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ARTICLE INFO ABSTRACT

Keywords: Background: Therapies targeting human epidermal growth factor receptor 2 (HER2) have become a focus for
Trastuzumab improving treatment outcomes in patients with gastric cancer. This literature review sought to assesses clinical
Metastatic gastric cancer outcomes, including safety, survival, and treatment outcomes, of patients who received trastuzumab for the
HEI?Z treatment of HER2 + metastatic gastric cancer.

Review

Methods: Searches were conducted in PubMed and Embase to identify observational research studies in-
vestigating the clinical outcomes of trastuzumab and combination therapies for the treatment of HER2+ me-
tastatic gastric cancer, published January 1, 2014-August 22, 2019. Article screening was a two-phase process,
and the results of each screening level were documented in accordance with PRISMA.

Results: Twenty articles met the selection criteria for data extraction. Studies focused on treatment patterns or
survival, safety, and clinical outcomes, as well as the natural history of disease. In the combined HER2 + patient
populations included in this review, tumors were located in the stomach (33.7%), gastroesophageal junction
(GEJ, 14.2%), unspecific GEJ or stomach (50.3%), or esophagus (1.9%). Studies observed increases in both
overall survival and progression-free survival with the use of trastuzumab-based chemotherapy compared with
chemotherapy treatment alone. Additionally, trastuzumab-based chemotherapy appeared to improve survival
and clinical outcomes regardless of the presence of multi-organ metastases or tumor location.

Conclusions: Trastuzumab-treated patients have longer survival times than those not treated with trastuzumab
and tolerate treatment well, with few serious adverse events. New treatments for second- and subsequent-line
therapies would increase regimen options.

Mini-abstract: The treatment patterns and clinical outcomes observed in this literature review suggest patients
treated with trastuzumab have longer survival times compared with chemotherapy treatment alone and tolerate
treatment

Anti-HER2 therapy

Introduction

Gastric cancer, including cancers of the stomach or gastro-
esophageal junction (GEJ), is one of the most frequently diagnosed
cancer and is a leading cause of cancer-related deaths. Excluding non-
melanoma skin cancer, stomach cancer was the fifth-most diagnosed
cancer, accounting for 5.7% of new cancer cases, and it was the second
most frequent cause of cancer-related deaths, with an estimated
783,000 deaths in 2018 (8.2%) [1]. The prognosis for patients with

gastric cancer, especially those with inoperable, recurrent, or metastatic
disease, is poor, with a median overall survival time of approximately
7-11 months [2-5]. One of the most common genetic variations seen in
patients with gastric cancer is elevated levels of human epidermal
growth factor receptor 2 (HER2), with approximately 20% of gastric
cancers being HER2 positive (HER2+) [6, 7].

Guidelines developed by the National Comprehensive Cancer
Network (NCCN),the European Society for Medical Oncology (ESMO),
and the Japanese Gastric Cancer Association recommend inclusion of
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SLR = systematic literature review.
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Fig. 1. PRISMA diagram of articles included in literature review SLR = systematic literature review.

trastuzumab as first-line therapy for inoperable or metastatic HER2 +
gastric cancer [7-9]. In 2010, trastuzumab obtained regulatory ap-
proval in both Europe and the United States (US) as a treatment for
HER2 + gastric cancer [10, 11], and trastuzumab in combination with
chemotherapy is the current standard of care for patients with HER2 +
advanced, recurrent, or metastatic disease [7, 8, 12]. However, ther-
apeutic options are limited for disease progression beyond first-line
treatment, and there are no approved HER2-targeted therapies for
second-line and later courses. Other molecularly targeted agents are
available for gastric cancer, particularly for second and later lines of
treatment. Ramucirumab, administered with chemotherapy or as a
single agent, is the recommended second-line treatment for advanced
gastric cancer or GEJ adenocarcinoma [7-9]. This IgGl (im-
munoglobulin G1) monoclonal antibody binds to vascular endothelial
growth factor receptor 2 (VEGFR2), limiting tumor blood supply [13].
For third-line treatment, the immunotherapies pembrolizumab and ni-
volumab are approved for patients with esophagogastric cancer for
whom chemotherapy has been ineffective [12]; and pembrolizumab is
approved for the treatment of patients with locally advanced or meta-
static gastric or GEJ adenocarcinoma with PD-L1-expressing tumors.
Pembrolizumab and nivolumabare IgG4 (immunoglobulin G4) mono-
clonal antibody inhibitors that can disrupt the PD-1/PD-L1 axis, tar-
geting PD-L1 (programmed death-ligand 1), which results in a T-
cell-mediated immune response to tumor cells [14, 15]. Nivolumab is
approved for use in Japan, but not the US [16]. The tyrosine kinase

