 5.2% in KRAS exon 2 wild-type patients in the metastatic
setting [4]. In a recent study performed in a large cohort of
colorectal cancer (CRC) samples from stage IV patients by
next-generation sequencing (NGS) of a panel of 315 can-
cer-related genes, amplification of ERBB2 was found in
2.8%, and KRAS mutations were found to occur less fre-
quently in ERBB2-amplified samples [5].

Although the role of HER2 as a biomarker for prognosis in
CRC remains uncertain [6], its value as a therapeutic target
has been recently established [7-9]. The HERACLES A phase
Il trial of dual HER2-targeted therapy (trastuzumab plus lapa-
tinib) was conducted in patients with KRAS exon 2 wild-type,
HER2-positive (defined according to the HERACLES diagnostic
criteria [10]) mCRC who were refractory to standard-of-care
treatments, making HER2 the first specific oncogenic target
that can be successfully actioned at the clinical level in this
tumor type. Durable responses were indeed observed in 30%
of patients, with high ERBB2 copy number variation being a
further potential positive biomarker for treatment refine-
ment [11]. These results have been subsequently confirmed
in the MyPathway basket study, in which patients with HER2-
amplified or HER2-overexpressed mCRC who had exhausted
standard treatment options received a combination of
trastuzumab and pertuzumab with an objective response
rate of 38% [12]. Interestingly, it has been pointed out by
preclinical models and analysis of retrospective limited
cohorts of patients that HER2 amplification or overexpression
can be also a negative predictor of response to epidermal
growth factor receptor (EGFR)-targeted treatments [7, 11,
13, 14]. Hence, patients with HER2-positive mCRC harbor a
driver actionable molecular alteration that, at the same time,
might hamper efficacy of a standard treatment option, with
relevant implications for the treatment algorithm of stage IV
patients. Here we present the largest clinically annotated
series to date of HER2-positive CRCs, including clinical out-
come of EGFR-targeted therapies, to identify the clinicopath-
ological features associated with this driver genetic tumor
abnormality and test the impact on anti-EGFR therapies.

PATIENTS AND METHODS

Study Design and Cohort Selection

This is a retrospective longitudinal cohort study exam-
ining clinicopathological characteristics of patients with
mCRC displaying amplification and/or overexpression of
the HER2 oncogene. In the frame of HERACLES studies,
patients affected by KRAS exon 2 wild-type mCRC and
refractory to standard of care were screened at Niguarda
Cancer Center, Grande Ospedale Metropolitano Niguarda,
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Milano, Italy [10, 11, 15, 16]. HERACLES Diagnostic screened
256 patients retrospectively, whereas in the therapeutic stud-
ies, 1,229 patients with KRAS exon 2 wild-type mCRC from
four Italian institutions were screened centrally at Pathology
Department of the Niguarda Cancer Center according to HER-
ACLES diagnostic criteria [10]. All patients with HER2-positive
mMCRC were included in the analysis, and a sample of consec-
utive KRAS exon 2 wild-type patients without HER2 amplifica-
tion or overexpression was selected as control. The nine
clinicopathological features selected for present study and
retrospectively collected from electronical charts were age,
gender, site of primary tumor (i.e., right sided, from cecum
up to transverse colon included, vs. left sided, from splenic
flexure to rectum; colon vs. rectum), stage of disease at diag-
nosis, time to progression before recurrence, histological
grade of the primary tumor, and number of metastatic sites
at diagnosis in case of synchronous metastases or at progres-
sion to stage IV in case of metachronous metastases. In
addition, objective response and progression-free survival
achieved for each previous anti-EGFR treatment were col-
lected. All patients treated with anti-EGFR in both the HER2-
positive and HER2-negative cohorts were pan-RAS wild-type as
per label for receiving cetuximab or panitumumab in Italy.
Date of death or last follow-up was acquired to establish over-
all survival. Date of HER2 status assessment, site of assessment
(primary tumor or metastatic site), immunohistochemistry
(IHC) score, and percent of tumor cells stained with HER2 IHC
and ERBB2-centromere of chromosome 17 (CEN17) ratio at
fluorescence in situ hybridization (FISH) were also obtained.

HER2 Status Characterization

The pathological methods to define HER2 amplification or
overexpression (HER2 positivity) in CRC have been described
elsewhere [10]. Briefly, HER2-positive CRCs were defined by
immunohistochemistry 3+ or 2+ in at least 50% of cells, con-
firmed by FISH. Samples not meeting these criteria were
considered negative.

