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Background: Fast progression (FP), hyperprogressive disease (HPD), and early death (ED) are the newly 
reported cancer progression patterns in response to immune checkpoint inhibitor (ICI) treatment. This 
study aimed to investigate the clinical and genomic characteristics of FP, HPD, and ED following the ICI 
treatment of advanced non-small cell lung cancer (NSCLC).
Methods: We retrospectively reviewed 117 patients with advanced NSCLC who were treated with ICIs 
from March 2017 to October 2019. FP was defined as (I) time to treatment failure (TTF) <1.5 months; and 

(II) ≥50% increase in the sum of the longest diameter (SLD) of target lesions. HPD was defined as (I) TTF 
<2 months; and (II) ≥50% change in tumor growth rate compared with before ICI initiation. ED was defined 
as overall survival (OS) <3 months. Tissue samples from 18 FP/HPD/ED patients and 5 partial response 
(PR) patients were subjected to genomic profiling. Genomic data from 693 tumor mutational burden- and 
histology-matched lung cancer samples were retrieved from an internal database as a control. 
Results: FP, HPD, and ED occurred in 7.21%, 9.38%, and 11.97% patients, respectively. The progression-
free survival was comparable among the 3 groups. The median overall survival for FP, HPD, and ED were 
3.19, 11.2, and 1.84 months, respectively. The genomic landscape revealed 1 EGFR amplification, 1 ALK 
fusion, 6 KRAS mutations, 1 ERBB2 amplification, 1 MET amplification, and 1 RET fusion among the 
18 patients with FP/HPD/ED. Compared with the Control group, ED patients showed higher mutation 
frequencies for KRAS (P<0.01), CDKN1B (P<0.01), and NTRK1 (P=0.04). Mutations in RAD54L (P=0.018) 
and MYC (P=0.04) were more common in FP patients; HPD patients showed more frequent RAD54L 
mutations (P<0.001). 
Conclusions: We demonstrated different genomic characteristics across different progression patterns 
following ICI treatment, which might assist clinicians in the prediction of a patient’s response, identifying 
candidates for more effective ICI therapy. 

Keywords: Hyperprogressive disease (HPD); fast progression (FP); early death (ED); immune checkpoint 

inhibitor (ICI); non-small cell lung cancer (NSCLC)

779

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-20-6910


Li et al. Genomic characteristics of NSCLC treated with ICI

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(9):779 | http://dx.doi.org/10.21037/atm-20-6910

Page 2 of 13

Introduction

Immune checkpoint inhibitors (ICIs) have demonstrated 
promising anticancer efficacy and superior survival 
outcomes compared with standard chemotherapy in 
patients with advanced non-small cell lung cancer 
(NSCLC) (1-3). However, the overall response rate to 
ICIs is only approximately 20% in unselected NSCLC 
patients. Even after screening patients for biomarkers, 
such as programmed death-ligand 1 (PD-L1) expression 
or tumor mutational burden (TMB), approximately 50% 
of patients fail to respond to ICI treatment (1,2,4,5). 
Dynamic and complicated interactions that occur 
between the immune system and cancer cells can result 
in heterogeneous responses to ICIs among patients (6). A 
subset of patients who respond poorly to ICI therapy due 
to inherent resistance has even presented with accelerated 
tumor progression (7,8). Few effective therapeutic options 
have been identified for these patients. Recently, some 
case reports have suggested that NSCLC patients with 
rapid tumor progression in response to ICI therapy may 
benefit from corticosteroid or salvage chemotherapy (9,10). 
However, the efficacies of these treatments merit further 
investigation among larger cohorts. 

Recently, several novel progression patterns in response 
to ICIs have been reported, including fast progression (FP), 
hyperprogressive disease (HPD), and early death (ED)  
(11-13). FP is classified as a greater than 50% increase in 
the sum of the longest diameter (SLD) of the target lesions 
on computed tomography (CT) images within 6 weeks after 
ICI therapy initiation (13). Inoue et al. (12) defined ED as 
any death within 12 weeks after ICI treatment initiation. 
HPD is a new progression pattern, characterized by an 
accelerated tumor growth rate (TGR) after immunotherapy, 
defined as progression at the first evaluation and a >2-fold 
increase in the TGR compared with before ICI treatment 
(11,14). Although defined differentially, these progression 
patterns can display overlap. FP has been reported to occur 
in 11% of HPD patients, correlated with more aggressive 
features and worse survival. ED within 3 months was 
observed in 46% of HPD patients (14). 