inhibitor apatinib, which binds to and inhibits VEGFR2, limiting en-
dothelial cell proliferation, migration, and tumor microvascular density
[17, 18], may also be used for late-stage gastric cancer that has pro-
gressed and is typically used in third-line treatment. Apatinib is cur-
rently approved for use in China, but not the US [16]. In early 2019,
trifluridine/tipiracil was approved by the US Food and Drug Adminis-
tration for the third- or fourth-line treatment of cancers of the stomach
or GEJ adenocarcinoma. With this combination oral cytotoxic che-
motherapy, trifluridine becomes incorporated into the DNA, causing
DNA dysfunction; tipiracil is a thymidine phosphorylase inhibitor that
blocks the breakdown of trifluridine, increasing trifluridine's bioavail-
ability [19].

While these treatments offer varied continuing therapeutic regi-
mens, limited HER2-targeted agents are available and therapies tar-
geting HER2 have become a focus for both improving first-line therapy
outcomes and for use in subsequent lines of treatment. Trastuzumab
deruxtecan (T-DXd) is composed of a humanized monoclonal antibody
that specifically targets HER2 with the same amino acid sequence as
trastuzumab, a cleavable tetrapeptide-based linker, and a potent to-
poisomerase I inhibitor payload [20, 21]. The FDA recently approved T-
DXd in December 2019 as third-line treatment for HER2+ metastatic
breast cancer. Phase 1 and 2 studies have suggested T-DXd to have a
manageable safety profile and the ability to reduce tumor burden in
patients heavily pretreated with trastuzumab [20, 22, 23].While the
preliminary results are encouraging, a thorough review of the
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epidemiologic data and clinical outcomes of patients after receiving
trastuzumab is needed to further determine the potential role of T-DXd
for the treatment of HER2 4+ metastatic gastric cancer.

The primary objective of this review was to assess clinical outcomes,
including safety, survival, and treatment outcomes, of patients with
HER2+ gastric cancer after receiving trastuzumab. Additionally, the
review explored real-world disease and treatment patterns of patients
with HER2+ gastric cancer.

Methods
Search design

Searches were conducted in MEDLINE In-Process using the PubMed
platform and Embase using the Dialog Platform. Each database was
searched using a predefined search strategy (Online Resource 1 and
Online Resource 2) to identify observational research studies in-
vestigating trastuzumab and other therapies for the treatment of
HER2+ metastatic gastric cancer. The search strategy included a
combination of free text and MeSH (Medical Search Headings) search
terms and a restriction to studies published in English during the period
January 1, 2014-August 22, 2019. No geographic limits were applied.
The bibliographies of systematic literature reviews and meta-analyses
relevant to the study objectives were reviewed to identify potential
additional publications. Titles and abstracts identified from the elec-
tronic databases were exported to Excel (Microsoft Corporation;
Redmond, Washington) for screening.

Screening and extraction

Articles were screened in a two-phase process. In Level 1 screening,
one researcher reviewed the titles and abstracts of the identified articles
according to the inclusion and exclusion criteria (Fig. 1) and selected
articles for further review. In Level 2 screening, the full text of articles
selected at Level 1 were obtained and reviewed by a researcher using
the same set of inclusion and exclusion criteria. If there was any un-
certainty about the inclusion of articles, the Level 2 reviewer discussed
the publication with a second researcher who had not been involved
with Level 1 screening to confirm if the article met the study inclusion
and exclusion criteria. The results of each screening level were docu-
mented in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) [24] to detail the volume
of articles included and excluded at each screening level, as well as the
reasons for exclusion.

Data were extracted using full-text publications. Reviewers ex-
tracted the data from each article according to prespecified data fields
and recorded the data in a data extraction template.

Results

Fig. 1 displays the PRISMA diagram with the number of studies
included and excluded at each stage of screening. Preliminary searches
were conducted on July 30, 2019, and updated queries were completed
on August 22, 2019. The final searches yielded a total of 122 titles
(Embase = 67; PubMed = 55), of which 26 records (21.3%) were
duplicates, resulting in a total of 96 abstracts being eligible for manual
screening. After Level 1 screening removed an additional 53 abstracts,
43 publications (44.8%) remained for Level 2 screening of the full-text
articles. A review of the references of six systematic review or meta-
analysis articles yielded an additional 3 studies to be included for Level
2 screening of full-text articles. A total of 27 articles (58.7%) were
excluded during Level 2 screening, with most (n = 17, 63.0%) being
removed due to failing to meet the study design criterion. An additional
manuscript was identified post-screening and added to the list. A total
of 20 articles met the predefined inclusion and exclusion criteria and
were selected for data extraction (Table 1).
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Study and patient population characteristics

