"\' frontiers ‘ Frontiers in Oncology

ORIGINAL RESEARCH
published: 15 July 2022
doi: 10.3389/fonc.2022.897329

OPEN ACCESS

Edited by:

Xin Ye,

Qianfoshan Hospital, Shandong
University, China

Reviewed by:

Maurizio Valeriani,

Sapienza University of Rome, Italy
Matthew Pierre Deek,

Johns Hopkins Medicine,

United States

*Correspondence:
Lujun Zhao
zhaolujun@tjmuch.com
Ping Wang
wangping@timuch.com

TThese authors have contributed
equally to this work

Specialty section:

This article was submitted to
Thoracic Oncology,

a section of the journal
Frontiers in Oncology

Received: 16 March 2022
Accepted: 16 June 2022
Published: 15 July 2022

Citation:

Meng C, Wang F, Tian J, Wei J, Li X,
Ren K, Xu L, Zhao L and Wang P
(2022) Risk Prediction Model for
Synchronous Oligometastatic Non-
Small Cell Lung Cancer: Thoracic
Radliotherapy May Not Prolong
Survival in High-risk Patients.

Front. Oncol. 12:897329.

doi: 10.3389/fonc.2022.897329

Check for
updates

Risk Prediction Model for
Synchronous Oligometastatic Non-
Small Cell Lung Cancer: Thoracic
Radiotherapy May Not Prolong
Survival in High-Risk patients

Chunliu Meng'", Fang Wang %%, Jia Tian, Jia Wei®, Xue Li’, Kai Ren’, Liming Xu’,
Lujun Zhao'* and Ping Wang'*

" Department of Radiation Oncology, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research
Center for Cancer, Tianjin Key Laboratory of Cancer Prevention and Therapy, Tianjin's Clinical Research Center for Cancer,
Tianjin, China, 2 Department of Radiation Oncology, Affiiated Hospital of Hebei University, Baoding, China, 3 Department of
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Background and Purpose: On the basis of the promising clinical study results, thoracic
radiotherapy (TRT)' has become an integral part of treatment of synchronous
oligometastatic non—-small cell lung cancer (SOM-NSCLC). However, some of them
experienced rapid disease progression after TRT and showed no significant survival
benefit. How to screen out such patients is a more concerned problem at present. In this
study, we developed a risk-prediction model by screening hematological and clinical data
of patients with SOM-NSCLC and identified patients who would not benefit from TRT.

Materials and Methods: We investigated patients with SOM-NSCLC between 2011
and 2019. A formula named Risk-Total was constructed using factors screened by
LASSO-Cox regression analysis. Stabilized inverse probability treatment weight analysis
was used to match the clinical characteristics between TRT and non-TRT groups. The
primary endpoint was overall survival (OS).

Results: We finally included 283 patients divided into two groups: 188 cases for the
training cohort and 95 for the validation cohort. Ten prognostic factors included in the
Risk-Total formula were age, N stage, T stage, adrenal metastasis, liver metastasis,
sensitive mutation status, local treatment status to metastatic sites, systemic inflammatory
index, CEA, and Cyfra211. Patients were divided into low- and high-risk groups based on
risk scores, and TRT was found to have improved the OS of low-risk patients (46.4 vs.
31.7 months, P = 0.083; 34.1 vs. 25.9 months, P = 0.078) but not that of high-risk
patients (14.9 vs. 11.7 months, P = 0.663; 19.4 vs. 18.6 months, P = 0.811) in the training
and validation sets, respectively.

Frontiers in Oncology | www.frontiersin.org

1 July 2022 | Volume 12 | Article 897329


https://www.frontiersin.org/articles/10.3389/fonc.2022.897329/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.897329/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.897329/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.897329/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.897329/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:zhaolujun@tjmuch.com
mailto:wangping@tjmuch.com
https://doi.org/10.3389/fonc.2022.897329
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.897329
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.897329&domain=pdf&date_stamp=2022-07-15

Meng et al. Selecting Benefited NSCLC-Patients From TRT
Conclusion: We developed a prediction model to help identify patients with SOM-
NSCLC who would not benefit from TRT, and TRT could not improve the survival of high-
risk patients.
Keywords: synchronous oligometastasis, non-small cell lung cancer, thoracic radiotherapy, risk prediction
model, survival

INTRODUCTION MATERIALS AND METHODS

Non-small cell lung cancer (NSCLC)” is a common malignant
tumor that accounts for 70%-80% of all lung cancer cases
worldwide. NSCLC is associated with high morbidity and
mortality rates (1). More than half of patients with NSCLC
have stage IV disease at the time of diagnosis, and up to one-
third of these patients have synchronous oligometastatic (SOM)
disease (2, 3).

