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Aim: To determine the effectiveness of nivolumab compared with routine clinical practice (RCP) for pa-
tients with gastric or gastroesophageal cancer refractory to, or intolerant of, two or more previous reg-
imens, using real-world electronic patient records from a US population, a single-arm trial (CheckMate
032) and a randomized controlled trial in an Asian setting (ATTRACTION-2). Materials & methods: A simu-
lated treatment comparison was conducted to predict overall survival for patients treated with nivolumab
compared with RCP in the USA. Results: Results of the indirect simulated treatment comparison suggest
that nivolumab is associated with a 50% reduction in the risk of all-cause mortality relative to RCP (Hazard
ratio: 0.50; 95% Cl: 0.36-0.68). Conclusion: The survival benefit of nivolumab may extend more generally
to the USA.
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Globally, gastric cancer is the third-leading cause of cancer-related mortality [1]. Prevalence varies by geography,
with the highest prevalence reported in Eastern Asia [21. Prognosis is generally poor, although there are marked
differences in survival outcomes across geographies and ethnicities: 5-year overall survival has been estimated at
10-15% in the USA compared with 45-50% in Eastern Asia [3-5].

Nivolumab is one of several immunotherapies being investigated for the treatment of advanced gastric cancer.
Among heavily pretreated (i.e., two or more prior lines of therapy) patients with locally advanced or metastatic
gastric or gastroesophageal junction (GEJ) cancer in North America and Europe, the Phase I/II CheckMate 032 trial
(NCT01928394) demonstrated that nivolumab monotherapy has antitumor activity with durable responses and a
favorable tolerability profile (6]. Overall survival was measured in this study as an exploratory end point; however,
the trial had no control arm, and therefore treatment effect estimates comparing nivolumab with routine clinical
practice (RCP) were not assessed. Overall survival was the primary end point of the randomized, double-blind,
placebo-controlled ATTRACTION-2 trial (NCT02267343) conducted among patients in Japan, South Korea and
Taiwan, and who had failed two or more lines of therapy (7]. The results of this study suggest a survival benefit with
nivolumab compared with placebo (hazard ratio [HR]: 0.63; 95% CI: 0.51-0.78). However, given the differences
in overall survival between Asian and non-Asian populations, it is unclear whether the treatment effect observed in
ATTRACTIONS-2 is generalizable to the US population.

In a previous study, the median overall survival observed in the CheckMate 032 trial was found to be longer
than the overall survival observed in a frequency-matched cohort of patients with gastric or GEJ cancer treated
in a real-world, US-based clinical setting [s]. Given that nonrandomized comparisons between clinical trials and
real-world data sources are associated with considerable risks of bias, we sought to test the robustness of these
findings by employing alternate methodological approaches.
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Table 1. Summary of study methodology.
Primary Sensitivity Exploratory
Comparison CheckMate 032  CheckMate 032 CheckMate 032 ATTRACTION-2
(N =42) (N=42) (N=42) Nivolumab
%3 Vs Vs (N =330)
Flatiron Random Flatiron Prevalence  Flatiron Last line Vs
(N =34) (N =36) (N =118) ATTRACTION-2
Placebo (N = 163)
Primary analysis STC: Nivolumab adjusted to Flatiron population Main Sensitivity Sensitivity NA
versus RCP (PH models)
STC: Nivolumab adjusted to Flatiron population Main Sensitivity Sensitivity NA
versus RCP (FP models)
Sensitivity analysis Crude: Unadjusted nivolumab versus RCP (PH Sensitivity Sensitivity Sensitivity NA
models)
Joint: Adjust for covariates simultaneously in Sensitivity Sensitivity Sensitivity NA

CheckMate 032 and Flatiron cohort (PH models)

STC: Nivolumab versus RCP adjusted to CheckMate Sensitivity Sensitivity Sensitivity NA
032 population (PH models)

Exploratory analysis ~ Population-adjusted: Nivolumab adjusted to NA NA NA Exploratory
Flatiron population versus Placebo adjusted to
Flatiron population (Random cohort) (PH models)

T Assumes treatment effect size is not modified by target population.
FP: Fractional polynomial; NA: Not applicable; PH: Proportional hazard; RCP: Routine clinical practice; STC: Simulated treatment comparison.

