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Abstract

Background: It is unclear whether programmed death ligand-1 (PD-L1) expression is prognostic 

or predictive of immunotherapy benefit among stage III non-small-cell lung cancer (NSCLC) 

patients treated with definitive chemoradiation and adjuvant durvalumab.

Methods: We determined pre-treatment tumor PD-L1 expression for 312 patients with stage 

III NSCLC treated with definitive chemoradiation and at least one dose of adjuvant durvalumab 

between November 2017 and April 2021 across the national Veterans Health Administration. 

Progression-free survival (PFS) and overall survival (OS) in PD-L1 expression subgroups (<1%, 

1–49%, and 50–100%) were compared with 994 patients with stage III NSCLC treated without 

adjuvant durvalumab from 2015 to 2016.
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Results: PD-L1 expression was <1%, 1–49%, and 50–100% in 109 (34.9%), 96 (30.7%), and 

107 (34.3%) patients, respectively. Increasing PD-L1 expression was associated with longer PFS 

(adjusted hazard ratio [aHR] 0.84 per 25% absolute increase in expression, 95% CI 0.75-0.94, 

p=0.003) and OS (aHR 0.86 per 25% absolute increase in expression, 95% CI 0.74–0.99, 

p=0.036). Compared to the no-durvalumab group, PFS was longer for PD-L1 50–100% (aHR 

0.44, 95% CI 0.32–0.60, p<0.001) and PD-L1 1–49% (aHR 0.64, 95% CI 0.47–0.86, p=0.003) but 

not PD-L1 <1% (aHR 0.84, 95% CI 0.64–1.10, p=0.19). Similar results were found for OS, with 

no significant difference between the no-durvalumab group and PD-L1 <1% (aHR 0.81, 95% CI 

0.58–1.13, p=0.22).

Conclusion: Increasing tumor PD-L1 expression is prognostic for PFS and OS among patients 

with stage III NSCLC treated with adjuvant durvalumab, and patients with PD-L1 expression <1% 

may have limited benefit from adjuvant durvalumab.

Introduction

Adjuvant durvalumab, a selective antibody targeting programmed death ligand (PD-L1), has 

become the standard of care after definitive concurrent chemoradiation for many patients 

with stage III non-small-cell lung cancer (NSCLC) patients on the basis of the PACIFIC 

trial which demonstrated a large progression-free survival (PFS) and overall survival (OS) 

benefit in the intention-to-treat population.1–3 However, an unplanned post-hoc analysis of 

PACIFIC by tumor PD-L1 expression suggested no OS benefit for patients with PD-L1 

expression <1%.4 This result led to the European Medicines Agency (EMA) limiting 

approval to patients with ≥1% PD-L1 expression. There is significant controversy within the 

thoracic oncology community as to whether clinical practice should be based on this study 

given the unplanned and underpowered nature of the analysis.5 In this study, we sought to 

evaluate the prognostic and predictive value of tumor PD-L1 expression among a cohort 

of real-world patients treated with definitive chemoradiation and adjuvant durvalumab and 

compare survival outcomes of PD-L1 groups to patients treated with chemoradiation alone.

Methods and Materials

Data source.

We identified lung cancer patients using the Department of Veterans Affairs Informatics 

and Computing Infrastructure (VINCI). VINCI is an informatics platform that facilitates 

access to patient-level electronic health record information and administrative data for all 

veterans within the VA healthcare system. VINCI also incorporates tumor registry data 

uploaded from individual VA sites; these data are gathered by trained registrars. This study 

was approved by the local institutional review board and STROBE reporting guidelines were 

followed.

Patient selection.

We included patients with histologically confirmed stage III NSCLC (AJCC 8th edition) 

treated with definitive chemoradiation and who received at least one dose of adjuvant 

durvalumab between November 2017 to April 2021, as previously described.6,7 Adjuvant 

durvalumab infusion dates were identified by intravenous infusion records and manually 

Bryant et al. Page 2

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2023 July 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



confirmed by chart review. Staging and treatment data were supplemented with tumor 

registry data where available. For comparison of outcomes to patients treated without 

durvalumab (“no durvalumab” group), we identified a cohort of stage III NSCLC (AJCC 

7th edition) patients treated with definitive chemoradiation alone between January 2015 and 

December 2016. These patients were identified through tumor registry treatment and staging 

records.

