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Abstract

MicroAbstract: Effective treatment strategies after immunotherapy are greatly needed in 

NSCLC. The time off platinum chemotherapy (platinum-free-interval) is one predictor used to 

select patients for platinum re-exposure in other malignancies, but is not known in NSCLC. We 

analyzed a retrospective cohort of 751 patients who underwent this approach and did not find that 

the platinum-free-interval predicted better outcomes after platinum re-exposure.

Clinical Practice Points: Small studies in the era prior to NSCLC immunotherapy have 

identified a platinum-free-interval of approximately 6 months as predictive of better outcomes 

with platinum chemotherapy re-treatment. However, in the era of immunotherapy, where patients 
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are on 1st-line therapy and maintenance for a longer period of time, the optimal platinum-free-

interval has not been evaluated. Unlike other malignancies, we did not find an optimal platinum-

free-interval in this setting that predicts benefit from platinum re-exposure. This may have 

implications on the design of clinical trials evaluating treatments in the salvage setting as well 

as treatment decisions in patients after disease progression on chemoimmunotherapy.

Introduction: Immunotherapy has prolonged the time that NSCLC patients are off platinum-

based (PB) chemotherapy. However, the significance of the platinum-free-interval (PFI) is unclear. 

We evaluated whether an optimal PFI exists in NSCLC for PB re-exposure in contemporary 

treatment settings.

Methods: We conducted a retrospective cohort study of patients with metastatic NSCLC treated 

with 1st-line PB chemotherapy with or without immunotherapy. Using multivariable Cox models 

stratified by treatment strategies, we evaluated whether salvage PB vs nonPB chemotherapy 

resulted in superior outcomes and whether this was modulated by the PFI.

Results: 751 patients treated with salvage chemotherapy after PB chemoimmunotherapy 

were identified in 2 treatment strategy cohorts: 3rd-line after sequential chemotherapy and 

immunotherapy (Sequential Chemo IO, n=604); 2ndline after chemoimmunotherapy (Concurrent 

ChemoIO, n=147). An optimal PFI of 5 and 6 months was identified in the Sequential Chemo IO 

and Concurrent ChemoIO cohorts, but there was no overall survival or progression free survival 

advantage for PB vs nonPB chemotherapy in long or short PFI groups.

Conclusions: An optimal PFI was identified in this contemporary NSCLC cohort treated with 

two common immunotherapy-containing treatment approaches, but PFI threshold did not predict 

benefit from platinum re-exposure as it has in other malignancies.

Keywords

Non-small cell lung cancer; Immunotherapy; Platinum Chemotherapy; PB, Platinum-based 
chemotherapy; PFI, Platinum-free-interval

Introduction

Immunotherapy is now central to the standard of care for advanced non-small cell lung 

cancer (NSCLC). Although a prolonged duration of response occurs in some patients, 

most patients will ultimately experience disease progression and require subsequent 

chemotherapy (non-platinum or platinum-based [PB]). Indeed, immunotherapy efficacy may 

allow a longer time off PB chemotherapy, potentially rendering some patients sensitive to 

PB chemotherapy upon re-exposure. Thus a need exists to better understand chemotherapy 

re-exposure strategies and associated treatment outcomes in the immunotherapy era.

While the benefits of PB re-exposure after a 3–6 month platinum-free interval (PFI) is well 

established in managing patients with advanced small cell lung cancer (SCLC) and ovarian 

cancer, data defining an optimal PFI in NSCLC are very limited. 1–3 Two small retrospective 

studies (N= 11 and 22) assessing disease progression after a 6-month PFI demonstrated 

a favorable median progression free survival (mPFS: 8mo, 5.6 mo) and median overall 

survival (mOS: 10.4 mo) for PB re-exposure compared to other second-line options.4,5 A 
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larger prospective study (NVALT7) randomized 240 patients with NSCLC and progressive 

disease ≥ 3 months from completion of PB chemotherapy to pemetrexed with or without 

carboplatin. The re-introduction of carboplatin resulted in an improvement in mPFS (4.2 mo 

vs 2.8 mo HR 0.67; p=0.005), but was not associated with an OS improvement. However, 