The primary objective of this study was to estimate the comparative effectiveness of nivolumab relative to RCP
with respect to overall survival for the treatment of US-based patients with advanced or metastatic gastric or GEJ
cancer refractory to, or intolerant of; at least two previous chemotherapy regimens.

Methodology
This study was conducted by Precision Xtract (Vancouver, Canada) and was funded by Bristol-Myers Squibb.
It has been reported in accordance with the REporting of studies Conducted using Observational Routinely-
collected Data (RECORD) and STrengthening the Reporting of OBservational studies in Epidemiology (STROBE)
statements [9,10].

Two different methodological approaches were used to achieve the study objective (Table 1). In the main
approach, simulated treatment comparison (STC) methodology was used to estimate the comparative effectiveness
between nivolumab, as evaluated in the CheckMate 032 trial, and RCD, as available in the Flatiron Health database,
with respect to overall survival. In an STC, outcomes are modeled for a treatment of interest as a function of relevant
patient-related factors developed from the individual patient data (IPD) of an index trial. This model is then used
to predict outcomes that would be expected in another population [11]. The second approach was exploratory and
involved an adjustment of the overall survival outcomes, as reported in the ATTRACTION-2 trial, by reweighting
the trial’s patient characteristics to match those of a US-based cohort.

To support variable selection in the development of statistical models, literature reviews were conducted to
identify potential prognostic factors and treatment effect modifiers. Studies of any design, that aimed to identify
prognostic factors, were eligible for the systematic literature review of prognostic factors, while a targeted review of
effect modifiers was restricted to randomized controlled trials (RCTs).

Main approach: indirect comparisons using CheckMate 032 & the Flatiron Health database

Data sources & cohort definitions

CheckMate 032

We retrieved IPD for a subgroup of patients enrolled in the CheckMate 032 trial who received nivolumab as a third
or later line of therapy for locally advanced or metastatic gastric or GEJ carcinoma [12].

Flatiron Health’s electronic health record database

Flatiron Health’s electronic health record database maintains anonymized retrospective data on cancer-related
diagnoses and staging, laboratory data and medications for US patients who have had active cancer. Using eligibility
criteria similar to that of the subgroup selected from CheckMate 032 [12], we selected patients from the Flatiron
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Health database who were diagnosed between 1 January 2011 and 6 November 2017 and who received a third or
later line of treatment with any RCP regimen.

Patients were eligible to enter the cohort at the time they started third, fourth, fifth or later lines of therapy,
meaning each patient may have had multiple time points at which they were eligible to enter the cohort. In an
attempt to mimic the CheckMate 032 trial, we initially constructed the cohort using a period-prevalence approach,
allowing patients to enter the cohort based on the first eligible line of therapy initiated during the enrollment period
of the CheckMate 032 trial (November 2013 to July 2015). However, the resulting cohort (henceforth called the
‘prevalence cohort’) included primarily patients entering at the start of third line, with later lines underrepresented.
Therefore, the main analytic cohort was constructed by randomly selecting cohort entry time among eligible
patients such that the distribution of lines of therapy at cohort entry matched the frequencies observed in the
CheckMate 032 trial (the ‘random cohort). A third cohort, the last line of therapy cohort, consisted of patients
entering the cohort at the time of initiating their final line of treatment. In previous research, this approach has
demonstrated a similar distribution of line-of-therapy at cohort entry to CheckMate 032; however, this was only
considered for exploratory purposes as it uses knowledge of future events to determine cohort eligibility [13].

Analysis

Overall survival was measured as time-to-event from the time of treatment initiation to death. Observations were
censored if a death had not occurred by the end of the study period, and, where available, at the last known date
alive as captured in the Flatiron Health dataset.

