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Aim: To estimate the comparative effectiveness of nivolumab versus standard of care (SOC) in terms of
overall survival (OS) for small-cell lung cancer patients treated with two prior lines of chemotherapy, in
other words, third line in the USA. Materials & methods: Data were from CheckMate 032, a single-arm
trial of nivolumab, and real-world electronic patient records. Comparisons of OS were conducted using
three different methods to adjust for differences (regression, weighting and doubly robust) between the
populations. Results: Nivolumab was associated with longer survival compared with SOC (hazard ratio for
OS: 0.58–0.70) across all methods for adjustment. Conclusion: Nivolumab was more efficacious in terms of
OS as third-line treatment for small-cell lung cancer compared with current SOC in the USA.

Lay abstract: Small-cell lung cancer is an aggressive disease and often patients require multiple treatments
to help them live longer. In this study, we looked at how long patients survived when receiving nivolumab
compared with other commonly used therapies as their third treatment (known as third line) in the USA.
Data came from the CheckMate 032 single-arm clinical trial of nivolumab and real-world electronic patient
records from a US database where patients received standard of care treatment. We used several analysis
methods and found that patients treated with nivolumab survived for longer than patients treated with
standard of care in the USA. There is a high unmet need in the third-line small-cell lung cancer popula-
tion and results from this study will help inform decision makers of the potential therapeutic option of
nivolumab treatment.
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Small-cell lung cancer (SCLC) accounts for 10–15% of all lung cancers, and its rapidly progressing nature poses
significant challenges for treating clinicians [1–3]. At diagnosis, most patients present with extensive disease (ED),
defined as Stage IV (any T, any N and M 1a/b) using American Joint Committee on Cancer TNM classification,
and the remainder of patients are classified as having limited disease (LD), defined as stage I–III (any T, any
N and M0) [1,4]. For many years, the standard first-line (1L) treatment for ED patients was platinum-based
chemotherapy with or without radiotherapy [1,5–7]. The addition of the programmed death-ligand 1 (PD-L1)
blocking antibody atezolizumab to carboplatin and etoposide was recently shown to improve overall survival (OS)
relative to chemotherapy alone in the IMpower133 trial [8], and this regimen is now the recommended 1L treatment
option for ED patients as per National Comprehensive Cancer Network guidelines [7]. Another PD-L1 inhibitor,
durvalumab, was also recently shown to improve OS relative to platinum plus etoposide alone [9].

Subsequent systemic therapy options in the USA are currently guided by the time interval from initiation of 1L
therapy to relapse. Patients who relapse >6 months after 1L are recommended to be retreated with the original
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regimen, whereas the preferred options for patients who relapse within 6 months are topotecan therapy or enrollment
in a clinical trial [7]. Although treatment in the third-line (3L) setting is rare due to rapid disease progression and
poor performance status, approximately 10–20% of patients who receive 1L treatment will subsequently receive
3L therapy [10–12]. These heavily pretreated patients are often symptomatic from disease progression, side effects of
prior treatment and comorbidities, which translates into limited treatment options and is associated with a poor
prognosis [7,13].

Similar to the observed shift toward immuno-oncology (IO) agents in the 1L setting, programmed death
receptor-1 (PD-1) blocking antibodies, such as nivolumab, have been licensed for the 3L treatment of SCLC in
checkpoint inhibitor naive patients. In CheckMate 032 (NCT01928394), 3L and beyond (3L+) patients treated
with nivolumab (n = 109) had an objective response rate of 11.9% (95% CI: 6.5–19.5) and a median duration
of response of 17.9 months (range: 3.0–42.1). The median progression-free survival was 1.4 months (95% CI:
1.3–1.6) and 17.2% of patients were progression free at 6 months. The median OS was 5.6 months (95% CI:
3.1–6.8), and 12- and 18-month OS rates were 28.3 and 20.0%, respectively [13]. These results suggest nivolumab
is well tolerated and provides durable responses as a 3L treatment for recurrent SCLC [13]. The US FDA granted
accelerated approval of nivolumab monotherapy in August 2018 to treat metastatic SCLC patients whose cancer
has progressed after platinum-based chemotherapy and at least one other prior line of therapy, regardless of tumor
PD-L1 status [14]. Pembrolizumab has also been granted accelerated approval by the FDA for 3L SCLC based
on improved tumor response rate and durability of response from a pooled analysis of SCLC patients enrolled
in the KEYNOTE-028 and KEYNOTE-158 trials. At a median follow-up of 7.7 months, the objective response
rate was 19.3% (95% CI: 11.4–29.4), median duration of response was not reached (range 4.1–35.8 months),
median progression-free survival was 2.0 months (95% CI: 1.9–3.4), and median OS was 7.7 months (95% CI:
5.2–10.1) [15,16].

