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Abstract

Purpose To investigate the safety and efficacy of 30-min maintenance infusions of trastuzumab in advanced gastric cancer
positive for human epidermal growth factor receptor 2 (HER2).

Methods This was a retrospective study conducted across five Korean hospitals in patients with HER2-positive gastric or
gastroesophageal junction adenocarcinoma treated with first-line, 3-weekly trastuzumab plus chemotherapy. The first dose
of trastuzumab (8 mg/kg) was administered as a 90-min infusion, with all subsequent maintenance infusions (6 mg/kg)
given over 30 min. The primary aim was to investigate infusion-related reactions and cardiac events with 30-min infusions
of trastuzumab. Objective response rate, progression-free survival, and overall survival were secondary endpoints.

Results The study included 128 patients (efficacy population), of whom 123 received both induction and maintenance infu-
sions and formed the safety population. The median age was 63 years; 80% were presenting for the first time with metastatic
disease, and 94% were treated with trastuzumab plus capecitabine/cisplatin. Infusion-related reactions were observed in 32
of 123 patients (26%). There were no cardiac events. The most frequent adverse events were anorexia and nausea, followed
by vomiting, fatigue, mucositis, sensory neuropathy, and hand—foot syndrome. Most events were grade 1-2 and were man-
ageable. No patient discontinued study treatment due to adverse events. The objective response rate was 63%, and included
6 complete responses.

Conclusions Trastuzumab 30-min maintenance infusions were well tolerated with a good safety profile, and resulted in
sustained efficacy in patients with HER2-positive advanced gastric cancer.
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Introduction

Gastric cancer is the fifth most common malignancy and
the third most common cause of cancer death worldwide
[1]. Most patients present with inoperable advanced or
metastatic disease [2—4]. This is because early gastric
cancer generally has no symptoms, and physical signs are
typically only seen in late disease [3]. The outlook for
patients with gastric cancer is usually poor, with fewer
than 30% of patients surviving for longer than 5 years [5].
Patients with advanced disease have a particularly poor
prognosis, with 5-year survival less than 10% [4, 6].

Three countries in South-East Asia—China, Japan and
Korea—account for 60% of all cases of gastric cancer
worldwide [7]. The highest mortality rates are also seen
in East Asia [1, 7]. In Korea, gastric cancer was, with the
exception of thyroid cancer, the most common malignancy
in 2014 [8]. Furthermore, it was the most common cancer
in men, with a crude incidence of 79.2 per 100,000, and
the fourth most common in women, with a crude incidence
of 38.5 per 100,000. Overall, mortality due to gastric can-
cer was 17.6 per 100,000, making this type of malignancy
the third leading cause of cancer death in Korea, after lung
and liver tumors [8].

Research over the past decade has increasingly shown
the importance of amplification of the human epidermal
growth factor receptor 2 (HER2/neu) gene in gastric can-
cer. HER2/neu is an oncogene that is an important bio-
marker and driver of tumorigenesis in this disease. The
HER?2 protein is a transmembrane tyrosine kinase recep-
tor and member of the epidermal growth factor receptor
family [9]. Overexpression of the HER2 protein has been
reported in up to 40% of patients with advanced gastric
cancer [9-11] and is associated with poor outcomes and
aggressive disease [9].

Trastuzumab is a humanized, recombinant monoclonal
antibody that targets the HER?2 protein by directly bind-
ing to the extracellular domain of the receptor, thereby
preventing its cleavage. This inhibits HER2-mediated
signaling and related tumor proliferation [9, 10]. Tras-
tuzumab has well-established efficacy in breast cancer;
durable tumor responses and improved outcomes have
been reported in patients with early or metastatic HER2-
positive disease [12-16].

More recently, trastuzumab has also demonstrated an
emerging role in gastric cancer. Overall survival improve-
ments were reported in HER2-positive advanced gastric
cancer when trastuzumab was used in combination with
chemotherapy in a landmark Phase III randomized trial in
594 patients across 122 centers in 24 countries [2]. As a
result, trastuzumab given in combination with a platinum
agent and 5-fluorouracil or capecitabine is now widely
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considered the standard of care for first-line therapy of
patients with HER2-positive gastroesophageal junction or
gastric cancer [4].