Main analyses

An STC was conducted to compare the overall survival observed for RCP in the Flatiron Health cohorts with the
overall survival predicted for these patients if they had been treated with nivolumab. Prognostic and treatment effect-
modifying factors identified through the literature review were evaluated as both main effects and interactions in
multiple competing models, where data were available from both the CheckMate 032 trial and the Flatiron Health
database. The final models were selected based on data availability, clinical relevance and model fit statistics. Factors
that led to substantial improvements in fit were considered more important than those that did not appreciably
change the fit of the model.

The primary STC analysis specified a Cox proportional hazards model framework. However, standard Cox
models typically do not estimate a baseline hazard as this is considered to be a nuisance parameter. As this value
is necessary for analyses of relative efficacy, we used a regression that models covariates proportionally using a
B-spline smoothing method for the underlying hazard [14]. The resulting prediction of effects of prognostic factors
is similar to the proportional hazards model, but the underlying hazard function is used as a common reference
when groups are compared. Secondary models were conducted using fractional polynomials to relax the assumption
of proportionality and permit time-varying hazard ratios [15]. Full details of the model development and selection
are presented in the Supplementary Materials.

Sensitivity analyses

A series of sensitivity analyses were conducted to test the assumptions and robustness of the main analysis (Table 1).
First, crude hazard ratio estimates were generated to compare the observed survival data for nivolumab and RCP
without adjustments for covariates. A second sensitivity analysis was conducted to extend the crude model through
a joint model, in which a regression was conducted on the combined CheckMate 032 and Flatiron Health IPD
datasets simultaneously. This approach assumes that the prognostic effect of each explored covariate is the same in
both exposure groups. Interaction terms were explored to test that assumption. In a third sensitivity analysis, we
reversed the direction of the STC and constructed models based on the outcomes observed in the Flatiron Health
cohorts, with RCP as the index exposure, to predict survival outcomes for patients enrolled in CheckMate 032.
A final set of sensitivity analyses consisted of reconducting all analyses using the prevalence and last-line cohorts
derived from the Flatiron Health database.

Exploratory approach: population-adjusted analysis of the ATTRACTION-2 RCT

To evaluate the consistency of results observed in the ATTRACTION-2 trial relative to the effects estimated for
the US context, propensity score weighting was used to account for differences in covariate distributions across the
populations. In this case, we estimated the effect that would have been observed had the ATTRACTION-2 patients
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Table 2. Distribution of baseline characteristics and prognostic factors in the CheckMate 032 and Flatiron Health

database.

Prognostic factors

Stage

Prior lines

Most commonly used

agents in routine clinical

practice®

Covariate CheckMate 032 (n = 42) Flatiron Health cohorts

Random line cohort Prevalence cohort (n = 36) Last-line cohort (n = 118)

(n=34)
Median age (range) 58.5 (29, 80) 64.5 (33, 79) 65.0 (34, 82) 65.0 (25, 84)
Age >65 years 9 (21.4%) 17 (50.0%) 16 (44.4%) 54 (45.8%)
ECOG 1 22 (52.4%) 23 (67.6%) 25 (69.4%) 87 (73.7%)
Hemoglobin 29 (69.0%) 20 (58.8%) 17 (47.2%) 77 (65.3%)
>10.5 g/dl
Prior gastrectomy 7 (16.7%) 9 (26.5%) 6 (16.7%) 29 (24.6%)
LDH >250 IU/I 25 (59.5%) 6/15 (40.0%) 9/17 (52.9%) 20/56 (35.7%)
ALP >100 U/I 22 (52.4%) 28 (82.4%) 22 (61.1%) 74 (62.7%)
GEJ 26 (61.9%) 14 (41.2%) 16 (44.4%) 59 (50.0%)
Male 31 (73.8%) 27 (79.4%) 26 (72.2%) 85 (72.0%)
&Il 2 (4.8%) 3(8.8%) 3(8.3%) 15 (12.7%)
L] 11 (26.2%) 9 (26.5%) 7 (19.4%) 19 (16.1%)
\% 28 (66.7%) 21(61.8%) 25 (69.4%) 77 (65.3%)
Unknown 1(2.4%) 1(2.9%) 1(2.8%) 7 (5.9%)
2 18 (42.9%) 14 (41.2%) 34 (94.4%) 80 (67.8%)
3 17 (40.5%) 12 (35.3%) 1(2.8%) 27 (22.9%)
>4 7 (16.7%) 8(23.5%) 1(2.8%) 11(9.3%)
Paclitaxel - 13 (37.1%) 9 (25.0%) 36 (30.8%)
Ramucirumab - 12 (34.3%) 12 (33.3%) 33 (28.2%)
Irinotecan - 7 (20.0%) 7 (19.4%) 28 (23.9%)