Details of the 20 articles included in this review are provided in
Table 2. The study populations include patients previously treated with
trastuzumab and those who are new users in order to present a com-
plete picture of burden of disease for gastric cancer. Trastuzumab-based
therapies were reviewed as various lines of treatment. Patient eligibility
periods for all studies were from 2006 to 2017. The majority of studies
(70%) were conducted in Asia (China, n = 6; Japan, n = 6; Korea,
n = 2), with the remainder in Europe (n = 5) and the US (n = 1).
Patient characteristics varied across studies (Table 3). Most of the stu-
dies did not specifically provide information on race or ethnicity. The
majority of studies in this review included patient populations that
were predominantly male, which reflects recent worldwide demo-
graphic gastric cancer estimates [1]. A total of 16 studies provided
information on patient age, either for the overall study population or
for the individual study evaluation groups. The median age ranged from
57 to 64 years for the 8 studies providing information on the overall
study population [12, 25-31, 44]. The median age ranged from 56 to
71 years for the remaining 7 studies that reported information only at
the level of the individual study evaluation groups [32-38]. Informa-
tion on the enrollment of patients = 65 years old was available in 8
studies (42.1%), and only one study [39] specifically restricted its study
population to elderly patients (median age = 71 years).

Most studies focused on treatment effectiveness (e.g., overall re-
sponse rate, tumor shrinkage, disease control rate) or safety (n = 13),
while the other studies explored survival (progression-free survival
and/or overall survival) as the main outcome assessed (n = 5), specific
treatment outcomes (n = 1), and natural history of the disease (n = 1).
Most studies (n = 18) assessed survival as an outcome, even if not as
the primary study objective. Three studies specifically reported on use
of trastuzumab as second-line therapy following disease progression
with trastuzumab-based first-line treatment [32, 40, 44]. Data were
collected on HER2 + gastric cancer by tumor location, histology, and
HER2 expression. Five studies evaluated specific clinical prognostic
factors in patients treated with trastuzumab [2, 25, 31, 35, 41]. Hwang
et al. [25] investigated the relevance of the neutrophil-to-lymphocyte
ratio as a prognostic factor for chemotherapy response in patients
whose treatment regimen included trastuzumab. Jiang et al. [41] stu-
died patients with gastric cancer and liver metastasis and looked both at
the correlation between HER2 expression and liver metastasis and the
impact of HER2 status and trastuzumab use on the prognosis for these
patients. Pietrantonio et al. [35] assessed the clinical utility of genomic
alterations in predicting primary resistance to trastuzumab.

All studies included patients with HER2 + gastric cancer; however,
four studies also assessed the prognostic role of HER2 status and in-
cluded a comparator group of patients with HER2-negative (HER2-)
disease determined using immunohistochemistry (IHC) or fluorescence
in situ hybridization (FISH) [11, 29, 36, 41]. In addition, most studies
(n = 17, 85%) included both advanced gastric cancer and metastatic
disease in their patient populations.

Disease patterns

Characterization of disease patterns can be found in Table 3. Tumor
location information was obtained for 1565 patients with HER2+
status across all 20 studies. Stomach tumors represented the majority of
tumors in these studies (527 patients, 33.7%), with GEJ tumors oc-
curring in 222 patients (14.2%), esophageal tumors occurring in 29
patients (1.9%), and stomach or GEJ tumor without more specific de-
finition being classified in 787 patients (50.3%). In contrast to these
overall proportions, tumors of the GEJ were reported in a majority of
the patients studied by Soularue et al. [30] (71%), [lhan-Mutlu et al.
[26] (67%) and Palle et al. [44]. (55%). Four of the studies included in
this review did not specify location of the gastric tumors [25,28, 32,
38], and three studies only provided a general description of tumor
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Table 1

Cancer Treatment and Research Communications 24 (2020) 100189

Inclusion and exclusion criteria for level 1 (Titles and Abstracts) and level 2 (Full-Text) screening.