SOM disease has been described as a distinct disease
entity characterized by reduced metastatic potential with a
limited number of metastatic sites (4), which renders it
amenable to local treatment (LT). There is no consensus
on what specific criteria define SOM-NSCLC. Of note,
inclusion criteria for previously cited studies were very
different. Recently, the European Organization for
Research and Treatment of cancer (EORTC) and the
European Society of Radiotherapy & Oncology-American
Society for Therapeutic Radiology and Oncology (ESTRO-
ASTRO) conferences had attempted to standardize the
definition of oligometastatic disease (2, 5). The documents
showed that the definition of oligometastatic disease should
base on safety of radical treatment rather than the number of
metastases, and it would be better the number of metastatic
lesions < 5 and the number of metastatic sites < 3, with or without
primary sites, and mediastinal metastatic lymph nodes were
included. Several clinical trials and multiple retrospectives series
have reported favorable outcomes of thoracic radiotherapy (TRT)
in highly selected patients with SOM-NSCLC (6-14). However,
some of them experienced rapid disease progression after TRT
and showed no significant survival benefit. And, to date, no
effective predictive model has been developed to help identify
patients with SOM-NSCLC who would not benefit from TRT. In
this study, we sought to establish a risk prediction model to
predict the mortality risk of these patients using baseline
hematologic and clinical data and to identify patients who
would not benefit from TRT.

Abbreviations: NSCLC, non-small cell lung cancer; LT, local treatment; TRT,
thoracic radiotherapy; OS, overall survival; PES, progression-free survival;, TNM,
tumor node metastasis; SM, sensitive mutations; EGFR, epidermal growth factor
receptor; ALK, anaplastic lymphoma kinase; ROS1, ROS proto-oncogene 1, receptor
tyrosine kinase; TPSA, tissue polypeptide-specific antigen; SCC, squamous cell
carcinoma antigen; CEA, carcinoembryonic antigen; PLR, platelet-to-lymphocyte
ratio; NLR, neutrophil-to-lymphocyte ratio; SII, systemic inflammatory index;
LASSO, least absolute shrinkage and selection operator; MST, median survival time;
ROC, receiver operator characteristic; AUC, area under the curve; KPS, Karnofsky
performance status; SBRT, stereotactic body radiotherapy; IPTW, inverse
probability treatment weight.

Patient Selection

We retrospectively reviewed the medical records of consecutive
patients who received a diagnosis of advanced NSCLC at our
hospital between January 2011 and December 2019. Clinical
staging of the disease at the time of presentation was again
determined with reference to the eighth edition of tumor node
metastasis classification (15). The inclusion criteria for this study
were as follows: (1) confirmed diagnosis of NSCLC based on
pathological or cytological specimens, or both; (2) patients were
allowed to have up to five lesions of metastatic disease (do not
include primary site and enlarged lymph nodes in the
mediastinum and supraclavicular) with no more than three
sites (2, 5); and (3) availability of gene mutation status
information. To determine metastasis status, patients needed to
undergo comprehensive imaging tests, including head contrast-
enhanced MRI, neck ultrasound, chest-abdomen contrast-
enhanced CT plus ECT, or PET-CT. If there was ambiguous
metastatic lesion in the liver, then contrast-enhanced abdominal
MRI was also necessary. Meanwhile, patients were excluded if
they had second primary tumor, pleural or pericardial effusion,
meningeal or peritoneal metastases, a metastatic site with
ambiguous diagnosis, or incomplete medical records.

Definition of Special Concept

In this study, positively sensitive mutations (SM") included the
following: EGFR (epidermal growth factor receptor) exon 19
deletion, EGFR exon 21 Leu858Arg mutation, ROS proto-
oncogene 1, receptor tyrosine kinase (ROSI) fusion mutation,
and ALK (anaplastic lymphoma kinase) mutation. EGFR
uncommon mutations, such as exon 18 mutations, exon 20
insertion mutations, and so on, and other non-targeted
therapeutic mutations or without any mutation, were defined
as sensitive mutation negative (SM").