Outcomes and covariates.

The primary outcome measures were progression-free survival (PFS) and overall survival 

(OS). Date of radiographic progression was determined by manual review of radiological 

reports by a licensed physician (MDG and KS). Surveillance scans performed before the 

date of durvalumab initiation were included in this review, and patients were excluded if 

they progressed before the date of durvalumab start. Date of death was obtained from the VA 

Vital Status File (drawn from Medicare, Social Security Administration, and the internal VA 

death registry) and supplemented with the VA Master Patient Index for more recent deaths.

We obtained tumor PD-L1 expression of the original pre-treatment diagnostic specimen 

primarily through review of pathology reports (79% of patients) or through manual review 

of oncologist clinical notes when the original pathology report was unavailable (21%). Of 

424 patients initially identified with known PD-L1 status, we excluded 21 patients whose 

PD-L1 status was determined on tissue samples from metastatic or recurrent lesions. As 

PD-L1 expression is often ascertained at the time of progression to direct salvage therapy, 

to mitigate any associated selection bias we excluded an additional 91 patients for whom 

PD-L1 was reported on the pre-treatment diagnostic specimen greater than 30 days after 

starting durvalumab. For 34 patients (10.9%) whose PD-L1 results were expressed as a 

range (e.g. 50–60%), we imputed the midpoint value in the primary analyses (e.g. 55%). In 

sensitivity analyses this was varied to impute the low or high end of the range.

Demographics including race, sex, and age were obtained through the Master Patient 

Index. Charlson Comorbidity Index (CCI)8,9 was calculated from inpatient and outpatient 

ICD-10 diagnosis codes in the year before durvalumab start (or the proxy durvalumab 

start date described below for no-durvalumab group). Smoking status was obtained through 

Health Factors data. Concurrent chemotherapy regimen was obtained through intravenous 

infusion records and supplemented with tumor registry data where available. Use of 

salvage immunotherapy was determined with intravenous infusion records. The number of 

durvalumab infusions and reasons for durvalumab discontinuation (classified as completion 

of planned therapy, progression, immune-related adverse event [irAE], or other) were 

obtained through manual review of physician notes. Patients were categorized as having 

durvalumab-related toxicity if the toxicity was possibly, probably, or definitely related 

to durvalumab in the judgement of the management outpatient oncologist or inpatient 

physician.

Statistical analysis.

Differences in baseline characteristics were assessed with the chi-square test for categorical 

variables and the t-test for continuous variables. OS and PFS estimates were generated with 
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the Kaplan-Meier method and were compared between groups with the log-rank test in 

univariable analyses. Adjusted survival analyses were performed with multivariable Cox 

regression adjusting for PD-L1 expression (continuous [per 25% absolute increase] or 

categorical [<1% vs 1–49% vs 50–100%]), age (continuous, per 10 years), sex (male vs. 

female), race (African American, Caucasian, or other/unknown), smoking status (current, 

former, never, or unknown), CCI (0–2, 3–5, 6–8, or 9+), AJCC summary stage (IIIA, 

IIIB, IIIC, or III not otherwise specified), concurrent chemotherapy regimen (carboplatin-

paclitaxel vs. other) and histology (adenocarcinoma, squamous cell carcinoma, or other). 

In the analysis of OS, post-baseline initiation of salvage immunotherapy was incorporated 

as a time-dependent binary covariate. 5 patients in the PD-L1 groups and 102 patients in 

the no-durvalumab group had missing progression data and were excluded from the PFS 

analyses. Statistical analyses were performed with SAS 9.4 (SAS Institute, Cary, NC) and R 

v4.1 (R Core Team, Vienna, Austria).

For patients treated with durvalumab, survival time was measured from the first dose of 

durvalumab to the date of death from any cause (for OS) or to disease progression or death 

from any cause (for PFS). For the no-durvalumab group, survival time was measured from 

the date of radiation start plus 84 days, which was the median time from radiation start 

to durvalumab start among the PD-L1 groups. Patients in the no-durvalumab group who 

progressed or died prior to this timepoint were excluded (n=48) to reflect the eligibility 

criteria of PACIFIC, which required no evidence of progression after chemoradiation before 

starting durvalumab.1

To test the sensitivity of the results to this choice of survival dates, we performed a 90-day 

landmark analysis in which we measured survival from the date of radiation completion 

plus 90 days, excluded patients who died or progressed before this date, and included 

durvalumab patients who started durvalumab within 90 days of radiation completion; this 

left 215 durvalumab patients and 779 no-durvalumab patients who were analyzable. In all 

survival analyses, patients were censored at the date of last known follow-up, defined as the 

most recent encounter with a VA provider. Patients with ongoing follow-up past April 15, 

2021 were administratively censored at that time.

