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Background: Whether patients with advanced non-small cell lung cancer (NSCLC) who experience
progressive disease (PD) after the initial immunotherapy treatment benefit from subsequent immunotherapy
remains unclear. In this study, we aimed to identify predictive factors and develop a nomogram to predict
successful immunotherapy rechallenge for such patients with NSCLC to guide clinical treatment and
improve prognosis.

Methods: Between January 2019 and December 2022, 352 patients with advanced NSCLC who received
immunotherapy rechallenge after experiencing PD were divided into the training (n=246) and validation
(n=106) cohorts. Clinicopathological factors and radiomics features were included in the univariate and
multivariate analyses, with significant predictive factors being used to develop the nomogram.

Results: Univariate and multivariate analyses showed that time from the initial immunotherapy to
PD occurrence (duration), clinical N stage, liver metastasis, treatment after PD following the first
immunotherapy (post-PD treatment), and radiomics features were independent predictive factors for
progression-free survival (PFS). In addition, age, duration, clinical N stage, post-PD treatment, and
radiomics were independent predictive factors for overall survival (OS). Accordingly, these predictive factors
were used to develop a nomogram. The area under the curves (AUCs) of the nomogram for predicting 6-,
12-, and 18-month PFS and 12-, 18-, and 24-month OS were 0.731, 0.809, 0.878, 0.742, 0.782, and 0.868,
respectively, in the training cohorts, whereas the corresponding values in the validation cohort were 0.672,
0.774, 0.826, 0.833, 0.705, and 0.762. This indicated good discrimination.

Conclusions: We developed and validated a predictive nomogram based on clinicopathological factors
and radiomics features for the prognosis of patients with advanced NSCLC who received immunotherapy
rechallenge following PD after the first immunotherapy. The nomogram showed strong predictive utility
and can be a suitable tool for such patients with advanced NSCLC.
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Introduction
Background

Immunotherapy has provided a new frontier for lung cancer
treatment, with the use of immune checkpoint inhibitors
(ICIs) significantly increasing the survival rates among
people with progressive lung tumors (1-3). Progressive
disease (PD) occurs in the majority of individuals treated
with ICI, albeit it may be because immunotherapy is
unsuccessful or since resistance develops (4-6). There have
been several studies on whether advanced non-small cell
lung cancer (NSCLC) that has progressed after the initial
immunotherapy can be retreated with immunotherapy.
Individuals who experienced a recurrence within 19 months

Highlight box

Key findings

*  We identified clinicopathological factors and radiomics features
that can predict prognosis in patients with advanced non-small cell
lung cancer (NSCLC) who received immunotherapy rechallenge
following progressive disease (PD) after the first immunotherapy.

What is known and what is new?

® Univariate and multivariate analyses showed that time from the
initial immunotherapy to PD occurrence (duration), clinical N
stage, liver metastasis, treatment after PD following the first
immunotherapy (post-PD treatment), and radiomics features were
independent predictive factors for progression-free survival (PFS).
In addition, age, duration, clinical N stage, post-PD treatment, and
radiomics were independent predictive factors for overall survival
(OS).

® The area under the curves of the nomogram for predicting 6-, 12-,
and 18-month PFS and 12-, 18-, and 24-month OS were 0.731,
0.809, 0.878, 0.742, 0.782, and 0.868, respectively, in the training
cohorts, whereas in the validation cohort were 0.672, 0.774, 0.826,
0.833, 0.705, and 0.762. This indicated good discrimination.

What is the implication, and what should change now?

* We developed and validated a predictive nomogram based on
clinicopathological factors and radiomics features for the prognosis
of patients with advanced NSCLC who received immunotherapy
rechallenge following PD after the first inmmunotherapy.
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after immunotherapy showed better median overall survival
(OS) and 18-month survival rates with reintroduction of
immunotherapy than with alternative forms of therapy (6).
In the 5-year monitoring of KEYNOTE-024, 12 patients
who had progressed after the initial pembrolizumab course
demonstrated a 33.3% objective response rate (ORR)
and 83.3% disease control rate (DCR) after receiving a
subsequent pembrolizumab course (7). With a 42.9%
ORR and a 78.6% DCR, 14 sufferers retreated using
pembrolizumab following PD in the KEYNOTE-010
trial (8). Additionally, Topp et al. reported that continued
pembrolizumab treatment after PD yielded clinical benefits
in a subset of patients, with >30% of the lesions shrinking in
8.9-24.4% of patients and 64.8-75.9% of patients showing
no further lesion progression (9).

