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Abstract 
Background:  Monotherapy immune checkpoint inhibitor (ICI) used in second- or later-line settings has been reported to induce hyperprogres-
sion. This study evaluated hyperprogression risk with ICI (atezolizumab) in the first-, second-, or later-line treatment of advanced non–small cell 
lung cancer (NSCLC), and provides insights into hyperprogression risk with contemporary first-line ICI treatment.
Methods:  Hyperprogression was identified using Response Evaluation Criteria in Solid Tumours (RECIST)-based criteria in a dataset of pooled 
individual-participant level data from BIRCH, FIR, IMpower130, IMpower131, IMpower150, OAK, and POPLAR trials. Odds ratios were com-
puted to compare hyperprogression risks between groups. Landmark Cox proportional-hazard regression was used to evaluate the association 
between hyperprogression and progression-free survival/overall survival. Secondarily, putative risk factors for hyperprogression among second- 
or later-line atezolizumab-treated patients were evaluated using univariate logistic regression models.
Results:  Of the included 4644 patients, 119 of the atezolizumab-treated patients (n = 3129) experienced hyperprogression. Hyperprogression 
risk was markedly lower with first-line atezolizumab—either chemoimmunotherapy or monotherapy—compared to second/later-line atezoli-
zumab monotherapy (0.7% vs. 8.8%, OR = 0.07, 95% CI, 0.04-0.13). Further, there was no statistically significant difference in hyperprogression 
risk with first-line atezolizumab-chemoimmunotherapy versus chemotherapy alone (0.6% vs. 1.0%, OR = 0.55, 95% CI, 0.22-1.36). Sensitivity 
analyses using an extended RECIST-based criteria including early death supported these findings. Hyperprogression was associated with wors-
ened overall survival (HR = 3.4, 95% CI, 2.7-4.2, P < .001); elevated neutrophil-to-lymphocyte ratio was the strongest risk factor for hyperpro-
gression (C-statistic = 0.62, P < .001).
Conclusions:  This study presents first evidence for a markedly lower hyperprogression risk in advanced NSCLC patients treated with first-line 
ICI, particularly with chemoimmunotherapy, as compared to second- or later-line ICI treatment. 
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Implications for Practice
Hyperprogression is a phenomenon of marked acceleration of tumor growth associated with poor survival and has been studied 
among previously treated patients receiving monotherapy immune checkpoint inhibitors (ICI). However, there are limited insights to 
hyperprogression risk with contemporary ICI use as first-line agent either in combination with chemotherapy (chemoimmunotherapy) 
or as monotherapy. Our study presents the first evidence that the risk of hyperprogression with ICI treatment, particularly with 
chemoimmunotherapy, is markedly lower in treatment naïve patients (less than 1%) compared to previously treated patients (over 8%) 
with advanced non-small cell lung cancer.

Introduction
Immune checkpoint inhibitors (ICIs) have transformed the 
treatment landscape in many cancers, including non-small 
cell lung cancers (NSCLC).1 Initially approved and used as 

salvage therapies in the second- or later-line settings, ICIs 
have now become the standard of care for first-line treat-
ment—as monotherapy or in combination with chemo-
therapy (chemoimmunotherapy)—of many patients with 
advanced NSCLC.1,2
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While ICIs facilitate durable treatment response and sur-
vival for many patients, atypical response patterns have 
been observed.3 In particular, a subset of patients have been 
reported to experience hyperprogressive disease—a marked 
acceleration of tumor growth associated with very poor 
survival.3 Hyperprogression is of major clinical importance 
as it highlights that ICIs may paradoxically be harmful to 
a subset of patients. Toward this end, there is an urgent 
need for a better understanding of hyperprogression phe-
nomenology, epidemiology, risk factors, and underlying 
mechanisms.4

Importantly, prior studies have investigated hyperprogres-
sion in single-agent, second/later-line ICI settings,5-12 which 
provides limited insights into the phenomenon’s occurrence 
with contemporary first-line and/or chemoimmunotherapy 
treatment. Second, prior studies examining clinicopatholog-
ical features associated with hyperprogression are limited by 
small sample size and minimal investigation of key biomark-
ers (eg, tumor mutation burden or immunophenotypes).5-8,12-19

The present study aimed to evaluate the risk of hyperpro-
gression observed across 7 clinical trials evaluating the ICI 
atezolizumab in the first-, second-, or later-line treatment of 
locally advanced or metastatic NSCLC, either as monother-
apy or chemoimmunotherapy. A secondary aim was to iden-
tify biomarkers predictive of hyperprogression.