 Agents may have been used alone, or in combination with others.
ECOG: Eastern Cooperative Oncology Group; GEJ: Gastroesophageal junction.

been observed in a US setting, which is analogous to the ‘average treatment effect in the controls,” commonly found
in the propensity score literature [16]. Consequently, weights were defined as:

Zi(1—e))

€;

i + (1 -2,

where Z; represents group membership of patient 7 (and equals 1 if patients are from ATTRACTION-2, and
0 if they are from Flatiron Health), and ¢; is the propensity score estimated with the logistic regression (i.e., the
probability of being in ATTRACTION-2 conditional on the variables in the model). A proportional hazards model
was conducted on the reweighted IPD, thereby adjusting the trial sample to reflect the patient characteristics, and
hence the treatment effect that would have been observed had the trial been conducted among patients with
characteristics similar to the US-based Flatiron Health cohort.

Software
Analyses, including covariate adjustments, were conducted in R (version 3.5.1; www.r-project.org) using the survival
and bshazard packages [17,18]. Bayesian analyses were conducted with JAGS (version 4.2.0) [19].

Results

Prognostic factors & treatment effect modifiers

The systematic literature review of prognostic factors returned 22 studies of interest, from which nine prognostic
factors were identified and available in the data from both CheckMate 032 and the Flatiron Health database (Ta-
ble 2). The targeted literature review identified only two RCTs, which compared outcomes from immunotherapies;
subgroup analyses did not reveal significant difference, as assessed by z-tests, though neither study was designed or
powered to detect subgroup differences [20].
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CheckMate 032 Il Flatiron health
Subjects with GE cancer Subjects with GE cancer
n = 7566
n =42
Exclusions (hierarchical):
* Esophageal cancers; n = 3422
* Untreated/surgery refused; n = 912
- * In clinical trial; n = 92
5 « <18 years at diagnosis; n = 0
% * Diagnosed prior to 2011; n = 161
2 * Other cancer; n = 210
@ * Brain metastasis or autoimmune disease; n = 288
2 n =265 * Received nivolumab, pembrolizumab,
:—g durvalumab, atezolizumab, ipilimumab; n = 72
] _ * Had <2 prior lines of therapy; n = 377
Exclusion
» Diagnosed outside enrollment
window (Nov 17, 2013 — Jul 28,
2015); n=170 Exclusion
* Randomly selected line
of therapy; n =177
Prevalence cohort | Last line cohort | Random cohort
n=95 n =265 n=288
L Exclusion
- « ECOG at cohort entry >2;
o ¢ Prevalence n = 59
S CheckMate 032 * Lastline n =147 ; ; ;
5 Flatiron health Flatiron health || Flatiron health
° cohort: © IRl m=2E Prevalence cohort | | Last line cohort || Random cohort
£ n=42 n=36 n=118 n=34

Figure 1. Selection of patient cohorts from the CheckMate 032 and the Flatiron Health database.
ECOG: Eastern Cooperative Oncology Group; GE: Gastroesophageal.

Main approach: indirect comparisons using CheckMate 032 & the Flatiron Health database
Patient characteristics

The CheckMate 032 cohort consisted of 42 patients with advanced gastric or GEJ cancer who had failed two or
more previous lines of therapy. The three Flatiron Health cohorts, constructed from an initial set of 7566 patients,
consisted of 34 patients in the random cohort, 36 patients in the prevalence cohort and 118 patients in the last
line of therapy cohort (Figure 1). Across the trial and Flatiron Health cohorts, patient characteristics were broadly
similar (Table 2). However, patients in the Flatiron Health cohorts tended to be older with worse performance status
and lower hemoglobin levels. As no standardized definition of care exists in the USA for this patient population,
there was considerable variability in regimen experience, with 22 unique regimens recorded.