The availability of PD-1 agents may begin to address some of the unmet need in the 3L SCLC population;
however, as neither CheckMate 032 nor the KEYNOTE studies included a chemotherapy control arm, no com-
parative data exist for PD-1 agents versus regimens that currently comprise standard of care (SOC) for 3L patients
with SCLC. The aim of this study was to address this gap by estimating the comparative effectiveness of nivolumab
versus SOC in the 3L setting using individual patient data from CheckMate 032 and real-world electronic patient
records from a US database.

Materials & methods
Evidence base
Individual patient data (IPD) were provided by Bristol Myers Squibb (NJ, USA) from CheckMate 032 (January
2018 database lock) and the Flatiron Health electronic health record database (Flatiron, USA) from January
2011 to September 2017. A systematic literature review was also conducted to identify any additional studies
of chemotherapy that might be suitable for comparison but none were identified (see details in Supplementary
Appendix A). Selection criteria applied to both datasets and the resulting attrition of patients can be found in
Figure 1. The IPD from CheckMate 032 included patients with one–five prior lines of therapy in the pre-expansion
and expansion cohorts (n = 402). This group was restricted to patients with two prior lines of therapy who received
3L nivolumab monotherapy.

A subgroup was constructed from the Flatiron SCLC cohort (n = 3210) that matched the eligibility criteria
of CheckMate 032. Relevant selection criteria applied on or after SCLC diagnosis date included patients aged
≥18 years who had received at least one systemic treatment, had not received a clinical study drug, had ≥2 months
of medical data and had not been diagnosed with other primary cancers within 3 years. This subgroup was further
restricted to patients with any platinum-based regimen and Eastern Cooperative Oncology Group performance
score (ECOG PS) of 0 or 1 after initial SCLC diagnosis. Patients were excluded if they had autoimmune disease
(except for Type 1 diabetes mellitus), brain or leptomeningeal metastases, HIV, AIDS, hepatitis B or C, were
pregnant or had received systemic treatment with either corticosteroids (>10 mg/daily prednisone equivalent) or
other immunosuppressive medications within 14 days prior to the index date (initiation of 1L therapy for SCLC).
Finally, patients who had received treatment with an IO agent in any line were then excluded as patients with prior
IO were not permitted in CheckMate 032 and it was not anticipated that such agents would have been available
postprogression at the time the study was conducted.
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Figure 1. Patient selection criteria applied to CheckMate 032 and the Flatiron database.
ECOG: Eastern Cooperative Oncology Group; IO: Immuno-oncology; SCLC: Small-cell lung cancer.
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Statistical analysis
The outcome of interest in this analysis was OS. In CheckMate 032, this was measured from the time of treatment
initiation to date of death from any cause. Patients who had not died by the specified cut-off date were censored
at the last date known alive. For Flatiron, a similar definition was applied; OS was measured from the index date
to the date of death from any cause. Patients who were known to be alive at the cut-off date (30 September 2017)
or had been lost to follow-up were censored at the last date they were confirmed to be alive (e.g., last office visit).
Patients that initiated subsequent lines of therapy continued to be followed, in other words, they were not censored
at the initiation of these subsequent lines.

In the absence of a shared control arm to facilitate an anchored indirect comparison between studies, such
as a network meta-analysis, the most straightforward approach to estimate relative treatment effect based on
noncomparative studies is to simply compare the reported absolute treatment effects from each, assuming that
there is no imbalance across the studies in terms of prognostic factors and treatment-effect modifiers. In most cases
this assumption is unrealistic, which means that such so-called ‘naive’ comparisons are prone to a significant risk
of bias. A more valid approach is to conduct an unanchored population-adjusted indirect comparison, whereby an
attempt is made to adjust for between-trial differences in patient characteristics with the goal of reducing bias in
the treatment-effect estimates that exist in the naive approach.