In patients with metastatic gastric cancer, trastuzumab is
administered by intravenous infusion, typically over a period
of 90 min for the loading dose, and 30-90 min for subse-
quent maintenance infusions. The manufacturer recommends
dilution of the required dose in 250 mL normal saline [17].
Adverse events associated with trastuzumab administration
include cardiac dysfunction and infusion-related reactions.
Practitioners are required to monitor patients carefully dur-
ing trastuzumab administration [17, 18] as the frequency and
severity of infusion-related reactions with biologic agents is
thought to be related to rates of infusion [19].

Reactions to trastuzumab infusions are much less com-
mon with maintenance infusions than with the first dose,
particularly when premedication is used [20, 21]. This obser-
vation, together with consideration of patient convenience
and comfort, and optimization of the use of clinic time, has
led to interest in 30min trastuzumab infusions for mainte-
nance therapy. Infusion of trastuzumab over this time period
exhibits acceptable safety and tolerability in patients with
breast cancer [19, 22, 23] (including in a study of 100 mL
infusions [19]).

The present study was conducted to assess the adverse
event profile of trastuzumab administered by 30-min intra-
venous infusion for maintenance therapy in patients with
HER2-positive advanced gastric cancer. Secondary objec-
tives were to explore response rates, progression-free sur-
vival, and overall survival.

Materials and methods
Study design and participants

This was a retrospective study conducted across five hos-
pitals in Korea. Patients with HER2-positive gastric or
gastroesophageal junction adenocarcinoma treated with
first-line trastuzumab plus chemotherapy (5-fluorouracil or
capecitabine plus platinum) were selected for inclusion.

For inclusion in the study, patients were required to have:
histologically confirmed gastric/gastroesophageal junction
adenocarcinoma with a HER2 immunohistochemistry score
of 34+ or HER2 immunohistochemistry 24 and silver/fluo-
rescence in situ hybridization (SISH/FISH [24, 25])-positive
amplification; relapsed or metastatic disease; and first-line
treatment with trastuzumab in combination with chemo-
therapy (capecitabine/cisplatin or 5-fluorouracil/cisplatin
or capecitabine).

Patients were excluded if they had: histologically con-
firmed gastric/gastroesophageal junction non-adeno-
carcinoma (e.g., sarcoma, lymphoma, or squamous cell
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carcinoma); HER2 immunohistochemistry 0/1+ or HER2
SISH/FISH-negative amplification; operable gastric cancer;
or trastuzumab given as second-line or subsequent therapy.

The first dose of trastuzumab (8 mg/kg) was administered
as a 90-min infusion in conjunction with chemotherapy.
Chemotherapy consisted primarily of cisplatin 60—-100 mg/
m? intravenously on day 1 plus either capecitabine 1000 mg/
m? orally twice a day from day 1 to day 14 or 5-fluoroura-
cil 1000 mg/m? intravenously from day 1 to day 5 of each
cycle. If tolerated, all subsequent maintenance doses of tras-
tuzumab 6 mg/kg were administered over 30 min. All trastu-
zumab infusions were given in 250 mL of normal saline on
day 1 of each cycle. Premedication, where used, consisted
of chlorpheniramine 4 mg and/or hydrocortisone 100 mg
or dexamethasone 5 mg, all by intravenous infusion over
10-15 min. Patients were to have received treatment every
3 weeks for up to 8 cycles.