Results

Patient characteristics.

Among 985 patients with stage III NSCLC treated with concurrent chemoradiation and 

at least 1 dose of durvalumab, baseline PD-L1 expression was available in 312 patients 

(31.6%). Among these, PD-L1 expression was <1%, 1–49%, and 50–100% in 109 (34.9%), 

96 (30.7%), and 107 (34.3%) patients, respectively. There were no significant differences 

among PD-L1 groups in demographics, comorbidity, or cancer stage (Table 1). There 

were no significant differences in durvalumab treatment tolerance, with similar rates of 

durvalumab discontinuation due to irAE (18.4% in PD-L1 <1% vs. 18.8% in PD-L1 1–49% 

vs. 14.0 % in PD-L1 50–100%, p=0.62), median number of durvalumab infusions (10 in 

PD-L1 <1% vs. 10 in PD-L1 1–49% vs. 13 in PD-L1 50–100%, p=0.09), and rates of 

completion of intended durvalumab course (23.9% in PD-L1 <1% vs. 25.0% in PD-L1 

1–49% vs 33.6% in PD-L1 50–100%, p=0.22).
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Prognostic value of PD-L1 expression among durvalumab-treated patients.

Median follow-up among censored patients was 19 months for the OS analysis and 18 

months for the PFS analysis. In unadjusted analyses, patients with higher tumor PD-L1 

expression showed longer PFS (24 month estimates: 29.3% in PD-L1 <1% vs. 43.5% in 

PD-L1 1–49% vs 57.6% in PD-L1 50–100%, p=0.006 by log-rank; Figure 1A). OS was 

similar for the <1% and 1–49% groups (24 month estimates: 54.4% in PD-L1 <1% vs. 

56.2% in PD-L1 1–49% vs 73.3% in PD-L1 50–100%, p=0.14 by log-rank; Figure 1B). 

In multivariable Cox regression, increasing PD-L1 expression was associated with longer 

PFS when analyzed as a continuous variable (adjusted hazard ratio [aHR] 0.84 per 25% 

absolute increase in expression, 95% CI 0.75–0.94, p=0.003). Compared to the <1% group, 

the 50–100% group showed longer PFS (aHR 0.51, 95% CI 0.34–0.76, p=0.001), and the 

1–49% group trended toward longer PFS (aHR 0.70, 95% CI 0.47–1.03, p=0.07; Table 2). 

Increasing PD-L1 expression was associated with longer OS as a continuous variable (aHR 

0.86 per 25% absolute increase in expression, 95% CI 0.74–0.99, p=0.036). Compared to the 

<1% group, the 50–100% group showed longer OS (aHR 0.57, 95% CI 0.35–0.94, p=0.028) 

though the 1–49% group did not (aHR 0.75, 95% CI 0.46-1.22, p=0.24; Table 2). These 

results were unchanged in sensitivity analyses imputing the low or high end of the PD-L1 

expression range.

Evaluation of durvalumab benefit in tumor PD-L1 expression groups.

Compared to durvalumab-treated patients with known PD-L1, patients in the no-durvalumab 

group (n=994) had less severe comorbidity (27.2% with CCI 9+ vs. 44.9%, p<0.001) and 

were more likely to have stage IIIa disease (67.1% vs 48.7%, p<0.001; Table 1). Relative 

to the no-durvalumab group, PFS was longer for the PD-L1 50–100% group (aHR 0.44, 

95% CI 0.32–0.60, p<0.001) and the PD-L1 1–49% group (aHR 0.64, 95% CI 0.47–0.86, 

p=0.003) but not the PD-L1 <1% group (aHR 0.84, 95% CI 0.64–1.10, p=0.19) (Figure 

1A). Similar results were found for OS, with longer survival for the PD-L1 50–100% group 

