
© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2020;9(4):1053-1066 | http://dx.doi.org/10.21037/tlcr-19-396

Original Article 

Predictive and prognostic significance of M descriptors of the 
8th TNM classification for advanced NSCLC patients treated with 
immune checkpoint inhibitors

Sangtian Liu1,2#, Fei Zhou1#, Zhiyu Liu3#, Anwen Xiong1, Yijun Jia1, Sha Zhao1, Chao Zhao2, Xuefei Li2, 
Tao Jiang1, Ruoshuang Han1, Meng Qiao1, Yiwei Liu1, Yayi He1, Jiayu Li1, Wei Li1, Guanghui Gao1, 
Shengxiang Ren1, Chunxia Su1, Caicun Zhou1

1Department of Medical Oncology, 2Department of Lung Cancer and Immunology, Shanghai Pulmonary Hospital, Tongji University Medical School 

Cancer Institute, Tongji University School of Medicine, Shanghai, China; 3Department of Thoracic Surgery, Shanghai Tenth People’s Hospital, 

Tongji University School of Medicine, Shanghai, China

Contributions: (I) Conception and design: S Liu, F Zhou, C Zhou; (II) Administrative support: C Zhou, C Zhao, X Li; (III) Provision of study 

materials or patients: A Xiong, Y Jia, S Zhao, Y He, J Li, W Li, G Gao, S Ren, C Su; (IV) Collection and assembly of data: S Liu, T Jiang, R Han, M 

Qiao, Y Liu; (V) Data analysis and interpretation: S Liu, F Zhou, Z Liu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All 

authors.
#These authors contributed equally to this work.

Correspondence to: Prof. Caicun Zhou. Department of Medical Oncology, Shanghai Pulmonary Hospital, Thoracic Cancer Institute, Tongji University 

School of Medicine, No. 507, Zheng Min Road, Shanghai, China. Email: caicunzhou_dr@163.com.

Background: A strong association between M descriptors and prognosis of non-small cell lung cancer 
(NSCLC) has been demonstrated recently. However, its predictive and prognostic significance for advanced 
NSCLC patients treated with immune checkpoint inhibitors (ICIs) remain unclear. In this study, we aimed 
at investigating the impact of M descriptors on clinical outcomes in those patients.
Methods: A retrospective analysis was conducted. Patients treated with more than two cycles of ICIs were 
included. Detailed characteristics and clinical response after immunotherapy were recorded. M descriptors 
were classified into M1a, M1b, and M1c according to the 8th TNM classification.
Results: A total of 103 patients were enrolled, including 42 with M1a disease, 16 with M1b disease and 
45 with M1c disease. Patients with M1a disease demonstrated significant longer median progress-free 
survival (PFS) (11.9 vs. 4.1 and 3.2 months, respectively, P=0.0002) and overall survival (OS) (35 vs. 22.1 
and 12 months, P=0.02) than those with M1b and M1c disease. Patients with M1a disease showed higher 
objective response rate (ORR) (28.6% vs. 14.8%, P=0.08) and disease control rate (DCR) (81% vs. 59%, 
P=0.02) compared with those with M1b and M1c disease. Multivariate analysis identified M1a stage as being 
independently associated with prolonged PFS and had better OS than those with M1c disease (P=0.05) but 
not M1b disease (P=0.06).
Conclusions: The current study demonstrated a clear association between M descriptors and the 
therapeutic response to ICIs and confirmed its prognostic role in advanced patients treated with ICIs 
monotherapy. M descriptors may need to be stratified in future study design.
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Introduction

Stage classification aims to provide a consistent language 
to describe the anatomic extent of disease and is a critical 
tool in the management of patients with lung cancer (1). 
In 2015, the International Association for the Study of 
Lung Cancer (IASLC) collected 1,059 non-small-cell 
lung cancer (NSCLC) cases for a detailed analysis of the 
clinical M categories (2). They found that in primary M1b 
stage, tumor with single metastases in a single organ had 
significantly better prognosis than those with multiple 
metastases in one or several organs. Based on those findings, 
they proposed a new classification for M descriptors in the 
eighth edition of the tumor, node, and metastases (TNM) 
classification for lung cancer (2,3), which kept M1a category 
unchanged (for intrathoracic metastases including pleural/
pericardial effusions, contralateral/bilateral lung nodules, 
contralateral/bilateral pleural nodules, or a combination 
of multiple of these parameters) while reclassified M1b 
category as single metastases lesions in a single distant 
organ and M1c category as multiple lesions in a single 
organ or multiple lesions in multiple organs. In 2017, Shin 
and his team (4) initiated a study involving 1,024 patients 
with stage IV NSCLC to validate the prognostic value 
of this newly proposed M descriptors in an independent 
cohort with multivariate and subgroup analysis. They 
demonstrated that a significantly shorter OS was noted 
for the M1b group than M1a group (HR=1.30, P=0.03) 
and for the M1c group than the M1b group (HR=1.57, 
P<0.001), regardless of pathologic and molecular subtypes, 
which verified the distinguishable prognostic implications. 
And after that, several other studies confirmed again the 
prognostic significance of M descriptors both in SCLC and 
NSCLC patients (4-6).