Studies have identified several genomic alternations 
(KRAS and STK11 concurrent mutations, MDM2 family 

amplification, and EGFR mutations) that have been 
associated with poor prognosis or accelerated progression 
in lung cancer patients treated with ICIs (15,16). However, 
the molecular characteristics associated with different 
progression patterns have not been well-elucidated or 
compared, which might serve as potential biomarkers to 
predict the response to immunotherapy.

In the present study, we examined the incidence of 
HPD/FP/ED in 117 NSCLC patients treated with ICI 
and explored differences in the clinical and genomic 
characteristics associated with the different progression 
patterns.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6910).

Methods

Patient information and study design 

This study retrospectively evaluated 117 patients with 
advanced NSCLC who received a programmed death 
1 (PD-1)/PD-L1 inhibitor, either as a single agent or 
combined with cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4) from March 2017 to October 2019 at Shanghai 
Chest Hospital. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by the Shanghai Chest Hospital 
institutional review board (No. IS2118) and all patients 
provided written informed consent before the performance 
of invasive procedures and immunotherapy. Each patient’s 
progression pattern was assessed according to the following 
inclusion criteria. FP: (I) time to treatment failure (TTF) 
<1.5 months; (II) at least two CT scans (one at baseline 
and one after ICI start); (III) ≥50% increase in the SLD.  
HPD: (1) TTF <2 months; (II) at least three CT scans 
(one prior to ICI treatment, one at baseline, and one after 
treatment); (III) a change in the tumor growth rate (TGR) 
>50% compared with that prior to ICI initiation (TGR2/
TGR1 >1.5). ED: overall survival (OS) <3 months. As 
illustrated in Figure 1A, 8 patients were defined as FP, 14 as 
ED, and 9 as HPD. 

Epidemiological and clinical characteristics were 

Submitted Oct 14, 2020. Accepted for publication Feb 04, 2021.

doi: 10.21037/atm-20-6910

View this article at: http://dx.doi.org/10.21037/atm-20-6910

http://dx.doi.org/10.21037/atm-20-6910
http://dx.doi.org/10.21037/atm-20-6910


Annals of Translational Medicine, Vol 9, No 9 May 2021 Page 3 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(9):779 | http://dx.doi.org/10.21037/atm-20-6910

N
S

C
LC

 p
at

ie
nt

s 
tr

ea
te

d
 w

ith
 IC

Is
 fr

om
 M

ar
ch

 2
01

7 
to

 
S

ep
te

m
b

er
 2

01
9 

w
er

e 
sc

re
en

ed
 (n

=
11

7)

P
at

ie
nt

s 
w

ith
 T

TF
 <

1.
5 

m
on

th
s 

(n
=

23
)TT

F≥
1.

5 
m

on
th

s 
(n

=
94

)

P
at

ie
nt

s:
 (I

) T
TF

 <
1.

5 
m

on
th

s;
 (I

I) 
w

ith
 b

as
el

in
e 

an
d

 fo
llo

w
-

up
 C

T 
sc

an
s 

(n
=

17
) 

Fo
llo

w
-u

p
 C

T 
sc

an
s 

no
t 

av
ai

la
b

le
 

(n
=

6)

Th
e 

su
m

 o
f l

on
ge

st
 d

ia
m

et
er

 o
f 

tu
m

or
 in

cr
ea

se
d 

<
50

%
 (n

=
9)

P
at

ie
nt

s:
 (I

) T
TF

 <
1.