analysis of a sub-group of patients with a PFI of 6 months or greater revealed an OS benefit 

for PB re-exposure (p= 0.001).6

There may also be synergy between PB re-exposure and recent immunotherapy. In a small 

retrospective Korean study of 73 patients the overall response rate (ORR) was superior 

for PB over non-PB administered after immunotherapy (66.7% vs. 46.9%, respectively). In 

addition, the sequence of therapy mattered: an ORR benefit was observed for PB-therapy 

given after compared to before immunotherapy (66.7% vs 39.5%, p=0.03).7 Additional 

analyses were limited by the small sample size. Taken together, these limited studies 

highlight the need to better understand the effects of PFI on subsequent treatment response 

and ideally refine patient selection for platinum re-exposure in the current era, particularly 

when immunotherapy may afford longer platinum-free intervals.

Using electronic health record data from a de-identified advanced NSCLC database of 

mostly community oncology patients at the point of care, we conducted a retrospective 

cohort study of patients with NSCLC receiving initial chemotherapy with or without 

immunotherapy followed by subsequent chemotherapy at progression. We assessed the 

comparative effectiveness of PB versus non-PB chemotherapy at the time of disease 

progression and estimated the optimal PFI associated with common immunotherapy 

treatment strategies.

Materials and Methods:

Data Source:

This retrospective observational study utilized Flatiron Health’s nationwide longitudinal, 

de-identified database derived from electronic health record (EHR) data from approximately 

280 US cancer clinics. Data were obtained from the Flatiron Health advanced NSCLC 

(aNSCLC) cohort of patients treated between 1/1/2011 and 5/1/2019. The de-identified 

patient-level data in the EHR include structured data (e.g., laboratory values and prescribed 

drugs) in addition to unstructured data collected via technology-enabled chart abstraction 

from physician notes and other unstructured documents (e.g., biomarker reports).8,9 

Institutional Review Board approval of the study protocol was obtained prior to study 

conduct and included a waiver of informed consent since patient care was not affected by 

this retrospective analysis and patient anonymity was maintained. Data provided to third 

parties were de-identified, and provisions were set up to prevent re-identification to protect 

patients’ confidentiality.

Study Population:

Subjects were selected for the analytic cohort based on the following eligibility criteria: 

diagnosis of stage IV NSCLC, administration of 1st-line PB therapy for metastatic disease, 

and treatment using one of the 2 treatment sequences detailed in Figure 1B. Subjects were 
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not included if the date of disease progression after completion of 1st-line PB chemotherapy 

was not available or if they did not complete at least 3 administrations of PB chemotherapy 

without progression. Patients with driver mutations documented at any time in the database 

were excluded.

Exposure:

The exposure of interest was PB chemotherapy without immunotherapy in the 2nd or 3rd 

line setting, depending on the cohort. This was compared to non-PB chemotherapy without 

immunotherapy. See Supplemental Table 1 for definition of treatment exposures.

Outcomes:

PFI was defined as the time from completion of PB 1st-line therapy not including non-

platinum chemotherapy maintenance until disease progression (Figure 1A, Supplemental 

Table 2). The progression date provided by Flatiron Health was classified as radiologic, 

pathologic, clinical progression or pseudoprogression. We defined disease progression in 

our study as cancer progression based on clinical and radiologic features; we excluded 

pseudoprogression. Use of this real-world definition of disease progression has compared 

favorably against RECIST-based progression assessments.10 Progression free survival after 

second-line (PFS2) or third-line (PFS3) therapy and OS were calculated based on date of 

last visit, progression or death (Figure 1).

Statistical methods:

Descriptive statistics including mean, median and proportions were used to summarize 

patient demographics and disease characteristics. Chi-square and Kruskal-Wallis analyses 

were used to assess differences in baseline characteristics between the cohorts for 

categorical and continuous variables, respectively. Multivariable Cox proportional hazards 

models stratified by cohorts were used to evaluate the relationships between PB/nonPB 

exposure and OS or PFS2/3. Median PFS and OS were estimated using Kaplan-Meier 

methodology stratified by cohort.