However, this new classification system has its own 
limitation as majority of patients enrolled in the analysis 
were treated with surgery (3,7). As we all known, most 
patients with lung cancer present with metastatically 
advanced diseases at diagnosis, which result in the lose of 
opportunity for surgery (8). In the last decades, therapeutic 
paradigms for advanced NSCLC have underwent a 
dramatically development (9,10). Especially, immune 
checkpoints inhibitors (ICIs) have shown remarkably early 
success in many malignancies such as melanoma, renal 
cell cancer as well as NSCLC (11-20). Pembrolizumab 
and nivolumab [programmed death 1 (PD-1) antibodies] 
have been approved by Food And Drug Administration 
(FDA) in the management of advanced NSCLC patients 

(11,12,14,15,21,22). However, despite the promising 
clinical application, the therapeutic efficiency of ICIs varies 
greatly among individuals (23). In unselected advanced 
NSCLC patients, the objective response rates (ORRs) were 
only 15–20% (24,25). Studies have explored a number of 
potential biomarkers to predict the response to ICIs such as 
intratumoral PD-L1 expression, lymphocytic infiltration, 
tumor mutation burden and neoantigens (25-29). However, 
with the tumor development, progress and metastasis, all 
those biomarkers were in dynamic and ongoing process 
(25,29-32). Since TNM classification aimed to describe the 
anatomic extent of disease and M descriptors could clearly 
reflect the systematic invasion status, whether it could 
predict the clinical outcomes of ICIs was unclear.

In this study, based on the 8 th edition of TNM 
classification, we assessed the impact of M descriptors on 
the clinical outcomes of advanced NSCLC patients treated 
with pembrolizumab or nivolumab monotherapy.

Methods

Study population and data collection

We retrospectively screened all NSCLC patients treated 
in Shanghai Pulmonary Hospital from January 2012 to 
December 2018. Patients who met the following inclusion 
criteria were included: aged ≥18 years; had histologically or 
pathologically confirmed stage IIIB or stage IV or recurrent 
NSCLC; were treated with monotherapy of ICIs at least 
more than two cycles. Before starting immunotherapy, a 
complete medical history interview, physical examination, 
laboratory tests, and integrated staging imaging studies 
were available for each patient. The electric medical records 
were retrospectively reviewed and detailed clinicopathologic 
characteristics, including age, gender, smoking history, tumor 
histology and regime of ICIs as well as clinical response 
were recorded for all enrolled patients. The study was 
approved by the Ethics Committees of Shanghai Pulmonary 
Hospital Affiliated with Tongji University (No. K18-121) 
and was carried out in accordance with the World Medical 
Association’s Declaration of Helsinki (as revised in 2013).

Evaluation of M staging

M stage was determined according to the 8th edition 
of TNM lung cancer staging, which defines M0 as no 
metastases; M1a as metastases within the chest cavity, 
including separate tumor nodules in a contralateral lobe, 
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pleural or pericardial nodule, or effusion; M1b as single 
extrathoracic metastases; and M1c as multiple extrathoracic 
metastases in one or more organs, based on the review of 
computed tomography (CT), positron emission tomography 
(PET)-CT scans, cranial magnetic resonance imaging 
(MRI), abdominal ultrasound and bone scan.

Statistical analysis

The prevalence of M1a, M1b, M1c diseases was obtained. 
Clinical characteristics were compared among M1a, M1b 
and M1c groups using chi-square test or Fisher’s exact test 
for categorical variables. The progress-free survival (PFS) 
(calculated from the first date treated with ICIs to the 
date of disease progression or death), overall survival (OS) 
(calculated from the date beginning with immunotherapy 
to the date of death from any cause or was censored at the 
last follow-up date), disease control rate (DCR) and ORR 
were compared according to M stages. Kaplan-Meier curves 
and two-sided log-rank tests were used for survival analyses. 
Cox proportional hazards model was used for uni- and 
multivariate survival analyses to calculate the hazard ratios 
(HR) and corresponding 95% confidence intervals (CI). All 
statistical analyses were performed using the SPSS statistical 
software, version 22.0 (SPSS Inc., Chicago, IL, USA). The 
survival curves were draw by GraphPad prism 7.03. P values 
were two-sided and considered significant if less than 0.05.