Criterion Included

Excluded

Study design Population evaluation of mGC treatment, and/or mGC trajectory

Observational research studies (e.g., prospective cohort study, retrospective database study, cohort

study, case-control study)

Literature reviews and meta-analyses”
Natural history studies

Incidence and prevalence studies

Consensus reports

Preclinical studies

Nonsystematic reviews

Case reports

Case studies/series

Editorials

Commentaries

Letters

Guideline or position statements

Economic analyses

Animal or other nonhuman (e.g., bench) studies
Single-arm studies

Studies including < 25 people

Randomized controlled trials (phase 1, 2, 3 or 4)
Under 18 years old

Patients not screened, assessed, or diagnosed with
mGC

Nonmetastatic GC

HER2-; HER2 low

Population Patients diagnosed with metastatic, recurrent, advanced, incurable, or unresectable mGC (stages I1I-1V)
HER2 +

Treatment Any treatment or comparator, including currently approved and investigational treatments for mGC:
chemotherapy, surgery, and/or radiation

Evaluation Prognostic, predictive factors

Treatment outcomes (safety and/or effectiveness)
Disease trajectory

Pharmacokinetic or pharmacodynamic studies of
treatments

GC = gastric cancer; HER2 = human epidermal growth factor receptor 2; mGC = metastatic GC.
@ Literature reviews and meta-analyses were not included in their own right but were used to identify primary studies not previously identified.

location [11,27,33]. Osumi et al. [29] reported tumor location by upper
(42%), middle (35%), or lower sites (23%), according to the Japanese
Classification of Gastric Carcinoma. Pietrantonio et al. [35] reported
tumor location by section of the stomach (cardia, fundus/body, antrum)
for trastuzumab-resistant and trastuzumab-sensitive evaluation groups.
Most studies provided the number of metastatic sites, which can be used
as an indication of disease severity and progression.

Data were also collated on HER2 expression/status as ascertained by
review of staining patterns of biopsy or tumor specimens using IHC and
FISH protocols [37]. Expression of HER2 in the study populations in
this review was generally IHC3+ (range, 63.2% —97%) or IHC2+/
FISH+ (range, 3% — 36.8%) for studies providing data on overall pa-
tient populations [11, 26, 28, 30, 33, 44]. Osumi et al. [29] reported
IHC levels only (89% IHC3+ and 11% IHC2+). Two studies included
in this review [2, 31] specifically investigated trastuzumab treatment
effectiveness based on the homogeneity or heterogeneity of HER2 ex-
pression (Table 4). Each of their evaluation arms were also pre-
dominantly IHC3 +.

Treatment patterns

Trastuzumab treatment patterns and drug utilization were available
for 17 studies (Online Resource 3). Nine studies included trastuzumab-
based chemotherapy as only first-line treatment, in accordance with
NCCN and ESMO treatment guidelines [7, 8]. Three studies assessed
trastuzumab-based chemotherapy in second-line treatment, two did not
specify treatment line, two had varied treatment lines, and one in-
vestigated the differences among trastuzumab-based chemotherapies as
first-, second-, and third-line treatments (Table 5). No literature in-
cluded in this review described molecularly targeted agents other than
trastuzumab. Five of these studies also evaluated a comparator group
not receiving trastuzumab [32, 36, 40, 41, 44]. Jiang et al. [41] and Qiu
et al. [36] compared trastuzumab-receiving patients with patients who
did not receive trastuzumab. The treatment lines were varied, and
previous use of trastuzumab was not specified. Li et al. [40], Narita
etal. [32] and Palle et al. [44]. evaluated the use of trastuzumab as part
of continuation therapy in second-line treatments, with all patients
having had received trastuzumab as part of first-line therapy regimens.

Janjigian et al. [12], Jimenez-Fonseca et al. [11], and Okita et al. [34]
did not provide data on previous treatments or number of treatment
cycles and were not included in this section.

Chemotherapy regimens varied across the studies, and most were
not specified in the protocols. Ten studies reported the median number
of treatment cycles, ranging from 4 cycles of trastuzumab plus che-
motherapy [36, 40] to 23.7 such cycles in the homogeneous HER2
group [2]. Oh et al. [33] examined the safety and efficacy of adminis-
tering 30-minute maintenance infusions of trastuzumab and specified a
median of six trastuzumab-containing chemotherapy cycles and three
trastuzumab single-agent maintenance cycles for the overall popula-
tion.

Most of the studies did not provide data on radiotherapy adminis-
tered before trastuzumab-based chemotherapy began. Studies that
provided data indicated that the rate of previous radiotherapy was
quite low, with rates ranging from 6% —12% of the overall population
[26, 30] and 0% in each of the first-line treatment groups [37]. Most of
the 14 studies that provided information on prior gastrectomy or other
surgical treatments reported that fewer than one-third of the patients
had previous surgical interventions. Outliers included studies by Wa-
katsuki et al. [2], which contained only patients who had undergone
previous gastrectomy, and by Jiang et al. [41], which reported that
82.1% of the trastuzumab-treated group and 100% of the non—
trastuzumab-treated group had undergone radical surgery.