Materials and Methods
Patient Population
This study was a pooled post hoc analysis of individual- 
participant data from 7 clinical trials investigating atezoli-
zumab. Specifically, BIRCH (NCT02031458, data cutoff 
28/5/2015) and FIR (NCT01846416, data cutoff 7/1/2015) 
were phase II, single-arm studies of atezolizumab mono-
therapy in the first-, second-, or later-line treatment of locally 
advanced or metastatic NSCLC.20,21 POPLAR (phase II, 
NCT01903993, data cutoff 8/5/2015) and OAK (phase III, 
NCT02008227, data cutoff 7/7/2016) were randomized stud-
ies comparing atezolizumab monotherapy against docetaxel 
in the second- or later-line treatment of advanced or meta-
static NSCLC.22,23 IMpower130 (phase III, NCT02367781, 
data cutoff 15/3/2018) was a randomized study compar-
ing atezolizumab-immunochemotherapy (atezolizumab/car-
boplantin/nab-paclitaxel (ACnP)) against platinum-based 
chemotherapy for first-line treatment of metastatic non- 
squamous NSCLC.24 IMpower131 (phase III, NCT02367794, 
data cutoff 20/4/2018) a randomised, 3-arm study compared 
two atezolizumab-immunochemotherapy regimens (atezoli-
zumab/carboplantin/paclitaxel (ACP) and ACnP) against 
platinum-based chemotherapy for first-line treatment of met-
astatic squamous NSCLC.25 Lastly, IMpower150 (phase III, 
NCT02366143, data cutoff 15/9/2017) was a randomized, 3-arm 
study comparing bevacizumab/carboplatin/paclitaxel (BCP) 
therapy against 2 atezolizumab-immunochemotherapy  
regimens (atezolizumab/BCP (ABCP) and ACP) in the first-line 
treatment of metastatic non-squamous NSCLC.26 To ensure con-
sistency with current standard of care, a sensitivity analysis was 
carried out excluding patients with EGFR mutations and treated 
with first-line atezolizumab monotherapy.

Secondary analysis of anonymized data was deemed as 
minimal risk research by the Southern Adelaide Local Health 
Network, Officer for Research and Ethics, and was exempted 
from review.

Definition of Hyperprogression
Hyperprogression was determined using the Response 
Evaluation Criteria in Solid Tumors v1.1 (RECIST)-based cri-
teria outlined by Matos et al.27 Hyperprogression was defined 
as an increase of ≥10 mm in the sum of the longest diameters 
(SLD) calculated at the first scheduled assessment compared 
to baseline SLD, plus either a ≥40% increase in SLD com-
pared to baseline, or a ≥20% SLD increase accompanied with 
2 or more new lesions in different organs. The first tumor 
assessment was scheduled at 6 weeks post-treatment initia-
tion or randomization in all 7 studies.20-26 Patients without 
a week 6 tumor assessment were excluded from the primary 
analysis. As a sensitivity analysis, the RECIST-based hyper-
progression criteria were extended to include patients who 
died prior to the week 6 tumor assessment.