The methods for population adjustment employed in this analysis were developed in accordance with the National
Institute for Health and Care Excellence (NICE) Decision Support Unit’s recommendations for between-study
comparisons to estimate relative treatment effect when dealing with single-arm or observational studies. These
methods entail using IPD to adjust for between-study imbalances in baseline characteristics, which allows for the
estimation of relative treatment effects [17,18]. The overall methods are similar and include regression models and
weighting analyses. When the evidence base consists of IPD from both studies, comparative patient-level analyses
are recommended using methods such as multivariable regression (MVR) adjustment, inverse probability weighting
(IPW) and a doubly robust method (DRM) [17].

An MVR model was used to account for differences in patient characteristics between the two cohorts and to
allow both treatment arms to be analyzed simultaneously within one model. Treatment effects were assumed to be
homogeneous, in other words, interactions between treatment and covariates were not included. An IPW approach
was also implemented using a propensity score function. The inverse of the propensity scores were used to weight
patients in CheckMate 032 and treatment effects were based on the difference in weighted means. Finally, a DRM
was employed which combined the use of the MVR and IPW. Note the MVR approach estimates a model for the
outcome but does not model treatment selection, while the IPW method estimates a model for the probability
of receiving treatment but does not model the outcome. The advantage of the DRM is that only one of the two
models needs to be correctly specified to be able to properly identify the treatment effect; if there is misspecification
in the MVR, in other words, missing and/or irrelevant covariates, the IPW will help correct for this. Based on
this property, the DRM was chosen for the base case, with the MVR and IPW as sensitivity analyses. A naive
comparison was also conducted to provide context as to the direction and extent of the population adjustments.

When conducting unanchored comparisons, there will always be uncertainty regarding any unknown or un-
measured prognostic factors that may influence the outcome of interest but are not captured in the statistical
models. In order to mitigate this issue as much as possible, we conducted a targeted literature review to identify
relevant prognostic factors that could potentially be adjusted for in the comparisons (see details in Supplementary
Appendix B). Of the identified prognostic factors, age (<65 or ≥65 years), sex (males or females), race (Caucasian
or non-Caucasian), smoking status (never smokers or current/former smokers), disease stage at initial diagnosis
(limited or extensive), platinum sensitivity (sensitive or resistant) and ECOG PS (0 or >0) were reported in both
CheckMate 032 and Flatiron, and could be considered for inclusion, regardless of the specific approach (MVR,
IPW or DRM).

Cox proportional hazards models, with or without weights, were used to estimate naive and population-adjusted
hazard ratios (HRs) of nivolumab versus SOC along with 95% CIs. The validity of assuming proportional hazards
was assessed visually by inspecting plots of the log cumulative hazards and Schoenfeld residuals. All analyses were
performed using R version 3.6.1 (http://www.r-project.org/), and mathematical details for all the models are
presented in Supplementary Appendix C.

Results
The characteristics of 3L patients from CheckMate 032 and Flatiron are presented in Table 1. Both cohorts
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Table 1. Demographic and baseline characteristics of third-line patients in CheckMate 032 and Flatiron.
Characteristics CheckMate 032 (nivolumab), n (%) Flatiron (standard of care), n (%)

n 78 78

Age (years):

– Mean (SD) 63.1 (8.16) 64 (10)

– Median 64 64

– Min, max 45, 81 38, 84

– �65 40 (51.3) 41 (52.6)

– ≥65 and �75 33 (42.3) NR

– ≥75 5 (6.4) NR

– ≥65 38 (48.7) 37 (47.4)

Sex:

– Males 41 (52.6) 38 (48.7)

– Females 37 (47.4) 40 (51.3)

Race:

– Caucasian 72 (92.3) 54 (69.2)

– Black or African–American 4 (5.1) 5 (6.4)

– Asian 1 (1.3) 2 (2.6)

– American–Indian or Alaska Native 0 (0) NR

– Other 1 (1.3) 6 (7.7)

– Missing 0 (0) 11 (14.1)

Smoking status:

– Current/former 73 (93.6) 77 (98.7)

– Never smoked 5 (6.4) 1 (1.3)

– Unknown 0 (0) 0 (0)

Disease stage at diagnosis:

