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abstract

PURPOSE Approximately 15% to 43% of esophageal adenocarcinomas (EACs) are human epidermal growth
factor receptor 2 (HER2) positive. Because dual-agent HER2 blockade demonstrated a survival benefit in breast
cancer, we conducted a phase II feasibility study of trastuzumab and pertuzumab added to neoadjuvant
chemoradiotherapy (nCRT) in patients with EAC.

PATIENTS AND METHODS Patients with resectable HER2-positive EAC received standard nCRT with carboplatin
and paclitaxel and 41.4 Gy of radiotherapy, with 4 mg/kg of trastuzumab on day 1, 2 mg/kg per week during
weeks 2 to 6, and 6 mg/kg per week during weeks 7, 10, and 13 and 840 mg of pertuzumab every 3 weeks. The
primary end point was feasibility, defined as $ 80% completion of treatment with both trastuzumab and
pertuzumab. An exploratory comparison of survival with a propensity score–matched cohort receiving standard
nCRT was performed, as were exploratory pharmacokinetic and biomarker analyses.

RESULTS Of the 40 enrolled patients (78% men; median age, 63 years), 33 (83%) completed treatment with
trastuzumab and pertuzumab. No unexpected safety events were observed. R0 resection was achieved in all
patients undergoing surgery, with pathologic complete response in 13 patients (34%). Three-year progression-
free and overall survival (OS) were 57% and 71%, respectively (median follow-up, 32.1 months). Compared with
the propensity score–matched cohort, a significantly longer OS was observed with HER2 blockade (hazard ratio,
0.58; 95% CI, 0.34 to 0.97). Results of pharmacokinetic analysis and activity on [18F]fluorodeoxyglucose
positron emission tomography scans did not correlate with survival or pathologic response. Patients with HER2
3+ overexpression or growth factor receptor–bound protein 7 (Grb7) –positive tumors at baseline demonstrated
significantly better survival (P = .007) or treatment response (P = .016), respectively.

CONCLUSION Addition of trastuzumab and pertuzumab to nCRT in patients with HER2-positive EAC is feasible
and demonstrates potentially promising activity compared with historical controls. HER2 3+ overexpression and
Grb7 positivity are potentially predictive for survival and treatment response, respectively.

J Clin Oncol 38:462-471. © 2019 by American Society of Clinical Oncology

INTRODUCTION

In resectable esophageal cancer (EC), a significant
median gain in survival of 25 months can be achieved
with neoadjuvant chemoradiotherapy (nCRT) admin-
istered according to the CROSS regimen compared
with surgery alone.1,2 Nevertheless, survival remains
poor; EC accounts for 508,600 deaths per year
worldwide.3

In esophageal adenocarcinoma (EAC), 15% to 43% of
tumors demonstrate human epidermal growth factor
receptor 2 (HER2; ErbB-2) positivity,4-9 and inconsis-
tent conclusions regarding the relationship between
HER2 overexpression and clinical outcome have
been published.8,10-12 In the phase III ToGA trial,13 the
HER2-targeting monoclonal antibody trastuzumab
significantly improved survival in patients with
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HER2-positive advanced gastric cancer. After positive re-
sults in a phase I/II study, the randomized RTOG 1010 trial
(ClinicalTrials.gov identifier: NCT01196390) is currently
investigating the addition of trastuzumab to carboplatin and
paclitaxel and 50.4 Gy of radiotherapy in EAC.7 In patients
with early breast cancer, the combination of trastuzumab
and pertuzumab, a monoclonal antibody inhibiting ligand-
dependent HER2 heterodimerization, has demonstrated
higher pathologic complete response (pCR) compared with
chemotherapy and trastuzumab alone.14 Preclinical
studies15,16 in gastric cancer have demonstrated a syner-
gistic effect on tumor inhibition with dual-agent HER2
blockade. In advanced HER2-positive gastric or gastro-
esophageal junction cancer, the JACOB study showed that
the addition of pertuzumab to trastuzumab and chemo-
therapy resulted in a nonsignificant median survival benefit
of 3.3 months, along with a manageable increase in grade
$ 3 toxicity.17 Given the potential of dual-agent HER2 targeting,
we hypothesized that addition of trastuzumab and pertu-
zumab to nCRT in resectable HER2-positive EAC could
potentially improve survival. Because no data are available
on the safety of this combination before major surgery, we
first conducted a feasibility study.