Unadjusted outcomes

During the observation period, the median overall survival was 8.97 months (95% CI: 5.03-15.51) in the
CheckMate 032 cohort, compared with 4.69 (95% CI: 3.21-8.13), 4.66 (95% CI: 3.61-10.30) and 3.84 months
(95% CI: 3.08-4.69), in the random, prevalence and last line of therapy Flatiron Health cohorts, respectively.

STCs: main analysis
The final overall survival regression model constructed based on the patient data from CheckMate 032 included
six covariates (Table 3). Based on coefficient size, the most important prognostic factors were Eastern Cooperative
Oncology Group (ECOG) performance score, hemoglobin level and whether the patient had a prior gastrectomy.
The predicted overall survival for nivolumab, had it been used by patients in the Flatiron Health random cohort,
was similar to the actual observed survival for patients treated with nivolumab in the CheckMate 032 trial (Figure 2).
The primary STC analysis compared the smoothed log-hazards from the predicted nivolumab arm to the
smoothed log-hazards from the observed RCP arm to estimate a statistically significant improvement in overall
survival (HR: 0.50; 95% CI: 0.36-0.68). The first-order Weibull fractional polynomial model predicted outcomes
that were broadly consistent with the proportional hazards model beyond 3 months of observation, though no
difference was predicted in the first 3 months of modeling (Figure 3).
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Table 3. Exponentiated regression coefficients from the simulated treatment comparison in the CheckMate 032

population.
HR (95% Cl)

Prognostic factor Reference level Multivariate model Univariate model
ECOGPS 1 PSO 1.34 (0.46-3.87) 1.36 (0.72-2.59)
Hemoglobin >10.5 g/dI <10.5 g/dl 0.61(0.16-2.27) 0.73 (0.29-1.82)
LDH >250 1U/I <250 1U/I 0.99 (0.27-3.65) 0.99 (0.54-1.83)
ALP >100 U/I <100 U/I 0.92 (0.27-3.13) 0.91(0.47-1.77)
Prior gastrectomy No prior gastrectomy 0.66 (0.1-4.59) 0.73 (0.18-2.94)
Location (GEJ) Gastric 0.82 (0.33-2.02) 0.99 (0.47-2.09)

ECOG: Eastern Cooperative Oncology Group; GEJ: Gastroesophageal junction; HR: Hazard ratio; PS: Performance score.

1.0
—— Observed RCP
—— Observed nivolumab
—— Predicted nivolumab
0.8+
HR: 0.5 (0.36, 0.68)
S 0.6-
2
=2
»
©
)
3 0.4-
0.2+
0.0 T T T T T T T T 1
0 5 10 15 20 25 30 B85 40 45

Time (months)

Figure 2. Cox proportional hazards model for observed overall survival with routine clinical practice (Flatiron Health random cohort)
compared with observed (CheckMate 032 cohort) and predicted nivolumab (Flatiron Health random cohort).
RCP: Routine clinical practice.

STCs: sensitivity analyses

The direction of association estimated in the primary analysis was consistent across modeling approaches (Table 4).
Crude comparisons generated the most favorable results for nivolumab, while every other modeling approach,
which adjusted data to correct for population differences, brought the hazard ratio closer to the null value of one.

Predicting the RCP arm, based on the random cohort, generated a hazard ratio close to one for nivolumab
compared with RCP (HR: 0.93; 95% CI: 0.67-1.30). In this case, the predicted RCP arm demonstrated better
survival in the initial period of follow-up. However, as the two survival curves modeled in this scenario crossed,
the assumption of proportional hazards was invalidated. As the majority of 95% credible (Bayesian framework)
or confidence (frequentist framework) intervals did not span the null value, the survival benefit associated with
nivolumab compared with RCP was considered statistically significant. The analyses based on fractional polynomials
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Figure 3. Weibull survival model of overall survival outcomes for predicted nivolumab and routine clinical practice

based on the patient characteristics of the Flatiron Health random cohort.

