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Background: The correlation between overall survival (OS) and progression-free survival (PFS)
has been evaluated in patients with metastatic or advanced gastric cancer who have received
first-line and/or second-line chemotherapy. However, no corresponding analysis has been done
for patients who have undergone third-line or later-line chemotherapy.

Methods: A total of 303 patients from the Phase II/III studies of apatinib were pooled (the
Phase II study as a training data set, the Phase III study as a testing data set). Landmark analyses
of PES at 2 months from randomization were performed to minimize lead time bias. The Cox
proportional hazard model was used to test for the significance effect of PFS rate at 2 months
in predicting OS. Additionally, the PFS/OS correlations were evaluated by the normal induced
copula (National Institute for Health and Care Excellence) estimation model.

Results: The median OS was 3.37 months (95% confidence interval 2.63-3.80) in patients who
experienced progression at 2 months and 5.67 months in patients who did not (95% confidence
interval 4.83-6.67; P<<0.0001). Compared with patients who did not progress at 2 months, the
adjusted hazard ratio for death was 3.39 (95% confidence interval 1.79-6.41; P<<0.0001) for
patients who experienced progression at 2 months. Moreover, the correlation of PFS/OS was
0.84 (95% confidence interval 0.74—0.90). Similar results were found in the testing data set.
Conclusion: These results indicate that PFS correlates strongly with OS, suggesting PFS may
be a useful early endpoint for patients with advanced gastric cancer who have undergone third-
line or later-line chemotherapy. These observations require prospective validation.
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Introduction

Gastric cancer is the third most common cause of cancer-related death worldwide.!
When gastric cancer is found very early, there is a better chance of recovery. However,
the prognosis of patients with metastatic or advanced gastric cancer (AGC) remains poor,
with a median overall survival (OS) of one year in patients treated with the commonly
used first-line chemotherapy regimens (fluoropyrimidine plus a platinum agent with
or without docetaxel or anthracyclines).? ¢ Although there may be clinical remission or
disease stabilization in many AGC patients who receive first-line chemotherapy, most
will ultimately experience disease progression and be candidates for further chemo-
therapy. For patients who have experienced disease progression during or after first-line
chemotherapy for AGC, effective second-line chemotherapy is essential. In recent years,
significant achievements have been made in second-line chemotherapy for AGC.” 1
However, after failure of second-line chemotherapy, the results of further treatment are
poor, yielding response rates of 0%—5% with no evidence of prolonged survival.'*!*
It should be noted that further active treatments beyond second-line chemotherapy would
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increase with the increasing number of patients with AGC
offered second-line chemotherapy. Apatinib (YN968D1), is
a tyrosine kinase inhibitor that selectively inhibits vascular
endothelial growth factor receptor 2, which is a new treat-
ment option providing hope for patients with AGC who have
previously failed second-line chemotherapy.'> In a Phase 111
study, patients with AGC who were treated with apatinib had
significantly longer progression-free survival (PFS) and OS
than patients given placebo (OS, 195 days versus 140 days,
hazard ratio [HR] 0.71, 95% confidence interval [CI]
0.54-0.94, P<<0.016; PFS, 78 days versus 53 days, HR 0.44,
95% C10.33-0.61, P<<0.0001), but the OS benefit, weakened
by the post progression survival, was weaker than the treat-
ment effect on PFS.!'¢ Therefore, it is likely that PFS may be
a reasonable endpoint for this clinical trial.

In previous reviews, the correlation between OS and PFS
has been estimated for patients with AGC in various treatment
settings to evaluate surrogacy. A trial-level analysis included
36 randomized trials and demonstrated that, in patients with
AGC, PFS strongly correlated with OS in clinical trial set-
tings, and a similar conclusion was reached in patients with
AGC who had undergone first-line chemotherapy based on
individual-level data.'”'® Both conclusions were only appli-
cable to patients with first-line chemotherapy, and the authors
did not externally validate their findings. However, Paoletti
et al reached a different conclusion, ie, that the validity of
PFS as a surrogate endpoint for OS in AGC was not con-
firmed using individual-level patient data from the GASTRIC
meta-analysis, and this study included patients on first-line
treatment.' Further, in the setting of second-line chemo-
therapy for patients with AGC, another trial-level analysis
showed that PFS did not correlate sufficiently with OS and
could not be used as an efficient surrogate endpoint.?