In the 13 studies that provided details on tumor location [2, 12, 26,
29-31, 34-37, 40, 41, 44], no differences were noted in treatment re-
gimen, line of treatment, or previous treatments by location of the
gastric tumor. The two studies that investigated trastuzumab treatment
effectiveness based on the homogeneity or heterogeneity of HER2 ex-
pression [2, 31] used different treatment protocols, which made direct
comparison difficult. Xu et al. [31] and Palle et al. [44]. assessed first-
line trastuzumab use, with approximately 44% and 38% of patients
respectively continuing use beyond first line, and there were no pro-
tocol-specified chemotherapy regimens. Wakatsuki et al. [2] assessed
only first-line treatments, although chemotherapy regimens were re-
stricted to capecitabine plus cisplatin or capecitabine alone.
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Table 3 (continued)

HER2 expression/status (%)

Number of metastatic sites

(%)

Tumor location (%)

Female (%)

Median (Mean) Age,

Years

Treatment group

Study

> 2 sites (41%)

B Stomach (75%)
W GEJ (25%)

25%

71

Trastuzumab + capecitabine

W Stomach (17.9%) M sites (43.6%) W IHC 3 + 87.2%
W GEJ (82.1%)

17.9%

57.9

Second line therapy with trasuzumab

Palle et al. (2017)

W = 2 sites (56.4%)

[44]

M IHC 2+ /FISH-positive 7.7%

W Unknown 5.1%

W Stomach (61.5%) M sites (23.1%) MW [HC 3 + 75.4%
MW GEJ (38.5%)

23,1%

61.3

Second line therapy without trasuzumab

W [HC 2+ /FISH-positive 21.5%

W Unknown 3.1%

W = 2 sites (76.9%)

human

epidermal growth factor receptor 2; IHC = immunohistochemistry; ISH = in situ hybridization; mDCF = modified docetaxel, cisplatin, and fluorouracil; mFOLFOX = modified FOLFOX; NR = not reported; NS = not

gastroesophageal junction; HER2

5-fluorouracil, cisplatin, and trastuzumab; GEJ

fluorescence in situ hybridization; FOLFOX = leucovorin/5-fluorouracil/oxaliplatin; FPT =

fluorouracil; FISH =

S5FU

capecitabine and cisplatin;

capecitabine plus oxaliplatin; XP

S-1 and cisplatin; XELOX

S-1, oxaliplatin, and trastuzumab; SP

= silver ISH; SOXT =

pembrolizumab; SISH

capecitabine, cisplatin, and trastuzumab.
? Study included only patients with high levels of HER2 expression.

specified; PEMBRO =
> Both groups treated with trastuzumab + chemotherapy.

XPT

¢ Homogeneously HER2 defined at those tumors with all cells overexpressing HER2 protein; all other tumors were heterogeneously HER2.

4 HER2 homogeneous defined as uniform IHC3 + staining in all biopsy tumor cells and >90% of tumor cells in blocks of resected specimens; all others were considered HER2 heterogeneous.

Cancer Treatment and Research Communications 24 (2020) 100189

Table 4
HER2 expression in studies assessing HER2 heterogeneity.

Study THC3 + (%) THC2 + /FISH+ (%)

HER2 homogenous

Xu et al. (2017) [31] 92.9 7.1
Wakatsuki et al. (2018) [2] 100.0 0.0
HER2 heterogeneous

Xu et al. (2017) [31] 85.0 15.0
Wakatsuki et al. (2018) [2] 85.7 14.3

FISH = fluorescence in situ hybridization; HER2 = human epidermal growth
factor receptor 2; IHC = immunohistochemistry.

Survival, safety, and other clinical outcomes

Table 6 summarizes survival, safety, and clinical outcomes by study
for 18 of the 20 studies included in the review. Hwang et al. [25] and
Pietrantonio et al. [35] were excluded from this section for including
only highly specific outcomes, such as the prognostic capability of
neutrophil-to-lymphocyte ratios or candidate genomic alterations.

Survival

Eighteen studies provided some measure of survival data (e.g.,
overall survival, progression-free survival) as a measure of trastuzumab
efficacy by examining survival following the administration of trastu-
zumab and after other therapies. Twelve studies included trastuzumab
in all treatment arms (Table 6), which made comparative assessment of
trastuzumab efficacy challenging. Six studies examined overall survival,
progression-free survival, or both of trastuzumab-based chemotherapy
treatment compared with treatment with chemotherapy alone [32, 36,
38, 40, 41, 44]. Each trastuzumab-containing group had longer survival
times with differences in overall survival with and without trastuzumab
ranging from 1.3-11.3 months and differences in progression-free sur-
vival with and without trastuzumab ranging from 1.1-2.1 months.