Putative Risk Factors for Hyperprogression
Based on prior evidence and data availability the follow-
ing biomarkers were assessed as potential risk factors for 
hyperprogression: blood-based tumor mutation burden 
(TMB), PD-L1 tumor-infiltrating immune cell expression, 
PD-L1 tumor cell expression, epidermal growth factor recep-
tor (EGFR) mutation, or EML4-ALK rearrangement, CD3, 
CD4, CD8 peripheral blood cell count, C-reactive protein, 
neutrophil lymphocyte ratio, platelet count, albumin, and 
lactate dehydrogenase. In addition, the demographic and clin-
ical characteristics age, sex, race, ECOG performance status 
(ECOGPS), smoking history (never, previous, current), body 
mass index (BMI), liver metastasis status, line of therapy, dis-
ease status (locally advanced or metastatic), histology (squa-
mous or non-squamous), metastatic site count, and prior 
radiotherapy treatment status were also investigated.

Statistical Analysis
Hyperprogression risks between groups (ie, treatment arms 
and line of therapy) were evaluated using crude odds ratios 
with Wald CIs. The association between hyperprogres-
sion occurrence and progression-free survival (PFS)/overall  
survival (OS) was evaluated using a landmark Cox proportional- 
hazard regression approach, with findings presented as  
hazard ratios (HR) with 95% CIs. A landmark at 42 days (6 
weeks) was applied to the Cox proportional-hazard survival 
analysis to address the immortal-time bias introduced by 
identifying hyperprogression using week 6 tumor assessment 
information.28 Univariable associations between biomarkers/
clinical characteristics and hyperprogression incidence were 
evaluated using univariate logistic regression, with predictive 
performances measured by the C-statistic, and associations 
reported as odds ratios (OR) with 95% CIs. For the logistic 
regressions, continuous variables were tested for normality 
and log-transformed if skewed. For comparison of hyperpro-
gression risks with and without atezolizumab treatment, anal-
ysis was limited to the 5 randomized controlled trials (RCTs) 
(IMpower130, IMpower131, IMpower150, OAK, and 
POPLAR). Median follow-up was estimated using the reverse 
Kaplan-Meier method. All statistical tests were 2-sided, and 
P-values of <.05 were considered statistically significant. 
Statistical analyses were performed using R (V3.6.2).

Data Availability
The data is not directly shareable by our research team. This 
publication is based on research using data from Roche that 
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has been made available through Vivli, Inc. Vivli has not con-
tributed to or approved, and is not in any way responsible for, 
the contents of this publication.

Results
Patient Population
Of the 5152 patients’ data pooled from the safety popu-
lations of the 7 studies, 4644 had evaluable baseline and 
week 6 tumor assessments—3129 received therapy contain-
ing atezolizumab and 1515 did not receive atezolizumab 
(Fig. 1). Median follow-up in the evaluable cohort was 17.3 
months (95% CI, 16.9-17.5 months). The demographic and 

baseline clinical characteristics of the evaluable cohort are 
listed in Supplementary Table S1. Supplementary Table S2 
presents the demographic and baseline clinical character-
istics of the 508 patients not evaluable for hyperprogres-
sion—225 deceased and 39 censored before week 6, while 
244 had missing baseline and/or week 6 tumor assessment 
information.

Of the 3129 evaluable patients who received atezolizumab, 
1919 (61%) received atezolizumab in the first-line setting and 
1210 (39%) in the second or later line. Among the first-line 
treatment cohort, a majority (n = 1773, 92%) were treated 
with chemoimmunotherapy, and the remainder (n = 146, 
8%) atezolizumab monotherapy. Supplementary Table S3 

Figure 1. Flow diagram of study populations from BIRCH, FIR, OAK, POPLAR, IMpower130, IMpower131, and IMpower150.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
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presents the demographic and baseline clinical characteristics 
of the first-line atezolizumab-treated cohort by intervention 
type (atezolizumab monotherapy and atezolizumab chemo-
immunotherapy). All the second/later-line ICI treatment was 
atezolizumab monotherapy.