To the best of our knowledge, no corresponding analysis
has been done for AGC patients who have had third-line or
later-line chemotherapy. Therefore, the aim of this study is to
examine whether PFS is a valid intermediate endpoint of OS
in AGC patients who have undergone third-line or later-line
treatment. We use the data from two randomized, placebo-con-
trolled, parallel-arm clinical trials (Clinical Trials.gov identifiers
NCT00970138 and NCT01512745), which tested the molecu-
lar targeted therapy, apatinib, in similar patient populations.?!
For these studies, it is reasonable that one is used as a training
data set and the other is used as a testing data set.

Materials and methods

Study population
A Phase II, randomized, double-blind, placebo-controlled
trial served as the training data set, and was designed to

assess the efficacy and safety of daily administration of
apatinib as third-line or later-line treatment in patients with
AGC and to determine whether a once-daily or a twice-
daily regimen is better tolerated by these patients. From
June 2009, 141 patients with AGC were randomized to
receive 28-day cycles of placebo (n=48), apatinib 850 mg
once daily (n=47), or apatinib 425 mg twice daily (n=46).
Random assignment was stratified according to the number
of organs with metastases (more than two sites versus up to
two sites). Patients were eligible if they had progressed or
been intolerant to second-line chemotherapy for AGC.
Additional enrollment criteria were as follows: at least
one measurable lesion as defined by Response Evaluation
Criteria in Solid Tumors;?? an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1; and accept-
able hematologic, hepatic, and renal function. Patients with
uncontrolled blood pressure on medication (>140/90 mmHg)
or a bleeding tendency, and those receiving thrombolytics
or anticoagulants were excluded. All participants gave their
written informed consent, and approval was obtained from
the relevant ethical committees.

Data from a Phase 111 clinical study of apatinib using the
same drug doses and a similar protocol were considered as the
testing data set. Study randomization was stratified according
to the number of metastatic sites (more than two sites versus
up to two sites). Between December 2010 and December
2012, 270 patients were randomized 2:1 to apatinib 850 mg
once daily (n=180) and placebo (n=90). The inclusion and
exclusion criteria for the Phase III clinical trial were similar
to those for the Phase II trial.

Endpoints

PFS was considered as the primary endpoint and OS as the
secondary endpoint in the Phase II clinical trial. However,
in phase III clinical trial, the primary endpoint was OS and
the secondary endpoint was PFS. Although the primary
endpoints of the Phase II/III clinical trials were not the same,
the definitions of PFS and OS in the Phase II study were the
same as those in the Phase III study. PFS was defined as time
from random assignment until disease progression or death,
whichever occurred first. The time interval before progres-
sion or death was thus considered as PFS. OS was defined
as the time from randomization to the date of death from any
cause. Further, in the Phase II and III clinical trials, Response
Evaluation Criteria in Solid Tumors was used to assess tumor
response, and radiological assessment for disease progres-
sion was determined by five independent radiologists from
different hospitals every two cycles (8 weeks). The PFS
rate at 2 months was defined as a binary variable, ie, any
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patient experiencing any type of progression or death at or
before 2 months was considered to have experienced event.
Otherwise, the patient was censored.

Statistical analysis

In order to keep medication consistent in the two data sets,
patients on apatinib 425 mg twice daily (n=46) were excluded
from analysis, leaving 95 patients in the training data set. Land-
mark analyses of PFS at 2 months from randomization were
performed to minimize lead time bias.?* The reason for choosing
PFS rates at 2 months was that the median PFS in the Phase II
clinical trial was approximately 2 months. Patients, who died
before 2 months, were then excluded from the landmark
analysis. 22 patients in the training data set and 40 patients in
the testing data set were excluded, respectively.

The Kaplan—Meier product-limit method was used to
estimate the OS distribution by the PFS rate at 2 months,
and the median OS was calculated. The significance of the
effect of the PFS rate at 2 months was assessed by the Cox
proportional hazards regression model with adjustment for
age, sex, ECOG performance status (1 versus 0), previous
lines of chemotherapy (two versus three) and number of sites
with metastasis (more than two sites versus up to two sites).
A Bayesian semi-competing risks approach for jointly model-
ling PFS and OS was used to measure the correlation between
PFS and OS. This new model is known as the normal induced
copula estimation (NICE) model.?* Correlation between the
variables can be directly derived from the joint model. This
model was in a Bayesian framework so that the posterior
distribution of the association parameter could be obtained,
and an interval estimate of the association parameter was
constructed using the posterior distribution of the association
parameter. To investigate possible reasons for heterogeneity
of correlation, subgroup analyses were conducted according
to the vital status of patients (dead or not), ECOG perfor-
mance status (1 versus 0), previous chemotherapy lines
(more than three versus two chemotherapy lines), number of
metastatic sites (more than two sites versus up to two sites),
and treatment setting (apatinib versus placebo).