– Limited 21 (26.9) 22 (28.2)

– Extensive 57 (73.1) 53 (67.9)

– Unknown 0 (0) 3 (3.8)

1L platinum-treated subjects:

– Platinum-resistant 26 (33.3) 20 (25.6)

– Platinum-sensitive 52 (66.7) 54 (69.2)

– Unknown 0 (0) 4 (5.1)

ECOG PS:

– 0 25 (32.1) 17 (21.8)†

– 1 52 (66.7) 28 (35.9)†

– ≥2 1 (1.3)‡ 6 (7.7)†

– NR 0 (0) 27 (34.6)†

†Closest score within 15 days prior to index date (start of 1L treatment).
‡One patient was recorded as having an ECOG PS of 2.
1L: First-line; ECOG PS: Eastern Cooperative Oncology Group performance score; NR: Not reported; SD: Standard deviation.

included 78 patients with a median age of 64 years. The proportion of males was slightly higher in CheckMate
032 (52.6%) compared with the Flatiron cohort (48.7%). Most patients were of Caucasian race in both cohorts,
although 14.1% of patients from the Flatiron cohort were missing data regarding race. The proportion of current
or former smokers was slightly higher in the Flatiron cohort (98.7%) than in CheckMate 032 (93.6%), and the
proportion of platinum-sensitive patients was slightly higher in the Flatiron cohort (69.2%) than in CheckMate
032 (66.7%). Both cohorts were similar in terms of disease stage at diagnosis, with 26.9 and 28.2% of patients
having LD in CheckMate 032 and Flatiron, respectively.

ECOG PSs were available at the time of initiation of 1L therapy in Flatiron, although approximately one-third
of patients had missing data, and showed that the distribution at this point in time was more skewed toward higher
scores as compared with CheckMate 032. The lack of data at a comparable time point coupled with the high degree
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Figure 2. Unadjusted Kaplan–Meier curves for overall survival with nivolumab monotherapy and standard of care
for third-line small-cell lung cancer patients.
SOC: Standard of care.

Table 2. Results from population-adjusted indirect comparisons.
Nivolumab vs SOC Multivariable regression Inverse probability weighting Doubly robust method

Hazard ratio (95% CI) 0.59 (0.39–0.88)† 0.70 (0.54–0.89)† 0.68 (0.52–0.90)†

†Statistically significant.
SOC: Standard of care.

of missing values meant it was not possible to include this variable within the models; however, all of the remaining
relevant prognostic factors that were reported in both datasets were included in the MVR, IPW and DRM models.

In the Flatiron cohort, the most commonly used treatments for 3L were paclitaxel and topotecan. Other 3L treat-
ments included single-agent chemotherapy (e.g., gemcitabine, irinotecan or docetaxel), carboplatin-based doublets
(e.g., carboplatin + etoposide, carboplatin + paclitaxel and carboplatin + irinotecan), as well as triplet combination
chemotherapy regimens (e.g., cyclophosphamide + doxorubicin + vincristine and etoposide + paclitaxel + topote-
can).

Figure 2 shows Kaplan–Meier curves for OS from both CheckMate 032 and Flatiron. The median OS estimate
for 3L patients receiving nivolumab monotherapy in CheckMate 032 was 5.7 months (95% CI: 3.5–8.0) and the
1-year OS estimate was 28%. In the Flatiron cohort, chemotherapies for the 3L population were associated with a
median OS of 3.8 months (95% CI: 2.8–4.9) and a 1-year OS estimate of 4%. Results of the naive, unadjusted
comparison showed nivolumab monotherapy to be more efficacious compared with SOC (HR: 0.63; 95% CI:
0.44–0.90). Tests for proportional hazards also suggested this assumption was valid on the basis of the observed
data (see details in Supplementary Appendix D).