However, another study showed that even in patients
whose initial ICI treatment was effective, PD occurrence

led to limited efficacy of the ICI rechallenge (10).

Rationale and knowledge gap

Therefore, there remains controversy regarding the
subset of patients with NSCLC with PD after the initial
immunotherapy that can benefit from immunotherapy
rechallenge. Accordingly, there is a need for a predictive
model based on clinicopathological factors and radiomics
features that can help clinicians identify patients who
can benefit from immunotherapy after PD. The field of
radiomics presents a potential new way to diagnose cancer,
forecast lymph node metastases, and assess patient prognosis
using quantitative analysis of clinical pictures using highly
quantitative characteristics (11,12).

Objective

In this study, we aimed to identify predictive factors among
clinicopathological characteristics and radiomics features
of primary lung lesions and develop a nomogram to predict
the prognosis of patients with NSCLC with PD following
immunotherapy who undergo immunotherapy rechallenge.
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We present this article in accordance with the TRIPOD
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-876/rc).

Methods
Patient selection

Individuals treated with immunotherapy for phase III-
IV NSCLC who exhibited PD at the Shandong Cancer
Hospital and Institute between 2019 and 2022 were
included during this retrospective analysis. Patients had
to satisfy three conditions to be included: (I) they had to
have a pathologically diagnosed NSCLC, squamous cell
carcinoma or adenocarcinoma; (II) they had to be in clinical
phase III-1V; and (III) they had experienced PD after
initial immunotherapy and then undergone rechallenge
with combination immunotherapy. The following were
the conditions for rejection: (I) presence of sensitive gene
mutations, i.e., epidermal growth factor receptor/anaplastic
lymphoma kinase; (II) causing mortality other than
tumor; and (III) missing imaging or clinicopathological
information and loss to follow-up. Ultimately, this study
included 352 patients who were randomly assigned to the
training cohort (n=246) or validation cohort (n=106) at a
7:3 ratio (Figure S1). This study was approved by the Ethics
Committee of the Shandong Cancer Hospital and Institute
(No. SDTHEC202409013) and individual consent for
this retrospective analysis was waived. The RECIST vl1.1
guidelines were referenced for the definition of PD in this
study (13).

Treatment adjuvant

All patients received a rechallenge of immunotherapy
combined with chemotherapy (Immuno + Chemo) or
antiangiogenic therapy (Immuno + antiangiogenic) after
PD following the initial immunotherapy. Administered
at intervals of 3 weeks, the immunotherapy regimen
included intravenous inhibitors of programmed cell death-1
(PD-1) or programmed cell death-ligand 1 (PD-L1).
Chemotherapy regimens included platinum-based drugs,
paclitaxel/albumin paclitaxel, and pemetrexed administered
through an intravenous route. Among the platinum-based
medications, cisplatin was given at a dosage of 25 mg/m’ for
1 to 3 days, whereas carboplatin had an area under the curve
(AUC) of 5. The therapies using paclitaxel (135-175 mg/m’)
and albumin-bound paclitaxel (260 mg/m’). A dosage of

© AME Publishing Company.

500 mg/m’ of pemetrexed was administered. Anlotinib
(12 mg orally per day for a 2-week accompanied by
a week withdrawal phase) and bevacizumab (15 mg/
kg intravenously for 3 weeks) were the antiangiogenic
treatments.

Study endpoints

The study outcomes were OS and progression-free survival
(PFS). PES was defined as the duration between the post-
PD initiation of systemic antitumor therapy and recurrence,
death due to cancer, or last follow-up visit. OS was defined
as the duration between the post-PD initiation of systemic
antitumor therapy and cancer-related death or last follow-
up visit.