All analyses were based on intention-to-treat. Confidence
intervals were calculated with two-sided probability coverage
of 95%. All analyses were conducted using the R statistical
package (R Foundation, Vienna, Austria),> and P=0.05 was
considered to be statistically significant.

Results

Baseline characteristics
A total of 303 patients enrolled in two clinical trials with apa-
tinib were included in present study. Baseline characteristics

are outlined in Table 1. With the exception of ECOG perfor-
mance status, the baseline characteristics of patients in the
different data sets were similar with regard to sex ratio, age,
time since initial diagnosis, prior surgery for primary tumor,
disease stage, number of metastatic sites, previous lines of
chemotherapy, prior radiotherapy, and laboratory variables.
Further, neither trial was found to have imbalances between
the experimental and control arms. Seventy-six percent of
patients included in this analysis was male, the median age
was 56 years, and time since initial diagnosis was 1.91 years.
Seventy-three percent of patients received surgery to the
primary tumor, 93% had stage IV disease, 26% had more
than two metastatic sites, and 67% had already received
second-line chemotherapy. Median hemoglobin, aspartate
aminotransferase, blood urea nitrogen, alkaline phosphatase,
lactate dehydrogenase, creatinine, albumin, and carcinoem-
bryonic antigen levels were 11.4 g/dL, 24 TU/L, 5 mmol/L,
97 U/L, 187.5 U/L, 65 umol/L, 40.8 g/L, and 10.46 ng/mL,
respectively. Patients randomized to the testing data set had
better performance status than those in the training data set.

PFS as a surrogate endpoint of OS

In the training data set, patients who did not experience
any progression at 2 months had significantly improved OS
compared with patients who did experience progression at
2 months. The median OS in patients who experienced any
progression at 2 months was 3.37 months (95% CI 2.63-3.80),
which was shorter than the 5.67 months in patients who did not
experience any progression at 2 months (95% CI 4.83-6.67;
P<0.0001). A similar result was observed in the testing data
set. The median OS were 4.37 months (95% CI3.77-5.37) and
8.23 months (95% CI 7.43-9.43; P<<0.0001) in patients who
experienced and did not experience progression at 2 months,
respectively. The Kaplan—Meier survival curves by PFS rate
at 2 months are presented in Figure 1.

A multiple Cox regression model showed that disease
progression at 2 months was predictive of OS in the train-
ing data set (Table 2). There were significant differences
between the patients who experienced disease progression
at 2 months and those who did not (adjusted HR 3.39; 95%
CI 1.79-6.41; P<<0.0001). Similar results were found in
the testing data set, where the adjusted HR for death was
2.48 (95% CI 1.81-3.40; P<<0.0001).

Correlation between PFS and OS

In the training data set, the correlation between PFS and OS
estimated by the NICE model was 0.84 (95% CI 0.74—0.90,
Table 3). There was a strong correlation between these
two endpoints, indicating that PFS was a good surrogate
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Table | Patient demographics and clinical characteristics of 303 patients randomized to two studies

Variables Training data set, n (%) Testing data set, n (%) Total, n (%)
(N=73) (N=230) (N=303)

Sex

Male 58 (79) 172 (75) 230 (76)

Female 15 (21) 58 (25) 73 (24)
Median age, years 54 58 56

Q,—Q,s 48-58 51-62 50-62
Time since initial diagnosis, years 2.08 1.86 1.91

Q,—Q,s 1.03-2.55 0.83-2.28 0.91-2.31
ECOG PS

0 4 (5) 57 (25) 61 (20)

| 69 (95) 173 (75) 242 (80)
Prior surgery of primary tumor

Yes 57 (78) 164 (71) 221 (73)

No 16 (22) 66 (29) 82 (27)
Stage

Il () 2(1) 3()

1 34) 12 (5) 15 (5)

I\ 69 (95) 213 (93) 282 (93)
Metastatic sites

=2 60 (82) 164 (71) 224 (74)

>2 13 (18) 66 (29) 79 (26)
Previous lines of chemotherapy

2 52 (71) 152 (66) 204 (67)

=3 21 (29) 78 (34) 99 (33)