Risk of Hyperprogression with Atezolizumab
Within the pooled cohort of 3129 patients treated with 
atezolizumab, 119 experienced hyperprogression (Fig. 1, 
Supplementary Table S4). The hyperprogression incident 
risks by line-of-treatment, intervention arm, and cancer his-
totype are listed in Table 1. The risk of hyperprogression was 
markedly lower for patients treated with atezolizumab in the 
first-line setting—either chemoimmunotherapy or monother-
apy—compared to second or later-line atezolizumab mono-
therapy treated patients (0.7% vs. 8.8%, OR = 0.07, 95% 
CI, 0.04-0.13). Supplementary Table S5 presents hyperpro-
gression risks stratified by clinical trial among atezolizumab- 
treated patients.

Hyperprogression risk with first-line atezolizumab mono-
therapy was higher than that of first-line chemoimmuno-
therapy (2.1% vs. 0.6%, OR = 3.70, 95% CI, 1.01-13.59). 
This higher hyperprogression risk with first-line atezolizumab 
monotherapy was nonetheless much lower than that with 
atezolizumab monotherapy in the second or later-line settings 
(2.1% vs. 8.8%, OR = 0.22, 95% CI, 0.07-0.70). Further, 
among the 146 treatment naïve patients who received atezoli-
zumab monotherapy, EGFR mutations occurred in 9 individ-
uals, of whom none experienced hyperprogression. Thus, the 
sensitivity analysis with exclusion of these 9 participants only 
minimally altered abovementioned results (2.2% vs. 2.1% 
from the original analysis).

No clear difference in the risk of hyperprogression was 
observed between second versus later line treatment (9.3% 
vs. 7.7%, OR = 1.23, 95% CI, 0.79-1.90).

Sensitivity analysis with the definition of hyperprogres-
sion including death due to disease progression prior to 6 

weeks (n = 81 deaths) similarly demonstrated that hyper-
progression risk was markedly lower for patients treated 
with atezolizumab in the first-line setting—either chemo-
immunotherapy or monotherapy—as compared to second 
or later-line treated patients (2.4% vs. 12.2%, OR = 0.18, 
95% CI, 0.13-0.25). Supplementary Table S6 presents risks 
of hyperprogression defined with the extended RECIST-
based criteria (including early death due to progressive 
disease) by line of treatment, intervention arm, and cancer 
histotype.

Clinical Outcomes of Hyperprogression
In the cohort of 3129 patients treated with atezolizumab, the 
occurrence of hyperprogression was associated with wors-
ened OS (HR = 3.4, 95% CI, 2.7-4.2, P < .001) and PFS (HR 
= 10.9, 95% CI, 8.9-13.3, P < .001). Table 2 presents median 
OS and PFS estimates according to hyperprogression status 
and line of therapy.

Among the 119 patients identified as having hyperprogres-
sion in the atezolizumab-treated cohort, 43 (36%) continued 
atezolizumab treatment beyond the week 6 scan date—7 had 
one additional cycle, 14 had 2 additional cycles, and 21 had 
3 or more cycles of treatment. Week 12 tumor assessment 
was undertaken for 31 individuals—6 (19%) had over 20% 
increase in tumor size relative to week 6, 23 (75%) had stable 
tumor size relative to week 6 (within ± 20% change), and 2 
(6%) had over 20% reduction in tumor size relative to week 
6. Longitudinal changes in SLD over time (Supplementary 
Fig. S1) indicate that a small subset of individuals had sta-
bilized tumor size following week 6 hyperprogression, but 
no individuals subsequently achieved substantial tumor size 
reduction relative to baseline.

Predictors of Hyperprogression
Given the very low hyperprogression incidence in the first-
line treatment setting, predictors of hyperprogression were 

Table 1. Hyperprogession incidence among atezolizumab-treated cohorts by line of treatment, histotype, and treatment-arm.