The primary endpoint of the study was evaluation of
adverse events, with particular focus on infusion-related
reactions and cardiac events associated with 30-min infu-
sion of trastuzumab. Adverse events were collected retro-
spectively from patient medical records and recorded using
a standardized case report form (CRF). Infusion-related
reactions were characterized by the following symptoms
that occurred within 24 h of 30-min trastuzumab infusion:
chills, nausea, vomiting, pain, headache, dizziness, dysp-
nea, hypotension, rash, asthenia, bronchospasm, anaphy-
laxis, angioedema, and hypoxia. Due to the retrospective
nature of the study, there was no fixed method or timing
for cardiac toxicity assessment. However, cardiac events
were monitored at every cycle including left ventricular
dysfunction, arrhythmias, hypertension, cardiac failure,
and cardiomyopathy. The CRF also collected information
on rare events associated with 30-min trastuzumab infusion,
including skeletal abnormalities, neonatal death, interstitial
pneumonitis, hypoxia, acute respiratory distress syndrome,
pulmonary fibrosis, neutropenia, diarrhea, and sepsis. Events
were assessed and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) Version 4.03. The management of adverse
events at participating centers was per standard practice
and dependent on severity: grade 1 =no intervention; grade
2 =medication used as required; grade 3 or 4 =chemo-
therapy was stopped until recovery to grade 1 severity, then
chemotherapy was continued at reduced dosages as neces-
sary while trastuzumab was continued as usual.

Secondary endpoints were efficacy-related, and included
objective response rate, progression-free survival and overall
survival. Objective response rate was based on Response
Evaluation Criteria in Solid Tumors (RECIST) [26] and was
the total of complete and partial responses, assessed by the
treating physician every 2 months. Progression-free survival
was defined as the time from the first dose of chemotherapy

to relapse or last follow-up or death; overall survival was the
time from the first dose of chemotherapy to last follow-up
or death.

The safety population consisted of all patients who
received induction and at least one maintenance dose of tras-
tuzumab. The efficacy population was defined as all patients
who received the loading dose and maintenance infusions,
or the loading dose only.

Assessments and data handling

Tumors were tested by a central laboratory for HER2 status
with immunohistochemistry (HercepTest, Dako, Denmark)
and FISH (HER2 FISH pharmDx, Dako) or SISH [24, 25].
Because of the inherent biological differences between
breast and gastric tumors, notably tumor heterogeneity and
the occurrence of basolateral membrane staining, a new set
of immunohistochemistry scoring criteria were developed
that are specific for gastric cancer. These scoring criteria
were modified on the basis of the study by Hofmann and
colleagues [10]. Patients were eligible if their tumor samples
were scored as 3+ on immunohistochemistry or if they were
FISH or SISH-positive (HER2: chromosome enumeration
probe 17 [CEP17] ratio >2) [2].

Time-to-event data were estimated using the
Kaplan—-Meier method. The Cox proportional hazards
model was used to estimate 95% confidence intervals for
risk assessments. All analyses were conducted using sta-
tistical package for social sciences (SPSS) Version 20.0 for
Windows.

Ethical statement

The study was approved by institutional review boards at all
participating centers (DAUH-IRB-17-198) and performed
according to the principles of the Declaration of Helsinki
and International Conference on Harmonization Good Clini-
cal Practice guidelines.

Results
Patient characteristics and treatment exposure

In total, 128 patients with advanced gastric cancer were
enrolled in the study between July 2011 and September
2017. This group included five patients who received induc-
tion therapy only, and was designated as the efficacy popula-
tion. The safety population excluded these five individuals
and consisted of 123 patients.

Baseline demographic and clinical characteristics
are summarized in Table 1. The 128 patients in the effi-
cacy population had a median age of 63 years (range
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Table 1 Baseline demographic and clinical characteristics (efficacy
population)

Table2 Adverse events (number of patients) with trastuzumab
30-min maintenance infusion (N=123; safety population)

Characteristic
Total number of patients 128
Sex, n (%)
Male 103 (80.5)
Female 25 (19.5)
Age, years
Median at diagnosis (range) 63 (20-87)
<60 years, n (%) 44 (34.4)
> 60 years, n (%) 84 (65.6)
ECOG PS, n (%)
0-1 123 (96.1)
2 5@3.9)
Initial presentation, n (%)
Relapse 26 (20.3)
Initial metastasis 102 (79.7)
History of surgery, n (%)
No 93 (72.7)
Yes 35(27.3)
Palliative 26 (20.3)
Curative 9 (7.0)
Number of metastases, n (%)
1 77 (60.2)
2 33(25.8)
>3 18 (14.0)
Site of metastases, n (%)
Liver 51(39.8)
Peritoneal seeding 31 (24.2)
Distant lymph node(s) 59 (46.1)
HER?2 status, n (%)
IHC 3+ 117 91.4)
IHC 2+ and FISH+ 11 (8.6)
Chemotherapy regimen, n (%)
Capecitabine + cisplatin 120 (93.8)
5-FU +cisplatin 43.1)
Capecitabine + oxaliplatin 3(2.8)
5-FU 1(0.8)