Results

Patients characteristics

A total of 2,851 advanced NSCLC patients treated in 
Shanghai pulmonary hospital from January 2012 to 
December 2018 were screened. Among them, 242 patients 
were treated with more than two cycles of ICIs. In total, 
103 patients received ICIs monotherapy and accompanied 
with distant metastases were involved eventually (Figure 1). 
The media age was 62 years old, 84 (81.6%) patients were 
man, 64 (62.1%) patients were former or current smoker, 
48 (46.6%) patients had squamous cell carcinoma and 40 
(38.8%) had adenocarcinoma. Among those 103 patients, 
42 (34.15%) patients had M1a diseases, 16 (13.0%) had 
M1b diseases and 45 (36.59%) had M1c diseases. Thirteen 
(12.6%) patients were treated with ICIs in first-line setting, 
55 (53.4%) were treated with ICIs in second-line setting and 
35 (34.0%) were treated in third-line setting or later. Sixty-
eight (66.0%) patients were treated with pembrolizumab 
and 35 (34.0%) were treated with nivolumab. PD-L1 
status was available for 14 (13.6%) patients (3 patients in 
M1b group and 11 patients in M1c group). Using a 1% 
cut-off, 9 (64.3%) patients were positive. In M1b group, 
2 patients had PD-L1 negative tumor and 1 had PD-L1 
proportion score (TPS) more than 50% tumor. In M1c 
group, 3 patients had PD-L1 negative tumor, 6 had PD-L1 
TPS 1–49% tumor, and 2 had PD-L1 TPS ≥50% tumor. 

M1a
(n=42)

M1b
(n=16)

M1c
(n=45)

Treated with ICIs (n=273)

2,851 NSCLC patents checked 
Date:Jan 1st 2012-Dec 1st 2018

Treated with ICIs once or twice (n=31)

Treated with more than two circle of ICIs 
(n-242) Treated with combined therapy (n=106)

With incomplete imaging information  
(n=13) 
With stage M0 disease (n=20)

Treated with ICIs monotherapy (N=136)

103 patients enrolled in final analysis 

Figure 1 Flowchart of patient cohort. ICIs, immune checkpoint inhibitors.
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Table 1 Patients characteristics

Characteristics All cases M1a M1b M1c P

Total, n 103 42 16 45

Median age (range), y 63 [29–82] 62.6 [32–82] 63.8 [46–77] 61.2 [29–82]

Age group, n (%) 0.990

<65 years 59 (57.3) 24 (57.1) 9 (56.3) 26 (57.8)

≥65 years 44 (42.7) 18 (42.9) 7 (43.8) 19 (42.2)

Gender, n (%) 0.130

Male 84 (81.6) 36 (85.7) 15 (93.8) 33 (73.3)

Female 19 (18.4) 6 (14.3) 1 (6.3) 12 (26.7)

Smoking history, n (%) 0.132

Never-smoker 39 (37.9) 15 (35.7) 3 (18.8) 21 (46.7)

Former/current smoker 64 (62.1) 27 (64.3) 13 (81.3) 24 (53.3)

ECOG performance status, n (%) 0.189

0–1 85 (82.5) 38 (90.5) 14 (87.5) 33 (73.3)

2 18 (17.5) 4 (9.5) 2 (12.5) 12 (26.7)

Table 1 (continued)

The detailed clinical characteristics of all patients were 
summarized in Table 1.

Treatment outcomes

The median PFS for the whole cohort was 4.3 months. 
Patients with M1a disease had a significantly longer median 
PFS than those with M1b and M1c diseases (11.9 vs. 4.1 vs. 
3.2 months, respectively, P=0.0002), while no statistically 
difference between M1b and M1c cohort (Figure 2A). The 
median OS of the whole cohort was 22.1 months. Patients 
with M1a diseases demonstrated a statistically longer 
median OS than those with M1b and M1c diseases (35 vs. 
22.1 vs. 12 months, P=0.02) (Figure 2B). The ORR of M1a 
group showed a marginally significant superiority than M1b 
and M1c group (28.6% vs. 14.8%, P=0.08) (Figure 2C). The 
DCR of M1a group was statistically significantly higher than 
M1b and M1c group (81% vs. 59%, P=0.02) (Figure 2D)  
(Table 2).

Subgroup analysis

Subgroup analysis  of PFS and OS showed a high 

consistent with the overall results (Figure 3). For PFS, we 
found that regardless of age group, sex, smoking history, 
genetic status, pathological type, line of ICIs or type of 
ICIs, patients with M1a diseases showed a significant 
superiority than M1b and M1c diseases except for those 
with ECOG PS of 2, other mutation and treated with 
ICIs in the first-line setting, which may account for the 
relatively small number of cases (Figure 3A). As for OS, 
the majority of subgroups favored M1a cohorts with 
better survival comparing with M1b and M1c cohorts. 
Male, smoker, under the age of 65 years and treated with 
nivolumab patients showed a significantly OS benefit in 
M1a cohort than M1b and M1c cohorts (Figure 3B).