Line of treatment Cancer histotype Treatment arm HPD/total no. (%)

First-line 13/1919 (0.7)

Squamous 2/646 (0.3)

Non-squamous 11/1273 (0.9)

ABCP 2/356 (0.6)

ACP 5/674 (0.7)

ACnP 3/743 (0.4)

Atez 3/146 (2.1)

Second-line 75/807 (9.3)

Squamous 23/229 (10.0)

Non-squamous 52/578 (9.0)

Atez 75/807 (9.3)

Third- and later-later 31/403 (7.7)

Squamous 7/99 (7.1)

Non-squamous 24/304 (7.9)

Atez 31/403 (7.7)

Abbreviations: ABCP: atezolizumab + bevacizumab +carboplatin + paclitaxel; ACP: atezolizumab + carboplatin + paclitaxel; ACnP: atezolizumab + 
carboplatin + nab-paclitaxel; Atez: atezolizumab monotherapy; HPD: hyperprogression.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
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explored using the second- or later-line atezolizumab-treated 
population (N = 1210). Biomarkers associated with an 
increased risk of hyperprogression included higher neutrophil- 
to-lymphocyte ratio, platelet count, and C-reactive protein 
levels (P < .05, Supplementary Table S7). Notably, TMB and 
PDL1 expression were not meaningfully associated with 
risk of hyperprogression. Clinical factors associated with 
an increased risk of hyperprogression included lower age, 
presence of liver metastases, and higher metastatic site count 
(P < .05, Supplementary Table S8). Neutrophil lymphocyte 
ratio was the single strongest predictor of hyperprogression 
within the second- or later-line atezolizumab-treated cohort 
(C-statistic = 0.62, P < .001).

Hyperprogression Risk With and Without 
Atezolizumab
Hyperprogression was also observed in the chemotherapy- 
treated cohort as summarized in Supplementary Table 
S9. In RCTs evaluating first-line treatment (IMpower130, 
IMpower131, and IMpower150), there was no significant 
difference in risk of hyperprogression between chemoimmu-
notherapy and chemotherapy alone (0.6% vs. 1.0%, OR = 
0.55, 95% CI, 0.22-1.36). However, in RCTs of previously 
treated patients (OAK and POPLAR), the risk of hyperpro-
gression was significantly higher with atezolizumab mono-
therapy compared to docetaxel (9.8% vs. 4.6%, OR = 2.26, 
95% CI, 1.44-3.55).

Further, a higher hyperprogression risk was observed in the 
second- or later-line cohort compared to the first-line cohort 
in both atezolizumab and control groups. However, this risk 
increase was 2-fold higher among the atezolizumab-treated 
compared to chemotherapy-treated patients (Supplementary 
Table S10).

Discussion
For the first time, this study presents evidence of a markedly 
reduced risk of hyperprogression with first-line ICI treatment, 
particularly with chemoimmunotherapy, as compared to  
second- or later-line ICI treatment in patients with advanced 
NSCLC.

Findings that hyperprogression risk with first-line chemoim-
munotherapy use is substantially lower than with ICI mono-
therapy, particularly in the second/later lines, are consistent 
with emerging evidence on ICI efficacies and mechanisms in 
patients with advanced NSCLC. First, recent pooled analyses 
suggest that chemoimmunotherapy achieves superior survival 

outcomes for patients with advanced NSCLC (including 
across PD-L1 expression levels) as compared to ICI mono-
therapies.2,29 Second, systemic chemotherapies are known 
to alter the cancer-clone dynamic and promote resistant 
tumor cells7,30—thus treatment-naïve patients may harbor an 
advantageous immune environment for anti-tumor immune 
responses. Finally, chemotherapies promote immunogenic cell 
death and neoantigen release, which in turn boosts tumor 
immunogenicity31—thus combining chemotherapy with ICIs 
potentially addresses key issues related to ICI resistance.

Our findings of an 8.8% incidence of hyperprogression for 
second/later-line atezolizumab monotherapy use in patients 
with advanced NSCLC is consistent with recent meta- 
analyses which ranged the incidence of hyperprogression 
for ICIs to be between 5.9 and 43.1%—notably, these 
meta-analyses contained cohorts treated with ICIs primarily 
in the second- or later-line.32 Matos et al,27 who proposed 
the RECIST-based hyperprogression criteria, also reported 
an overall hyperprogression rate of 10.7% across a range 
of cancer types among previously treated single agent ICI 
patients. Importantly, to the best of our knowledge, this study 
presents the first report on the incidence of hyperprogression 
in the first-line ICI-treatment setting, where the incidence 
was observed to be markedly reduced (0.7% in the first-line 
cohort-treated with ateozolizumab as either monotherapy 
or chemoimmunotherapy, and 0.6% in the first-line cohort-
treated with atezolizumab chemoimmunotherapy only).