Hematological Markers

Laboratory examinations including routine blood tests, hepatic
and renal function tests, and tumor markers of patients were
collected before initial treatment. The calculation formulas of
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and systemic inflammatory index (SII) were as
follows: NLR = neutrophil number (10°/L)/lymphocyte count
(10°/L); PLR = number of platelets (10°/L)/number of
lymphocytes (10°/L); SII = number of platelets (10°/L) x
number of neutrophils (10°/L)/number of lymphocytes (10°/L).
The optimal cutoff levels for albumin, leukocyte, PLR, NLR, SII,
tissue polypeptide-specific antigen (TPSA), squamous cell
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carcinoma antigen (SCC), Cal9-9, carcinoembryonic antigen
(CEA), and Cyfra2ll were obtained according to overall
survival (OS).

Thoracic Radiotherapy

In this study, 150 patients received TRT, and TRT could be
carried out before, concomitant or after the systemic
treatment. The specific radiotherapy target was determined
by patient’s attending physician. Generally, gross tumor
volume (GTV) included primary lesions with or without
mediastinal metastatic lymph nodes, and planning GTV
(PGTV) extends 5 mm across the GTV margin. Radiation
therapy technology could apply conventional fractionated
radiotherapy, hypo-fractionated radiotherapy, and
stereotactic body radiotherapy, and the radiation doses were
1.8-2.1 Gy/50-66 Gy, 3 Gy/36-45 Gy, and 9-17 Gy/50-60
Gy, respectively.

First-line Systemic Treatment Strategy

All patients with EGFR non-SMs, untargeted therapy mutations
or without mutation, underwent first-line chemotherapy after
confirmation of the initial NSCLC diagnosis. The treatment
included platinum-based doublet chemotherapy such as
pemetrexed, paclitaxel, docetaxel, or gemcitabine combined
with cisplatin, carboplatin, or nedaplatin. Each chemotherapy
session was separated by an interval of 3 to 4 weeks.

Patients with EGFR-SMs (exon 19 deletion, exon 21
Leu858Arg mutations) were administered first-line treatment
with EGFR tyrosine kinase inhibitors (TKIs), such as gefitinib,
erlotinib, and icotinib, or with chemotherapy mentioned above
and then TKIs after disease progression. Patients with ALK and
ROSI mutation were administered first-line treatment with
crizotinib or with chemotherapy as aforesaid and then TKIs
after disease progression.

Data Analysis and Statistical
Considerations

The primary endpoint was OS defined as the time from the
date of diagnosis until death or the most recent follow-up. The
follow-up schedule began from the time of treatment to the
final follow-up on December 17, 2021. The data on the date of
death or at the final follow-up visit were acquired from hospital
records or through direct correspondence with the family of
the patient. R 4.1.1 and SPSS 24.0 software were used for
statistical analyses. The Chi-squared test (or the Fisher’s exact
test as applicable) was used to compare the clinical
characteristics between groups. OS was estimated using the
Kaplan-Meier method, and between-group differences in OS
were assessed using the log-rank test. The optimal cutoft values
of hematological markers were determined using the package
“survminer” based on OS. Using the “glmnet” and “survival”
packages and a backward-forward stepwise method, LASSO-
Cox regression analysis was performed to select the optimal
prognostic factors. The “predict” function of package
“survival” was used to calculate the risk score of each
patient. Time-dependent receiver operator characteristic

(ROC) analyses were conducted using the “timeROC”
package. Package “IPWsurvival” was used for stabilized
inverse probability treatment weight (IPTW) analyses.

RESULTS

Patient Characteristics

This study had been approved by the Ethics Committee of
Tianjin Medical University Cancer Hospital (ab2022138). A
total of 2,194 patients were diagnosed with advanced NSCLC
at our hospital during the study reference period. Of these,
1,624, 23, 54, 76, and 134 patients were excluded due to
extensive metastatic lesions, second primary tumors, pleural
effusion, lack of gene sequencing results, and incomplete
medical records, respectively.

Finally, 283 patients with SOM-NSCLC fulfilled the inclusion
criteria for this study. The median OS was 23.4 months, and the
1-, 3-, and 5-year OS rates were 73.3%, 30.1%, and 11.5%,
respectively. The entire cohort was randomly divided into two
groups by a ratio of 2:1, 188 cases in the training set and 95 cases
in the validation set, respectively. The median OS were 22.7 and
24.4 months, respectively; and 1-, 3-, and 5-year OS rates were
72.1%, 31.4%, and 12.7% and 75.6%, 27.0%, and 9.1%,
respectively; and there was no difference in survival between
sets (P = 0.655). The patient characteristics were summarized
in Table 1.