5 
m

on
th

s;
 (I

I) 
th

e 
su

m
 o

f l
on

ge
st

 d
ia

m
et

er
 

of
 t

um
or

 in
cr

ea
se

d 
≥

50
%

 (n
=

8)
 

FP

N
S

C
LC

 p
at

ie
nt

s 
tr

ea
te

d
 w

ith
 IC

Is
 fr

om
 M

ar
ch

 2
01

7 
to

 
S

ep
te

m
b

er
 2

01
9 

w
er

e 
sc

re
en

ed
 (n

=
11

7)

P
at

ie
nt

s 
w

ith
 T

TF
 <

2 
m

on
th

s 
(n

=
41

)

TT
F≥

2 
m

on
th

s 
(n

=
76

)

P
at

ie
nt

s:
 (I

) T
TF

 <
2 

m
on

th
s;

 (I
I) 

w
ith

 a
t l

ea
st

 3
 C

T 
sc

an
s 

(p
re

-b
as

el
in

e,
 b

as
el

in
e 

an
d

 fo
llo

w
-u

p
 C

T 
sc

an
s)

 (n
=

20
) 

P
re

-b
as

el
in

e 
or

 fo
llo

w
-u

p
 C

T 
sc

an
s 

no
t 

av
ai

la
b

le
 (n

=
21

)

TG
R

2/
TG

R
1≤

1.
5 

(n
=

11
)

P
at

ie
nt

s:
 (I

) T
TF

 <
2 

m
on

th
s;

 (I
I) 

TG
R

2/
TG

R
1 

>
1.

5 
(n

=
9)

 

H
P

D

N
S

C
LC

 p
at

ie
nt

s 
tr

ea
te

d
 w

ith
 IC

Is
 fr

om
 M

ar
ch

 2
01

7 
to

 
S

ep
te

m
b

er
 2

01
9 

w
er

e 
sc

re
en

ed
 (n

=
11

7)

P
at

ie
nt

s 
w

ith
 O

S
 <

3 
m

on
th

s 
(n

=
14

)

O
S
≥

3 
m

on
th

s 
(n

=
10

3)

E
D

FP
H
PD

ED
051015

FP HP
D

ED
7.

21
%

9.
38

%

11
.9

7%
B

3

3
2

2

1

0

H
P

D

FP
E

D

0

A

C

Incidence (%)

A B
C

≥
≥

≥

≤

Fi
gu

re
 1

 D
efi

ni
tio

ns
 a

nd
 in

ci
de

nc
es

 o
f d

iff
er

en
t p

ro
gr

es
si

on
 p

at
te

rn
s.

 (A
) T

he
 d

efi
ni

tio
ns

 o
f F

P,
 H

P
D

, a
nd

 E
D

. (
B

) T
he

 in
ci

de
nc

es
 o

f F
P,

 H
P

D
, a

nd
 E

D
 in

 N
SC

L
C

 p
at

ie
nt

s 
tr

ea
te

d 
w

ith
 I

C
Is

. (
C

) A
 V

en
n 

di
ag

ra
m

 s
ho

w
in

g 
pa

tie
nt

s 
w

ith
 F

P,
 H

P
D

, a
nd

 E
D

. O
nl

y 
pa

tie
nt

s 
w

ith
 th

re
e 

co
ns

ec
ut

iv
e 

C
T

 im
ag

es
 (p

ri
or

-t
re

at
m

en
t, 

ba
se

lin
e,

 p
os

t-
tr

ea
tm

en
t)

, 
w

ho
 q

ua
lifi

ed
 fo

r 
T

G
R

 c
al

cu
la

tio
ns

, w
er

e 
in

cl
ud

ed
 in

 t
he

 V
en

n 
di

ag
ra

m
. F

P,
 fa

st
 p

ro
gr

es
si

on
; H

P
D

, h
yp

er
pr

og
re

ss
iv

e 
di

se
as

e;
 E

D
, e

ar
ly

 d
ea

th
; N

SC
L

C
, n

on
-s

m
al

l c
el

l l
un

g 
ca

nc
er

; T
G

R
, t

um
or

 g
ro

w
th

 r
at

e.
 



Li et al. Genomic characteristics of NSCLC treated with ICI

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(9):779 | http://dx.doi.org/10.21037/atm-20-6910

Page 4 of 13

collected from all eligible HPD/FP/ED patients and were 
compared among groups according to progression pattern, 
including age, gender, smoking history, plasma lactate 
dehydrogenase (LDH) level, number of metastatic sites, 
pathology, TNM stage, metastasis, PD-L1 expression, drug 
target, and line of treatment. 