Crl: Credible interval; HR: Hazard ratio; OS: Overall survival.

Table 4. Hazard ratios of nivolumab relative to routine clinical practice estimated through sensitivity

analyses.
Cohort

Prevalence

Random

Last line

Model

Crude

Joint (Frequentist)

Predicted nivolumab arm

Predicted routine clinical practice arm
Crude

Joint (Frequentist)

Predicted nivolumab arm

Predicted routine clinical practice arm
Crude

Joint (Frequentist)

Predicted nivolumab arm

Predicted routine clinical practice arm

Crl: Credible interval; HR: Hazard ratio.

HR (95% Crl/Cl)
0.56 (0.45-0.69)
0.66 (0.38-1.14)
0.65 (0.52-0.82)
0.59 (0.47-0.73)
0.46 (0.36-0.59)
0.56 (0.32-0.99)
0.50 (0.36-0.68)
0.93 (0.67-1.30)
0.50 (0.41-0.62)
0.52 (0.34-0.80)
0.61 (0.46-0.80)
0.54 (0.43-0.67)
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Table 5. Distribution of patient characteristics in the ATTRACTION-2 trial reweighted by propensity scores.

Variable Flatiron Health ATTRACTION-2
;f:d;;m cohort Propensity weighted
ObservedN = 493 Overall Nivolumab arm Placebo arm
N =493 N =330 N =163

ECOG (% PS 1) 68.57 70.99 67.1 68.61 63.79
Hemoglobin (% >10.5 g/dl) 57.14 55.17 59.17 60.5 56.25
ALP (% >100 U/I) 82.86 72.01 84.07 81.67 89.33
Tumor location (% GEJ) 42.86 9.35 40.63 41.9 37.83
Age (% >65 years) 51.43 37.53 47.46 47.01 48.46
Sex (% male) 77.14 70.59 78.14 75.71 83.45

ECOG: Eastern Cooperative Oncology Group; GEJ: Gastroesophageal junction; PS: Performance score.

for the alternate cohorts, which allowed for time-varying hazards, generally supported the finding that nivolumab
is favored to RCP.

Additional results from sensitivity analyses, including analyses based on the other Flatiron Health cohorts, are
presented in the Supplementary Materials.

Exploratory approach: population-adjusted analysis of ATTRACTION-2 data

The propensity score reweighting of the ATTRACTION-2 patients matched patient characteristics to those of the
US population (Table 5). An important difference was observed between the initial percentages of patients with
the tumor located in the GEJ, which was reweighted to 40.63% in the overall population. Compared with the
unadjusted hazard ratio reported in ATTRACTION-2 of 0.63 (95% CI: 0.51-0.78), the analysis based on this
reweighted patient sample returned an estimated hazard ratio of 0.57 (95% CI: 0.26-1.23).

Discussion

Using indirect and population reweighting approaches to estimate treatment effect in a US population, our study
showed a beneficial effect of nivolumab over RCP for the treatment of individuals with gastric or GEJ cancer
refractory to or intolerant of two or more previous chemotherapy regimens. The relative effect size from our
main STC model, HR: 0.50 (95% CI: 0.36-0.68), was of similar magnitude to the reweighted analysis of the
ATTRACTION-2 RCT (HR: 0.57; 95% CI: 0.26-1.23) and was robust to alternate modeling assumptions, as
explored in the sensitivity analyses.

There are limited effective treatment options for patients with advanced gastric or GE]J cancer who have failed
multiple lines of therapy. Until recently, there were no US FDA-approved or NCCN-recommended therapies
for third or later lines of therapy [21]. Pembrolizumab is the only FDA-approved therapy, having been granted
accelerated approval in late 2017 based on a favorable benefit—risk profile. The FDA considered that the modest
yet durable response observed among a subset of PD-L1-expressing patients in the single-arm KeyNote 059 trial
was predictive of a meaningful benefit to patients in the form of improved survival [22,23]. The findings of our
study demonstrating that nivolumab is associated with a doubling in median overall survival relative to a US-based
cohort of patients receiving RCP provides further support for the use of PD-L1 checkpoint inhibitors in heavily
pretreated patients with advanced gastric or GE]J cancer. Although safety and health-related quality-of-life were not
in the scope of this research, previous interpretation of the ATTRACTION-2 RCT suggests that the safety profile
of nivolumab is manageable and similar to that reported in patients with other advanced solid tumors [24,25). In that
RCT, treatment-related adverse events occurred with a frequency that was similar to placebo. If this relationship
holds across populations, then the benefit of nivolumab could be obtained without the additional cost of adverse
events.