Results from the three different methods used to conduct the population-adjusted comparisons are presented in
Table 2. Similar to the naive comparison, all three methods showed nivolumab to be superior to SOC. The base
case DRM approach produced a HR of 0.68 (95% CI: 0.52–0.90) for nivolumab, which was closely aligned with
the estimate from the IPW approach (HR: 0.70; 95% CI: 0.54–0.89). Conversely, the MVR model improved the
HR for nivolumab compared with the naive comparisons, with an HR of 0.59 (95% CI: 0.39–0.88). Parameter
estimates from the MVR model and the DRM are provided in Supplementary Appendix E, along with the weighted
Kaplan–Meier curves from the IPW analysis.
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Discussion
Although SCLC has high initial response rates to 1L therapies, nearly all ED patients experience disease recurrence
and go on to develop resistance to subsequent therapies [1–3,19]. Prognosis remains poor for SCLC patients in general;
median OS and 5-year survival rates are 8–13 months and 1–2%, respectively, for ED patients, with corresponding
numbers for LD patients of 15–20 months and 10–20%, respectively [1,2,19–21]. Prognosis is particularly limited for
those who reach 3L, for whom preferred treatment options still include cytotoxic chemotherapy or enrollment in
a clinical trial. In the real-world cohort of patients used for this analysis, patients treated with chemotherapy in 3L
had a median OS of 3.8 (95% CI: 2.8–4.9 months). The introduction of IO agents to both initial and subsequent
lines of treatment for SCLC is intended to address some of the significant unmet need in this population [7].

Unlike the 1L setting where randomized controlled trial (RCT) evidence is available to determine what the
extent of benefit with IO might be versus conventional chemotherapy, no RCTs featuring a PD-1 specifically in
3L currently exist (the CheckMate 331 trial compared nivolumab with chemotherapy in a broader population of
patients with relapsed SCLC after platinum-based 1L chemotherapy). Furthermore, a systematic literature review
that was conducted showed that there are few trials of chemotherapy in this population in general (see Supplementary
Appendix A; note observational studies were not included in the review). Only nine potentially relevant studies
(one RCT and eight single-arm studies) were identified that included 3L patients, six of which were published
over 15 years ago. The three more recently published studies (one RCT [22] and two single-arm studies [23,24])
each included a subgroup of patients who had received two or more prior lines of therapy (16–50% of patients).
All three studies demonstrated suboptimal survival outcomes, with median OS ranging from 4.6 to 6.8 months.
Despite this weak evidence base, agents included in the single-arm trials (bendamustine [23], temozolomide [24]

and irinotecan ± gemcitabine [22]) are recommended alongside nivolumab ± ipilimumab and pembrolizumab by
the National Comprehensive Cancer Network for SCLC patients who have failed prior systemic therapy within 6
months in the primary or adjuvant setting, further highlighting the need for new treatment options [7].

Given the lack of published trial data, patient-level analyses were conducted in this study to compare the clinical
efficacy in terms of OS for nivolumab monotherapy versus SOC in SCLC patients treated with two prior lines
of chemotherapy or chemoradiotherapy, and without exposure to other IO agents. The results of these analyses
demonstrate that nivolumab provides an OS advantage in the 3L setting compared with currently available SOC
in the USA. All unadjusted and population-adjusted OS comparisons showed nivolumab to be more efficacious
than SOC. The methods used for patient-level analyses align with recommendations from the NICE and can
be considered as the best attempt to account for between-study differences given the challenge of evaluating
comparative efficacy on the basis of observational and single-arm studies [17,18].

Population-adjusted analyses including an outcomes regression-based indirect comparison and matching-adjusted
indirect comparison were previously conducted using IPD from CheckMate 032 and aggregate-level data from
Flatiron, comparisons based on which are generally more prone to bias than those which utilize patient level
data [25]. The results from these analyses were comparable to the current findings and showed improved efficacy
in terms of OS in the 3L setting for nivolumab compared with SOC [25]. The similarity of results across these
patient-level (i.e., IPD-IPD) and population-level (i.e., aggregate-IPD) methods demonstrates the robustness of
the clinical findings and provides further evidence to support the use of nivolumab monotherapy as a 3L treatment
option. The findings presented here also align with previous results from an aggregate-level matching analysis of
nivolumab ± ipilimumab versus relevant comparators in the 2/3L setting, which showed that nivolumab regimens
provided more favorable OS results relative to chemotherapies [26].