Study Objectives and Endpoints

The primary study objective was to assess the predictive
role of HER2 positivity for sensitivity and resistance to anti-
EGFR therapy measured in terms of objective response rate
and progression-free survival. The secondary objective was
to identify clinicopathological features predictive of pres-
ence of HER2 positivity and to develop a diagnostic model.

Statistical Analysis

Logistic and Cox regression models were used to detect
and estimate the association between HER2 positivity,
objective response rate, and progression-free survival in
response to anti-EGFR treatment and to develop and inter-
nally (i.e., using resampling techniques) validate a diagnos-
tic model predicting HER2 status. The logistic regression
model was used to evaluate the following aims:

(a) To test and estimate the statistical association between
clinicopathological features and HER2 status (amplified
vs. not amplified).
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(b) To develop and internally validate a multivariable model
predicting HER2 positive status. Based on the multivari-
able model, a nomogram calculating probabilities for
HER2 positive status was also obtained.

The statistical procedure for the development and
internal validation of a predictive model was applied to
two samples. The first sample (sample A) included all
patients enrolled in the study. The second sample (sample B)
included patients enrolled who had been treated with anti-
EGFR therapy. Candidate predictors were the same of
sample A, with the addition of response to anti-EGFR therapy
(complete response or partial response [CR/PR] vs. stable dis-
ease or progressive disease [SD/PD]) and line of anti-EGFR
therapy. The presence of heavy overfitting was evident from
the low value of the total likelihood ratio predictors (6.256 for
sample A; 11.091 for sample B) and the high number of pre-
dictors (5 degrees of freedom [d.f.] for sample A; 7 d.f. for
sample B). The Van Houwelingen-Le Cessie heuristic shrinkage
estimate was 0.20 for sample A and 0.37 for sample B, indicat-
ing that these models would validate on new data respec-
tively about 80% and 63% worse than on these data sets. In
order to control overfitting, we attempted to reduce the num-
ber of predictors, but no predictor variable explained the bulk
of HER2 amplification. Thus, the full models were preserved,
and the overfitting was controlled by the estimation of true
regression parameters using a penalized maximum likelihood
approach. Candidate predictors were considered to be pri-
mary tumor grading, primary tumor location, time to
metastatic presentation (synchronous vs. metachronous), and
burden of metastatic disease (liver limited disease, liver and
other organs, only other organs). The second sample (sample B)
included patients who had been treated with anti-EGFR com-
pounds. Candidate predictors were the same as sample A,
with the addition of response to anti-EGFR therapy (CR/PR
vs. SD/PD) and line of anti-EGFR therapy. The statistical proce-
dure was conducted as follows:

(a) Categories with fewer than 15 patients were merged.
(b) A single conditional imputation of missing values for all
candidate predictors was performed. This used the R
“transcan” function with the following options: imputed =
T, transformed =T, impact = “score.”
(c) A full multivariable model with a linear combination of
predictors on the original scale was fitted. The Van
Houwelingen-Le Cessie heuristic shrinkage estimate was
used to ascertain the likely amount of overfitting.
To address the overfitting of multivariable model and to
identify the predictors that explain the bulk of HER2 muta-
tional status, a fast-backward step-down procedure with
total residual Akaike information criterion as the stopping
rule was investigated. The R “fastbw” function was used.
(e) The final model was internally validated for calibration
and discrimination ability. In the presence of overfitting,
true regression parameters were estimated using a penal-
ized maximum likelihood approach. The receiver operating
characteristic area was considered to be the summary
measure of discrimination; it was fairly estimated using
bootstrapping. The R “validate” function with B = 50 as
option was used.

(d

—
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Regression modeling strategies and nomogram plotting
were performed using R statistical software, version 3.3.2
[17]. Clinicopathological features were summarized using
descriptive statistics (median and range for continuous vari-
ables; absolute and percentage frequencies for categorical
variables). We investigated the influence of HER2 status on
the following study outcomes: response rate (RR), disease
control rate (DCR), progression-free survival (PFS), and overall
survival (0OS). The logistic regression model was used to detect
and estimate the association between HER2 positive status
and RR and DCR. PFS was calculated by the Kaplan-Meier
method from the date of starting anti-EGFR treatment until
disease progression or death, whichever occurred first. OS
was calculated by the Kaplan-Meier method from the date of
diagnosis of metastatic disease until death from cancer or
death for any cause. The reverse Kaplan-Meier method was
used to estimate median and interquartile range (IQR) follow-
up. Clark’s C index was used to estimate the follow-up
completeness [18]. Because of imbalances in follow-up, the
log-rank test was used to assess differences between sub-
groups within the first 5 years (i.e., survival times longer than
5 years were right-censored at 5 years). Because of the
descriptive nature of this study, hypothesis testing was applied
qualitatively and not formally (e.g., no threshold for statistical
significance level was defined). Statistical analysis was per-
formed using SAS software, version 9.4 (SAS Institute Inc.,
Cary, NC). Survival functions were plotted using Stata software,
version 12.1 (StataCorp, College Station, TX).