Regarding the impact of response to ICI treatment 
on PFS and OS, firstly, we analyzed the effects of clinical 
response to PFS and OS in two cohorts (M1a versus 
M1b/M1c). As shown in Figure S1, patients who achieved 
response to ICIs (CR/PR) had significantly prolonged 
PFS and OS than those who achieved SD or PD to ICIs, 
regardless of M descriptors (Figure S1A,B,C,D). Secondly, 
we evaluated the PFS and OS according to different clinical 
response (CR/PR versus SD versus PD). As shown in 
Figure S2, for PFS, patients in M1a group demonstrated a 
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Table 1 (continued)

Characteristics All cases M1a M1b M1c P

Pathological classification, n (%) 0.951

Adenocarcinoma 48 (46.6) 20 (47.6) 6 (37.5) 22 (48.9)

Squamous cell carcinoma 40 (38.8) 16 (38.1) 7 (43.8) 17 (37.8)

NSCLC NOS 15 (14.6) 6 (14.3) 3 (18.8) 6 (13.3)

Genetic characteristics, n (%) 0.966

None mutation 83 (80.6) 34 (81.0) 13 (81.3) 36 (80.0)

EGFR common mutation 8 (7.8) 4 (9.5) 1 (6.3) 3 (6.7)

Other mutation* 12 (11.7) 4 (9.5) 2 (12.5) 6 (13.3)

T stage, n (%) 0.077

1 7 (6.8) 1 (2.4) 1 (6.3) 5 (11.1)

2 15 (14.6) 3 (7.1) 3 (18.8) 9 (20.0)

3 14 (13.6) 8 (19.0) 2 (12.5) 4 (8.9)

4 67 (65.0) 30 (71.4) 10 (62.5) 27 (60.0)

N stage, n (%) 0.383

N0 5 (4.9) 3 (7.1) 1 (6.3) 1 (2.2)

N1 12 (11.7) 6 (14.3) 2 (12.5) 4 (8.9)

N2 36 (34.9) 18 (42.9) 3 (18.8) 15 (33.3)

N3 50 (48.5) 15 (35.7) 10 (62.5) 25 (55.6)

PD-L1 expression, n (%)

No detection 89 (86.4) 42 (100) 13 (81.2) 34 (75.5)

Negative 5 (4.85) 0 2 (12.5) 3 (6.67)

1–49% 6 (5.83) 0 0 6 (13.3)

≥50% 3 (2.92) 0 1 (6.23) 2 (4.53)

Subsequent treatment, n (%) 0.468

Not progressed 28 (27.2) 18 (42.8) 4 (25.0) 6 (13.3)

Died or no treatment 39 (37.8) 14 (33.3) 7 (43.7) 18 (40.0)

Continue ICI treatment 8 (7.8) 4 (9.5) 2 (12.5) 2 (4.4)

Chemotherapy 28 (27.2) 6 (14.4) 3 (18.8) 19 (42.3)

Cancer related surgery, n (%) 0.195

Yes 13 (12.6) 5 (11.9) 0 (0) 8 (17.8)

No 90 (87.4) 37 (88.1) 16 (100) 37 (82.2)

Radiotherapy, n (%)

Yes 33 (32.0) 6 (14.3) 4 (25.0) 23 (51.1) 0.001

No 70 (68.0) 36 (85.7) 12 (75.0) 22 (48.9)

‘Other mutation*’ including 8 KRAS mutation, 2 BRAF-V600E mutation and 2 HER2 mutation; P value was derived from log-rank test. 
ECOG, eastern cooperative oncology group; EGFR, epidermal growth factor receptor; NSCLC, non-small-cell lung cancer; NOS, not 
otherwise specified.
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Figure 2 The effect of M descriptors on the outcomes of patients with advanced NSCLC and treated with ICIs. (A) Patients with M1a 
disease had a significantly longer progress-free survival (PFS) compared to patients with M1b diseases and M1c diseases; (B) patients with 
M1a disease had a significantly longer overall survival (OS) compared to patients with M1c diseases; (C) the objective response to ICIs in 
different cohorts; (D) the diseases control rate in different cohorts. *, P<0.05; ***, P<0.001. PFS, progress-free survival; OS, overall survival; 
PR, partial response; PD, progressive diseases; SD, stable diseases.