The relationship between PFI and PFS2 (PFS3 in Sequential Chemo IO) was assessed in 

each cohort first using PFI as a continuous exposure variable and PFS2/3 as the outcome 

in a Cox model. Next, pre-specified cutoffs of PFI < or ≥ 3, 4, 4.5, 5, 6, 9 and 12 months 

as binary dichotomous variables were tested in separate univariate Cox models with PFI 

cutoffs as the exposure and PFS2/3 as the outcome. The HRs from these separate models 

were plotted against the test cutoff points and each cohort was analyzed using the Joinpoint 

Regression Program to identify the point of changing trends using the Bayesian information 

criterion (BIC) method (Supplemental Figure 1). 11

This selected cutoff was then added to the multivariable Cox model investigating the 

relationship between PB/nonPB exposure and PFS2/3 with the dichotomous PFI cutoff 

variable also included as an interaction term with PB/nonPB. The coefficient and p value 

of this interaction term was evaluated within the low and high PFI groups to investigate a 

differential benefit from PB or nonPB chemotherapy depending on the PFI.
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Covariates explored in the model include sex, race, age at diagnosis, smoking status, kidney 

function, Eastern Cooperative Group Performance Status (ECOG PS) at the time of second- 

or third-line therapy, practice type (academic vs. community), census region and length of 

PFS1. Sex, age at diagnosis, race (white vs non-white), and kidney function were used in 

the multivariate model. Patients with missing values in multivariate analysis were excluded 

(Table 2). The proportional-hazards assumptions were upheld as tested by the Schoenfeld 

residual testing on the multivariate and univariate (PFI cutoffs) Cox Proportional Hazards 

models (Table 2, Figure 3).

Results:

Baseline Characteristics by Cohort

Baseline characteristics for the PB vs. nonPB chemotherapy cohorts are detailed in Table 

1. Patients who received nonPB chemotherapy instead of PB chemotherapy were younger 

(60% <70 years old) in the Sequential Chemo IO cohort, but there was no difference in age 

between the treatment groups in the Concurrent ChemoIO cohort. Sex was well balanced 

in the Sequential Chemo IO cohort while the PB group had slightly more males (65.9%) 

compared to the nonPB group (48.5%) in the Concurrent ChemoIO cohort (p=0.053). White 

vs. non-white race was well balanced between cohorts. Almost all (~90%) patients had a 

history of smoking. ECOG performance status was well balanced between groups in both 

cohorts, but there were significant missing data (18.2 – 28.7%) (Table 1).

Most patients (69–88%) had non-squamous NSCLC. PD-L1 levels, when known, were 

balanced between both cohorts; however, there were significant missing data in the 

Sequential Chemo IO cohort (~60%) as one would expect given the time period when 

these patients were treated. PD-L1 was infrequently tested prior to approval of PDL1-based 

recommendations for pembrolizumab use 12. As expected, the majority of patients treated 

with Sequential Chemo IO initiated treatment between 2011 and 2015, whereas patients 

receiving Concurrent ChemoIO initiated treatment after 2017, when 1st line concurrent 

chemoimmunotherapy became available 13. The mean creatinine levels were well balanced 

between the PB and nonPB groups. Most patients were primarily treated in the community 

(92–96%) vs. academic centers.

Survival outcomes after platinum vs. non-platinum chemotherapy re-exposure

Overall survival (OS) and progression free survival (PFS) were calculated starting from the 

dates of PB vs. nonPB re-exposure. Median follow up time from PB or non-PB exposure 

in the Sequential Chemo IO and Concurrent ChemoIO cohorts was 16.8 and 5.7 months, 

respectively. In both the Sequential Chemo IO and Concurrent ChemoIO cohorts, the mOS 

overall was 7.2 months. In the absence of analysis of PFI, PB chemotherapy was not 

associated with improved mOS in the Sequential Chemo IO cohort (mOS 7.6 vs 7.2 mo; 

HR 0.9, p=0.3) or Concurrent ChemoIO (mOS 7.9 vs 7.2 mo; HR 0.7, p=0.9). Similarly, 

there was no PFS advantage to PB chemotherapy over nonPB chemotherapy in either cohort 

(Sequential Chemo IO: mPFS 4.9 vs 5.5 mo, HR 1.1, 95% CI 0.86 – 1.4, p=0.5; Concurrent 

ChemoIO: mPFS 5.8 vs 5.2 mo, HR 1.1, 95% CI 0.64 – 1.95, p= 0.7).
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Identification of the optimal platinum free interval prior to platinum re-exposure

First, the association between PFI and PFS2/3 was analyzed using continuous variables. 