Radiomics

Computed tomography (CT) scans obtained before
initiation of immunotherapy rechallenge were examined.
We used 3D Slicer (version 5.2.1) to manually illustrate
every tumor target region. Subsequently, another physician
with competence in chest CT analysis verified the regions
of interest (ROIs). The ROI contained only the primary
tumor (Figure S2). To reduce variation between images
from different patients, all data were normalized using
the Z-score. There was an additional phase for selecting
characteristics. In the start, variables were classified by
the intraclass correlation coefficient (ICC), retaining only
characteristics with an ICC >0.9 to prevent overfitting.
Following that, the least absolute shrinkage and selection
operator (LASSO) regression approach was used to identify
the fundamental characteristics (14,15). Ultimately, a
radiomics value (Rad score) was computed for all individuals
by attributing values to attributes relying on their
coefficients (16).

Prediction and assessment of models

We analyzed clinicopathological factors, including disease
stage, post-PD treatment (treatment after PD following
the first immunotherapy), duration (time from the start of
initial immunotherapy to occurrence of PD), and radiomics
information. First, in the training cohort, we studied the
prognostic value of radiomics and clinicopathological traits
for OS and PFS by univariate analyses. Second, we included
factors with P<0.05 in the univariate analyses in the
multivariate analyses. Finally, we used significant predictive

Transl Lung Cancer Res 2025;14(3):842-856 | https://dx.doi.org/10.21037/tler-24-876


https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-876/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-876/rc
https://cdn.amegroups.cn/static/public/TLCR-24-876-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-876-Supplementary.pdf

Translational Lung Cancer Research, Vol 14, No 3 March 2025

factors identified in the multivariate Cox regression analyses
to construct a nomogram. The nomogram’s predictive
ability for PFS and OS in all times was assessed using
decision curve analyses (DCAs), calibrating curves, and
receiver operating characteristic (ROC) curves.

Statistical analysis

Comparisons of categorical variables were performed
using the Chi-squared test or Fisher’s exact test, whereas
comparisons of continuous variables were performed using
the rank-sum test or independent samples 7-test. Both
univariate and multivariate studies were done using the Cox
proportional hazards models. The Kaplan-Meier method
was employed for PFS and OS analysis, followed by a log-
rank test. Data processing and visualization were performed
using R software 4.3.2, and statistical significance was set at
P<0.05.

Results
Patient characteristics

We included 352 patients with stage III-IV NSCLC
who received immunotherapy rechallenge. The enrolled
participants included 280 (79.5%) males and 72 (20.5%)
females; additionally, 173 (49.1%) and 179 (50.9%) patients
were aged <60 and >60 years, respectively. Among them,
130 (36.9%) patients had squamous cell carcinoma, and 222
(63.1%) had adenocarcinoma. In the training and validation
cohorts, death occurred in 196/246 (79.7%) and 84/106
(79.2%) patients, respectively; disease progression occurred
in 228 (92.7%) and 99 (93.4%) patients, respectively (Zable 1).

Univariate and multivariate analyses

When examining clinicopathological parameters in
a univariate way, duration (P<0.001), clinical N stage
(P=0.004), liver metastasis (P<0.001), and post-PD
treatment (P=0.003) were significantly correlated with PFS
(1able 2). Additionally, age (P=0.03), duration (P<0.001),
clinical N stage (P=0.008), lymphatic node metastasis
(P=0.043), liver metastasis (P=0.01), and post-PD treatment
(P<0.001) were significantly associated with OS (Tuble 3).
We selected 12 imaging features that showed the highest
predictive utility for PFS. The calculated Rad scores in
patients with and without PD were 0.81+1.60 and 2.97+1.51,
respectively (P<0.001). Additionally, we selected 15 imaging
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features that showed the highest predictive utility for OS. The
calculated Rad scores in patients who died and survived were
0.40+1.43 and 1.77+1.55, respectively (P<0.001, Figure S3).

Clinicopathological factors and radiomics features with
P<0.05 in the univariate analysis were included in the
multivariate Cox regression analysis. Multivariate Cox
regression analysis revealed the following independent
prognostic factors for PFS: duration <6 months [hazards
ratio (HR): 1.83, 95% confidence interval (CI): 1.39-
2.40, P<0.001], clinical N stage NO (HR: 0.43, 95% CI:
0.20-0.93, P=0.03), liver metastasis (HR: 2.81, 95% CI:
1.76-4.48, P<0.001), post-PD immune + antiangiogenic
treatment (HR: 0.75, 95% CI: 0.57-0.98, P=0.03), and Rad
score (HR: 0.78, 95% CI: 0.72-0.85, P<0.001). Further,
multivariate Cox regression analysis revealed the following
independent prognostic factors for OS: age <60 years (HR:
0.79,95% CI: 0.63-1.13, P=0.03), duration <6 months (HR:
1.80, 95% CI: 1.33-2.44, P<0.001), clinical N stage NO
(HR: 0.49, 95% CI: 0.24-0.97, P=0.041), post-PD immune
+ antiangiogenic treatment (HR: 0.55, 95% CI: 0.41-0.74,
P<0.001), and Rad score (HR: 0.76, 95% CI: 0.69-0.83,
P<0.001).

