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Objective: Many large-sample prospective randomized clinical trials investigating
advanced gastric cancer (AGC) have confirmed the survival advantages of first-line, second-
line, or third-line chemotherapy compared with their respective control groups. However,
due to the ethical concerns of prospective clinical trials, it is impossible to conduct
a randomized comparative study of patients who do not receive chemotherapy and those
who receive a second-line or above chemotherapy. Few research reports have addressed the
relationship between the number of chemotherapy lines and overall survival (OS) in patients
with AGC. In the present study, we analyzed the impact of the number of chemotherapy lines
on OS in AGC patients using real-world data.

Patients and Methods: This study collected the medical records of patients with AGC
diagnosed at Shandong Cancer Hospital from December 2007 to December 2017. According
to the treatment received, AGC patients were divided into groups that did not receive
chemotherapy, those who received only 1 line, 2 lines, or 3 lines and above. Kaplan—-Meier
analysis was used to assess patient survival.

Results: A total of 596 AGC patients were included in this study. The following patients were
enrolled: 0 lines (did not receive chemotherapy), 77 (12.9%); 1 line, 235 (39.4%) patients; 2
lines, 185 (31.1%) patients; and >3 lines 99 (16.6%) patients. OS was significantly correlated
with the number of chemotherapy lines (P<0.001), with a median OS from diagnosis of 3.3, 8.6,
15.6, and 21.0 months for patients receiving 0, 1, 2, >3 lines of chemotherapy, respectively.
Conclusion: This study showed that the more chemotherapy lines AGC patients received,
the longer the OS. This study not only confirmed the impact of chemotherapy lines on OS
but it also supplements the results of prospective clinical trials that cannot be completed due
to the ethical implications.

Keywords: advanced gastric cancer, number of chemotherapy lines, overall survival, real
world data

Introduction
Gastric cancer is the fifth most common malignancy and the third leading cause of
cancer-related death in the world. East Asia has the highest incidence and mortality
rate from gastric cancer.! In 2018, there were 450,000 new cases and 390,000
deaths in China.” The prognosis of gastric cancer is very poor. Approximately 80%
of patients are at an advanced stage when they are diagnosed, and the 5-year overall
survival (OS) rate is less than 25%.’

Comprehensive medical treatment is the main treatment approach for advanced
gastric cancer (AGC). Many clinical trials have confirmed that the median OS of
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patients who have only received best supportive care
(BSC) is 3-5 months,® while the first-line combination
chemotherapy based on fluoropyrimidine or platinum is
8.8-10.0 months.*> The median OS of second-line che-
motherapy (taxanes or irinotecan) is 5.2-7.7 months,®®
and that of third-line treatment (including chemotherapy
and targeted therapy) is 4.0-6.5 months.”'® Many large-
sample prospective randomized clinical trials of AGC
have confirmed the survival advantages of first-line, sec-
ond-line, or third-line chemotherapy compared with their
respective control groups.'®'? However, due to the ethical
factors involved with prospective trials, it is impossible to
conduct a randomized comparative study of patients who
do not receive chemotherapy and those who receive
a second-line and above. There are few research reports
on the relationship between the number of chemotherapy
lines and OS in AGC patients. This study investigated the
impact of the number of chemotherapy lines on the survi-
val of AGC patients using real-world data.

Patients and Methods

Patients

We screened patients with AGC who were diagnosed and
treated at Shandong Cancer Hospital from December 2007
to December 2017. The inclusion criteria for study parti-
cipation were as follows: (1) age 18 years or above; (2)
diagnosis of metastatic or recurrent, unresectable gastric,
or gastroesophageal junction adenocarcinoma confirmed
by histology; (3) no other prior or concomitant malig-
nancy; (4) expected survival more than 3 months; and
(5) complete medical records. The exclusion criteria were
the following: (1) expected survival less than 3 months;
(2) incomplete medical records; and (3) severe heart, cere-
brovascular, liver, kidney or hematopoietic system disease.
This retrospective study was approved by the Institutional
Review Board of our institution (IRB No. 201909002).
Written informed consent was waived, given the analysis
was based on data retrieved from electronic medical
records with anonymous selection. We commit to strictly
complying with data confidentiality principles, and the
Declaration of Helsinki.

Methods

Patient medical records were obtained through the hospital
information system. Information such as age, sex, time of
diagnosis, ECOG performance status, tumor location,
metastasis location, treatment, and overall best response

were recorded in detail. According to the treatments
received, AGC patients were divided into the following
groups: no chemotherapy, only 1 line of chemotherapy,
only 2 lines of chemotherapy, or 3 or more lines of
chemotherapy. The primary endpoint of this study was
OS, which was calculated from the date of AGC diagnosis
to date of death. Patients surviving at the time of the data
collection were censored at the date of last contact.
Patients who were reported to have died, but for whom
no date of death was available, were assumed to have died
on the date of last contact.