Additionally, we selected 5 patients with partial response 
(PR) from the 117 ICI-treated patients for genomic 
profiling. The genomic data from an additional 693 TMB- 
and histology-matched lung cancer samples were retrieved 
from our internal database for use as the Control group for 
mutational comparisons (Figure S1).

Radiological evaluation

To assess tumor progression, CT scans were performed 
every 4–6 weeks after immunotherapy, and efficacy was 
evaluated according to the Response Evaluation Criteria in 
Solid Tumors version 1.1 (RECIST 1.1). Progression-free 
survival (PFS) was defined as the time from ICI treatment 
to disease progression, and OS was calculated from the start 
of ICI treatment to the date of death or the last follow-up. 

All patients with TTF less than two months after 
immunotherapy were selected for calculating TGR. TGR 
is calculated according to the definition by Champiat  
et al. (11) and any lesion that could be measured was 
included in the analysis (no more than two new lesions per 
organ) (6). TGR1 was assessed before ICI therapy initiation. 
TGR2 was assessed within 2 months after ICI initiation. 

Next-generation sequencing (NGS)

Tissue samples from 36 patients (18 HPD/FP/ED, 5 PR, 
and 13 non-HPD/FP/ED) were subjected to genomic 
profiling by NGS. Genomic DNA was extracted from 
formalin-fixed paraffin-embedded (FFPE) specimens 
using the QIAamp DNA FFPE tissue kit (Qiagen, Hilden, 
Germany), according to the manufacturer’s protocol. NGS 
libraries were prepared using a commercially available, 
capture-based, targeted sequencing panel (Burning Rock 
Biotech, Guangzhou, China), which targeted 520 cancer-
related genes. Indexed DNA libraries were sequenced using 
NextSeq500 (Illumina, Inc., San Diego, CA, USA) with 
paired-end reads and an average sequencing depth >1,000×. 

Data analysis

Sequencing data were mapped to the reference human 

genome (hg19) using the Burrows-Wheeler Aligner, 
v.0.7.10 (17). Local alignment optimization, duplication 
marking, and variant calling were performed using the 
Genome Analysis Tool Kit, v.3.2 (18), and VarScan,  
v.2.4.3 (19). Variants with a depth <100 were filtered 
out. Variants with a population frequency over 0.1% in 
the ExAC, 1,000 Genomes, dbSNP, or ESP6500SI-V2 
databases were grouped as single-nucleotide polymorphisms 
and  exc luded  f rom fur ther  ana lys i s .  Remain ing 
variants were annotated with ANNOVAR (2016-02-01  
release) (20) and SnpEff, v.3.6 (21). DNA translocation 
analysis was performed using Factera, v.1.4.3 (22). The 
copy number variation (CNV) was called with an in-house 
algorithm based on sequencing depth. The TMB per 
patient was computed as the ratio between the total number 
of detected nonsynonymous mutations and the total coding 
region size of the panel. 

Statistical analysis

Statistical analysis was performed using R, version 3.3.3, 
software. Differences between groups were analyzed using 
Fisher’s exact test, paired, two-tailed, Student’s t-test, or 
analysis of variance, as appropriate. Kaplan-Meier analysis 
was used to estimate survival functions, and a log-rank 
test was used to determine differences in the survival 
curves between groups. A P value of <0.05 was considered 
significant.

Results

The frequency and clinical characteristics of patients with 
HPD, ED, and FP

Among 117 patients treated with ICIs, 11.97% (14/117) 
died within 3 months after treatment and were classified as 
ED (Figure 1B). Patients defined as HPD and FP accounted 
for 9.38% (9/96) and 7.21% (8/111) of the cohort, 
respectively. Among all patients showing progression 
pattern(s), only 11 provided 3 consecutive CT scans 
and were eligible for all FP, ED, and HPD assessments  
(Figure 1C). Three and two of these eleven patients met the 
criteria for both FP and HPD and for both HPD and ED, 
respectively. One patient qualified for all 3 definitions. The 
clinical characteristics of patients exhibited no significant 
differences among the HPD, ED, and FP groups, including 
age (P=0.771), LDH levels (P=0.612), pathology (P=0.560), 
gender (P=0.729), and smoking status (P=0.396, Table 1).