Establishment and evaluation of the nomogram

We built a predictive nomogram using the significant
factors identified in the multivariate Cox regression analyses
(Figure 1). To perform the nomogram’s prediction ability,
we used ROC curve testing (Figure 2). In the training
cohort, the AUC values of the nomogram for predicting 6-,
12-, and 18-month PFS were 0.731 (95% CI: 0.664-0.798),
0.809 (95% CI: 0.748-0.870), and 0.878 (95% CI: 0.800-
0.956), respectively, whereas those for predicting 12-, 18-,
and 24-month OS were 0.742 (95% CI: 0.673-0.811), 0.782
(95% CI: 0.723-0.842), and 0.868 (95% CI: 0.779-0.956),
respectively. All these AUC values were higher than those
for single predictive factors (Tables S1,52). In the validation
cohort, the AUC values of the nomogram for predicting 6-,
12-, and 18-month PFS were 0.672 (95% CI: 0.574-0.784),
0.774 (95% CI: 0.677-0.864), and 0.826 (95% CI: 0.734-
0.962), respectively, whereas those for predicting 12-, 18-,
and 24-month OS were 0.833 (95% CI: 0.738-0.929), 0.705
(95% CI: 0.599-0.811), and 0.762 (95% CI: 0.641-0.882),
respectively (Tables S1,52). Furthermore, there was good
agreement among the expected and actual PFS and OS
in the calibrating curves of the validation and training
sets of both prediction models (Figures S4,S5). For both
forecasting models, DCA exhibited a significant positive
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Table 1 Clinicopathological characteristics of patients in the training and validation cohorts

Characteristics Training (n=246), n (%) Validation (n=106), n (%) b P

Sex
Female 52 (21.1) 20 (18.9) 0.23 0.63
Male 194 (78.9) 86 (81.1)

Age
<60 years 118 (48.0) 55 (51.9) 0.46 0.50
>60 years 128 (52.0) 51 (48.1)

Smoking
Yes 96 (39.0) 44 (41.5) 0.19 0.66
No 150 (61.0) 62 (58.5)

Pathology
Squamous carcinoma 92 (37.4) 38 (35.8) 0.08 0.78
Adenocarcinoma 154 (62.6) 68 (64.2)

Duration
<6 months 129 (52.4) 55 (51.9) 0.01 0.92
>6 months 117 (47.6) 51 (48.1)

Immunotherapy drugs

PD-1 227 (92.3) 96 (90.6) 0.29 0.59
PD-L1 19 (7.7) 10 (9.4)

KPS
>90 104 (42.3) 43 (40.6) 0.06 0.81
<90 142 (57.7) 63 (59.4)

Clinical T stage
<2 118 (48.0) 55 (51.9) 0.46 0.50
>2 128 (52.0) 51 (48.1)

Clinical N stage
N+ 236 (95.9) 103 (97.2) 0.07 0.80
NO 10 (4.1) 3(2.8)

Clinical TNM stage

I 25(10.2) 8 (7.5) 0.60 0.44
\Y 221 (89.8) 98 (92.5)

Lymphatic node metastasis*
Yes 39 (15.9) 20 (18.9) 0.48 0.49
No 207 (84.1) 86 (81.1)

Table 1 (continued)
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847

Characteristics Training (n=246), n (%) Validation (n=106), n (%) X P
Brain metastasis*
Yes 46 (18.7) 20 (18.9) 0.00 0.97
No 200 (81.3) 86 (81.1)
Progression of primary lesions*
Yes 64 (26.0) 28 (26.4) 0.01 0.94
No 182 (74.0) 78 (73.6)
Liver metastasis™
Yes 22 (8.9) 5(4.7) 1.87 0.17
No 224 (91.1) 101 (95.3)
Post-PD treatment'
Immuno + antiangiogenic 109 (44.3) 49 (46.2) 0.11 0.74
Immuno + Chemo 137 (65.7) 57 (53.8)