Pharmacokinetic analyses in gastroesophageal cancer
have suggested that exposure to low trastuzumab serum
concentrations correlate with worse prognosis18 and that
lower pertuzumab concentrations are reached in gastric19

compared with breast cancer.20 Therefore, we additionally
assessed the pharmacokinetics of trastuzumab and per-
tuzumab. Furthermore, because definite predictors for
response are lacking in EAC, we performed exploratory
biomarker analyses to identify relevant biomarkers for
HER2-targeted therapy, including HER2/HER3 and growth
factor-binding protein 7 (Grb7) expression8,21-27, HER2
extracellular domain (sHER2) level, and activity on [18F]
fluorodeoxyglucose (FDG) positron emission tomography
(PET)/computed tomography (CT).

PATIENTS AND METHODS

Study Design and Patient Eligibility Criteria

We performed a multicenter phase II study with trastuzu-
mab and pertuzumab added to nCRT followed by esoph-
agectomy in patients with HER2-positive EAC. Eligible
patients had surgically resectable, histologically proven
HER2-positive adenocarcinoma of the esophagus or gas-
troesophageal junction, without evidence of metastatic
spread. Patients with celiac nodes and paraesophageal
lymph nodes, including subcarinal and paratracheal lymph
nodes, were considered eligible; those with other medi-
astinal nodes and nodes distal from the celiac trunk were
considered ineligible. Eastern Cooperative Oncology Group
(ECOG) performance score of 0 or 1 and adequate he-
matologic, renal, and hepatic function were required. Pa-
tients who had received prior treatment with chemotherapy,
radiotherapy, or HER2-targeted therapy or had severely

impaired lung function or clinically significant cardiovas-
cular disease, including a left ventricular ejection fraction
(LVEF) , 55% (Data Supplement) were excluded.

The trial was approved by the medical ethical review
committee of the Amsterdam University Medical Center
and conducted in accordance with Good Clinical Practice
guidelines and the Declaration of Helsinki. All patients
provided written, informed voluntary consent.

Treatment Plan

Patients received paclitaxel (50 mg/m2), carboplatin (area
under the curve [AUC], 2), and radiotherapy (23 3 1.8 Gy
over 5 weeks).1 Trastuzumab was administered at a loading
dose of 4 mg/kg on day 1, 2 mg/kg once per week during
weeks 2 to 6, and 6 mg/kg once every 3 weeks during
weeks 7 to 13. Pertuzumab was administered at a dose of
840 mg once every 3 weeks (Data Supplement). Surgery
was performed in week 14, with a transthoracic or tran-
shiatal approach and a two-field lymph node dissection.

Dose Modifications

Dose reductions were not allowed for trastuzumab; per-
tuzumab dose was reduced if grade 3 to 4 diarrhea or rash
occurred, without dose re-escalation thereafter. Dose de-
lays for trastuzumab and pertuzumab were permitted for
treatment-related adverse events (AEs).

Study End Points and Statistical Analyses

The primary objective was to assess the feasibility of
neoadjuvant treatment, in terms of completion of tras-
tuzumab and pertuzumab, using a one-sample test for
a binomial proportion with normal approximation and
a one-sided P value of, .05. Treatment would be regarded
feasible if$ 80% of patients completed treatment; a rate of
# 62% would be considered unfeasible. On the basis of
a single-stage Fleming design, 40 patients were required to
achieve an a of 0.05 and a power of 0.80.