In the Sequential Chemo IO cohort, PFI was significantly associated with PFS3 (HR 0.98, 

95% CI 0.96–0.99, p=0.003). In the Concurrent ChemoIO cohort there was no association 

between PFI and PFS2 (HR 1.01, 95% CI 0.92 – 1.12, p=0.834). Next, the association 

between PFI and PFS2/3 was analyzed using a Cox Regression model of PFS2/3 as the 

outcome and pre-specified PFI cutoffs as the exposure. Cox regression HRs at different time 

points were entered into the Joinpoint analysis software which identified an optimal PFI of 5 

months in the Sequential Chemo IO cohort and 6 months in the Concurrent ChemoIO cohort 

(Supplemental Figure 1).

Modulation of OS benefit of platinum vs non-platinum chemotherapy re-exposure based 
on length of platinum free interval

There was no significant PFI modulation of PB vs non-PB OS benefit in the Sequential 

Chemo IO cohort. In a multivariable model evaluating the interaction of PB vs non-PB 

chemotherapy and PFI group (≥ 5 months, n= 317 vs <5 months n=287), median OS was 

not different for PB vs nonPB chemotherapy in either PFI group (Long PFI: 9 vs 9.8 mo, 

HR 0.8, 95% CI 0.58 – 1.2, p =0.19. Short PFI: 6.1 vs 5.6 mo, HR 0.9, 95% CI 0.65 – 

1.2, p=0.4, Table 2B). Similarly, in the Concurrent ChemoIO cohort there was no clinically 

significant PFI modulation of OS for PB vs nonPB chemotherapy (Long PFI: HR 0.73, 95% 

CI 0.2–2.6, p=0.64,. Short PFI: HR 1.17, 95% CI 0.65 – 2.1, p=0.6, Table 2B). These results 

are consistent whether confounders are included or excluded from the model. Median OS is 

not able to be accurately estimated from Kaplan Meier curves in the Concurrent ChemoIO 

cohort due to limited follow up time (Figure 3).

Long PFI (≥ 5 months) is associated with improved OS regardless of receipt of PB or non-

PB chemotherapy. In the Sequential Chemo IO cohort there was an OS benefit for long PFI 

compared to short among the PB and non-PB groups. In the Concurrent ChemoIO cohort 

this benefit was only statistically significant among those that received PB chemotherapy 

(Table 2B).

Modulation of PFS benefit of platinum vs non-platinum chemotherapy re-exposure based 
on length of platinum free interval

In the Sequential Chemo IO cohort, there was no PFI modulation of PFS for PB vs nonPB 

chemotherapy (Table 2A). In a multivariable model there was no modulation of PFS3 benefit 

for PB over non-PB by PFI group (Long PFI: 6 vs 6.2, HR 0.8, 95% CI 0.6 – 1.1, p<0.2. 

Short PFI: 3.9 vs 4.6 mo, HR 1.36, 95% CI 0.97–1.9, p= 0.08). Results were similar in 

the Concurrent ChemoIO cohort for PFS2 (Long PFI: HR 0.6, 95% CI 0.2 −1.8, p=0.4. 

Short PFI: HR 1.37, 95% CI 0.7 – 2.8, p=0.37). There was also no difference seen in the 

models excluding potential confounders. Median PFS2 is not able to be accurately estimated 

from Kaplan Meier curves in the Concurrent ChemoIO cohort due to limited follow up time 

(Figure 3).

Long PFI (≥ 6 months) is associated with improved PFS3 in the Sequential Chemo IO 

cohort regardless of receipt of PB vs non-PB chemotherapy. Long PFI was not associated 
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with improved PFS2 in the Concurrent ChemoIO cohort in either treatment group (Table 

2A).