https://cdn.amegroups.cn/static/public/ATM-20-6910-Supplementary.pdf
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Table 1 Clinical characteristics of patients with different progression patterns

Characteristics HPD (n=9) ED (n=14) FP (n=8) P

Median age (range), years 63 (44 to 80) 69 (40 to 79) 62 (58 to 80) 0.771#

Median LDH (range) 227 (183 to 346) 209 (140 to 774) 265 (209 to 483) 0.612#

Number of metastatic sites before ICIs, n (%)

≤2 7 (77.8) 7 (50.0) 5 (62.5) 0.368*

>2 2 (22.2) 7 (50.0) 3 (37.5)

Pathology, n (%) 0.560*

Adenocarcinoma 5 (55.6) 6 (42.9) 6 (75.0)

Squamous 4 (44.4) 6 (42.9) 2 (25.0)

NSCLC 0 (0.0) 2 (14.3) 0 (0.0)

Gender, n (%) 0.729*

Female 0 (0.0) 1 (7.1) 1 (12.5)

Male 9 (100.0) 13 (92.9) 7 (87.5)

Smoking status, n (%)

Never-smoker 0 (0.0) 3 (21.4) 2 (25.0) 0.396*

Smoker 9 (100.0) 11 (78.6) 6 (75.0)

TNM stage, n (%)

IV 9 (100.0) 14 (100.0) 8 (100.0) –

Brain metastases, n (%)

No 9 (100.0) 12 (85.7) 6 (75.0) 0.251*

Yes 0 (100.0) 2 (14.3) 2 (25.0)

Bone metastasis, n (%)

No 5 (55.6) 7 (50.0) 5 (62.5) 0.900*

Yes 4 (44.4) 7 (50.0) 3 (37.5)

PD-L1 expression, n (%)

Positive 9 (100.0) 14 (100.0) 8 (100.0) –

Drug targets, n (%) 0.932*

PD-1 4 (44.4) 5 (35.7) 4 (50.0)

PD-L1 5 (55.6) 6 (42.9) 4 (50.0)

PD-1 + CTLA-4 0 (0.0) 1 (7.1) 0 (0.0)

PD-L1 + CTLA-4 0 (0.0) 2 (14.3) 0 (0.0)

Treatment line, n (%) 0.697*

First line 4 (44.4) 9 (64.3) 4 (50.0)

Second line 5 (55.6) 4 (28.6) 4 (50.0)

Third line 0 (0.0) 1 (7.1) 0 (0.0)

*, P value was calculated by Fisher’ exact test. #, P value was calculated by ANOVA. FP, fast progression; HPD, hyperprogressive disease; 
ED, early death; LDH, lactate dehydrogenase; NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor; PD-1, programmed 
cell death-1; PD-L1, programmed cell death-1 ligand; CTLA-4, cytotoxic T-lymphocyte associated protein 4.
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Dynamic changes in tumor lesions among HPD, ED, and 
FP patients

We plotted the SLD of target lesions before and after ICI 
treatment among the 11 patients with 3 consecutive CT 
images available (prior-treatment, baseline, post-treatment). 
Among ED and HPD patients (Figure 2), the increase 
in SLD per unit of time was greater after ICI therapy 
compared with the rate of increase before treatment. 
Interestingly, one patient with FP (green line) showed 
a decline in the SLD increase rate after ICI treatment 
compared with before ICI treatment (Figure 2).

Survival analysis among patients with HPD, ED, and FP

The PFS and OS of patients with different progression 
patterns were assessed and compared (Figure 3). HPD, ED, 
and FP patients showed comparable median PFS (mPFS) 
(Figure 3A,B). ED patients had a shorter median OS (mOS) 
[1.84 months; 95% CI: 0.94–2.74 months, Figure 3A,C) 
compared with HPD patients (11.2 months; 95% CI: 0.00–
28.43 months; P=0.002) and FP patients (3.19 months; 95% 
CI: 2.05–4.33 months; P<0.001). No significant difference 
in OS was found between FP and HPD patients (P=0.457).