Secondary end points were safety, response, and survival.
Exploratory end points were pharmacokinetics in relation to
safety, response, and survival and biomarker analyses in
relation to response and survival. All tests were two sided,
with P values , .05 considered statistically significant.
SPSS Statistics for Windows (version 25.0; IBM, Armonk,
NY) was used for statistical analyses.

Safety. The safety population included all patients who
received at least one dose of trastuzumab and pertuzumab.
AEs were graded using the National Cancer Institute
Common Toxicity Criteria for Adverse Events (version 4.03)
and the Radiation Oncology Group criteria; postoperative
complications were graded according to Clavien-Dindo.
Left ventricular systolic dysfunction (LVSD) was defined
as $ 10% absolute decrease from baseline to an absolute
value of , 50% with (symptomatic) or without (asymp-
tomatic) cardiac failure symptoms.28,29
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Response and survival. Pathologic response was assessed
according to the criteria of Mandard et al.30 Patients were
clinically assessed through physical examination, labora-
tory tests, and multigated acquisition and CT scans before
treatment. During treatment, weekly screening was per-
formed using laboratory tests and physical examination.

Survival analyses included all patients who received at least
one dose of trastuzumab and pertuzumab. Progression-
free (PFS) and overall survival (OS) were estimated using
Kaplan-Meier analyses, measured from treatment initiation
to documented disease progression or death, respectively.

To compare the observed survival with that of patients
receiving conventional nCRT according to CROSS, we
performed propensity score matching with data from the
Netherlands Cancer Registry (NCR). Using a logistic re-
gression model, we matched on sex, performance status,
number of comorbidities, age, hospital volume, tumor
stage, and tumor length. Because determination of HER2
status is not standard clinical practice for patients without
metastases, it could not be included as amatching variable.
Matching was performed at a one-to-four ratio with
a maximum allowable absolute difference in propensity
score of 0.1, optimized to match patients with the fewest
number of matches first. Survival was analyzed using a Cox
proportional hazards model, after confirmation of the
proportional hazards assumption.

Pharmacokinetic and biomarker analyses. For pharmaco-
kinetic assessments, predose serum samples were ob-
tained on days 1, 8, 15, 22, 29, 43, 64, and 85 to measure
trough concentrations (Cmin), and postdose serum samples
were obtained on days 1, 22, 43, 64, and 85 to measure
peak concentrations (Cmax). Trastuzumab and pertuzumab
were isolated from serum and analyzed using liquid
chromatography with mass spectrometry. In serum sam-
ples collected on days 1, 22, 43, 64, and 85, sHER2 was
measured using a fully automated, two-site sandwich im-
munoassay (ADVIA Centaur XP, Siemens, Munich, Ger-
many;31 Data Supplement).

Tissue tumor samples for biomarker analyses obtained at
baseline and post-treatment were stained for HER2/HER3
and Grb7 using anti-HER2/neu, HER3, and anti-Grb7
rabbit monoclonal antibodies. Slides were scored for
HER2 using the Hoffman scoring system, with HER2
positivity defined as immunohistochemistry (IHC) 3+ or
IHC2+ with amplification of HER2, as assessed with silver
in situ hybridization.32,33 Membranous HER3 expression
was scored using the HER2 IHC scoring guidelines,32 and
IHC2+ and IHC3+ scores were defined as positive. For
Grb7, the percentage of positive membranous stained cells
and the maximal intensity of staining were assessed. Tu-
mors were Grb7 positive when scoring at least IHC2+ in
10% of tumor cells (Data Supplement). Survival for HER2
IHC3+ and IHC2+ with amplification was assessed using
a Gehan-Breslow-Wilcoxon survival curve.34

Associations between the difference in FDG uptake on pre-
and post-treatment PET/CT scans and pathologic response
and survival were analyzed. Scans were performed
according to the standard clinical protocols at each in-
stitution and reviewed using an Hermes workstation
(Hermes Medical Solutions, Stockholm, Sweden). Volumes
of interest were drawn over the primary tumor, from which
maximum standardized uptake values (SUVmax) were
calculated. The associations of secondary outcomes with
the degree of pathologic response and survival were
assessed using nonparametric tests. Additional methods
are described in the Data Supplement.