Discussion:

In this retrospective analysis of patients with advanced NSCLC treated with PB 

chemotherapy and immunotherapy, we investigated the role of PFI in predicting outcomes 

after subsequent treatment with PB or non-PB chemotherapy regimens. We identified a 

PFI cutoff of 5–6 months, depending on the NSCLC treatment sequence, that predicted 

improved OS and PFS, but did not predict benefit for PB over non-PB chemotherapy as it 

has in other malignancies. This PFI is in the range seen in other diseases such as SCLC (3 

months) and consistent with previous smaller studies conducted in earlier NSCLC cohorts 

treated with chemotherapy alone.

In the larger Sequential Chemo IO cohort multivariable model there was no OS or PFS 

benefit for PB over non-PB chemotherapy regardless of PFI. We did observe that patients 

above the 5-month PFI threshold identified had a significantly better PFS and OS regardless 

of which subsequent therapy they received (Figure 3, Table 2). This is likely due to the 

underlying biology of disease that is stable for 5 months or longer without platinum based 

chemotherapy being less aggressive rather than an effect of treatment.

In the smaller, but more contemporary, Concurrent ChemoIO cohort there was no OS or PFS 

benefit for PB over non-PB chemotherapy regardless of PFI. We did observe that patients 

above the 6-month PFI threshold compared to below had improved OS among patients who 

received PB chemotherapy, but did not reach statistical significance among patients who 

received subsequent non-PB chemotherapy. A PFS benefit for long PFI was not seen. This 

may be due to the smaller numbers in this cohort or limited follow up time leading to 

immature survival curves.

Several potentially important confounders were not included in our analysis due to missing 

data. Although ECOG status at the time of PB re-exposure was not included in this 

analysis due to missing data in 27% of patients, there was no statistical difference in the 

proportions of patients within each ECOG performance score stratum (Chi squared p = 

0.132) so there was no evidence to suggest that only patients with excellent performance 

status were being selected for PB chemotherapy re-exposure. Patients selected for platinum 

re-exposure did have a longer PFS1 following the original platinum regimen compared 

to nonPB chemotherapy (PFS1 10.6 mo vs 8 mo, respectively) and therefore may have 

been selected based on their excellent response to platinum chemotherapy in the first-line. 

However, patients did not appear to be selected for PB chemotherapy in the Sequential 

Chemo IO group based on PFI since those who received PB chemotherapy were split 

between a PFI of <5 months and PFI of ≥ 5 month groups (70 vs 87 patients, respectively).

Despite its retrospective nature, our study does have the largest sample size of any 

examining PB chemotherapy re-exposure in the immunotherapy era. In addition, most 

patients were treated in the community and not in academic cancer centers so our observed 

results may be generalized to most patients receiving lung cancer treatment in real world 
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practice. While we did not identify a PFI that predicts benefit from platinum re-exposure the 

PFI identified does delineate two groups with likely different tumor biology. This could be 

helpful in the design of clinical trials evaluating salvage therapies after Sequential Chemo 

IO and Concurrent ChemoIO strategies. For example, if one treatment arm contained more 

patients with short PFI then they may be expected to do worse regardless of the efficacy 

of the treatment. While randomization can help account for these unmeasured confounders, 

in small (n<100) clinical trials evaluating new therapies randomization may not adequately 

control for this difference. While we did not see a benefit for PB over non-PB chemotherapy 

in OS or PFS, the patient experience on PB chemotherapies may be superior to some 

of the salvage options available (e.g docetaxel based regimens). The toxicity profile of 

platinum-based chemotherapies can avoid hair loss and have a lower risk of neuropathy. 

Therefore, PB re-exposure may still be a viable option for some patients and we did not find 

that survival results were inferior with this approach.