Other clinical outcomes

The response rate, which indicates the proportion of patients with a
complete or partial response according to Revised Evaluation Criteria in
Solid Tumor (RECIST) criteria, was reported in ten studies. In studies
where treatment regimens with and without trastuzumab were eval-
uated, response rates were higher in those groups receiving trastu-
zumab in all but one study [32], although none of the differences were
reported as statistically significant. Li et al. [40] observed a response
rate of 9.3% in patients who continued with trastuzumab as part of
second-line treatments compared with 3.7% in patients who did not
continue trastuzumab with second-line treatment (P = 0.617). Narita
et al. [32] found a response rate of 13.6% in patients receiving con-
tinued trastuzumab during second-line therapy compared with 15.8%
for patients not continuing trastuzumab (P = 1.00). Qiu et al. [36]
noted a response rate of 60.8% for trastuzumab compared with 40.4%
for treatment without trastuzumab (P-value not reported). Palle et al.
[44]. reported a complete and partial response rate of 5.1% and 10.3%
respectively for trastuzumab group compared with 1.5% and 3.1% for
the group who did not continue trastuzumab in the second line
(Table 6).

The disease control rate was consistently higher in groups that re-
ceived trastuzumab. Li et al. [40] observed a disease control rate of
59.3% for trastuzumab compared with 33.3% for therapy without
trastuzumab. Narita et al. [32] reported a disease control rate of 54.5%
compared with 36.8% for therapy without trastuzumab. Lastly, Nami-
kawa et al. [38] noted a disease control rate of 86.7% for the trastu-
zumab-receiving group only. Palle et al. [44] noted a disease control
rate of 50.0% compare to 27.3% in the group without trastuzumab.

Safety and adverse events
The most common hematological events reported in the reviewed
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Table 5
Treatment Regimens for HER2 + Patients.

Cancer Treatment and Research Communications 24 (2020) 100189

Treatment regimen

Patients, n (%)

Trastuzumab + chemotherapy (first line)® 855 (54.6)

Trastuzumab + chemotherapy (second line) 151 (9.6)

Trastuzumab + chemotherapy (third line) 3(0.2)

Unspecified or varied trastuzumab treatment lines 239 (15.3)

Chemotherapy only 317 (20.3)

Total 1565

Previous treatments Yes, n (%) No, n (%) Unknown, n (%) Total
Surgery 305 (19.5) 732 (46.8) 528 (33.7) 1565
Radiotherapy 6 (0.4) 210 (13.4) 1349 (86.2) 1565

HER2 = human epidermal growth factor receptor 2.

2 Count excluded the 59, 46 and 104 patients, respectively, in Li et al. (2016) [40], Narita et al. (2017) [32] and Palle et al. (2017) [44] who had received first-line

treatments including trastuzumab (included in count of second-line treatment).

literature were leucopenia and neutropenia. Among studies assessing
treatments of trastuzumab-based chemotherapy compared with che-
motherapy alone, three provided comparative data on the incidence of
leucopenia and neutropenia. Two studies reported specifically on the
incidence of grade 3-4 hematological events, which were higher in the
trastuzumab-receiving groups. Narita et al. [32] observed grade 3-4
leucopenia in 27% of patients treated with trastuzumab compared with
25% of patients treated without trastuzumab. Qiu et al. [36] noted si-
milar rates with grade 3—-4 leucopenia in 23.5% of patients treated with
trastuzumab compared with 21.3% of patients treated without trastu-
zumab. Narita et al. [32] observed grade 3-4 neutropenia in 42% of
patients treated with trastuzumab compared with 40% of patients
treated without trastuzumab. Qiu et al. [36] reported a comparable
difference in rates, with grade 3-4 neutropenia observed in 19.6% of
patients treated with trastuzumab compared with 19.1% of patients
treated without trastuzumab.

Li et al. [40] reported a lower incidence of leucopenia and neu-
tropenia in second-line treatment groups with or without trastuzumab,
although that study's assessment was not limited to grade 3-4 events.
Leucopenia was observed in 9.3% of patients who received trastuzumab
compared with 3.7% of patients treated without trastuzumab. The
difference in rates for neutropenia was closer than that for leucopenia
with neutropenia observed in 12.5% of patients treated with trastu-
zumab compared with 11.1% of patients treated without trastuzumab.
Across all types of grade 3-4 adverse events, Li et al. [40] reported a
total of 15 events in 32 patients whose treatment included trastuzumab
in the second line and 9 events in 27 patients whose treatment did not
include second-line trastuzumab. None of the 11 studies where details
on safety and adverse events were provided reported a grade 5 event
(death).