(aHR 0.49, 95% CI 0.33–0.71, p<0.001), a trend toward longer OS for the PD-L1 1–49% 

group (aHR 0.70, 95% CI 0.48–1.01, p=0.055), but no difference for the PD-L1 <1% group 

(aHR 0.81, 95% CI 0.58–1.13, p=0.22) (Figure 1B). These results were unchanged in the 

90-day landmark sensitivity analysis; relative to the no-durvalumab group, the <1% group 

showed no difference in PFS (aHR 0.94, 95% CI 0.68–1.29, p=0.69) or OS (aHR 0.81, 95% 

CI 0.54–1.21, p=0.30), the 1-49% group showed longer PFS (aHR 0.62, 95% CI 0.43–0.89, 

p=0.009) and a trend toward longer OS (HR 0.64, 95% CI 0.41–1.00, p=0.05), and the 

50–100% group showed both longer PFS (aHR 0.45, 95% CI 0.30–0.67, p<0.001) and OS 

(aHR 0.42, 95% CI 0.25–0.71, p=0.001).

Discussion

In this study of stage III NSCLC patients treated with chemoradiation and adjuvant 

durvalumab, we demonstrate a prognostic role of tumor PD-L1 expression, with higher 

levels of expression – especially ≥50% -- associated with longer PFS and OS among 

patients treated with durvalumab. Further, we found no significant difference in PFS or 

OS between durvalumabtreated patients with tumor PD-L1 <1% and patients not treated 

with durvalumab, suggesting that this group may derive minimal benefit from durvalumab. 
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These results indicate that PD-L1 expression should be considered as a stratification factor 

in future trials of adjuvant immunotherapy and suggest a need for prospective validation of 

durvalumab efficacy in the PD-L1 <1% subgroup.

Tumor PD-L1 expression has been repeatedly shown to predict response to immunotherapy 

among patients with metastatic or recurrent NSCLC11–13 and low PD-L1 expression has 

been an exclusion criteria in multiple landmark immunotherapy trials.14,15 While the 

prognostic and predictive value of PD-L1 expression is well-established in metastatic 

NSCLC, it is more controversial in the adjuvant setting, where immunotherapy is 

intended to eradicate microscopic residual disease. Radiotherapy also affects the tumor 

microenvironment, modulates the systemic immune response, and induces changes in tumor 

PD-L1 expression as a mechanism of immune escape that are detectable in circulating tumor 

cells,16 all of which could affect the prognostic and predictive value of pre-treatment tumor 

PD-L1 expression.

The largest previous analysis of this question is a post-hoc study of PACIFIC by Paz-Ares 

et al. that included 451 patients with known PD-L1 status (n=278 treated with durvalumab, 

136 treated with placebo) and suggested a lack of OS benefit in the PD-L1 <1% subgroup 

(durvalumab vs. placebo: HR 1.14, 95% CI 0.71–1.84) and similar objective response rates 

(durvalumab: 24.7%; placebo: 21.6%), despite a nonsignificant trend toward longer PFS 

(durvalumab vs. placebo: HR 0.73, 95% CI 0.48–1.11). Our results broadly confirm this 

finding, with no statistically significant difference in PFS or OS for the PD-L1 <1% group 

compared to the no-durvalumab group. Similar to the findings of Paz-Ares et al., patients 

in our study with PD-L1 expression ≥1% showed substantial benefit with durvalumab, 

and this benefit increased with higher PD-L1 expression. Our findings also echo smaller 

series that suggested improved prognosis with higher PD-L1 expression.17,18 Overall, our 

data contributes to a growing literature questioning the efficacy of adjuvant durvalumab 

in patients with <1% PD-L1 expression and points to a need for further validation of 

durvalumab benefit in this subgroup.

Our study is subject to several limitations. First, PD-L1 status was not available in the 

no-durvalumab cohort, precluding an analysis of durvalumab efficacy within PD-L1 strata. 