ECOG PS Eastern Cooperative Oncology Group performance status,
FISH fluorescence in situ hybridization, 5-FU 5-fluorouracil, HER2
human epidermal growth factor receptor 2, /JHC immunohistochem-
istry

20-87 years); two-thirds were aged over 60 years, and
80.5% were men. Most patients (79.7%) were presenting
for the first time with metastatic disease. Most (nearly
three-quarters) had not had prior surgery, and the major-
ity (60.2%) had one metastatic site. Most patients had
good performance status (0—1: 96.1%), and most (93.8%)
were treated with trastuzumab in combination with
capecitabine/cisplatin (three patients received oxaliplatin
rather than cisplatin, four patients received 5-fluorouracil
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Grade?®

1 2 3 4

Hematologic adverse events, n (%)

Anemia 32.4) 1(0.8) - -
Leukopenia - 312.4) 324 -
Thrombocytopenia 2(1.6) - - -
Other adverse events, n (%)

Anorexia 12 (9.8) 6(4.9) 1(0.8) 1(0.8)
Nausea 11 (8.9) 8 (6.5) 2 (1.6) 2 (1.6)
Vomiting 4(3.3) 4(3.3) - 1(0.8)
Fatigue 7(5.7) 7(5.7) - -
Mucositis 7(.7) 5@.1) 1(0.8)

Sensory neuropathy 8 (6.5) 4(3.3) 1(0.8)

Hand—foot syndrome 7(.7) 6(4.9) - -
Skin pigmentation 4(3.3) 1(0.8) - -
Constipation 2(1.6) - - -
Hiccups - 1(0.8) - -
Edema 2(1.6) - - -
Hoarseness 1(0.8) - - -

“National Cancer Institute Common Terminology Criteria for
Adverse Events v4.03

in combination with cisplatin, and one further patient
received 5-fluorouracil only).

The median number of trastuzumab plus chemotherapy
treatment cycles was 6 (range 1-17) and the median number
of trastuzumab single agent maintenance cycles was 3 (range
0-61). In total, 1458 cycles of treatment were given (839
cycles of trastuzumab plus chemotherapy and 619 cycles of
trastuzumab single maintenance).

Most patients received premedication: 74 (57.8%)
received corticosteroids with antihistamines, and 46 (35.9%)
received antihistamines alone. Six patients (4.7%) received
corticosteroids alone, and two patients (1.6%) received no
premedication.

Safety

Overall, infusion-related reactions (nausea and vomiting)
were observed in 32 of 123 patients (26.0%; Table 2); all
infusion-related reactions were reported during trastu-
zumab plus chemotherapy combination treatment. No car-
diac adverse events were observed. Most adverse events
were mild to moderate (grade 1-2), and the most frequently
reported were anorexia and nausea, followed by vomit-
ing, fatigue, mucositis, sensory neuropathy, and hand—foot
syndrome (Table 2). All events were considered treatment-
related and were observed during therapy with trastuzumab
plus chemotherapy.
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Grade 1 or grade 2 anorexia was reported by 12 (9.8%)
and six (4.9%) patients, and grade 1 or grade 2 nausea was
reported by 11 (8.9%) and eight patients (6.5%), respectively
(Table 2). Most hematologic adverse events were also grade
1-2. Three patients reported grade 3 leukopenia (Table 2).
Other grade 3—4 events were observed in nine patients (pre-
dominantly anorexia and nausea). All events were manage-
able and none of the patients withdrew from study treatment
because of adverse events.

Four patients switched from their original trastuzumab
treatment to therapy with the trastuzumab biosimilar CT-P6
(CELLTRION, Inc. Incheon, Republic of Korea) during the
maintenance period. No infusion-related reactions or cardiac
events were reported after these changes of therapy.