HER2 heterogeneity and clinical outcomes

The two studies that assessed HER2 heterogeneity reported con-
flicting clinical outcomes [2, 31], although there were differences in the
definitions used by the studies for homogenous and heterogenous
groups. Xu et al. [31] observed identical overall survival in the het-
erogeneous and homogeneous groups treated with trastuzumab
(median, 16.0 months) and similar progression-free survival (median,
6.3 versus 5.8 months; respectively, P = 0.804). Additionally, the re-
sponse rate for the heterogeneous group (55.0%) was higher than that
of the homogeneous group (46.4%), although this difference was not
statistically significant (P = 0.558). Conversely, Wakatsuki et al. [2]
reported that the median overall survival for the homogeneous group
treated with trastuzumab-based chemotherapy was not reached,
whereas that for the heterogenous group was 14.0 months (P = 0.003).
The progression-free survival was significantly longer for the homo-
geneous group than the heterogenous group (median, 20.0 versus
6.0 months; P = 0.001). However, the response rate was not sig-
nificantly higher in the homogeneous group (77.8%) than the hetero-
genous group (36.4%) (P = 0.092).
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Geographic regions and clinical outcomes

Most of the studies included in this review (n = 14, 70%) were
conducted in Asia, and five of these had large sample sizes of over 100
participants with HER2 + status. In contrast, the single study conducted
in the US included 52 patients with HER2 + status, and three of the five
European studies had fewer than 40 patients with HER2+ status in
each study. The limited number of studies and small sample sizes of
studies conducted outside of Asia prevent a meaningful ascertainment
of outcomes or treatment patterns by region.

Discussion

The literature review of the 20 studies presented here provides a
comprehensive description of real-world trastuzumab treatment pat-
terns, as well as survival, safety, and other clinical outcomes data for
trastuzumab use in varied lines of therapy for patients with HER2+
gastric cancer. Trastuzumab continues to be predominantly used in
combination with various chemotherapy regimens as first-line therapy
for the treatment of HER2+ advanced and metastatic gastric cancer.
Although increasingly used in later lines of treatment for progressive
disease, particularly in patients with a high degree of HER2 over-
expression (generally IHC3 +), scant literature was available assessing
trastuzumab-based therapies following disease progression on first-line
trastuzumab-based therapy. The three studies that reported specifically
and exclusively on trastuzumab use in the second line following disease
progression in the first line [32, 40, 44] suggest an expanded use of the
drug in continuing lines of therapy. The frequent inclusion of trastu-
zumab in chemotherapy regimens is likely related to the efficacy of this
intervention in treating patients with HER2 + gastric cancer, with ob-
served increases in median survival time, including in patients with
multi-organ metastases. For the six articles [32, 36, 38, 40, 41, 44] that
compared survival of trastuzumab-based chemotherapy regimens to
treatment with chemotherapy alone, the range of difference in pro-
gression-free  survival with and without trastuzumab was
1.1-2.1 month, and the range of difference in overall survival for
trastuzumab-treated versus non-trastuzumab-treated patients was
1.3-11.3 months. The three studies comparing treatment response rates
of trastuzumab-based treatments versus treatments without trastu-
zumab noted conflicting results, with three studies reporting higher
response rates with trastuzumab [36, 40, 44] and the forth study ob-
serving a greater response rate for patients not treated with trastu-
zumab [32]. Notably, the disease control rate for the trastuzumab-re-
ceiving groups in Li et al. [40], Narita et al. [32] and Palle et al. [44].
were higher than that for the groups not receiving trastuzumab (59.3%
vs. 33.3% in Li; 54.5% vs. 36.8% in Narita; 50.0% vs 27.3% in Palle),
possibly suggesting a clinical benefit to continuing trastuzumab into
later lines of therapy. However, the findings of these studies should be
interpreted with caution, as all of them had small sample sizes [32, 40,
44] (n = 46, 59 and 104respectively), which could limit general-
izability. In addition, the study by Narita et al. [32] did not specify
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tumor location, whereas a majority of the population in both Li et al.
[40] and Qiu et al. [36]had tumors of the stomach and Palle et al. [44].
had tumor of the GEJ. Finally, study populations in Li et al. [40], Narita
et al. [32] and Palle et al. [44]. included patients whose disease had
progressed following first-line trastuzumab-based chemotherapy; the
study by Qiu et al. [36]included various lines of chemotherapy, but use
of trastuzumab was limited to first line. Overall, the reports from the
literature suggested increases in both overall survival and progression-
free survival associated with the use of trastuzumab-based che-
motherapy compared with chemotherapy treatment alone.