Table 2 Treatment related information

Characteristics All cases (n=103) M1a (n=42) M1b (n=16) M1c (n=45) P

First line treatment, n (%) 0.573

Cytotoxic chemotherapy 83 (80.6) 35 (83.3) 14 (87.5) 34 (75.6)

EGFR TKI 7 (6.8) 3 (7.1) 0 (0) 4 (8.9)

Immunotherapy 13 (12.6) 4 (9.5) 2 (12.5) 7 (15.5)

Type of ICIs 0.228

Pembro 68 (66.0) 27 (64.3) 8 (50.0) 33 (73.3)

Nivo 35 (34.0) 15 (35.7) 8 (50.0) 12 (26.7)

Line of ICIs 0.699

1 13 (12.6) 4 (9.5) 2 (12.5) 7 (15.6)

≥2 90 (87.4) 38 (90.5) 14 (87.5) 38 (84.4)

Best response to ICIs 0.101

PR 21 (20.4) 12 (28.6) 2 (12.5) 7 (15.6)

SD 49 (47.6) 22 (52.4) 9 (56.3) 18 (40.0)

PD 33 (32.0) 8 (19.0) 5 (31.3) 20 (44.4)

ORR, (%) 20.4 28.6 12.5 15.6

DCR, (%) 68 81 68.8 55.6

EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; ICIs, immune checkpoint inhibitors; Pembro, pembrolizumab; Nivo, 
nivolumab; PR, partial response; PD, progressive diseases; SD, stable diseases; ORR, objective response rate; DCR, diseases control rate.
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Figure 3 Forest plot of subgroup analysis by baseline characteristics for PFS (A) and OS (B) in all enrolled patients. PFS, progress-free 
survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; ICIs, immune checkpoint inhibitors; NSCLC, non-small cell 
lung cancer; NOS, not otherwise specified; EGFR, epidermal growth factor receptor; Pembro, pembrolizumab; Nivo, nivolumab.

Age
    <65 59 0.37 (0.19-0.64) 0.001
    ≥65 44 0.39 (0.18-0.73) 0.006
Sex
    Male 84 0.39 (0.21-0.60) 0.000
    Female 19 0.41 (0.15-1.08) 0.090
Smoking history
    Neversmokers 39 0.42 (0.20-0.87) 0.020
    Smokers 64 0.38 (0.19-0.62) 0.001
Performance status (ECOG)
    0-1 85 0.38 (0.20-0.58) 0.000
    2 18 0.85 (0.26-2.78) 0.790
Histological type
    Adenocarcinoma 48 0.36 (0.18-0.64) 0.001
    Squamous cell carcinoma 40 0.51 (0.22-1.11) 0.100
    NSCLC NOS 15 0.25 (0.05-0.58) 0.009
Genetic status
    None detectable mutation 83 0.44 (0.25-0.68) 0.001
    EGFR common mutation 8 0.10 (0.008-0.38) 0.006
    Rare mutation 12 0.41 (0.08-1.58) 0.210
Line of ICIs
    1 13 0.55 (0.08-1.48) 0.260
    ≥2 90 0.34 (0.19-0.52) <0.0001
Type of ICIs
    Pembro 68 0.44 (0.25-0.74) 0.003
    Nivo 35 0.30 (0.12-0.61) 0.002

Age
<65 59 0.41 (0.18-1.00) 0.05

    ≥65 44 0.47 (0.18-1.09) 0.09
Sex

Male 84 0.45 (0.22-0.86) 0.010
Female 19 0.58 (0.09-4.19) 0.620

Smoking history
Neversmokers 39 0.55 (0.19-1.65) 0.300
Smokers 64 0.43 (0.19-0.93) 0.030

Performance status (ECOG)
0-1 85 0.53 (0.25-1.09) 0.090
2 18 0.45 (0.14-1.77) 0.290

Histological type
Adenocarcinoma 48 0.45 (0.18-1.20) 0.110
Squamous cell carcinoma 40 0.67 (0.25-1.77) 0.420
NSCLC NOS 15 0.23 (0.03-0.74) 0.030

Genetic status
None detectable mutation 83 0.51 (0.25-1.04) 0.060
EGFR common mutation 8 0.10 (0.008-0.38) 0.006
Rare mutation 12 0.81 (0.10-5.37) 0.810

Line of ICIs
1 13 1.19 (0.17-8.81) 0.840

    ≥2 90 0.41 (0.22-0.79) 0.009
Type of ICIs

Pembro 68 0.87 (0.37-1.99) 0.730
Nivo 35 0.16 (0.08-0.50) 0.001

characteristic n HR (95% CI) P-value

Favors M1a cohorts Favors M1b and M1c cohorts

characteristic n HR (95% CI) P-value

Favors M1a cohorts Favors M1b and M1c cohorts
0    0.5                  1         2                   4

0    0.5                  1         2                   4

A

B
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statistically better PFS than those in M1b/c group both in 
patients who achieved CR/PR or SD while no difference 
was found in those who achieved PD (Figure S2A,B,C). As 
for OS, no obvious difference was observed in CR/PR, SD 
or PD, which may account for the not reaching median 
OS and limited cases (Figure S2D,E,F). Taken together, 
the high ORR to ICI treatment may partially explain the 
better clinical outcomes of patients with M1a disease, other 
mechanisms may still exist.