Genomic landscapes of HPD, ED, and FP patients

To investigate the genomic landscapes of patients with 
different progression patterns, we performed NGS on 
tumor tissue samples from 36 patients, including 18 with 
HPD/ED/FP, 5 PR patients, and 13 non-HPD/ED/FP/

PR patients. The landscape of driver genes in 18 FP/ED/
HPD patients revealed 1 EGFR amplification, 1 ALK 
fusion, 6 KRAS mutations, 1 ERBB2 amplification, 1 
MET amplification, and 1 RET fusion. Two ED patients 
harbored concomitant STK11 and KRAS mutations. MDM2 
amplification and MDM4 mutation co-occurred in 1 ED 
patient. One patient with both ED and HPD harbored an 
MDM4 mutation. In the PR patients, we also identified a 
ROS1 fusion, a KRAS mutation, and an EGFR amplification, 
in one patient each (Figure 4).

Mutational comparison among patients with HPD, ED, 
and FP 

We compared the mutational profiles of 18 HPD/ED/
FP patients with 693 TMB- and histology-matched lung 
cancer samples that were retrieved from our internal 
database (Control group). ED patients had a higher 
mutation frequency in KRAS (P<0.01), CDKN1B (P<0.01), 
and NTRK1 (P=0.04) compared with the Control group 
(Figure 5). Mutations in RAD54L (P=0.018) and MYC 
(P=0.04) occurred more commonly in FP patients than in 
the Control group. HPD patients also showed a higher rate 
of RAD54L mutations than the Control group (P<0.001). 
Patients with PR harbored more frequent TBX3 mutations 
than the Control group (P=0.04). We also compared the 
mutation profile between each progression group and the 
remaining genomically profiled ICI-treated patients in our 
cohort (Figure S2). Mutations in ARID1A occurred more 
commonly in HPD patients than in non-HPD patients 
(P=0.04, Figure S2A). Compared with non-ED patients, 

Figure 2 Variations in the sum of the SLD of target lesions among ED, HPD, and FP patients before and after ICI treatment. Only patients 
with three consecutive CT images (prior-treatment, baseline, post-treatment) were included. FP, fast progression; HPD, hyperprogressive 
disease; ED, early death; SLD, sum of the longest diameter. 

https://cdn.amegroups.cn/static/public/ATM-20-6910-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-6910-Supplementary.pdf
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Figure 3 PFS and OS for patients with ED, FP, and HPD. (A) Median PFS and OS; (B) PFS curve; (C) OS curve. PFS, progression-free 
survival; OS, overall survival; FP, fast progression; HPD, hyperprogressive disease; ED, early death. 
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ED patients displayed a higher KRAS mutation frequency 
(P=0.012, Figure S2B).

Discussion

To our knowledge, these new progression patterns (FP/
HPD/ED) following ICI treatment have rarely been 
reported. We retrospectively analyzed the incidence of 
HPD/FP/ED in 117 NSCLC patients treated with ICI 
and identified genomic characteristics associated with the 
different progression patterns.

In the present study, we discovered an incidence of 
11.97% and 7.21% for ED and FP, respectively, among 
NSCLC patients treated with ICI (Figure 1B), which 
were comparable with previously reported rates of 18.6% 
(38/201, P=0.122) and 10.4% (44/425, P=0.313) (12,13). 
The incidence of HPD was reported to range from 9% to 
29% (8,11,23,24), compared with 9.38% in our study. The 
different tumor types and inconsistent definitions of HPD 

used for different studies might explain these diverse results.
Ferrara et al. (14) reported that 6/6 FP patients and 

21/46 ED patients were also classified as HPD based on 
TGR analysis. In our study, 3/6 FP patients and 2/3 ED 
patients were also classified as HPD, and 1 patient qualified 
for all 3 definitions (Figure 1C). Although only 3 of the 
14 ED patients were eligible for HPD assessment in this 
study, all 3 experienced HPD after receiving ICI therapy, 
indicating an overlap between ED patients and HPD. 
However, whether the remaining 11 ED patients also 
experienced HPD remains unknown. The lack of post-
treatment CT images for the 6/11 remaining ED patients 
could partially be attributed to the extremely rapid disease 
progression among these patients. Therefore, the HPD rate 
in our study might be underestimated.