*, progression following the first immunotherapy; T treatment after progression following the first immunotherapy. Duration, time between
first immunotherapy and disease progression; PD-1, programmed cell death-1; PD-L1, programmed cell death-ligand 1; KPS, Karnofsky
Performance Status; TNM, tumor-node-metastasis; PD, disease progression per RECIST v1.1; Immuno + antiangiogenic, immunotherapy
combined with antiangiogenic therapy; Immuno + Chemo, immunotherapy combined with chemotherapy.

Table 2 Univariate and multivariate analyses of clinicopathological characteristics and radiomic features for PFS prediction

Characteristics

Univariate analysis

Multivariate analysis

HR (95% ClI) P value Regression coefficient HR (95% ClI) P value
Sex
Female Ref
Male 0.84 (0.61-1.16) 0.29
Age
<60 years 0.91 (0.70-1.18) 0.47
>60 years Ref
Smoking
Yes 0.88 (0.68-1.15) 0.36
No Ref
Pathology
Squamous carcinoma 0.81 (0.62-1.06) 0.12
Adenocarcinoma Ref
Duration
<6 months 2.05 (1.57-2.68) <0.001 0.60 1.83 (1.39-2.40) <0.001
>6 months Ref Ref Ref

Table 2 (continued)

© AME Publishing Company.
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Table 2 (continued)
Univariate analysis Multivariate analysis
Characteristics
HR (95% ClI) P value Regression coefficient HR (95% ClI) P value
Immunotherapy drugs
PD-1 Ref
PD-L1 0.81 (0.50-1.29) 0.37
KPS
>90 0.75 (0.54-1.08) 0.24
<90 Ref
Clinical T stage
<2 0.96 (0.74-1.24) 0.75
>2 Ref
Clinical N stage
N+ Ref Ref Ref
NO 0.33 (0.15-0.70) 0.004 -0.85 0.43 (0.20-0.93) 0.03
Clinical TNM stage
1l Ref
1% 1.47 (0.95-2.27) 0.08
Lymph node metastasis*®
Yes 0.79 (0.55-1.14) 0.20
No Ref
Brain metastasis*
Yes 0.99 (0.70-1.39) 0.95
No Ref
Progression of primary lesions*
Yes 1.21 (1.02-1.97) 0.24
No Ref
Liver metastasis*
Yes 3.32 (2.10-5.25) <0.001 1.03 2.81(1.76-4.48) <0.001
No Ref Ref Ref
Post-PD treatment'
Immuno + antiangiogenic 0.67 (0.51-0.87) 0.003 -0.29 0.75 (0.57-0.98) 0.03
Immuno + Chemo Ref Ref Ref
Rad score 0.78 (0.71-0.85) <0.001 -0.25 0.78 (0.72-0.85) <0.001

*, progression following the first immunotherapy; ', treatment after progression following the first immunotherapy. PFS, progression-free
survival; HR, hazard ratio; Cl, confidence interval; Duration, time interval between the first immunotherapy and disease progression; PD-
1, programmed cell death-1; PD-L1, programmed cell death-ligand 1; KPS, Karnofsky Performance Status; TNM, tumor-node-metastasis;
PD, disease progression per RECIST v1.1; Immuno + antiangiogenic, immunotherapy combined with antiangiogenic therapy; Immuno +
Chemo, immunotherapy combined with chemotherapy; Rad score, radiomics score.