REsuLTS

Clinicopathological Features of Patients with
HER2-Positive Metastatic Colorectal Cancer

From August 2012 to April 2018, 1,485 patients were tested
for HER2 in primary or metastatic tumor tissue or both. A
total of 100 positive cases were detected at molecular
screening, and all were considered in the present study
(supplemental online Fig. 1). Of these, 63 were eligible and,
consequently, enrolled into clinical studies encompassing
HER2-directed therapies: 33 in HERACLES A [19] and 30
in HERACLES B trials [16]. One hundred sixteen consecutive
patients without HER2 amplification or overexpression were
selected as controls among those diagnosed at our institution
from January 2012 to March 2017 based on availability of
medical records for retrieving selected clinicopathological
features. As shown in Table 1, median age at diagnosis of
mCRC was 58.9 versus 58.4 years for patients with HER2-
positive versus HER2-negative tumors, respectively; most
patients were males (75% vs. 68.1%) and had stage IV dis-
ease at diagnosis of CRC (62.5 vs. 59.5%). The primary tumor
site was left sided in 89.5% versus 80.9% of patients. Supple-
mental online Table 1 shows cancer treatments received
before study entry for the HER2-positive cohort of patients.

Association of HER2 Positivity and
Clinicopathological Characteristics
Among selected clinicopathological variables, only the pres-
ence of lung metastases (odds ratio [OR], 2.04; 95% confi-
dence interval [Cl], 1.15-3.61; p = .014) and of a higher
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Table 1. Comparison of clinicopathological features
between patients with HER2-positive and HER2-negative
metastatic colorectal cancer

HER2— HER2+
Characteristic (n = 116) (n=100) p value
Mean age at M1, yr 58.4 58.9 .531
Sex, n (%)
Female sex 37 (31.9) 25 (25) .261
Male sex 79 (68.1) 75 (75)
Stage at initial diagnosis, n (%)
MO 47 (40.5) 36 (37.5) .654
M1 69 (59.5) 60 (62.5)
Missing data 0 (0) 4 (4)
Primary tumor site,® n (%)
Right colon 22(19.1) 10(10.5) .088
Left colon 93 (80.8) 85 (89.5)
Grading, n (%)
Gl 2 (2.6) 2 (2.5) .895
G2 54 (69.2) 52 (65.8)
G3 22 (28.2) 25 (31.6)
Missing data 38 (32.8) 21 (21)
Number of metastatic sites, n (%)
1 67 (57.8) 40 (41.7) .011
2 31(26.7) 32(33.3)
3 15 (12.9) 17 (17.7)
>4 3 (2.6) 7 (7.3)
Missing data 0 (0) 4 (4.0)
Mean anti-EGFR duration 5.9 4.7 .011

Right-sided carcinomas include tumors of the cecum, the ascend-
ing colon, and the transverse colon; left-sided carcinomas include
tumors of the splenic flexure, the descending colon, the colon sig-
moid, and the rectum.

Abbreviations: EGFR, epidermal growth factor receptor; HER2—,
HER2 negative; HER2+, HER2 positive; MO, absence of distant met-
astasis/metastases; M1, presence of distant metastasis/metastases.

metastatic burden defined as number of metastatic sites at
diagnosis (OR, 1.48; 95% Cl, 1.10-2.01; p = .011) were associ-
ated with HER2 positivity (Table 1). It should be noted that
right-sided mCRCs were 50% less likely to be HER2 positive
than left-sided mCRCs (OR, 0.50; 95% Cl, 0.22-1.11; p = .088).
Figure 1 shows a forest plot with the odds ratio for selected
clinicopathological variables of HER2-positive tumors.