In summary, we found that in NSCLC PFI is not predictive of benefit of PB re-exposure 

as it is in SCLC. The PFI threshold identified does delineate potentially different tumor 

biology that may be useful in analyzing clinical trials evaluating salvage therapies after 

chemoimmunotherapy. Ultimately, this study is hypothesis generating and should be further 

evaluated in a larger dataset, in particular for the Concurrent ChemoIO cohort, with longer 

follow up time.
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Figure 1: 
Platinum re-exposure definition and cohorts.
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Figure 3. 
Unadjusted Kaplan Meier curves by PFI cutoffs and plantinum exposure for (A) Sequential 

ChemoIO OS (B) Sequential ChemoIO PFS (C) Concurrent ChemoIO OS (D) Concurrent 

ChemoIO PFS.
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Table 1:

Baseline Characteristics by Cohort

Sequential Chemo IO Concurrent ChemoIO

Chemo ➔ IO ➔ Chemo ChemoIO ➔ Chemo

Variable nonPB PB p nonPB PB p

Male, n(%) 237 (53.0%) 84 (53.5%) 0.917 50 (48.5%) 29 (65.9%) 0.053

Age diagnosis ≥70, n(%) 178 (39.8%) 44 (28.0%) 0.008 35 (34.0%) 21 (47.7%) 0.116

Race, white, n(%) 309 (69.1%) 106 (67.5%) 0.708 72 (69.9%) 28 (63.6%) 0.456

Year of advanced diagnosis, n(%)

2011–2015 221 (49.4%) 83 (52.9%) 0.315 2 (1.9%) 0 (0.0%) 0.612

2016 134 (30.0%) 51 (32.5%) 0 (0.0%) 0 (0.0%)

2017 71 (15.9%) 20 (12.7%) 49 (47.6%) 20 (45.5%)

2018 21 (4.7%) 3 (1.9%) 52 (50.5%) 24 (54.5%)

Census Region

Northeast 84 (20.8%) 35 (24.1%) 0.478 37 (38.1%) 13 (31.0%) 0.438

Midwest 86 (21.3%) 24 (16.6%) 12 (12.4%) 4 (9.5%)

South 169 (41.8%) 58 (40.0%) 32 (33.0%) 20 (47.6%)

West 65 (16.1%) 28 (19.3%) 16 (16.5%) 5 (11.9%)

Payer

Commercial 170 (38.9%) 53 (34.2%) 0.245 46 (45.1%) 21 (48.8%) 0.562

Government 137 (31.4%) 60 (38.7%) 30 (29.4%) 9 (20.9%)

Other 130 (29.7%) 42 (27.1%) 26 (25.5%) 13 (30.2%)

Community based practice, n(%) 410 (91.7%) 146 (93.0%) 0.612 98 (95.1%) 42 (95.5%) 0.936

Non-squamous Histology, n(%) 308 (68.9%) 106 (67.5%) 0.747 91 (88.3%) 38 (86.4%) 0.737

Stage at diagnosis

I-III 120 (26.8%) 51 (32.5%) 0.263 22 (22.0%) 4 (9.3%) 0.115

IV 319 (71.4%) 105 (66.9%) 76 (76.0%) 39 (90.7%)

Missing 8 (1.8%) 1 (0.6%) 2 (2.0%) 0 (0.0%)

History of smoking, n(%) 402 (89.9%) 142 (90.4%) 0.853 95 (92.2%) 40 (90.9%) 0.788

PD-L1 category

<1% 75 (16.8%) 29 (18.5%) 0.139 37 (35.9%) 14 (31.8%) 0.455

1–49% 57 (12.8%) 19 (12.1%) 33 (32.0%) 10 (22.7%)

≥50% 23 (5.1%) 16 (10.2%) 16 (15.5%) 10 (22.7%)

Missing 292 (65.3%) 93 (59.2%) 17 (16.5%) 10 (22.7%)

PFS1, mean (SD) 
‡ 7.99 (5.9) 10.56 (9.5) 0.004 5.21 (2.6) 5.60 (2.6) 0.39

ECOG performance status at time of nonPB vs. PB chemotherapy

0 84 (18.8%) 42 (26.8%) 0.132 26 (25.2%) 17 (38.6%) 0.268

1 184 (41.2%) 56 (35.7%) 43 (41.7%) 12 (27.3%)

2–4 55 (12.3%) 14 (8.9%) 13 (12.6%) 7 (15.9%)
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Sequential Chemo IO Concurrent ChemoIO

Chemo ➔ IO ➔ Chemo ChemoIO ➔ Chemo

Variable nonPB PB p nonPB PB p

Missing 124 (27.7%) 45 (28.7%) 21 (20.4%) 8 (18.2%)

Creatinine, mean (SD)
‡ 0.99 (0.7) 0.95 (0.3) 0.668 0.88 (0.3) 0.90 (0.3) 0.40

Legend: Creatinine (mg/dL) is within 30-days prior to PB on nonPB chemotherapy re-exposure.