© AME Publishing Company.
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Table 3 Univariate and multivariate analyses of clinicopathological and radiomics characteristics for OS prediction
Univariate analysis Multivariate analysis
Characteristics
HR (95% Cl) P value Regression coefficient HR (95% CI) P value
Sex
Female Ref
Male 1.00 (0.70-1.41) >0.99
Age (years)
<60 0.71 (0.55-0.97) 0.03 -0.16 0.79 (0.63-1.13) 0.03
>60 Ref Ref Ref
Smoking
Yes 0.95 (0.71-1.26) 0.71
No Ref
Pathology
Squamous carcinoma 1.13 (0.85-1.51) 0.40
Adenocarcinoma Ref
Duration
<6 months 1.99 (1.48-2.67) <0.001 0.59 1.80 (1.33-2.44) <0.001
>6 months Ref Ref Ref
Immunotherapy drugs
PD-1 Ref
PD-L1 0.63 (0.37-1.09) 0.10
KPS
>90 0.82 (0.61-1.12) 0.45
<90 Ref
Clinical T stage
<2 0.79 (0.60-1.05) 0.10
>2 Ref
Clinical N stage
N+ Ref Ref Ref
NO 0.38 (0.15-0.82) 0.008 -0.31 0.49 (0.24-0.97) 0.041
Clinical TNM stage
M Ref
v 1.13 (0.85-1.97) 0.90
Lymph node metastasis*
Yes 0.65 (0.43-0.99) 0.043 -0.38 0.68 (0.45-1.04) 0.07
No Ref Ref Ref

Table 3 (continued)

© AME Publishing Company.
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Table 3 (continued)

Prognosis prediction for immunotherapy rechallenge in NSCLC

Univariate analysis

Multivariate analysis

Characteristics
HR (95% Cl) P value Regression coefficient HR (95% Cl) P value
Brain metastasis*
Yes 0.94 (0.65-1.37) 0.75
No Ref
Progression of primary
lesions*
Yes 0.90 (0.65-1.24) 0.53
No Ref
Liver metastasis*
Yes 1.80 (1.13-2.87) 0.01 0.12 1.12 (0.69-1.82) 0.64
No Ref Ref Ref
Post-PD treatment'
Immuno + antiangiogenic 0.58 (0.43-0.78) <0.001 -0.60 0.55 (0.41-0.74) <0.001
Immuno + Chemo Ref Ref Ref
Rad score 0.76 (0.69-0.82) <0.001 -0.28 0.76 (0.69-0.83) <0.001

*, progression following the first immunotherapy; ', treatment after progression following the first immunotherapy. OS, overall survival; HR,
hazard ratio; Cl, confidence interval; Duration, time interval between the first immunotherapy and disease progression; PD-1, programmed
cell death-1; PD-L1, programmed cell death ligand 1; KPS, Karnofsky Performance Status; TNM, tumor-node-metastasis; PD, disease
progression per RECIST v1.1; Immuno + antiangiogenic, immunotherapy combined with antiangiogenic therapy; Immuno + Chemo,
immunotherapy combined with chemotherapy; Rad score, radiomics score.

effect across the majority of criterion probability, indicating
their high clinical applicability (Figures S6,57).

Assessing model for predictive stratification

The X-tile algorithm has been applied to calculate cutoff
metrics for all participants based on the overall score
obtained from the nomogram to assess PFS and OS. A
minimal-risk group (n=302, overall score <169.7; n=153,
total score <127.8) and a higher-risk group (n=50, total
score >169.7; n=199, entire score >127.8) have been
identified based on such parameters. The two populations
differed significantly, indicating considerable stratification,
based on KM survival analyses. The minimal-risk group’s
6-, 12-, and 18-month PFS rates were considerably greater
than those of the high-risk group (66.2% vs. 24.0%, 27.9%
vs. 0.0%, and 4.3% vs. 0.0%, respectively; P<0.001). The
OS rates at 12, 18, and 24 months also showed significant
differences (86.1% vs. 57.1%, 61.6% vs. 23.8%, and 23.3%
vs. 5.2%, respectively; P<0.001) (Figure 3).

© AME Publishing Company.

Discussion
Key findings

Immunotherapy has become widely used and has facilitated
the treatment of patients with advanced NSCLC.
However, a large proportion of patients inevitably develop
immunoreactivity (6). Our previous studies have shown that,
patients with NSCLC experiencing tumor progression post-
immunotherapy can still benefit from further treatment,
with immunotherapy combined with antiangiogenic therapy
being the most efficacious option (17). However, it remains
unclear which patients will benefit from immunotherapy
rechallenge. Therefore, identifying the subset of these
patients with PD who can still benefit from subsequent
immunotherapy is a pressing clinical issue. Therefore, using
clinicopathological variables and CT radiomics attributes,
we created and tested an initial diagnostic model for OS and
PFS. Our developed nomogram could effectively predict
patients with advanced NSCLC who can still benefit from
immunotherapy rechallenge, which could inform clinical