Tumor response and survival
The objective response rate was 62.5%, and included six
complete responses (Table 3). Median progression-free sur-

vival was 11.6 months (95% confidence intervals 7.5-15.7
months) (Fig. 1a) and median overall survival was 14.8

Table 3 Tumor response rates (N =128; efficacy population)

Best response No. of patients (%)

Overall objective response 80 (62.5)
Complete response 6 (4.7)
Partial response 74 (57.8)
Stable disease 23 (18.0)
Progressive disease 16 (12.5)
Not evaluable 9 (7.0)

< 1.0 1

2

>

S

2

(] 0.8 =

(]

s

5

a 06 ]

wv

[

S

()]

S 04+

Y

o

2

= 0.2

o

3 Median PFS, 11.6 mo
9 95% Cl, 7.5-15.7
a 00 T T T T T 1

0 12 24 36 48 60 72

Time (mo)

months (95% confidence intervals 11.9—17.7 months)
(Fig. 1b).

Discussion

In this retrospective study, over a total of 1458 cycles of
treatment, 26% of the 123 patients included in the safety
population experienced infusion-related reactions, most of
which were mild to moderate in intensity. Grade 3—4 infu-
sion-related reactions were infrequent, and adverse events
were manageable. The large majority of the 128 enrolled
patients tolerated 30-min infusions of trastuzumab, with
maintenance of antitumor efficacy. These data suggest that
rapid maintenance infusions of trastuzumab may, therefore,
be feasible, and could potentially offer greater convenience
than longer infusions, for patients with gastric cancer.

We note that frequencies of adverse events in the present
cohort appear lower than in the ToGA study: for example,
approximately 20% of patients reported nausea compared
with up to two-thirds of patients in ToOGA. Moreover, 16%
and 7% of patients reported anorexia and vomiting in the
present study, respectively, compared with approximately
50% each in ToGA [2]. No cases of asthenia, chills, dysp-
nea, and diarrhea were reported in the current study com-
pared with 19%, 8%, 3%, and 37% of the ToGA population,
respectively [2]. In addition, 68% of patients in the ToGA
study reported Grade 3 or 4 adverse events [2], whereas most
adverse events in our study were Grade 1 or 2 in severity.
These differences are likely related to the much smaller num-
ber of patients in our study and the retrospective nature of
the analysis. Additionally, although a regimen of cisplatin
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plus capecitabine or fluorouracil was used in both studies,
the dosing regimen differed, particularly with respect to the
cisplatin dose, which was 80 mg/m? in ToGA (although
chemotherapy dose adjustments were allowed) and varied
between 60 and 100 mg/m? in the current study. The per-
centage of patients who received different doses of cispl-
atin in the 60-100 mg/m? range was not recorded in our
retrospective study, and this may have contributed, at least
in part, to some of the differences observed in the safety
profile between the present study and ToGA. Moreover, in
the current study, premedication to prevent chemotherapy-
induced nausea and vomiting was allowed but information
on its usage was not recorded. Therefore, the influence of
this premedication on the incidence of trastuzumab-asso-
ciated infusion-related reactions remains undefined. These
observations highlight the caution required when compar-
ing and contrasting findings from studies involving different
cohorts of patients. However, we note that the overall pattern
of adverse events was similar in both studies.

The present 30-min infusion data may also be contrasted
with those from patients with HER2-positive breast cancer
(again acknowledging the limitations inherent in indirect
comparisons with different disease types and chemothera-
pies). For example, Abe et al. reported very low frequencies
of adverse events and no cardiac concerns associated with
30-min trastuzumab infusions in a study of 31 women [19].
In that study, trastuzumab was administered at a dose of
8 mg/kg as a 250 mL 90-min infusion followed by 6 mg/kg
in 100 mL over 30 min in 3-week cycles. Grade 2 infusion
reactions were noted in two patients following the initial
dose; there were no infusion reactions thereafter [19]. It
should be noted that only 23% of these patients had meta-
static disease; 77% were receiving adjuvant therapy. Thus,
this population had less advanced cancer than our cohort of
gastric cancer patients.