Construction of Risk-Total Formula in the
Training Set

In the training set, hematological markers, including albumin,
leukocyte, PLR, NLR, SII, TPSA, SCC, Cal99, CEA, and
Cyfra211, were divided into low and high groups according to
the respective optimal cutoff levels (Table 2).

To assess the mortality risk of each patient in the training
set, we established a prognostic scoring system named Risk-
Total using LASSO-Cox regression model (Figure A.l).
Hematological markers mentioned above and other clinical
variables, such as age, sex, Karnofsky performance status
(KPS), smoking, histopathology, T stage, N stage, brain
metastasis, bone metastasis, adrenal metastasis, liver
metastasis, SM status, and LT status to metastatic site status
before progression disease (PD), were included in the analysis.
In this model, low albumin, high leukocyte, high PLR, high
NLR, high SII, high TPSA, high SCC, high Ca199, high CEA,
high Cyfra211, age > 65, male, KPS < 80, smoking, N1-3, T3-4,
non-adenocarcinoma, presence of brain metastasis, bone
metastasis, adrenal metastasis, liver metastasis, SM~, and
metastatic sites receiving partial or no LT before PD were
assigned in level 2, and the corresponding alternatives were
assigned in level 1.

Finally, 10 variables were included in the optimal model (AIC =
1,251.94, P < 2.2 x 107'%) as follows: Risk-Total = 1 x HR-value
(age) x HR-value (N stage) x HR-value (T stage) x HR-value
(adrenal metastasis) x HR-value (liver metastasis) x HR-
value (SM status) x HR-value (LT status to metastatic sites
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TABLE 1 | Clinical characteristics of patients.

Characteristics Training set (N=188)

No. of patients (%)

Validation set (N=95) P value
No. of patients (%)

Age 0.266
<65 116 (61.7) 65 (68.4)
>65 72 (38.3) 30 (31.6)
Mean + SD 61.2 +9.28 60.0 + 8.11 0.282
Sex 0.082
Male 134 (71.3) 58 (61.1)
Female 54 (28.7) 37 (38.9)
KPS 0.773
<80 14 (7.4) 8(8.4)
>80 174 (92.6) 87 (91.6)
Smoking 0.017*
No 71(37.9) 50 (562.6
Yes 117 (62.2) 45 (47.4
Histopathology 0.328
Adenocarcinoma 130 (69.1) 71 (74.7
Non-adenocarcinoma 58 (30.9) 24 (25.3)
N stage 0.253
NO 47 (25.0) 18 (18.9
N1-3 141 (75.0) 77 (81.1)
T stage 0.282
T1-2 125 (66.5) 57 (60.0
T3-4 63 (33.5) 38 (40.0)
SM 0.153
Yes 61 (32.4) 39 (41.1)
No 127 (67.6) 56 (8.9)
LT status to metastatic sites before PD 0.764
All 60 (31.9) 32 (33.7)
Partly or no 128 (68.1) 63 (66.3)
Brain metastasis 38 (20.2) 13 (18.7) 0.177
Bone metastasis 82 (43.6) 48 (50.5) 0.271
Adrenal metastasis 22 (11.7) 9(9.5) 0.571
Liver metastasis 5(2.7) 1(1.1) 0.653
TRT 0.968
CFR 49 (26.1) 23 (24.2)
HFR 15 (8.0) 7(7.4)
SBRT 37(19.7) 19 (20.0)
Albumin (g/L) 421 +4.19 411 +£3.88 0.060
Leukocyte (10%/L) 7.6 +246 7.3+1.99 0.366
PLR 171.8 + 92.61 165.3 £ 72.76 0.551
NLR 3.1+£205 3.2+3.18 0.730
SlI 888.0 + 675.57 836.1 + 572.67 0.522
TPSA (UL) 114.2 + 209.5 130.4 + 222.36 0.548
SCC (ug/L) 25+6.92 25+6.95 0.926
Ca19-9 (U/mL) 401 +82.74 52.9 + 153.82 0.366
CEA (ug/L) 39.6 + 106.26 73.9 £ 183.17 0.094
Cyfra211 (ug/L) 6.6 +9.13 11.2 + 23.00 0.064
*P<0.05.