Uni- and multivariate analysis

Univariate and multivariate analysis data were presented in 
Tables 3 and 4. In univariate analysis, we found that worse 
ECOG PS, M1b and M1c status and no radiotherapy 
history were significantly associated with shorter PFS 
(Table 3). Meanwhile, M1b and M1c status as well as worse 
PS scores were associated with significantly shorter OS 
(Table 4). Multivariate analysis showed that ECOG PS of 
2 was independently associated with significantly shorter 
PFS and OS (Tables 3,4). M1a stage was independently and 
significantly associated with longer PFS and OS (Tables 3,4). 
EGFR common mutation was associated with significantly 
shorter OS (P=0.001) (Table 4).

Subsequent treatment

In this study, 28 (27.2%) patients have not yet progressed 
on ICI treatment. For the rest 75 (72.8%) patients, 19 
(18.4%) patients died after immunotherapy, 8 (7.8%) 
patients continued ICI treatment after progression, 28 
(27.2%) patients received salvage chemotherapies, and 20 

(19.4%) patients did not receive any subsequent treatment. 
In patients with M1a, M1b, M1c disease, 23.9%, 31.3% 
and 46.7% received subsequent therapy. Overall, the 
proportions of patients who received subsequent treatment 
among the three groups were well balanced (Table 1).

Among 8 patients with EGFR mutation, 3 patients 
died after receiving one to three cycles of ICI treatment; 
3 patients were still on ICI treatment; 2 patient received 
salvage chemotherapies (1 received docetaxel, 1 received 
pemetrexed plus carboplatin). No patients received TKIs as 
subsequent treatment after failure on ICI treatment.

Discussion

To the best of our knowledge, this was the first retrospective 
study to investigate the association of the revised M 
descriptors of the eighth edition of TNM classification 
with clinical outcomes of ICIs monotherapy in advanced 
NSCLC patients. Our study found that patients with M1a 
diseases had a statistically prolonged OS than M1c patients 
and had a numerically longer OS than M1b patients. The 
subgroup analysis kept high consistency with overall results 
as patients M1a diseases showed better survival than those 
M1b or M1c diseases. For PFS, patients with stage M1a 
diseases also had significantly longer PFS than those with 
M1b or M1c diseases. Notably, patients with M1b diseases 
also showed trends towards better PFS and OS than 
those with M1c diseases but lack of statistical significance, 
probably due to a limited sample size.

With the promotion of the new M category in the 
8th edition of TNM classification, several studies have 
confirmed the prognostic value of M descriptors in different 

Table 3 Univariate and multivariate analysis of clinical parameters on progress-free survival

Factors
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Sex (female/male) 0.70 (0.40–1.22) 0.21 0.66 (0.27–1.62) 0.37

Age (<65/≥65) 1.00 (0.66–1.54) 0.99 0.69 (0.40–1.17) 0.17

Smoking history

Never 1 1

Former/current 0.75 (0.49–1.17) 0.20 1.34 (0.65–2.77) 0.43

PS (ECOG)

0–1 1 1

2 5.27 (2.55–10.88) 0.00*** 3.95 (1.85–8.43) 0.025*

Table 3 (continued)
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Table 3 (continued)