RESULTS

Patient Characteristics

Forty patients were enrolled between April 2014 and
September 2016 and were observed through February
2019. A majority of included patients were men (n = 33;
83%) and had an ECOG performance score of 0 (n = 33;
83%). Median age was 63 years (interquartile range [IQR],
57-69). Most tumors were cT3 (65%) and cN1 (58%;
Table 1).

Adherence to Treatment

Thirty-three of 40 patients completed treatment with tras-
tuzumab and pertuzumab without dose modifications
(completion rate, 83%). One or more doses of trastuzumab
and/or pertuzumab were omitted in seven patients because
of LVEF decrease (n = 3), trial discontinuation at the pa-
tient’s request (n = 3), or death (n = 1). Three (8%) of 40
patients missed one dose of chemotherapy because of
LVEF decrease (n = 2) or hospitalization (n = 1).

Safety

Overall toxicity. The most common AEs of any grade were
fatigue (76%), diarrhea (73%), and nausea (70%; Table 2).
One patient (3%) died as a result of pulmonary fibrosis
during the trial. Of the grade $ 3 AEs (n = 19; 48%), di-
arrhea (20%) and dysphagia (18%) were most common.

Eleven patients (28%) had one or more serious AE (SAE),
requiring (prolongation of) hospitalization; vomiting (n = 4),
nausea (n = 3), and GI hemorrhage (n = 2) were the most
prevalent causes (Data Supplement). All but one patient
recovered from the SAEs; aggravation of preexisting pul-
monary fibrosis led to a fatal outcome.

Cardiotoxicity. Thirty-seven patients were included in the
cardiac safety analysis. Because of early non–cardiac-
related discontinuation (n = 2) or death (n = 1), post-
treatment measurements were not performed in three
patients. The mean (6 standard deviation [SD]) pre-
treatment LVEF was 64% (6 7.8%); it was 59% (6 8.4%)
post-treatment. Five patients (14%) developed LVSD, of
whom one patient had symptomatic LVSD and one patient
missed a dose of trastuzumab and pertuzumab because of
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LVEF decrease. However, cardiotoxicity did not result in
delay of surgery in any of these patients.

Postoperative complications. Two patients did not undergo
surgery (5%); one patient died before surgery as a result of
pulmonary fibrosis, and one patient developed interval
metastases. No patient died within 30 and 90 days after
surgery, and no unforeseen complications were reported. A
majority of postoperative complications were pulmonary
(24%) or cardiac complications (16%; Table 3). Four
patients (11%) experienced anastomotic leakage.

Response and Survival

R0 resection was achieved in all 38 patients undergoing
surgery (100%), of whom 13 (34%) had a pCR (Mandard
1). Mandard 2, 3, 4, and 5 responses were observed in 10
(26%), 10 (26%), three (8%), and two patients (5%), re-
spectively (Data Supplement).

Median follow-up was 32.1 months (IQR, 28.3-39.4).
Median PFS and OS were not achieved during follow-up.
One- and 3-year PFS rates were 82.5% and 56.8%, re-
spectively. One- and 3-year OS rates were 90.0% and
71.3%, respectively (Fig 1).

Results were compared with the propensity score–matched
cohort from the NCR receiving nCRT (Data Supplement).
The assumption of proportional hazards was met (P = .671).

TABLE 1. Baseline Demographic and Clinical Characteristics (N = 40)
Characteristic No. %

Age, years

Median 63

Range 44-78

Sex

Male 33 83

Female 7 17

HER2 status

2+ 11 27

3+ 29 73

ECOG PS

0 33 83

1 7 17

Tumor length, cm

Mean 6.3

SD 2.7

Clinical tumor stage

cT2 11 28

cT3 26 65

cT4 1 3

cTx 2 5

Clinical nodal stage

cN0 8 20

cN1 27 68

cN2 5 13

LVEF

Median 64

Range 52-87

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group
performance score; HER2, human epidermal growth factor receptor 2;
LVEF, left ventricular ejection fraction; SD, standard deviation.