The beneficial effect of nivolumab over RCP observed in the Asia-based ATTRACTION-2 RCT has been used
to support regulatory licensing in Japan, where nivolumab is indicated for the treatment of unresectable advanced
or recurrent gastric cancer, which has progressed after chemotherapy. Although our reweighted analysis could not
adjust for all immune and inflammation signatures that may differ between Asian and non-Asian populations, this
study provides insights into the relative effect size that might have been observed had the RCT been conducted in a
non-Asian setting because of the adjustments for other key prognostic and potentially effect modifying differences
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between the populations such as age and tumor location [5,7]. The trend toward a more protective effect in the US
population compared with the Asian setting aligns with subgroup analyses from KeyNote 061 and ATTRACTION-
2, which demonstrated trends toward larger treatment effect for immunotherapy among patients with GEJ tumors,
which tend to be more common in the USA than in Asia [7,26].

The use of real-world evidence confers a unique advantage in that the dataset can be specified to any subset of
gastrointestinal cancer patient. Because of this, we were able to generate a cohort representative of the CheckMate
032 trial to facilitate our STC approach. Our approach serves as a framework for estimating the comparative
effectiveness between treatments by merging trial data and real-world evidence. Data source and cohort definition
are important aspects of any pharmacoepidemiological study design and constitute a key element in the FDA’s
recently released framework for evaluating real world evidence [27]. The Flatiron Health database was selected for
this study as it is comprehensive and research-oriented, representing over 200 cancer practices and practice groups
providing care for over 750,000 patients with cancer in the USA. Several approaches to deriving patient cohorts
were considered and three were evaluated for the purposes of this study to explore potential threats to internal
validity due to selection bias. While analyses based on the three cohorts evaluated in this study generated consistent
conclusions, there were some variations in the patient characteristics which may have impacted survival outcome
estimates and the generalizability of findings. The main analysis was based on the random cohort, which selected
patients weighted to match the frequencies of lines of therapies observed in the CheckMate 032 trial. The alternative
cohorts, evaluated in sensitivity analyses, were considered to carry some bias. In the prevalence cohort, patients
were more likely to have been initiating a third line of therapy at cohort entry, compared with the line of therapy
at the baseline of the CheckMate 032 trial. This may have distorted comparability with the patients enrolled in
CheckMate 032 toward longer survival times in the RCP cohort and, consequently, estimated a smaller magnitude
of treatment effect. Conversely, selection of patients for the last-line cohort was based on knowledge that patients
received no further lines of therapy. This may have biased the cohort toward a shorter time-to-death and estimated
a larger magnitude of treatment effect. It is essential that real-world evidence-based analyses are thoroughly vetted
through sensitivity analyses and that potential limitations and the direction and magnitude of biases are explicitly
evaluated.

There are several strengths to this study. A comprehensive and systematic approach was taken to identify
prognostic factors, coupled with a targeted review to identify potential treatment effect modifiers, thereby leveraging
the literature to better inform our analyses. Given the novelty of the methods used in our study and the assumptions
that were made, such as selection of cohorts from real-world evidence, we conducted a series of alternate and
sensitivity analyses. Conclusions were broadly consistent irrespective of the cohort definition and supported the
findings of our primary analyses. Moreover, our study was intended to complement the findings of studies that have
used other methodological approaches, such as a recent study conducted using a frequency-matched approach, as
well as the adjusted Cox model and population-adjusted analysis of ATTRACTION-2 presented herein [13]. Again,
conclusions were consistent across methodological approaches, and all demonstrated a similar trend toward longer
overall survival associated with nivolumab. However, the methodological literature for STCs is sparse, particularly
in the context of time-to-event survival data [28,29]. Therefore, our methodological approach featured several new
innovations and multiple different analyses to explore the consistency of our findings. First, we used smooth splines
in the STC methodology, which led to more stable estimations that were less affected by variability in hazards over
time, especially given small sample sizes. Second, we applied both proportional hazard and time-varying hazard
approaches, and used both frequentist and Bayesian frameworks. Third, we estimated relative effect size using both
the Flatiron and the CheckMate 032 patients as target populations.