Factors
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Histology

Adenocarcinoma 1 1

Squamous cell carcinoma 0.73 (0.47–1.17) 0.74 0.92 (0.53–1.58) 0.760

Others 0.68 (0.36–1.32) 0.69 0.87 (0.42–1.83) 0.720

Molecular status

Negative 1 1

EGFR common mutation 1.75 (0.43–7.19) 0.43 2.28 (0.88–5.97) 0.09

Rare mutation 1.01 (0.44–2.35) 0.97 3.17 (0.58–17.47) 0.18

T staging

T1 1.00 1.00

T2 0.99 (0.35–2.85) 0.99 1.02 (0.33–3.14) 0.97

T3 0.76 (0.26–2.29) 0.76 0.94 (0.26–3.38) 0.92

T4 0.86 (0.34–2.17) 0.86 0.90 (0.31–2.62) 0.85

N staging

0 1 1.00

1 1.45 (0.39–5.38) 0.57 1.06 (0.20–5.70) 0.95

2 1.36 (0.42–4.47) 0.61 1.25 (0.26–6.02) 0.78

3 1.62 (0.50–5.27) 0.42 1.58 (0.34–7.47) 0.56

M staging

M1a 1.00 1.00

M1b 2.29 (1.13–4.68) 0.02* 2.52 (1.23–5.17) 0.01*

M1c 3.17 (1.83–5.46) 0.00*** 2.57 (1.45–4.53) 0.001**

Regimen of first line

Chemotherapy 1 1

EGFR TKI 1.39 (0.67–2.92) 0.37 0.59 (0.24–1.49) 0.27

Immunotherapy 0.65 (0.35–1.20) 0.17 2.65 (0.16–43.04) 0.49

Line of ICIs

1 1 1

≥2 1.38 (0.71–2.67) 0.34 1.05 (0.06–18.86) 0.98

Regimen of ICIs

Pembro 1 1

Nivo 1.11 (0.71–1.74) 0.65 1.12 (0.63–2.00) 0.69

Radiotherapy

Yes 1 1

No 1.74 (1.11–2.72) 0.016* 1.38 (0.76–2.51) 0.28

*, P<0.05; **, P<0.01; ***, P<0.001. ECOG, eastern cooperative oncology group; EGFR, epidermal growth factor receptor; ICIs, immune 
checkpoint inhibitors.
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Table 4 Univariate and multivariate analysis of clinical parameters on overall survival

Factors
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Sex (female/male) 1.53 (0.60–3.87) 0.37 2.31 (0.56–9.50) 0.25

Age (<65/≥65) 1.15 (0.65–2.03) 0.63 0.66 (0.32–1.37) 0.27

Smoking history

Never 1 1.00

Former/current 0.99 (0.54–1.81) 0.97 1.02 (0.41–2.53) 0.97

PS (ECOG)

0–1 1 1

2 4.71 (1.62–13.67) 0.004** 6.49 (2.28–18.48) 0.004**

Histology

Adenocarcinoma 1 1

Squamous cell carcinoma 1.32 (0.71–2.46) 0.38 2.03 (0.93–4.43) 0.07

Others 1.03 (0.43–2.49) 0.95 2.33 (0.81–6.68) 0.12

Molecular status

Negative 1 1

EGFR common mutation 2.16 (0.91–5.14) 0.08 7.13 (2.29–22.21) 0.001*

Rare mutation 1.19 (0.16–8.78) 0.86 0.79 (0.06–10.65) 0.86

T staging

T1 1 1

T2 1.46 (0.29–7.25) 0.64 1.11 (0.20–5.98) 0.91

T3 1.44 (0.29–6.97) 0.65 0.96 (0.16–5.78) 0.97

T4 1.13 (0.27–4.08) 0.87 0.77 (0.16–3.70) 0.77

N staging

0 1 1

1 1.86 (0.54–3.38) 0.97 1.32 (0.32–8.55) 0.83

2 1.91 (0.48–2.57) 0.80 2.65 (0.55–10.98) 0.84

3 2.33 (0.50–5.27) 0.21 2.88 (0.23–9.96) 0.83

M staging

M1a 1 1.00

M1b 2.46 (0.97–6.23) 0.05* 2.84 (0.96–8.39) 0.06

M1c 2.11 (1.04–4.29) 0.04* 2.25 (0.99–5.14) 0.05*

Regimen of first line

Chemotherapy 1 1

EGFR TKI 2.19 (0.92–5.22) 0.077 1.03 (0.32–3.32) 0.97

Immunotherapy 0.68 (0.29–1.62) 0.39 8.47 (0–33.23) 0.98

Table 4 (continued)
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Table 4 (continued)

Factors
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Line of ICIs

1 1 1

≥2 1.26 (0.51–3.07) 0.62 0.49 (0.12–2.01) 0.32

Regimen of ICIs

Pembro 1 1

Nivo 1.42 (0.79–2.57) 0.24 1.83 (0.84–3.99) 0.13

Radiotherapy

Yes 1 1

No 1.54 (0.86–2.76) 0.15 1.67 (0.86–2.76) 0.21

cohorts (4-6,33). In our study, we found that patients 
with M1a diseases had a statistically prolonged OS than 
M1c diseases (median OS: 35 vs. 12 months, P=0.02) and 
a numerically longer OS than M1b diseases (median OS: 
35 vs. 22.1 months, P=0.08). And this superiority kept 
highly consistent in subgroup analysis regardless of sex, 
age, histological types, smoking status, and other baseline 
characteristics. However, our study found no significant 
difference when comparing M1b group with M1c group, 
despite a numerical superiority (median OS: 22.1 vs. 12 
months, P=0.54), which may account for the limited 
patients in M1b cohort. Nevertheless, our study validated 
the prognostic value of M descriptors in advanced NSCLC 
patients treated with ICIs.