Prediction of HER2 Positivity by Clinicopathological
Characteristics

Full multiple logistic regression models were fitted for both
the whole cohort and the subset of patients who have
been treated with anti-EGFR therapy. Penalized maximum
likelihood estimates of the full models for both cohorts
were plotted in two nomograms (see supplemental online
Statistical Methods for details). The two resulting nomo-
grams are shown in supplemental online Figure 3. In nomo-
grams developed in this study, the regression coefficients
have been summarized into the patient’s probability to be
HER2 positive. Referring to the whole cohort, the likelihood
of carrying an HER2-positive tumor ranged from 2% to 8%.

© AlphaMed Press 2019

The area under the curve (AUC) of the full model, which is
a summary index of discrimination, was 0.59. Using boo-
tstrapping (internal validation), a good estimate of the AUC
that would be obtained by a future independent data set
was 0.54. Referring to the subset of patients treated with
anti-EGFR therapy, the likelihood of carrying an HER2-posi-
tive tumor ranged from 2% to 9%. The AUC of the full
model was 0.65. Using bootstrapping, a good estimate of
AUC that would be obtained by a future independent data
set was 0.59.

Overall, because of the low discrimination power and
the very limited range of probabilities detected, both nomo-
grams do not appear clinically useful for enriching the popu-
lation of patients who are candidates for HER2 amplification
testing.

Impact of HER2 Positivity on Clinical Outcome of
EGFR-Targeted Treatments

A comparative analysis of the subgroups of patients with RAS
wild-type tumors treated with an anti-EGFR monoclonal anti-
body (n = 79/100, 79% among HER2-positive patients; and
113/116, 97% among HER2-negative patients; see supple-
mental online Table 2 for details of anti-EGFR treatment
received) showed that patients with HER2-positive tumors
were 50% less likely to achieve a complete or partial
response when treated with anti-EGFR therapy (OR, 0.51;
95% Cl, 0.28-0.94; p = .031). This result was confirmed by a
multivariate analysis adjusted for the number of metastatic
sites, tumor sidedness, and line of anti-EGFR treatment (OR,
0.52; 95% Cl, 0.27-0.98; p = .044; Table 2). Progression-free
survival analysis was also performed, showing that HER2-pos-
itive patients displayed a trend toward a worse outcome: the
median progression-free survival in response to anti-EGFR
treatment was 5.7 months (95% Cl, 4.9-6.0) in HER2-positive
patients and 7 months (95% Cl, 6.0-8.0) in HER2-negative
patients (hazard ratio [HR], 1.35; 95% Cl, 0.96-1.89; p = .087;
Fig. 2A). Patients who underwent liver resection after an
anti-EGFR-based neoadjuvant treatment (HER2 positive, n =
43; HER2 negative, n = 27) were excluded from this analysis
because of the confounding effect of surgery (Fig. 2B). Anti-
EGFR treatment was administered mostly in the first line as
combination with a backbone of FOLFIRI chemotherapy (sup-
plemental online Table 1). Figure 3 displays a forest plot for
the HR of progression in response to anti-EGFR treatment
according to the line of treatment, showing an overall nega-
tive impact on clinical outcome of HER2 positivity that is
stronger in more advanced lines in which the confounding
impact of chemotherapy decreases.

HER2 Positivity and Overall Survival

At the time of data analysis, 54 patients with HER2-positive
mMCRC out of 94 (57.4%) and 89 patients with HER2-negative
mMCRC out of 116 (76.7%) were dead. The median overall sur-
vival was 44.6 (95% Cl, 35.2-49.4) months in patients with
HER2-positive tumors and 43.7 (95% Cl, 34.3-49.7) months in
patients with HER2-negative tumors. Because the follow-up
time was different between groups (lower in HER2-positive
patients with a median of 50.1 months [IQR 35.2-87.0] vs.
83.7 [IQR 59.8-110.9], respectively) and this could have
influenced the comparison, survival distribution was formally
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Statistics
OR Predictor Categories [HER2+] / [HER2-] Odds Ratio OR (95%Cl) p value
Sex Male:Female [75:25] /[79:37] - 1.41[0.77-2.55] 265
Age at diagnosis* [95(58.9)] / [116(58.4)] — 1.07[0.87-1.32] .531
Primary tumor site Right:Left [10:85] / [22:93] —_— 0.50[0.22-1.11] .088
Stage at initial diagnosis  M1:M0 [60:36] / [69:47) = 1.14[0.65-1.98] .654
Tumor grading G2:G1 [52:2] / [54:2] = 0.96[0.13-7.09] .895
G3:61 [25:2] / [22:2] = 1.14[0.15-8.76]