Transl Lung Cancer Res 2025;14(3):842-856 | https://dx.doi.org/10.21037/tler-24-876


https://cdn.amegroups.cn/static/public/TLCR-24-876-Supplementary.pdf

Translational Lung Cancer Research, Vol 14, No 3 March 2025 851
A 0 10 20 30 40 50 60 70 80 90 100
POIntS L L L ' L L L 'l I L J
<6 months
Duration f !
>6 months
Yes
Liver.metastasis r !
No
N+
Clinical.N.stage r 4
NO
Immuno + Chemo
Post.PD.treatment —
Immuno + Antiangiogenic
Rad.score r T T T T T T T T T T T T T 1
5 4.5 4 3.5 3 2.5 2 1.5 1 0.5 0 -05 -1 -15 -2
Total points LI B I B I I B LA B I B S I I
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Linear predictor f T T T T T T T T T 1
-25 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
G_month PFS r T T T T T T T T 1
0.9 0.85 0.80 070 06 05 04 03 02 01
12-month PFS f T T T T T T !
0.85 0.80 070 06 05 04 03 02 0.1
18-month PFS f T T T T T !
070 06 05 04 03 0.2 0.1
B . 0 10 20 30 40 50 60 70 80 90 100
Points L L L L L . L . L . )
X <6 months
Duration ] )
>6 months
>60 years
Age Y
<60 years
i N+
Clinical.N.stage —_—
NO Immuno + Chemo
Post.PD.treatment p J
Immuno + Antiangiogenic
Rad.score . T : T T T T ‘ T T . T T : )
5 4.5 4 3.5 3 25 2 15 1 0.5 0 -05 -1 -15 -2
Total points T}
0 20 40 60 80 100 120 140 160 180 200 220
Linear predictor r - T - . . - - . . T . 1 . ' v 1
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
12-month OS T T T T T T T T T 1
0.9 0.85 0.80 070 06 05 04 03 0.2 0.1
18-month OS r T T T T T T T T 1
0.9 0.85 0.80 0.70 06 05 04 03 02 0.1
24-month OS r T T T T T T 1
0.80 0.70 06 05 04 03 02 0.1

Figure 1 Nomograms for predicting PFS (A) and OS (B). PFS,

progression-free survival; OS, overall survival; Duration, time interval

between the first immunotherapy and disease progression; post-PD treatment, treatment after PD following the first immunotherapy; PD,

progressive disease; Rad score, radiomics score.

treatment strategies.

Using multivariate analysis, we found that duration,
clinical N stage, liver metastasis, post-PD treatment, and
Rad score were independent predictive factors for PFS
among patients with NSCLC who received immunotherapy

© AME Publishing Company.

rechallenge; moreover, age, duration, clinical N stage, post-
PD treatment, and Rad score were independent predictive
factors for OS among these patients. The resulting model
had high AUC values in both the training and validation
cohorts, which were higher than those for each single
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predictive factor, demonstrating the high predictive utility
of our nomogram.

Furthermore, this study analyzed the impact of different
progressions after the first immunotherapy on the efficacy of
subsequent immunotherapy and found that the development
of liver metastases after the first immunotherapy was an
independent risk factor for PFS. Therefore, immunotherapy
rechallenge is not recommended for patients with clinical N
stage N+ and liver metastases after the first immunotherapy.

Strengtbs and limitations

There are some limitations in this study. First, the
retrospective design of this study may have led to selection
bias. Second, not all of the disease progression that occurred
after first-line immunotherapy in this study was confirmed
pathologically. Third, the PD-L1 expression level of each
patient could not be collected in this study; therefore, we
did not include the PD-L1 expression level of the patients
in the analysis.

Comparison with similar researches

Our findings revealed a significant prognostic advantage
for patients with a >6-month duration interval from the
start of the first immunotherapy to PD occurrence, which
is possibly linked to the effectiveness of the first therapy.
This confirms prior studies indicating that even if a patient
develops PD, they may still benefit from a follow-up
immunotherapy challenge (6,7,18).

In our study, patients were classified into the Immuno
+ Chemo and Immuno + antiangiogenic groups based
on the immunotherapy combination regimen, with the
Immuno + antiangiogenic group showing a significant
survival advantage. Previous studies have suggested that the
combined application of immunotherapy and antiangiogenic
therapy has a strong synergistic effect (19-21).