TABLE 2. AEs in Enrolled Patients (N = 40)

AE

Grade 1-2 Grade 3

No. % No. %

Fatigue 29 73 1 3

Nausea 24 60 4 10

Diarrhea 21 53 8 20

Pain 18 45 0 0

Vomiting 16 40 2 5

Rash 14 35 0 0

Constipation 13 33 1 3

Infection 11 28 0 0

Odynophagia 10 25 1 3

Flu-like/malaise 10 25 0 0

Dysphagia 9 23 7 18

Anorexia 9 23 2 5

Alopecia 9 23 0 0

Epistaxis 9 23 0 0

Dysgeusia 7 18 0 0

Fever 7 18 0 0

Hoarseness 6 15 0 0

Infusion-related reaction 5 13 0 0

Peripheral sensory neuropathy 5 13 0 0

Dry skin 5 13 0 0

Dyspepsia 5 13 1 3

Dehydration 4 10 1 3

Cardiac symptoms* 4 10 2 5

Chills 4 10 0 0

Oral mucositis 4 10 0 0

Headache 4 10 0 0

Sore throat 4 10 0 0

Cough 4 10 0 0

Dyspnea 4 10 0 0

Esophagitis 3 8 2 5

Hypophosphatemia 2 5 1 3

Hematemesis 0 0 1 3

Pulmonary fibrosis 0 0 1† 3

Abbreviation: AE, adverse event.
*Cardiac symptoms were atrial fibrillation and hypertension.
†Indicates a grade five event.
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Patients receiving nCRT, trastuzumab, and pertuzumab
were at significantly lower hazards of death compared with
patients receiving nCRT only (hazard ratio, 0.58; 95% CI,
0.34 to 0.97; Fig 1).

Pharmacokinetic Analysis

Pharmacokinetic data were evaluable for 37 patients. The
mean (6 SD) observed Cmin and Cmax for trastuzumab were
38.4 (6 10.8) and 128.9 mg/mL (6 23.2), respectively
(Fig 2A); for pertuzumab, they were 89.5 (6 24.8) and
292.3 mg/mL (6 52.5), respectively (Fig 2B). All patients
had a pertuzumab Cmin . 20 mg/mL. The AUC concen-
tration of trastuzumab and pertuzumab did not correlate
with cardiac toxicity (P = .652 and P = .728, respectively).
Between patients with and without pCR or disease pro-
gression, Cmin concentrations of trastuzumab and pertu-
zumab were not significantly different (all P . .05).

Biomarker Analyses

Serum samples from 40 patients were available. Median
baseline sHER2 was 11.9 mg/mL (IQR, 10.7-14.6; Data
Supplement). sHER2 baseline levels were not significantly
different in patients with and without disease progression
(P = .890), nor were they different in patients with pCR or
residual disease (P = .158).

Patients with HER2 IHC3+ tumors at baseline (n = 29)
demonstrated a significantly better OS compared with
HER2 IHC2+ patients with gene amplification (n = 11;
P = .016; Fig 3A). HER3 expression and Grb7 expression
were positive in 58% (n = 23) and 55% (n = 22) of
patients, respectively (Figs 3B and 3C; Data Supplement).
Treatment response was significantly better for patients
with Grb7-positive tumors at baseline (P = .001; Fig 3D).
No correlation between pretreatment HER2 expression
and Mandard score was observed, nor did pre- or post-
treatment HER3 expression demonstrate a correlation
with treatment response or survival.