Prior radiotherapy 10 (14) 35 (15) 45 (15)
Hemoglobin, g/dL

Median 1.4 1.4 1.4

Q,—Q,, 10.7-12.6 10.3-12.6 10.4-12.6
AST, IU/L

Median 23 25 24

Q,—Q,s 19-27 18-37.03 18.1-34.2
BUN, mmol/L

Median 4.80 5 5

Q,—Q,, 3.91-5.96 3.91-5.88 3.91-5.895
Alkaline phosphatase, U/L

Median 89 98 97

Q,—Q,, 71.5-122 74.5-137 73.75-133
LDH, U/L

Median 192 186 187.5

Q,—Q, 148-223.5 155.5-247.5 154-243.25
Creatinine, umol/L

Median 63.5 65.6 65

Q,—Q,s 53-73 55.75-77 54.53-76.05
Albumin, g/L

Median 41.4 40.6 40.8

Q,—Q, 38.1-45.78 37.1-43.65 37.744
CEA, ug/mL

Median 10.2 10.58 10.46

Q,—Q,, 2.58-65.21 3.45-78.83 3.4-76.51
Treatment arm

Placebo 31 (42) 76 (33) 107 (35)

Apatinib 42 (58) 154 (67) 196 (65)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status; AST, aspartate aminotransferase; BUN, blood urea nitrogen; LDH, lactate

dehydrogenase; CEA, carcinoembryonic antigen.
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Figure | Kaplan-Meier survival curves by PFS at 2 months in the training data set (A) and in the testing data set (B).

Abbreviation: PFS, progression-free survival.

endpoint for OS in this setting. Using the testing data
set, the correlation between PFS and OS was 0.81 (95% CI
0.76-0.86), which also indicated a strong correlation between
these two endpoints (Table 3).

In an additional subgroup analysis (Table 3), based on
the training data set, the correlation between PFS and OS

tended to be higher in patients with previous second-line
chemotherapy (0.85; 95% CI 0.71-0.92) than that in patients
with third-line or later-line chemotherapy (0.75; 95%
CI 0.34-0.91), and to be higher in patients with more than
two metastatic sites (0.88; 95% CI 0.64-0.97) than that
in patients with up to two metastatic sites (0.81; 95% CI

Table 2 Multivariable proportional hazards model of progression-free survival at 2 months predicting overall survival stratified

on study

Variables

Training data set (Il)

Testing data set (l1l)

Adjusted HR (95% CI;

P-value)*

Adjusted HR (95% CI;
P-value)*

Any progression at 2 months
Yes versus no

3.39 (1.79-6.41; <0.0001)

2.48 (1.81-3.40; <0.0001)

Age 0.98 (0.94-1.03; 0.469) 1.01 (0.99-1.02; 0.414)
Sex

Female versus male 1.54 (0.64-3.72; 0.337) 0.84 (0.59-1.19; 0.326)
ECOG PS

| versus 0 3.81 (0.50-28.93; 0.196) 2.02 (1.40-2.93; <0.0001)

Previous lines of chemotherapy
=3 versus 2

Metastatic sites (n)
>2 versus =2

1.47 (0.78-2.78; 0.235)

.54 (0.73-3.23; 0.258)

0.79 (0.56—-1.07; 0.126)

1.46 (1.05-2.03; 0.023)

Note: *Adjusted for age, sex, ECOG PS, previous lines of chemotherapy and number of metastatic sites in Cox model.
Abbreviations: HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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Table 3 Correlation between progression-free survival and overall survival

a set (1)

Correlation (95% Cl)*

Testing data set (I11)

Correlation (95% CI)*

Subgroup Training dat:
n
Total 73
ECOGPS 0 4
ECOGPS | 69
Two previous lines of chemotherapy lines 52
Three or more previous lines of chemotherapy 21
Up to two metastatic sites 60
More than two metastatic sites 13
Confirmed death 49
Placebo 31
Apatinib 42

0.84 (0.74-0.90) 230 0.81 (0.76-0.86)
- 57 0.83 (0.71-0.91)
0.83 (0.72-0.90) 173 0.80 (0.73-0.85)
0.85 (0.71-0.92) 152 0.81 (0.74-0.87)
0.75 (0.34-0.91) 78 0.79 (0.66-0.86)
0.81 (0.68-0.97) 164 0.79 (0.71-0.85)
0.88 (0.64-0.97) 66 0.84 (0.75-0.90)
0.80 (0.66-0.89) 187 0.83 (0.78-0.87)
0.79 (0.60-0.90) 76 0.82 (0.73-0.88)
0.86 (0.73-0.93) 154 0.82 (0.75-0.87)

Note: *Evaluated by the normal induced copula estimation model.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status; Cl, confidence interval.