To our knowledge, this is the largest study to evaluate 
risk factors of ICI hyperprogression (N > 1000), and one of 
the most comprehensive evaluations of contemporary bio-
markers (eg, first meaningful evaluation of tumor mutation 
burden) and clinical markers for its occurrence. A recent meta- 
analysis of 9 small retrospective studies (the largest including 
406 patients) reported lactate dehydrogenase, Royal Marsden 
Hospital prognostic score, PD-L1 expression, number of met-
astatic sites, and the presence of liver metastases as risk fac-
tors for hyperprogression.5,7,8,12,14-19 This meta-analysis was 
limited by marked heterogeneity in risk factors available for 
each study and evidence of publication bias (ie, small-study 
effects) for the PD-L1 expression finding.19 Notably, in our 
very large cohort tumor mutation burden, PD-L1 immune cell 
and tumor cell expression, EGFR or EML4-ALK rearrange-
ment, and CD3, CD4, and CD8 peripheral blood cell counts 
were all not significantly associated with hyperprogression 
risk. Opposingly, neutrophil-to-lymphocyte ratio was identi-
fied as the single strongest feature associated with hyperpro-
gression risk.

Table 2. Median overall survival and progression-free survival estimates according to hyperprogression status and line of therapy.

Na Median overall survival
months (95% CI)

Median PFS
months (95% CI)

First-line

 � With hyperprogression 13 4.3 (2.5-n/a) 1.5 (1.4-n/a)

 � Without hyperprogression 1901 18.6 (17.1-19.8) 7.2 (7.0-7.5)

Second- or later-line

 � With hyperprogression 106 6.1 (4.4-8.6) 1.4 (1.4-1.4)

 � Without hyperprogression 1101 16.2 (15.5-18.0) 4.1 (3.5-4.2)

aN at the day 42 landmark.
Abbreviation: PFS, progression-free survival.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad043#supplementary-data
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With respect to limitations, the present analyses only exam-
ined patients with advanced NSCLC-treated with atezoli-
zumab. Future research should examine hyperprogression 
risk in the first-line and combination therapy settings with 
other ICIs and cancer types. Herein, the hyperprogression risk 
comparisons between patients treated with and without ICIs 
used data from RCT cohorts only. Nonetheless, these compar-
isons may still be influenced by unaccounted heterogeneity, 
while findings from RCT/trial data have limitations in its gen-
eralizability to all patients treated in clinical practice. With 
respect to investigated markers to predict hyperprogression, it 
is acknowledged that despite the relatively large sample size, 
all evaluated markers displayed moderate to poor perfor-
mance in predicting hyperprogression—highlighting a need 
for continued research to identify novel biomarkers inform-
ing atypical response patterns to ICIs. Lastly, the RECIST-
based hyperprogression criteria were selected for this study 
as it is simple to use, applicable to the first-line treatment set-
ting, shown to have good concordance with tumor growth 
rate-based definition, and it captures data on emerging new 
lesions.27,33,34 While many prior studies utilized tumor growth 
kinetics/rate-based definition of hyperprogression, such an 
approach is often not clinically applicable to contemporary 
first-line treatment of patients, and the hyperprogression risks 
reported here are comparable to prior studies.5,13,27,32,35

Conclusion
The risk of hyperprogression with ICI treatment was mark-
edly lower for treatment naïve patients, particularly when 
treated with chemoimmunotherapy. Elevated neutrophil-to- 
lymphocyte ratio was the strongest risk factor for hyperpro-
gression in patients with advanced NSCLC initiating second- or  
later-line atezolizumab monotherapy.
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