Baseline PET/CT scans were available from 38 patients.
Scans from two patients could not be analyzed because of
logistic reasons. Six patients did not have post-treatment
scans because of death (n = 1) or discretion of the local
investigator (n = 5). Post-treatment scans were performed
at a median time of 8.1 weeks (IQR, 7.0-8.3) after com-
pleting nCRT, with five scans prematurely performed within
6 weeks after nCRT completion. Median SUVmax at baseline
was 12.1 (IQR, 8.7-15.9); it was 4.5 (IQR, 3.5-5.5) after
treatment. No significant difference in ΔSUVmax was
identified in patients with v without disease progression
(P = .417), nor in patients with high v low Mandard scores
(P = .349). After exclusion of prematurely performed scans,
still no relationship between ΔSUVmax and Mandard score
or progression was observed (all P. .05). Baseline SUVmax

did not predict progression or death (P = .846).

DISCUSSION

This is the first study to our knowledge demonstrating the
feasibility of the addition of both trastuzumab and pertu-
zumab to standard nCRT with carboplatin and paclitaxel in
patients with resectable HER2-positive EAC, with 83% of
patients receiving the complete treatment schedule.

Toxicity was similar to that with standard nCRT (CROSS),
with the exception of increased incidences of rash and
grade 3 diarrhea compared with the CROSS trial1 (35% v
0% and 20% v 1%, respectively), most likely because of
pertuzumab-induced inhibition of the epidermal growth
factor receptor.29,35,36 AEs were manageable and did not
result in treatment discontinuation of trastuzumab or per-
tuzumab or in delay of surgery. In the JACOB trial,17 cardiac
toxicity was similar in patients with and without pertuzu-
mab. Incidence of LVSD was higher in our study compared
with the JACOB trial. It should, however, be noted that LVEF
changes cannot directly be attributed to trastuzumab and

TABLE 3. Postoperative Complications in Patients Undergoing
Surgery (n = 38)
Complication* No. %

Pulmonary† 9 24

Cardiac‡ 6 16

Anastomotic leakage 4 11

Neurologic§ 4 11

Wound infection 4 11

Aspiration 3 8

Constipation 2 5

Gastric tube 2 5

Hoarseness 2 5

Mediastinitis 2 5

Abdominal fluid collection 1 3

Cachexia-related symptom 1 3

Gastric tube retention 1 3

Depression 1 3

Diarrhea 1 3

Hypernatremia 1 3

Hypertriglyceridemia 1 3

Hypokalemia 1 3

Pyelonephritis 1 3

Pylorus stenosis 1 3

Rash 1 3

Stomach distension 1 3

Uncontrolled hyperglycemia 1 3

*Postoperative complications were graded according to the Clavien
Dindo Criteria.

†Pulmonary complications were pneumonia, pneumothorax,
atelectasis, and pleural effusion.

‡Cardiac complications were atrial fibrillation and hypertension.
§Neurological complications were vocal cord/nervus recurrence

paresis, Horner syndrome, and myoclonus.
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pertuzumab alone, because CRT may also influence car-
diac function.37,38 Nevertheless, because no cardiac tox-
icity was observed in a phase I/II study7 investigating
trastuzumab with chemotherapy and 50.4 Gy of radio-
therapy, the extent to which radiotherapy influences car-
diac toxicity remains unclear. Postoperative complication
rates were lower in the TRAP study compared with the
CROSS trial,1 with anastomotic leakage reported in 10%
versus 22% and pulmonary complications in 24% versus
46%, respectively.

Compared with the CROSS trial,1 higher R0 resection and
pCR rates were observed (100% v 92% and 34% v 23% for
EAC, respectively). Direct comparison with a propensity
score–matched cohort treated with the CROSS regimen

may also suggest that addition of trastuzumab and per-
tuzumab to nCRT is more effective than nCRT alone.
Unfortunately, a major limitation is that HER2 status could
not be retrieved for the propensity score–matched cohort.
Nonetheless, in previous retrospective cohort studies of
patients with EAC treated with nCRT,8,12 no significant
association between baseline HER2 status and survival was
observed, and therefore, the influence of HER2 status on
prognosis is probably limited.