Trastuzumab-based chemotherapy appeared to improve survival
and clinical outcomes regardless of tumor location in the stomach, GEJ,
or esophagus. The presence of multi-organ metastases also did not
meaningfully impact survival or clinical outcomes in patients treated
with trastuzumab. However, a gap in the knowledge exists as to the
effect of HER2 heterogeneity on clinical outcomes. Wakatsuki et al. [2]
reported a longer progression-free survival for the homogeneous group
compared with the heterogenous group, while Xu et al. [31] found a
slightly longer progression-free survival in the heterogeneous group
compared with the homogeneous group. However, the samples were
small, with a combined population of 76 patients from both studies, so
additional research on the effect of HER2 heterogeneity is needed.

The safety profile of trastuzumab appeared manageable; no fatal
events were reported in any of the studies assessing adverse events
related to use of trastuzumab. This supports the findings of previously
conducted phase 1 studies that reported reasonable safety profiles as-
sociated with trastuzumab [20, 22]. The most common grade 3-4 he-
matological events were neutropenia and leucopenia, although only
two studies provided comparative data on the incidence of these events
in trastuzumab-treated and non-trastuzumab-treated groups [32, 36].
While additional research is needed, recent literature has associated the
timing of chemotherapy-induced neutropenia with improved outcomes
for different types of tumors, including those in patients with gastric
cancer [42]. Chemotherapy-induced leucopenia has been linked to
improved survival in patients with small-cell lung cancer [43]; how-
ever, more evidence is needed to show a relationship in patients with
gastric cancer. The safety profile information combined with observed
treatment and outcome patterns suggest patients treated with trastu-
zumab have longer survival times than those not treated with trastu-
zumab and tolerate treatment well and have few adverse events.

In a recent randomized control trial Makiyama et al. (2020) [45]
evaluated the continuous use of trastuzumab beyond progression in
HER2+ Gastric/GEJ adenocarcinoma patients who received trastu-
zumab in the first line. Ninty one patients were randomly assigned to
either paclitaxel (n = 46) or paclitaxel plus trastuzumab (PT) (n = 45)
arm. Paclitaxel and PT arms had a median PFS of 3.2 and 3.7 months
respectively and both arms had a median OS of 10 months. Authors did
not find any benefit of using trastuzumab beyond progression after first
line contrary to other studies (Li [40], Narita [32] and Palle[44]) where
patients who used trastuzumab had a longer survival time.There are
several limitations associated with this review. The literature search
was restricted to the past 5 years, which excluded articles published
prior to 2014. However, the impact of this search limitation should be
minor since trastuzumab was initially approved for the treatment of
gastric cancer in 2010 and the review focuses on outcomes following
the administration of trastuzumab. Additionally, the search was limited
to articles written in English, which may have resulted in the exclusion
of some articles since most of the studies published in the literature
were conducted in Asian countries and some articles may have been
published in non-English journals. Most of the review articles (84.2%)
included both advanced gastric cancer and metastatic disease in their
patient populations, which made it difficult to assess the treatment
patterns, efficacy, and clinical outcomes in those with purely metastatic
disease. Additionally, direct comparisons between different regimens
would be challenging since clinical outcomes of alternate treatment
regimens were not described in the identified literature. Furthermore,
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no studies provided relevant data on burden of disease or directly as-
sessed the overall incidence or prevalence of HER2+ gastric cancer
after the previous administration of trastuzumab. Although articles of
trastuzumab use in varied lines of treatment were included, only three
articles specifically limited the patient populations to those for whom
disease had progressed following trastuzumab-based first-line therapy
and who were receiving trastuzumab in a later line of therapy. Other
articles included trastuzumab in varied lines of treatment without
specifying prior trastuzumab use. Lastly, tumor and biopsy specimens
for the reviewed articles were typically collected prior to the initiation
of first-line therapy. Consequently, assessments of HER2 status were
either made at the outset of the study or archived tissue was examined
retrospectively. Therefore, potential changes in HER2 status or HER2
heterogeneity as trastuzumab treatment progressed were not captured.

Conclusions

Patients with gastric cancer are being treated with trastuzumab in
various lines of treatment regimens, regardless of HER2 status, gastric
tumor location, or level of multi-organ metastatic involvement. In this
review, trastuzumab-treated patients have longer survival times and
tolerate treatment well with few serious (> grade 2) adverse events.
Although trastuzumab in combination with chemotherapy is the cur-
rent standard of care for patients with HER2 + advanced, recurrent, or
metastatic disease, HER2-targeted treatments for second and sub-
sequent-line therapies are limited.
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