N°of metastatic sites [96(2.0)] / [116(1.0)] —_— 1.48[1.10-2.01] .011
Liver metastases Yes:No [72:24]/[78:38] i 1.46 [0.80-2.67] .217
Lung metastases Yes:No [43:53]/[33:83] L 2.04[1.15-3.61] .014
Lymph node metastases Yes:No [31:65]/[36:80] L 1.06 [0.59-1.90] .845
Peritoneum metastases Yes:No [14:82]/[12:104] L 1.48 [0.65-3.37] .351

«— HER2+ less frequent HER2+ more frequent —

f T T 1

0 1 2 3 4

Figure 1. Forest plot showing odds ratio and 95% confidence intervals of HER2-positive metastatic colorectal cancers for selected
clinicopathological variables. *, Age at diagnosis: OR increases every 10 years.
Abbreviations: Cl, confidence interval; MO, absence of distant metastasis/metastases; M1, presence of distant metastasis/metastases;

OR, odds ratio.

Table 2. Univariate and multivariate analysis of objective
response of anti-EGFR therapy in patients with HER2-negative
and HER2-positive metastatic colorectal cancer

Patient
characteristic CR/PR SD/PD OR (95% CI) p value
Univariate model
HER2+ 24 53 0.51 (0.28-0.94) .031
HER2— 53 60 1 —
Multivariate model
HER2+ 0.52 (0.27-0.98) .044
HER2— 1 —
Primary tumor site
Rectum + colon, 1 .087
left sided
Colon, right 0.48 (0.21-1.11)
sided
Therapeutic line 0.74 (0.53-1.03) .079
of anti-EGFR
Number of 0.78 (0.56-1.07) .127

metastatic sites

Abbreviations: Cl, confidence interval; CR, complete response; EGFR,
epidermal growth factor receptor; HER2—, HER2 negative; HER2+,
HER2 positive; OR, odds ratio; PD, progressive disease; PR, partial
response; SD, stable disease.

compared in the first 5 years. A 5 years’ threshold was cho-
sen because the completeness of follow-up was moderate
(Clark’s index 76% in HER2-positive patients and 90% in
HER2-negative patients). The log-rank test at 5 years did
not show association between HER2 status and survival
(p = .851; supplemental online Fig. 2). It should be noticed
that among patients with HER2-positive tumors, 64 out of
100 (64%) were eventually enrolled in at least one of the
HERACLES trials during the continuum of care and thus
received a targeted HER2-directed treatment that could
likely have impacted on overall survival, making this piece
of data of uncertain interpretation.
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Discussion

HER2 overexpression or amplification is an emerging genetic
alteration that can be screened for with established diagnostic
tools and acted on at the therapeutic level in tumors without
mutations in KRAS exon 2 [20]. Here we present the largest clin-
ically annotated series to date of HER2-positive CRCs (n = 100),
demonstrating that this molecular feature is also associated
with worse objective tumor response and shorter progression-
free survival in response to anti-EGFR therapies.

In the present analysis, we observed a 6.7% incidence of
HER2 positivity, in line with studies highlighting a higher inci-
dence of HER2 positivity among patients without KRAS muta-
tions than in the unselected population [5]. We found that
HER2 positivity was associated with the presence of lung
metastases and a higher tumor burden. However, a regression
logistic model taking into account the main clinicopathological
features did not allow us to identify predictors explaining the
bulk of HER2 positivity and therefore obtain a meaningful sta-
tistical tool to enrich patient selection for screening. Although
the limited sample size could have increased sampling vari-
ability, the predictive performance of the full models was
unsatisfactory and unlikely to improve even after increasing
the sample size. Therefore, recommendations for enriching
the population to be tested for HER2 should not be made
according to the selected clinicopathological characteristics,
and testing should be offered to all patients with mCRC.

Our data suggest that right-sided tumors are less likely to
be HER2 positive, in line with previous reports showing that
chromosomal regions hosting receptor tyrosine kinases are
more often amplified in distal than in proximal carcinomas
[21, 22]. On one hand, however, this should not preclude test-
ing for HER2 based on sidedness, as some positive cases might
be missed; on the other hand, the predominant presence of
HER2 positivity in the left colon carries therapeutic implica-
tions by mitigating the clinical paradigm according to which
left-sided CRCs as a whole are more sensitive to EGFR-targeted
treatment [23].