‡
Kruskal-wallis p value for a continuous variable. PB: platinum-based chemotherapy, nonPB: non-platinum based chemotherapy, SD: standard 

deviation, ECOG: Eastern Co-operative Group
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Table 2:

Multivariate analysis of the effect the platinum free interval on PFS (A) and OS (B) after re-exposure to 

platinum vs. non-platinum chemotherapy

A) Progression Free Survival

Sequential Chemo IO Concurrent ChemoIO

Chemo ➔ IO ➔ Chemo N=546 ChemoIO ➔ Chemo N=137

Variable HR 95% CI p HR 95% CI p

PB vs. non-PB 1.36 0.97–1.9 0.08 1.37 0.69–2.8 0.37

PFI ≥ 5 mo vs. < 5 mo 0.76 0.58–1.0 0.04

PFI ≥6 mo vs. <6 mo 1.7 0.81–3.5 0.16

Sex, male vs. female 1.0 0.8–1.3 0.9 1.12 0.64–2 0.69

Age diagnosis ≥70 vs. <70 yrs old 0.88 0.7–1.1 0.3 0.86 0.5–1.6 0.62

Race, white vs. non-white 0.99 0.78–1.3 0.95 1.07 0.6 –1.95 0.8

Kidney function 0.96 0.8 –1.2 0.7 1.1 0.5 –2.6 0.85

Among PFI long PFI ≥ 5 mo PFI ≥6 mo

PB vs. non-PB 0.8 0.6–1.1 0.2 0.6 0.2–1.8 0.4

Among PFI short PFI < 5 mo PFI <6 mo

PB vs. non-PB 1.36 0.97–1.9 0.08 1.37 0.7 –2.8 0.37

Among PB

PFI long vs short 0.44 0.3–0.66 0.000 0.8 0.3–2.1 0.6

Among non-PB

PFI long vs short 0.76 0.6–0.99 0.043 1.7 0.8–4 0.2

B) Overall Survival

Sequential Chemo IO Concurrent ChemoIO

Chemo ➔ IO ➔ Chemo N=546 ChemoIO ➔ Chemo N=137

Variable HR 95% CI p HR 95% CI p

PB vs. non-PB 0.88 0.65–1.2 0.4 1.17 0.65–2.1 0.6

PFI ≥ 5 mo vs. < 5 mo 0.64 0.5–0.8 0.000

PFI ≥6 mo vs. <6 mo 0.5 0.21–1.2 0.11

Sex, male vs. female 1.23 1.01–1.5 0.038 1.17 0.71–1.9 0.5

Age diagnosis ≥70 vs. <70 yrs old 1.2 0.99–1.5 0.067 1.1 0.67–1.9 0.7

Race, white vs. non-white 1.16 0.94–1.4 0.16 1.01 0.6–1.7 0.97

Kidney function 0.77 0.6–1 0.051 1.1 0.5–2.4 0.84

Among PFI long PFI ≥ 5 mo PFI ≥6 mo

PB vs. non-PB 0.8 0.58–1.2 0.19 0.73 0.2–2.6 0.64

Among PFI short PFI < 5 mo PFI <6 mo

PB vs. non-PB 0.88 0.65–1.2 0.4 1.17 0.65–2.1 0.6

Among PB

PFI long vs short 0.59 0.4–0.86 0.007 0.3 0.1–0.95 0.04

Among non-PB
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PFI long vs short 0.64 0.5–0.8 0.000 0.5 0.21–1.2 0.11

Legend: Chemo = chemotherapy, IO= immunotherapy, ChemoIO= combination chemoimmunotherapy, yrs= years, HR= hazard ratio, CI= 
confidence interval. Kidney function was assessed by creatinine within 30 days of start of therapy. Subjects with missing values were excluded 
from the multivariate analysis (Sequential Chemo IO: 58, Concurrent ChemoIO: 10 patients excluded).
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