The methods used for this analysis were subject to some limitations. Although published information was used
to identify prognostic factors and guide model development, there is still uncertainty regarding any unknown or
unmeasured prognostic factors that may influence OS but were not captured in the models. The models were also
constrained based on the number of covariates reported in CheckMate 032 and Flatiron. Known prognostic factors
such as presence of liver metastases, prior surgery and prior radiotherapy were not available in Flatiron, and patients
with brain metastases were excluded per eligibility criteria in CheckMate 032. ECOG PS was available at time of
1L treatment, and even at that time was skewed toward higher scores relative to CheckMate 032. In an attempt
to control for differences in ECOG as much as possible, patients with a recorded PS of 0 or 1 at any time were
included from Flatiron, but there remains a potential for bias as a result of not being able to properly adjust for the
functional status of the Flatiron cohort at the time of 3L treatment. In addition, the small sample sizes for each
of the treatment groups meant there was substantial uncertainty, particularly in later time periods where numbers
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at risk were very small. It is also important to highlight that NICE’s recommendations for population adjustment
are provisional and that they identified a need for simulation studies to assess how vulnerable these methods are
to failures in different assumptions [18]. Finally, no patients had received prior IO, which is now SOC after the
positive results from the IMpower133 trial. Given the introduction of IO in earlier lines of therapy will likely have
an impact on both the types of patients reaching 3L as well as available treatment options, the generalizability of
these results will be limited in the longer term.

Conclusion
For patients with advanced SCLC who have failed two prior lines of chemotherapy, patient-level analyses to
compare single-arm trial data with that from a real-world cohort suggest that nivolumab monotherapy improves
OS compared with SOC in the USA. Findings from patient-level analyses were not sensitive to alternative regression
and weighting methods, lending credibility to the analyses and conclusions. Given the high unmet need in this 3L
SCLC population, results from this study will help inform decision makers of the potential therapeutic option of
nivolumab monotherapy until results from other studies become available.

Future perspective
Within the next decade, it is anticipated that the role of IO for SCLC patients will be established, based on
anticipated results from ongoing trials. It is expected that future clinical research may help to further elucidate
the role of biomarkers in SCLC to identify subpopulations that may preferentially benefit from targeted therapies.
More studies conducted in the 3L setting will help to provide additional treatment options for heavily pretreated
SCLC patients.

Summary points

• The majority of patients with small-cell lung cancer (SCLC) are sensitive to first-line chemotherapy, and
approximately 10–20% of patients who receive first-line treatment will subsequently receive therapy in the
third-line (3L) setting.

• Nivolumab ± ipilimumab is recommended by the National Comprehensive Cancer Network guidelines for SCLC
patients who have failed prior systemic therapy within 6 months in the primary or adjuvant setting; however, the
current National Comprehensive Cancer Network guidelines do not provide a specific treatment recommendation
for the 3L setting.

• CheckMate 032 results from the 3L patient population suggest that nivolumab is well tolerated and provides
durable responses as a 3L treatment for recurrent SCLC.

• Since CheckMate 032 does not include a comparator arm of standard chemotherapy, the aim of this study was to
address this gap by estimating the comparative effectiveness of nivolumab versus standard of care (SOC) in the 3L
setting using individual patient data (IPD) from CheckMate 032 and real-world electronic patient records from a
US database.

• Given that no studies were identified that reported outcomes separately for 3L SCLC patients (other than
CheckMate 032), a subgroup of 3L patients that had not received an immuno-oncology agent in any line of
therapy was constructed from the Flatiron database (January 2011–September 2017) that matched the eligibility
criteria of CheckMate 032.

• CheckMate 032 IPD from patients with exactly two prior lines of therapy who received 3L nivolumab
monotherapy were included in the analysis.

• Population-adjusted methods including regression models and weighting analyses as recommended by the
National Institute for Health and Care Excellence Decision Support Unit were followed to estimate the relative
treatment effect in terms of overall survival (OS) for nivolumab versus SOC.

• Using IPD from both CheckMate 032 and Flatiron, patient-level analyses included a multivariable regression
model, inverse probability weighting and a doubly robust method (base case).

• All unadjusted and adjusted OS comparisons from the patient-level analyses produced statistically significant
results in favor of nivolumab compared with SOC.

• Findings were robust across adjustment methods.
• For patients with advanced SCLC who have failed two prior lines of chemotherapy, results from patient-level

analyses suggest nivolumab improves OS compared with agents that make up the existing SOC in the USA.
• Given the high unmet need in this population, results from this study may help inform decision makers of the

potential therapeutic option of nivolumab until results from other trials become available.
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