Statistical Analysis

OS was estimated according to the Kaplan—-Meier method,
and the statistical significance of differences in survival
curves between the 4 groups was tested with a Log rank
test. P values <0.05 were considered statistically signifi-
cant. All P values corresponded to 2-sided tests. All
Statistical analyses were conducted using the SPSS v22.0
software package (SPSS, Chicago, IL, USA).

Results

Patient Characteristics

A total of 596 patients were identified, of which 427
(71.6%) were men and 169 (28.4%) were women. The
median age at diagnosis was 59 years (range, 20-85
years). ECOG performance status at initial treatment was
0 for 36 (6.1%), 1 for 458 (76.8%), and 2 for 102 (17.1%)
patients. The most common primary tumor locations were
the antrum and pylorus (45.8%), followed by the fundus
and the body of the stomach (28.7%). The most common
sites of metastasis were the lymph nodes (68.0%), perito-
neum (44.6%), and liver (34.2%). The patient character-
istics are summarized in Table 1.

Treatment

Of the 596 patients in this study, 519 patients had received
chemotherapy and 77 patients (12.9%) did not receive
chemotherapy. Among 519 patients who had received first-
138 (26.6%) received a triplet
chemotherapy regimen, which included predominantly

line chemotherapy,

fluoropyrimidine/platinum doublets with the addition of
either taxanes or an anthracycline; 327 (63.0%) received
doublet therapy, predominantly a fluoropyrimidine/plati-
num doublet; and 54 (10.4%) received single-agent treat-
ment. Of the 519 patients, 284 (54.7%) subsequently
received second-line treatment. Of these 284 patients, 24
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Table | Patient Characteristics (n=596)

Characteristics Patients, n (%)
Sex
Male 427 (71.6)
Female 169 (28.4)
Age at diagnosis, years
20-39 55 (9.2)
4049 11 (18.6)
50-59 137 (23.0)
60-69 199 (33.4)
270 94 (15.8)
ECOG performance status
0 36 (6.1)
| 458 (76.8)
2 102 (17.1)
Tumor location
Antrum and pylorus 273 (45.8)
Fundus and body 171 (28.7)
Gastric cardia 89 (14.9)
Esophagogastric junction 42 (7.1)
Whole stomach 21 (3.5)
Metastatic site
Lymph nodes 405 (68.0)
Peritoneum 266 (44.6)
Liver 204 (34.2)
Bone 74 (12.4)
Lung 48 (8.1)
Other 47 (7.9)

Abbreviation: ECOG, Easter Cooperative Oncology Group.

(8.5%), 175 (61.6%), and 85 (29.9%) received triple-,

double-, or single-agent treatment, respectively.
Compared with first-line chemotherapy, the proportion of
patients receiving single-agent treatment was higher
(29.9% vs 10.4%). Of the 519 patients who had received
first-line chemotherapy, 99 (19.1%) subsequently received
third-line treatment. Of these 99 patients, 3 (3.0%), 59
(59.6%), and 37 (37.4%) received triplet-, doublet-, or
single-agent therapy, respectively. The first-line, second-
line and third-line chemotherapy regimens are shown in

Figure 1.

Response

In the first-line setting, the overall best response was
complete response (CR) in 2.9%, partial response (PR) in
41.4%, stable disease (SD) in 29.1%, and progressive
disease (PD) in 26.6% (Table 2). In the second-line setting,
the overall best response was a PR in 21.5%, SD in 33.8%,

and PD in 44.7%. In the third-line setting, the best overall
response was a PR in 17.2%, SD in 24.2%, and PD
in 58.6%.

Survival
The median OS for the whole cohort from the date of
diagnosis of AGC was 12.4 months (Figure 2). Survival
correlated significantly with the number of treatment lines
received (P<0.001; Figure 3), with a median OS from
diagnosis of 3.3, 8.6, 15.6, and 21.0 months for patients
or >3 lines

receiving 0, 1, 2, of chemotherapy,

respectively.

Reasons for Chemotherapy

Discontinuation

The most frequently reported primary reason for che-
motherapy discontinuation was disease progression. In
first-line, second-line, and third-line chemotherapy regi-
mens, 56.5%, 53.5%, and 49.5% of AGC patients stopped
chemotherapy due to disease progression, respectively.
Other reasons for chemotherapy discontinuation included
completion of chemotherapy, patient refusal, and toxicities
or side effects (Table 3).