In contrast to the ToGA trial,13 we identified no correlation
between the pharmacokinetics of trastuzumab and path-
ologic response or survival. Furthermore, compared with
a phase IIIb study39 in advanced gastric cancer, our pa-
tients achieved higher trastuzumab Cmin values. However,
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as this trial also demonstrated,39 we observed no associ-
ation with increased efficacy. All patients reached the
pertuzumab target concentration of . 20 mg/mL, and our
results on pertuzumab trough values were comparable to
those of previous studies in breast20 and gastroesophageal
cancers.19 Similar to previous studies on gastroesophageal
cancer in the metastatic setting,17,19 we chose to double
the pertuzumab dose compared with that used in breast
cancer studies.40 This suggests that higher doses are
needed in upper GI compared with breast cancer to
reach similar pharmacokinetic concentrations, although
the mechanism underlying this difference remains
unknown.19

Exploratory biomarker analysis were performed to identify
subgroups that benefit most from HER2 targeting.41 Our
data support previous reports21,22,24 showing that patients
with high HER2 expression potentially benefit most from
HER2-targeting agents. However, available studies on the
relationship between HER2 status and survival of patients
treated with nCRT8,12 have not investigated the difference in
survival between HER2 IHC3+ and HER2 IHC2+ with
amplification. Therefore, it is still an open question whether
high HER2 expression is a true predictive, and potentially
prognostic, biomarker in this population. We also identified
Grb7 as a potential treatment response biomarker. This is in

line with previous observations of Grb7 as a therapeutic
target in esophageal27 and breast cancers,42 because it
strongly binds HER2 and could play an essential role in HER2
signaling. Therefore, patients with Grb7-overexpressing tu-
morsmay bemore sensitive toHER2-targeting treatment.26,27,42

Alternatively, this could be a result of coamplification of
Grb7 with HER2, located on chromosome 17, which has
been reported in breast cancer.42,43 Nevertheless, here we
report Grb7 negativity in 45% of HER2-positive patients.
Therefore, Grb7 holds potential value as a predictive bio-
marker, and further investigation is warranted. The pre-
vious finding of sHER2 as a prognostic and predictive
marker22,44,45 could not be confirmed in this trial, as also
has been reported by others.24

PET/CT scans performed in our study were executed at
a prolonged interval after nCRT (8 rather than 4-6 weeks),
considering previous studies demonstrating the substantial
influence of radiation-induced inflammation on pathologic
response assessment by PET/CT.46-48 Nevertheless, we did
not observe a correlation between decreased FDG uptake
and pathologic response.49,50 Exclusion of prematurely
performed scans did not influence outcome. Although FDG
PET/CT scanning is valuable to determine the presence of
metastases,49 its value as a predictive tool for treatment
response seems questionable.51

D

Negative Positive

1

2

3

4

5

P = .0007

M
an

da
rd

 S
co

re

A

0 12 24 36 48

50

100

Time (months) Grb7 Expression
No. at risk:

HER2 2+

HER2 3+

9

29

7

26

3

13

3

2

75

25

OS
 (%

)

HER2 2+

HER2 3+

11

29

P = .016

CB

100µm 100µm

FIG 3. (A) Overall sur-
vival (OS) of patients
with human epidermal
growth factor receptor
2 (HER2) immunohisto-
chemistry (IHC) 2+ and
IHC3+ tumors. (B) HER3
and (C) growth factor–
binding protein 7 (Grb7)
expression at 103 mag-
nification. (D) Treatment
response by Mandard
score in patientswith Grb7-
positive and -negative
tumors.

468 © 2019 by American Society of Clinical Oncology Volume 38, Issue 5

Stroes et al

Downloaded from ascopubs.org by Universiteit Leiden on November 28, 2022 from 132.229.250.239
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



In conclusion, the addition of trastuzumab and pertuzumab
to nCRT is safe and tolerable for patients with HER2-positive
EAC, and preliminary efficacy results seem promising. Be-
cause data on an HER2-positive control group are lacking,

a randomized phase III study is warranted to demonstrate
the superiority of the addition of trastuzumab and pertu-
zumab. High HER2 and Grb7 may serve as biomarkers to
predict survival and treatment response, respectively.
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