We observed that ED patients showed a significantly 
inferior mOS (1.84 months) compared with that for FP 
patients (3.19 months) and HPD patients (11.2 months) 
(Figure 3A). Ferrara et al. (8) reported that patients who 
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Figure 4 Genomic alterations in patients with HPD, ED, FP, PR, and non-HPD/ED/FP/PR. The histology, gender, and smoking 
characteristics are summarized at the bottom of the panel. The frequencies on the left of the panel include all alterations for each gene 
(missense, deletion, amplification, indel, nonsense, frameshift, splice site, fusion, large genomic rearrangement). HPD/ED/FP, n=18; PR, 
n=5; non-HPD/ED/FP/PR, n=13. FP, fast progression; HPD, hyperprogressive disease; ED, early death; PR, partial response. 
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developed HPD within the first 6 weeks after treatment 
with a PD-1/PD-L1 inhibitor had an mOS of 3.4 months 
(n=23; 95% CI: 2.8–7.5 months). The mOS of FP patients 
was significantly shorter than that of HPD patients (0.7 vs. 
1.6 months, P=0.02) (14). The mOS in our study appeared 
to be longer than those reported in previous studies, 
which may be due to our small sample size and the fact 
that a higher proportion of patients in our study received 
immunotherapy as a first- or second-line treatment. 
This finding may also suggest that these three patterns 
of immunotherapy-related outcomes may differ in the 
prognosis, which may require further analysis of more 
clinical data in the future.

The genomic landscape revealed several driver gene 
alterations (including EGFR deletion and amplification, 
ALK fusion, MET amplification, and RET fusion) that could 
be detected in our HPD/FP/ED patients (Figure 4). It has 
been reported that constitutive oncogenic signaling induces 
PD-L1 expression in driver gene -mutant NSCLCs (25,26). 
Previous studies (27,28) have revealed an association 
between NSCLC patients harboring EGFR mutations or 
ALK-fusions and an inferior response to ICI treatment, 
which suggested that lack of concurrent PD-L1 expression 
and CD8+ tumor-infiltrating T-lymphocytes (TILs) within 
the microenvironments of these driver gene-mutated tumors 
may underlie these observations. However, Yoshimura  
et al. (29) described favorable responses to ICI in two 
patients with MET-amplified lung cancer and demonstrated 
an increase in CD8+ TILs in MET-amplified tumors. 
Besides, the low tumor mutational burden in driver 
gene-mutant tumors might diminish the efficacy of  
ICI (30). Collectively, the interplay and crosstalk between 
oncogenic signaling and PD-1/PD-L1 axis, as well as 
tumor microenvironment and tumor mutation burden 
confer the complex regulatory mechanisms and explain 
the heterogeneous impacts of oncogenic mutation on ICI 
response. The underlying biology remains elusive and 
requires further investigation. 

The mutational comparison showed that RAD54L 
mutations were more common in patients with HPD 
(P<0.001) and FP (P=0.018) than in the TMB- and 
histology-matched Control group (Figure 5). RAD54L, 
located on chromosome 1p32, is a member of the DEAD-
like helicase superfamily and plays an important role in 
repairing damaged DNA (31,32). Li et al. (33) reported 
that the RAD54L C157T polymorphism was an adverse 
genotype with a significant effect on the OS and clinical 
prognosis of pancreatic cancer patients. However, little is 
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known about the association between the RAD54L gene and 
immunotherapy in lung cancer. Further studies examining 
large samples remain necessary to verify the correlation 
between RAD54L and immunotherapy-induced HPD/FP in 
lung cancer.