© AlphaMed Press 2019
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Time from start of anti-EGFR therapy (months)

Number at risk
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16 14 14
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Time from start of anti-EGFR therapy (months)

Number at risk

HER2+ 57 54 52 43 39 32 23

HER2-

18 13 11 7 5 5
89 88 87 75 66 62 56 47 37 29 22 19 14

Predictor Category HR | 95%Cl p value
HER2 (cohort A) - 1 -

+ 1.11 0.82-1.50 .492
HER2 (cohort B) - 1 -

+ 1.35 0.96-1.89 .087

Figure 2. Progression-free survival in response to anti-EGFR-based-therapeutic treatment in patients with HER2-positive and
HER2-negative metastatic colorectal cancer. (A): All patients. (B): Subset of patients with exclusion of those who underwent sur-

gery (metastasectomy of liver or lung).

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio.

Treatmentline  PFS events / N°pts Hazard Ratio HR (95%Cl)
HER2+ HER2-
1 35/37  45/45 = 0.93 [0.59-1.46]
1 1718 35/35 = 1.14 [0.62-2.08]
n-v 21/21  28/28 = 1.52 [0.85-2.74]
Total 73/76  108/108 = 1.12[0.82-1.53]
«— Favors HER2+ Favors HER2- —
r T T T
0.5 1.0 1.5 2.0 25

Heterogeneity: Chi2 = 1.72, df = 2 (p = .42); 12 = 0%

Test for overall effect: Z=0.73 (p = .47)

Figure 3. Forest plot showing progression-free survival in response to anti-EGFR therapy in patients with HER2-positive and
HER2-negative metastatic colorectal cancer, stratified for line of treatment.
Abbreviations: Cl, confidence interval; df, degrees of freedom; HR, hazard ratio; PFS, progression-free survival.

This study confirmed previous preclinical data and
hypothesis-generating retrospective analyses in limited case
series [13, 24, 25] showing that HER2 positivity is associated
with worse outcome in response to anti-EGFR therapies. Our
findings have a strong biological rationale, as overexpression
of receptor tyrosine kinases other than EGFR has been shown
to obviate the need for activated EGFR signaling and to
be responsible for resistance to anti-EGFR therapies in
preclinical models of CRC and other cancers [7].

Our analysis has several limitations, as the lack of associ-
ation between the clinicopathological features selected and
HER2 status could be due to dilution of real HER2-driven
mCRCs by HER2-overexpressing tumors in which the bio-
marker does not play a central role in tumorigenesis

© AlphaMed Press 2019

and/or tumor progression. In the phase Il HERACLES A
clinical trial, patients with higher ERBB2 gene copy num-
ber (i.e., 29.6 copies) had indeed significantly longer time
to progression and overall survival, indicating that further
discrimination at the molecular level among HER2-positive
cases according to the level of amplification is warranted.
However, in the present study this piece of data was not avail-
able for all patients and therefore only IHC and FISH scoring
were used without knowledge of the actual ERBB2 gene dos-
age of all samples. Furthermore, not having tested all samples
by NGS limited our knowledge of the wider range of genome
abnormalities that could have impacted, concomitantly with
HER2, on the association with main clinicopathological fea-
tures of tumors.
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The knowledge presented in this study suggests that HER2
status assessment should be included in the molecular
diagnostic workup of all mCRC for speedy referral to clinical
trials encompassing HER2-targeted double blockade inde-
pendently of previous anti-EGFR treatment.
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For Further Reading:

Implications for Practice:

Devarati Mitra, Jeffrey W. Clark, Helen A. Shih et al. Enrichment of HER2 Amplification in Brain Metastases from
Primary Gastrointestinal Malignancies. The Oncologist 2019;24:193-201.

HER2 amplification is a well-known driver of oncogenesis in breast cancer, with associated increased risk of brain
metastases and response to HER2-directed therapy. In nongastric gastrointestinal (Gl) cancers, HER2 amplification is
not common and consequently is infrequently tested. The current study shows that brain metastases in patients with
Gl primary malignancies have a relatively high likelihood of being HER2 positive despite HER2 amplification or
overexpression being less commonly found in matched tissue from prior sites of disease. This suggests that regardless
of prior molecular testing, patients with Gl cancer with brain metastases who have tissue available are likely to benefit
from HER2 assessment to identify potential novel therapeutic options.
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