Despite the M descriptors in the 8th TNM classification 
demonstrated a strong correlation with the management 
of NSCLC patients, most studies considered OS as the 
main endpoints and few evaluated its impact on therapeutic 
outcomes. In our study, M1a diseases were significantly 
associated with prolonged PFS comparing with M1b and 
M1c diseases. Several factors may explain the findings. 
Firstly, evidence suggested that patients with baseline liver 
metastases have been shown to have minimal therapeutic 
benefit with ICI treatment (34-39). Recently, the 3-year 
update and outcomes in patients with liver metastases 
from pooled CheckMate 017 and CheckMate 057 found 
that median OS for all randomized pooled patients was 
11.1 months while only 6.8 months for those with liver 
metastases (40). Furthermore, two clinical trials (Study 
1108 and ATLANTIC) also demonstrated that liver 

metastasis was an independent negative prognostic factor 
for OS and PFS (38,41). One possible explanation for the 
poor outcomes among ICI-treated NSCLC patients with 
liver metastasis was the tendency for poorer PS and severe 
hepatic side effects compare to those without (36,37,39). 
In our study, M1a cohort had no extrathoracic metastases 
while 12% of patients in M1b cohort had liver metastases, 
and for M1c cohort, almost half of patients had liver 
metastases (Figure S3), which may greatly decrease the 
survival benefits with ICI treatment. Secondly, a higher 
proportion of patients with M1c diseases had ECOG PS of 
2 than M1a and M1b diseases (26.7% vs. 9.5% vs. 12.5%, 
respectively). Univariate and multivariate analysis showed 
that ECOG PS of 2 was significantly associated with shorter 
PFS and OS. Patients with NSCLC with ECOG PS of 2 
were a heterogeneous group, usually with a large tumor 
burden in conjunction with chronic obstructive pulmonary 
disease (COPD) or other smoking-related diseases, 
necessitating frequent treatment with corticosteroids (42). 
A phase 2 trial (CheckMate 171) of nivolumab in previously 
treated advanced squamous NSCLC involved 103 patients 
with ECOG PS 2. The median OS in ECOG PS 2 patient 
population was 5.2 months versus 10.0 months in the 
overall population (43), which was consistent with findings 
from another prospective 3B/4 study (CheckMate 153) of 
nivolumab in advanced NSCLC (44). Thirdly, Oh and his 
team (45) found that it was extra-thoracic tumor burden 
rather than thoracic tumor burden that was negatively 
correlated with clinical outcomes for patients with extensive 
stage small cell lung cancer, which was similar with our 
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findings that patients with extra-thoracic metastases showed 
worse PFS than those with intro-thoracic metastases.

Several limitations should be taken into consideration. 
Firstly, this was a retrospective study and selection bias 
cannot be avoided. Secondly, the patients enrolled in the 
final analysis was relatively small, especially in M1b cohort. 
Thirdly, to date, biomarkers reflecting the clinical response 
to ICIs were still unclear, studies suggested that high 
expression of PD-L1 in tumors (16,27), mismatch repair 
(MMR) deficient (46) and high tumor mutation burden 
(14,47-49) were associated with an improved outcomes in 
patients treated with immunotherapy. What a regret was 
that only a few patients enrolled in this study have been 
tested for those biomarkers, so we could not analyze the 
association of these biomarkers with different metastases 
status.

Conclusions

In conclusion, the present study demonstrated that M 
descriptors of the 8th TNM classification had a clear 
association with the therapeutic response to ICIs and it 
had a significantly prognostic value in advanced NSCLC 
patients treated with ICI treatment. M descriptors may 
need to be considered in future prospective studies.
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Figure S1 The effect of clinical response on the outcomes of patients with M1a or M1b/c diseases. (A,C) M1a group patients with CR/PR 
had a significantly longer progress-free survival (PFS) and overall survival (OS) compared to patients with SD or PD; (B,D) M1b/c group 
patients with CR/PR had a significantly longer progress-free survival (PFS) and overall survival (OS) compared to patients with SD or PD;

Figure S2 The effect of M descriptors on the outcomes of patients according to CR/PR, SD and PD. (A,B,C) Patients with M1a diseases 
had a significantly longer progress-free survival (PFS) compared to patients with M1b/c diseases in both CR/PR and SD group but not in 
PD group; (D,E,F) the overall survival (OS) of patients with M1a or M1b/c diseases according to CR/PR, SD and PD.
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Figure S3 Distribution of extra-thoracic metastases in M1b cohort (A) and M1c cohort (B), M means metastases.
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