Similar findings were reported by Ring et al. in an audit
of 85 patients with breast cancer who received a total of 201
30-min infusions of trastuzumab over a 7-month period [23].
Of these patients, 34% received premedication with antihis-
tamines and/or corticosteroids. A total of 54 women (64%)
were receiving adjuvant treatment and 31 (36%) palliative
therapy. Three infusion reactions were recorded over the
observation period, two of which were of grade 1 severity.
A grade 3 reaction (throat tightening) resolved after admin-
istration of further hydrocortisone and chlorpheniramine
and was deemed possibly related to anxiety. The authors
concluded that most patients can tolerate 30-min infusions
of trastuzumab, with infusion reactions being rare and man-
ageable in the outpatient setting [23].

The tumor response rates we observed are comparable to
those previously reported in patients with advanced gastric
cancer. The overall tumor response rate in ToGA was 47%
(5% complete response rate) [2], compared with an objective
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response rate of 63% (5% complete response rate) in the
present study. The median progression-free survival and
median overall survival in ToGA were 6.7 months and 13.8
months, respectively, compared with 11.6 and 14.8 months
in the present study. It is reasonable to expect that some
benefit in progression-free survival will carry over into over-
all survival. The relatively short survival post-progression
observed in our study may reflect the small sample size
or other factors that were not recorded, and therefore, not
considered in this retrospective study, such as variability in
treatment decisions made after disease progression. Clinical
studies investigating HER2-targeted agents in combination
with salvage palliative chemotherapy are needed.

As reported earlier, four patients in this study transferred
to the trastuzumab biosimilar CT-P6. These treatment
switches were not associated with any safety or tolerability
concerns during maintenance therapy.

The use of 30-min infusions of trastuzumab in patients
with advanced gastric cancer has implications for patient
convenience and for optimal use of chemotherapy unit
capacity, as has been previously noted in patients with breast
cancer [23]. Shorter infusion times have similar implica-
tions in other oncology settings, with authors reporting that
longer infusion times cause increased physician, nurse and
administrative staff time and workloads, and inconvenience
to patients [27, 28].

Our study is subject to a number of limitations, most
notably its retrospective, noncomparative design, with no
control arm. As such, any comparisons and contrasts must,
by necessity, be made indirectly with other studies with dif-
ferent patient populations and designs. Limitations of this
study include those that are associated with retrospective
patient record review studies of this nature, particularly the
potential for information bias. As not all information may
have been recorded reliably in the patient record, there is the
possibility that the incidence of adverse events, including
infusion-related reactions, may have been inaccurately esti-
mated. Moreover, record review studies rely upon the data
that are available, and some information of interest may not
have been recorded. For instance, in the present study, there
was no defined method for assessing cardiac adverse events,
insufficient information available for analysis regarding the
incidence of infusion-related reactions per dose, no infor-
mation regarding the relationship between infusion-related
reactions and the number of cycles, and the management of
infusion-related reactions in clinical practice. Although there
were no clear criteria for the discrimination of trastuzumab-
related infusion-related reactions from cisplatin-related
infusion reactions, typical trastuzumab-related infusion-
related reactions (including hypersensitivity, chills, fever,
skin redness/itching) were not reported in the present study.
Furthermore, no infusion-related reactions were reported
during trastuzumab single agent maintenance cycles, and
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all infusion-related reactions (nausea and vomiting) were
reported during trastuzumab plus chemotherapy combina-
tion treatment. As such, the infusion-related reactions (nau-
sea and vomiting) reported in the present study could be
related to 5-fluorouracil or cisplatin. Despite these limita-
tions, we suggest that our findings represent a useful ‘real-
world’ illustration of the safety of shorter infusion durations
of maintenance trastuzumab in patients with advanced gas-
tric cancer. Moreover, as the first data of its kind in patients
with gastric cancer, the study represents a basis for future
prospective investigation of shorter infusions of trastuzumab
in this setting.

In conclusion, the present study provides an example of
current clinical practice, showing that trastuzumab 30-min
maintenance infusions were well tolerated, had an accept-
able safety profile, and resulted in sustained efficacy in
patients with HER2-positive advanced gastric cancer.
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