The tumor microenvironment plays an important role 
in immunotherapy. MYC activation promotes the rapid 
release of interleukin-23 (IL-23) and chemokine (C-C 
motif) ligand 9 (CCL9), driving the rapid loss of T, B, 
and NK cells, the recruitment of PD-L1+ macrophages, 
and angiogenesis (34). Kortlever et al. (34) indicated that 
the PD-L1 blockade could reverse the loss of T and B 
cells but did not significantly affect the MYC-induced 
recruitment of macrophages, angiogenesis, or the loss 
of NK cells in the tumor environment. In our study, 
MYC mutations were more commonly identified in FP 
patients whose tumors increased within a short timeframe  
(Figure 5). The resistance to the anti-PD-1/PD-L1 antibody 
may be associated with the activation of MYC. However, the 
predictive value of MYC mutations in patients treated with 
ICIs requires further investigation. 

A previous study reported that the high expression level 
of the CDKN1B gene, encoding the p27Kip1 protein, served as 
a good prognostic marker in breast cancer (35,36). However, 
we observed a higher frequency of CDKN1B amplification 
in lung cancer patients with ED (Figure 5). We also found 
that the mutation frequencies for KRAS and NTRK1 were 
higher in patients with ED than in other patients (Figure 5, 
Figure S2B). KRAS mutations have been identified in 10–
30% of lung cancer patients and have been demonstrated to 
be associated with poor prognosis (37). However, Jeanson  
et al. (38) reported comparable OS between KRAS-mutant 
and KRAS-wild-type NSCLC patients treated with ICIs. 
The inconsistent prognostic values of KRAS mutations may 
be due to heterogeneous immunological features, such as 
PD-L1 expression, in KRAS-mutant NSCLCs. The diversity 
of mutation co-occurrence may also affect the differences 
in ICI efficacy (39). KRAS-mutant lung adenocarcinomas 
with concomitant STK11/LKB1 often have high rates of 
KEAP1 mutational inactivation and expressed lower levels 
of immune markers, including PD-L1. KRAS-mutant 
tumors with TP53 mutation demonstrate higher mutational 
burden, inflammatory markers, immune checkpoint effector 
molecules, and improved survival. A recent study also 
demonstrated that the co-occurrence of KRAS and STK11/
LKB1 mutations were a major driver of primary resistance 
to a PD-1 monoclonal antibody, associated with a shorter 
OS (15). Concordantly, the co-occurrence of KRAS and 

STK11 mutations was identified in 2 patients with ED in 
our study. NTRK1 promotes the invasion, metastasis, and 
growth of tumor cells (40). Previous studies have shown 
that NTRK1 overexpression can reduce the infiltration of 
T cells in the tumor microenvironment and promote the 
exhaustion of CD8+ T cells, partially explaining the reduced 
response to anti-PD-1/PD-L1 inhibitors (40). Moreover, 
Konen et al. (40) indicated that the transcript level and 
protein activity of NTRK1 were increased in tumors treated 
with the anti-PD-1 antibody. These observations support 
our finding that NTRK1 mutations may be associated with 
poor prognosis in response to immunotherapy.

Our study was also limited in the following aspects. First, 
due to the retrospective nature of this study, HPD and FP 
could not be assessed in patients who lacked consecutive 
CT scans, which may have resulted in the underestimation 
of the frequency of HPD and FP. Second, the mutational 
comparison analysis lacked an effective control group who 
also received ICI but responded favorably to the treatment 
because only a few non-HPD/FP/ED patients in the 
cohort were genomically profiled. Third, our study was a 
single-center study with a small sample size, which might 
introduce selection bias. Therefore, larger, prospective, 
multi-center studies remain necessary to further explore 
the clinicopathological and genetic characteristics of 
patients with different progression patterns. Finally, the 
differential mutational profiles demonstrated in our study 
do not necessarily drive the different progression patterns. 
Therefore, the impacts and predictive roles of these 
genomic mutations require further investigations using 
functional experiments and prospective studies in the future.

Conclusions

In conclusion, our study revealed that the FP, HPD, and 
ED occurred in 7.21%, 9.38%, and 11.97% of NSCLC 
patients treated with ICIs, respectively. The patients with 
ED had shorter OS compared with HPD and FP patients. 
We also demonstrated distinctive genomic characteristics 
among patients with different progression patterns, which 
might further assist clinicians in the prediction of a patient’s 
response to ICIs, identifying candidates for effective ICI 
therapy.
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