Despite the rigorous approach taken in model development and the evaluations of robustness, there are additional
limitations to consider. First, the comparisons made in our study were outside of a randomized trial and, thus
subject to bias. For example, while we took a rigorous approach to identify prognostic factors and effect modifiers,
we were limited by the quality of the evidence identified. Second, the STC represented an ‘unanchored’ comparison,
for which the major assumption is that all effect modifiers or prognostic variables are accounted for. We were only
able to account for measured factors and could not account for unmeasured covariates or capture the complex
interactions that may exist. Therein lies the major assumption of the unanchored STC that all effect modifiers
or prognostic variables are accounted for. That assumption could not be formally tested; however, given the large
treatment effect size and the degree of prognostic significance of other variables identified in our systematic review
but not included in our analysis, we expect that imbalances in prognostic factors between the nivolumab and RCP
cohorts would not be sufficiently large to reverse the direction of association [30,31]. However, this approach was
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necessary as there were no common comparators. While the RCP comparator group included patients who received
active treatment, heavily pretreated patients may decline further active therapies and may instead opt for palliative
care. While these patients were not included in the comparator group of our STC, their inclusion may have led to
even larger estimated treatment effect sizes. Finally, while the evidence applied to our models was robust, analyses
were ultimately based on small-sample sizes.

Conclusion

Despite the absence of head-to-head data and the inherent limitations of using nonrandomized comparisons of
clinical trial data and real-world evidence, this study suggests that using nivolumab for third or later lines of therapy
may confer an overall survival benefit relative to RCP for patients with advanced gastric or GE]J cancer in the US
setting. The methodological approach taken in this study serves as a framework for estimating the comparative
effectiveness between treatments using single-arm trial data and real-world evidence.

Summary points

e Gastric cancer is the third-leading cause of cancer-related mortality worldwide and is particularly common in
Eastern Asia.

e There are marked differences in survival outcomes by geography and ethnicity, with 5-year overall survival
varying from 10 to 15% in the USA compared with 45 to 50% in Eastern Asian.

e The recent ATTRACTION-2 randomized controlled trial reported a survival benefit for patients treated with
nivolumab over routine clinical practice (RCP) in an Asian setting, yet it is unclear whether these findings
generalize to the US setting.

e In the absence of a head-to-head trial in the US setting, three cohorts of patients were selected from Flatiron
Health's electronic health record retrospective, real-world evidence database to match the characteristics of
patients who were enrolled in CheckMate 032 and treated with nivolumab monotherapy.

e A simulated treatment comparison, a regression model that uses data for an index intervention and then models
the outcome as a function of patient-related factors, was conducted to compare the overall survival observed for
patients treated in RCP in the Flatiron Health cohorts with the predicted overall survival that would have been
expected had these patients been treated with nivolumab.

e In the primary analysis, an improvement in overall survival was predicted with nivolumab compared with RCP
(HR: 0.50; 95% Cl: 0.36-0.68) and this direction of effect was consistent across sensitivity analyses.

e Consistency was evaluated and confirmed by using propensity scores to reweight the individual patient data from
the ATTRACTION-2 trial to reflect the patient characteristics, and hence the treatment effect, of the US
population, suggesting minimal or no effect modification associated with geographic region.

e Despite the absence of head-to-head data and the inherent limitations of using nonrandomized comparisons of
clinical trial data and real-world evidence, this study suggests that nivolumab, used as a third or greater line of
therapy, may confer an overall survival benefit compared with RCP in patients with advanced or metastatic
gastric or gastroesophageal junction cancer in the US setting.
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