In addition, our results showed that patients with N+ clinical
N stage had poorer PFS and OS following immunotherapy
rechallenge. Our results are supported by earlier research
showing that tumor cells that spread to lymphatic nodes
inhibit the proliferation of immune cells in the nodes,
hence decreasing the efficacy of immunotherapy (22).
A study by Deng et al. hypothesized that the quantity of
memory T lymphocytes in lymphatic nodes affects the
success of immunotherapy (23).

Several studies have explored the predictive utility of
CT-based radiomics for treatment response and prognosis

© AME Publishing Company.
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(12,24,25). Liu et al. retrospectively analyzed 89 patients
with NSCLC who received neoadjuvant chemotherapy
in combination with immunotherapy, and they found that
preprocessed CT images and clinical features could be used
to effectively predict major pathological remission (26).
Moreover, Khorrami et /. used textural features within and
outside tumor nodes to effectively predict the treatment
response and OS of patients with NSCLC treated with
ICI therapy (27). Using radiomics to find individuals
with advanced NSCLC who may still benefit from
immunotherapy rechallenge following PD after the initial
immunotherapy is a plausible hypothesis.

Explanations of findings

The Society for Immunotherapy of Cancer distinguishes
among three scenarios of immunotherapy resistance:
primary resistance, secondary resistance, and progression
after therapy discontinuation for any reason (28,29). The
tumor microenvironment (30), signaling pathways (31),
and gene deletions (32) are associated with primary drug
resistance. The mechanisms driving secondary resistance
may involve upregulation of other immune checkpoints,
genetic defects, or genetic mutations (33,34).

A complex relationship exists between tumor
angiogenesis and immunity. A number of pro-angiogenic
substances are discharged by tumor and stromal tissues in
response to hypoxia in the tumor microenvironment, which
causes aberrant arteries development (35). The formation
of this pathological vasculature within the tumor, which
is tortuous and highly permeable, can lead to a hypoxic
and acidic tumor microenvironment. This impedes the
infiltration of immune effector cells and ultimately creates
an immunosuppressive microenvironment (36,37). Anti-
angiogenic drugs inhibit the formation of this pathological
vasculature, leading to increased T-cell infiltration, and
thus enhances the immune response (35). Low apatinib
doses in a mouse model of lung cancer increase T-cell
infiltration and decrease the tumor recruitment of relevant
suppressor immune cells (38). Vascular endothelial growth
factor (VEGF) binds to VEGF receptor-2 on dendritic
cells (DCs), which increases PD-1 expression, inhibits DC
development, and causes a substantial decrease in their
antigen-presenting capacity (39). Anti-angiogenic drugs
attenuate the inhibitory effect of VEGF on DCs, and thus
enhance the presentation of tumor antigens by DCs. Chu
et al. reported that sintilimab + anlotinib combination
therapy achieved an encouraging ORR of 72.7% and DCR
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of 100% (40). Similarly, pembrolizumab + ramucirumab
combination therapy has superior efficacy in treating
advanced solid tumors (41). Taken together, patients with
NSCLC who present PD following immunotherapy may
experience increased clinical benefit from rechallenge with
immunotherapy combined with antiangiogenic therapy.

Additionally, the risk score for each patient was calculated
using a nomogram, and different risk thresholds in the
nomogram were obtained using X-Tile software. Survival
analysis among the different risk subgroups revealed
that the scores, which represent the risk, were negatively
correlated with the prognosis of patients who experience
PD after the first immunotherapy.

Implications and actions needed

Further research is warranted to clarify the mechanisms
underlying the development of immunotherapy resistance
and explore predictive markers for identifying patients
who may experience therapeutic benefits. For patients
considered by our prediction model to be at high risk, we
do not recommend immunotherapy rechallenge after PD.
Moreover, although low-risk patients may still benefit from
immunotherapy, they should undergo regular review with
close scrutiny for changes in various risk factors.

Conclusions

In this study, we developed and validated a nomogram
based on clinicopathological factors and radiomics features
that showed strong predictive utility for the prognosis of
patients with advanced NSCLC who are rechallenged with
immunotherapy after PD occurrence following the first
immunotherapy.
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