Discussion

Gastric cancer is the third leading cause of cancer-related
death in the world." Most patients present with locally
advanced or metastatic gastric cancer when they are first
diagnosed. They have lost the opportunity for surgical
intervention and can only receive medical or pharmacolo-
gical treatment.'? Treatments include BSC, chemotherapy,
targeted therapy, and immunotherapy. In this study, 77
patients did not receive chemotherapy and only received
BSC. The median OS of these 77 patients was 3.3 months,
which was consistent with many studies reporting that the
median OS of patients receiving only BSC was 3-5
months."*

Chemotherapy can significantly prolong the survival of
patients, and it is currently the main treatment for AGC.
Le et al used the Flatiron Health database to analyze the
clinical data of 3291 AGC patients and found that the
median OS of patients who received first-line chemother-
apy was 9.1 months.'> Trastuzumab can prolong the med-
ian OS of AGC patients to 14—16 months. However, the
survival benefit of trastuzumab is limited to 15-20% of
patients with HER2 overexpression.'®'” Although several
first-line trials with new targeted agents have been carried
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mm  Fluoropyrimidine
+ platinum + anthracycline 11.0%

= Fluoropyrimidine
+ platinum + taxane 15.6%

Other doublet 3.1%

mm Fluoropyrimidine

mm 10.4% Fluoropyrimidine

mm 48.4%
Fluoropyrimidine
+ platinum

mm 8.4% Triplet chemotherapy

+taxane 11.5%
B
Other doublet 17.3%
mm Platinum
+taxane 19.4%
C

mm 23.6% Fluoropyrimidine

6.3% Other monotherapy

mm 25% Fluoropyrimidine
+ platinum

mm 3% Triplet chemotherapy

Other doublet 8.1%

mm Fluoropyrimidine
+taxane 8.1%

Fluoropyrimidine
+irnotecan 18.2%

mm 29.3% Fluoropyrimidine

8.1% Other monotherapy

mm 25.2% Fluoropyrimidine

+ platinum

Figure | Treatment regimens received as first-line, second-line, and third-line therapy. (A) Treatments received in the first-line setting (n=519). Other doublet treatment
regimens included: Platinum + taxane (n=9); Fluoropyrimidine + irinotecan (n=7). (B) Treatments received in the second-line setting (n=284). Other monotherapy regimens
included: Taxane (n=11); Irinotecan (n=7). Other doublet include: Fluoropyrimidine + taxane (n=27); Fluoropyrimidine + irinotecan (n=22). Triplet chemotherapy regimens
included: Fluoropyrimidine + platinum + taxane (n=12); Fluoropyrimidine + platinum + anthracycline (n=12). (C) Treatments received in the third-line setting (n=99). Other
monotherapy regimens included: Apatinib (n=7); Taxane (n=1). Other doublet regimens included: Platinum + taxane (n=6); Platinum + irinotecan (n=2). Triplet
chemotherapy regimens included: Fluoropyrimidine + platinum + taxane (n=2); Fluoropyrimidine + platinum + anthracycline (n=1).

out over recent years, none has added valuable
benefits.'"™?' In this study, 235 AGC patients only
received 1 line of chemotherapy, and the median OS was
8.6 months. It has been reported that even the most effec-
tive first-line chemotherapy regimens are unable to

achieve a median OS longer than 9—11 months.'” Since it
is increasingly unlikely to improve the survival of patients
with a first-line treatment only, a potential method is to
expand the lines of treatment from a first- to a second- and
to a third-line and beyond.”**
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Table 2 Variables Stratified by Treatment Line

Variable First Second Third
Line Line Line

Patients, n (%) 519 (100) | 284 (54.7) | 99 (I9.1)
Treatment, %

Single 10.4 29.9 374

Doublet 63.0 61.6 59.6

Triplet 26.6 85 3
Overall best response, %

CR 2.9 0 0

PR 4.4 21.5 17.2

SD 29.1 33.8 24.2

PD 26.6 447 58.6
OS, months

Whole cohort 12.4

According to treatment 8.6 15.6 (2 21.0 (=3

line received (I line) lines) lines)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; OS, overall survival.

A Phase III clinical trial of AGC in South Korea
showed that after the failure of first-line chemotherapy,
the OS of patients in the salvage chemotherapy group
was extended by 1.5 months compared with the BSC
group (P=0.07)."" A clinical study of apatinib in the third-

line treatment of AGC also showed that the median OS in
the apatinib group was 1.8 months longer than that in the
placebo group (P<0.001).'"> The above prospective rando-
mized clinical trials have confirmed the survival advan-
tages of second-line or third-line chemotherapy compared
with their respective control groups. In Western countries,
the proportion of AGC patients receiving second-line and
third-line 39-42% 14-19%,
respectively, while in Japan, the proportion is even
higher, 69-85% and 23-35%, respectively.’*?” This dif-
ference has important implications for the survival of AGC

chemotherapy is and

15,16,25

patients. Takashima et al found that for some clinical trials
investigating first-line chemotherapy, the OS of Japanese
patients with AGC was higher than non-Japanese patients,
mainly because Japanese patients had longer survival after
disease progression. However, due to the similarity of
PFS, the survival advantage was attributed to a higher
proportion of patients subsequently receiving chemother-
apy in Japan.*® Tizumi et al concluded through
that  the of

receiving second-line or third-line treatment was signifi-

meta-analysis proportion patients
cantly associated with the median OS of AGC patients.
For every 10% increase in the proportion of patients
receiving second-line or third-line treatment, the median