0.68-0.97). These correlations were also confirmed in the
testing data set. The PFS/OS correlation in 42 patients who
received apatinib (0.86; 95% CI 0.73-0.93) was stronger
than that in 31 patients who received placebo (0.79; 95%
CTI 0.60-0.90). However, a similar result was not found in
the testing data set. Moreover, in a subgroup analysis of
patients experiencing death after 2 months, the correlation
between these endpoints was 0.80 (95% CI 0.66—0.89) in the
training data set and 0.83 (95% CI 0.78-0.87) in the testing
data set. Since there were only four patients with an ECOG
performance status of 0, the PFS/OS correlation could not
be estimated by the NICE model. However, in a subgroup
analysis of patients with ECOG performance status of
1, the correlation between these endpoints was 0.83 (95%
CI 0.72-0.90). This correlation, verified in the testing data
set, also indicated a strong correlation between PFS and OS
in patients with ECOG performance status of 1 (0.80; 95%
CI 0.73-0.85). In summary, the PFS/OS correlations were
strong in all of the subset analyses, ie, higher than 0.75.

Discussion

This is the first study based on individual patient data to
evaluate whether PFS is a reasonable surrogate endpoint for
OS in patients with third-line or later-line chemotherapy for
AGC. Our results show that disease progression at 2 months
was strongly predictive of OS in 303 patients with third-line
or later-line chemotherapy for AGC. In the training data set,
the median OS was 5.67 months in patients who experienced
any type of progression at 2 months and was significantly
longer than in patients who did not experience progression
(3.37 months; P<<0.0001). Further, the adjusted HR for death
was 3.39 in patients who did and did not progress at 2 months.
Similarly, in the testing data set, these findings were initially
validated using 230 patients with AGC.

Other results suggest that there was a reasonable corre-
lation between OS and PFS, with 0.84 (95% CI 0.74—0.90)
and 0.81 (95% CI 0.76-0.86), respectively. A similar result
has been reported in patients with AGC treated by first-line
chemotherapy.'® In the current analysis, the results indicate
that PFS may be used as a surrogate endpoint in trials of
patients with third-line or later-line chemotherapy for AGC.
In addition, the results from these Phase II and III studies
of apatinib indicate that median OS and median PFS were
significantly longer in the apatinib group than in the placebo
group, which satisfies the Prentice criteria.?® These observa-
tions could be explained by a strong association between
PFS and OS. A further explanation could be that the results
of multiple sequential salvage therapies after failure of
third-line or later-line chemotherapy were poor and the post
progression survival was short (2.3 months in the training
data set, 3.7 months in the testing data set). According to the
results of Broglio et al the HR for OS is largely influenced
by median post progression survival.?” When the P-value for
improvement in PFS was 0.001, more than 90% probability
for statistical significance in OS could be achieved if median
post progression survival was 2 months but less than 20% if
median post progression survival was 24 months.

Our results suggest that PFS may serve as an intermediate
endpoint for OS. However, this analysis had some unavoidable
limitations. It is worth noting that patients enrolled in these stud-
ies were required to meet the inclusion criteria and be deemed
appropriate for participation in clinical trials, so our findings
cannot be generalized to the entire population of patients
with AGC. Further, the allocation proportions of the enrolled
patients were different between the two data sets (1:1 in the
training data set and 1:2 in the testing data set). If the relation-
ship between PFS and OS in patients randomized to the experi-
mental group was different from that in patients randomized
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to the control group, the overall PFS/OS association would be
influenced by the imbalance in enrolment of patients between
the treatment group and the control group in the clinical trial.
At present, relatively few randomized studies involving third-
line or later-line treatment in patients with AGC are available,
so our analysis was based on only two clinical studies that used
the same drug and included a very limited number of patients.
Therefore, more research is needed to evaluate the surrogacy
of PFS for OS in future randomized clinical trials of third-line
or later-line chemotherapy in patients with AGC.

Nevertheless, our results are noteworthy, and for three
main reasons. First, individual patient data were obtained
from two randomized controlled trials that used uniform
inclusion criteria, monitoring, and definitions of progres-
sion. Second, both trials used the same experimental regi-
men (apatinib 850 mg once daily) and the same control arm
(placebo). Third, an independent data set was use to validate
the results of the current analysis.

Conclusion

Our present study results indicate that PFS at 2 months predicts
OS in patients having third-line or later-line chemotherapy for
AGC. PFS correlates strongly with OS, suggesting that PFS
may be used as a surrogate endpoint for OS. Although PFS
and progression at 2 months seem to be strongly associated
with OS, the clinical relevance of the association between
PFS and OS has been questioned by regulatory bodies and
agencies and needs to be validated by ongoing randomized
trials. A critical task remains, namely to develop and validate
intermediate endpoints of OS to accelerate drug approval and
improve survival in patients who are going to die of AGC.
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