While a limitation, PD-L1 expression has not been shown to be strongly prognostic among 

patients not treated with durvalumab,19,20 and as such we would not expect our results to 

differ substantially if analyzed within PD-L1 expression strata. It is indeed possible that the 

benefit of durvalumab in the <1% group would be even smaller that we observed, given 

that low PD-L1 expression is paradoxically associated with better survival in many series 

of patients treated before the durvalumab era.19 Second, baseline PD-L1 expression was 

only ascertainable in a minority of patients treated with durvalumab, and it is possible 

that this introduced selection bias. Third, PD-L1 ascertainment was performed by multiple 

FDA approved methodologies, and the optimal staining approach and scoring system 

has yet to be determined.21,22 The comparison to the no-durvalumab group is further 

subject to unmeasured confounding including lack of baseline performance status, residual 

immortal time bias, sample size limitations, and selection biases inherent to retrospective 

comparisons. Finally, our study period extended across the transition from AJCC 7th 

edition to AJCC 8th edition staging; this transition included stage migration of a subset 
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of previously stage IIB patients who were reclassified as stage III in the AJCC 8th edition.23 

Disproportionate inclusion of these patients in the durvalumab-treated cohort may have 

produced an optimistic bias in our survival estimates for PD-L1 groups relative to the 

nodurvalumab group.

In summary, our study supports a prognostic role of tumor PD-L1 expression in a 

contemporary cohort of stage III NSCLC patients treated with adjuvant durvalumab. 

Consistent with prior reports, our data further suggest that there may be limited benefit 

of durvalumab in patients with <1% PD-L1 expression. These results should be validated 

prospectively.
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Figure 1. Progression-free and overall survival by tumor PD-L1 expression.
Unadjusted Kaplan-Meier curves for (A) progression-free survival, and (B) overall survival. 

Adjusted hazard ratio estimates (aHRs) for PD-L1 subgroups relative to the no-durvalumab 

group are generated from multivariable Cox regression models and shown with 95% 

confidence intervals.
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Table 2.

Multivariable Cox regression for progression-free survival and overall survival among all patients with known 

PD-L1 status.

PFS OS

Variable HR (95% CI)  p-value   HR (95% CI)  p-value

PD-L1 expression <1% Ref Ref Ref Ref

1-49%  0.70 (0.47-1.03) 0.07  0.75 (0.46-1.22) 0.24

50-100%  0.51 (0.34-0.76) 0.001  0.57 (0.35-0.94) 0.028

Age (per 10 years)  1.00 (0.98-1.03) 0.82  1.36 (0.96-1.93) 0.08

Male  8.16 (1.13-59.1) 0.04  4.21 (0.68-26.2) 0.12

Race  African American Ref Ref Ref Ref

Caucasian  1.19 (0.79-1.79) 0.42  1.26 (0.75-2.13) 0.38

 Other/unknown  1.17 (0.54-2.51) 0.69  1.44 (0.60-3.46) 0.41

Smoking Current Ref Ref Ref Ref

Former  1.02 (0.70-1.47) 0.93  0.94 (0.60-1.47) 0.78

Never  1.04 (0.57-1.90) 0.90  0.84 (0.37-1.92) 0.67

Unknown  0.93 (0.47-1.80) 0.82  0.53 (0.18-1.52) 0.24

Stage IIIA Ref Ref Ref Ref

IIIB  1.30 (0.92-1.85) 0.14  1.63 (1.05-2.53) 0.029

IIIC  1.68 (0.98-2.88) 0.06  1.35 (0.66-2.77) 0.4

III NOS  0.68 (0.12-4.03) 0.67  0.40 (0.05-3.14) 0.4

 Chemotherapy  Other/unknown Ref Ref Ref Ref

Carboplatin / paclitaxel  0.97 (0.66-1.42) 0.87  0.97 (0.59-1.57) 0.9

Histology Adenocarcinoma Ref Ref Ref Ref

Squamous cell carcinoma  0.68 (0.48-0.95) 0.03  0.73 (0.48-1.11) 0.15

Other  0.85 (0.23-3.14) 0.81  1.58 (0.38-6.55) 0.5

CCI 0-2 Ref Ref Ref Ref

3-5  0.99 (0.59-1.67) 0.97  1.18 (0.61-2.27) 0.6

6-8  1.13 (0.62-2.09) 0.69  1.08 (0.48-2.41) 0.9

9+  0.94 (0.57-1.56) 0.82  0.93 (0.49-1.77) 0.8

PFS: Progression-free survival; OS: overall survival; HR: hazard ratio; CI: Confidence interval; NOS: not otherwise specified; CCI: Charlson 
Comorbidity Index.
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