OS could be extended by 1.033 or 0.344 months.?®

100 Median OS (95% ClI)
E 80- 12.4 (11.1-13.7) months
E
s 60=
g
o 40-
[)
o
20-
0 | | | | 1 || 1
0 12 24 36 48 60
OS (months)
No. at risk
596 219 71 29 15 9

Figure 2 Overall survival for whole cohort.
Abbreviations: OS, overall survival; Cl, confidence interval.
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100 == Bestsupportive 3 3 (3 6.4.0) months
care only
_ 1 line 8.6 (7.1-10.1) months
% 80+ 2 lines 15.6 (12.5-18.6) months
3 60- 23 lines 21.0 (17.3-24.7) months
k=
S 40-
[}
o
20~
0 1 1 . 1 1 1
0 12 24 36 48 60
OS (months)
No. at risk
Best supportive 77 5 0 0 0 0
care only
1 line 235 55 17
2 lines 185 90 24 8
23 lines 99 69 30 13

Figure 3 Overall survival stratified by number of treatment lines received.
Abbreviations: OS, overall survival; Cl, confidence interval.

The above prospective clinical trials and meta-analysis
confirmed the survival advantage of second-line or third-line
chemotherapy. In addition, some real-world retrospective
studies have also demonstrated a relationship between the
number of chemotherapy lines and the survival of AGC
patients. Davidson et al retrospectively analyzed the clinical
data of 511 AGC patients diagnosed at the Royal Marsden
Hospital in the United Kingdom from April 2009 to
November 2015. The authors found that the median OS
from diagnosis was 8.32, 13.95, 20.01, and 33.03 months
for patients receiving 1, 2, 3 or >3 lines of chemotherapy,

Table 3 Reasons for Chemotherapy Discontinuation

Reasons for First Line | Second Third
Chemotherapy (N=519) Line Line
Discontinuation (%) (N=284) (N=99)
(%) (%)
Disease progression 56.5 53.5 49.5
Total completion of 15.0 8.8 8.1
chemotherapy
Patient refusal 11.9 11.6 10.1
Toxicities or side effects | 11.4 10.2 7.1
Death related to AGC | 0.6 1.8 2.0
Patient physical status 1.3 2.1 2.0
Unknown 33 12.0 21.2

Abbreviation: AGC, advanced gastric cancer.

respectively (P<0.001).>> As the number of chemotherapy
lines increased, OS was gradually prolonged. In this study,
we increased the survival data of AGC patients who did not
receive chemotherapy, and found that the OS of patients with
chemotherapy lines of 0,1,2 and >3 were 3.3, 8.6, 15.6, and
21.0 months, respectively (P<0.001). The results of this study
further demonstrated the impact of the number of chemother-
apy lines on OS in AGC patients. Furthermore, compared
with other subgroups, patients with a number of chemother-
apy lines >3 generally tolerated treatment well and were
sensitive to chemotherapy. Therefore, these patients may
benefit from multi-line chemotherapy.

In addition, reasons for treatment discontinuation were
also analyzed in this study. We found that due to disease
progression, patient refusal, and side effects of chemother-
apy, many patients stopped chemotherapy early and did
not receive any subsequent anti-tumor treatment. In this
study, the proportion of patients receiving second-line and
third-line chemotherapy were 54.7% and 19.1%, respec-
tively. Compared with 69-85% and 23-35% of patients
receiving second- and third-line chemotherapy in Japan,
there is a certain gap.”®*’ In clinical practice, clinicians
may improve patient compliance through educational
interventions, and the choice of reasonable treatment regi-
mens, so that AGC patients may benefit from subsequent

treatment.?%°
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However, our study also has its limitations. Firstly, this
study was a single-center retrospective study, and the
results may be influenced by many confounding factors;
Second, the patients in this study were not homogenous,
and there were differences in chemotherapy regimens
used, cycles administered, and in the treatment sequences,
which may have influenced the results of the study.

Conclusion

This study showed that the more chemotherapy lines
AGC patients received, the longer the OS. This study
not only confirmed the impact of chemotherapy lines on
OS but it also supplements the results of prospective
clinical trials that cannot be completed due to the ethical
implications.

Disclosure
The authors report no conflicts of interest in this work.
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