KPS, Karnofsky performance status, SM, sensitive mutation, LT, local treatment; PD, progress disease; TRT, thoracic radiotherapy; CFR, conventional fractionated radiotherapy; HFR,
hypo-fractionated radiotherapy; SBRT, stereotactic body radiotherapy; PLR, platelet to lymphocyte ratio; NLR, neutrophils to lymphocyte ratio; SlI, systemic inflammatory index; TPSA,
tissue polypeptide specific antigen; SCC, squamous cell carcinoma antigen; CEA, carcinoembryonic antigen.

before PD) x HR-value (SII) x HR-value (CEA) x HR-value
(Cyfra211) (Table 3). According to the median Risk-Total value
(10.0658), patients were divided into low-risk and high-risk
groups, and the median survival time (MST) were 37.6 and 13.4
months, respectively (P < 0.001; Figure 1A). Meanwhile, the
prognostic accuracy of Risk-Total was evaluated by time-
dependent ROC analyses, with 2-, 3-, and 4-year AUC values of
0.873, 0.836, and 0.875, respectively, which confirmed the
excellent prognostic power of it (Figure 1B). The patient

characteristics between low- and high-risk groups were
displayed in Table 4.

Validation of Risk-Total Formula in the
Validation Set

In the validation set, patients’ hematological markers were
grouped on the basis of cutoff value, as shown in Table 2, and
the risk score were calculated on the basis of Risk-Total formula,
as shown in Table 3. Then, according to the median value
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TABLE 2 | Cutoff level and univariate Cox analyses of hematological markers in the training set.

Characteristics Cutoff Categories P value
Albumin 45.40 High (= 45.40) vs. Low (< 45.40) 0.014*
Leukocyte 7.82 High (= 7.82) vs. Low (< 7.82) 0.009*
PLR 112.24 High (=112.24) vs. Low (<112.24) 0.096
NLR 1.63 High (= 1.63) vs. Low (< 1.63) 0.007*
Sl 366.36 High (> 366.36) vs. Low (< 366.36) 0.001*
TPSA 95.56 High (= 95.56) vs. Low (< 95.56) 0.001*
SCC 1.60 High (> 1.60) vs. Low (< 1.60) < 0.001*
Ca19-9 7.45 High (> 7. 45) s. Low (< 7.45) 0.197
CEA 2.00 High (= 2.00) vs. Low (< 2.00) 0.009*
Cyfra211 3.71 High (= 3.71) vs. Low (< 3.71) < 0.001*
*P<0.05.

PLR, platelet to lymphocyte ratio; NLR, neutrophils to lymphocyte ratio; SlI, systemic inflammatory index; TPSA, tissue polypeptide specific antigen; SCC, squamous cell carcinoma

antigen; CEA, carcinoembryonic antigen.
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FIGURE 1 | Construction and validation for Risk-Total. (A, C) Kaplan-Meier survival analyses of Risk-Total in the training set and the validation set. (B, D) Risk-Total
performance in time-dependent receiver operating characteristic (ROC) curves in the training set and the validation set.
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TABLE 3 | Factors included in the Risk-Total formula.

Characteristics Level Coefficient HR-value P value

Age 1=<65 0.3372 1 0.05597
2 =2>65 1.4010

N stage 1=NO 0.3463 1 0.08476
2 N1-3 1.4138

T stage 1=T1-2 0.4127 1 0.02272*
2=T3-4 1.5109

Adrenal metastasis 1=no 0.4580 1 0.06697
2 =yes 1.5810

Liver metastasis 1=no 1.0923 1 0.02658*
2 =yes 2.9811

SM status 1=8M" 0.8548 1 9.09%e-06*
2=SM" 2.3510

LT status to metastatic sites before PD 1=Al 0.5407 1 0.00505*

2 = Partly or no 1.7172

Sl 1 =low 0.9098 1 0.00348*
2 = high 2.4838

CEA 1 =low -0.6275 1 0.01300*
2 = high 0.5339

Cyfra211 1 =low 0.8142 1 1.19%xe-05*
2 = high 2.2574

*P<0.05.

SM, sensitive mutation; PD, progress disease; SlI, systemic inflammatory index; CEA, carcinoembryonic antigen.
Risk-Total = 1*HR-value (age) *HR-value (N stage) *HR-value (T stage) *HR-value (adrenal metastasis) *HR-value (liver metastasis) *HR-value (SM status) *HR-value (LT to metastatic sites
status before PD) *HR-value (Sll) *HR-value (CEA) *HR-value (Cyfra211).

TABLE 4 | Clinical characteristics of low- and high-risk patients in the training set.

Characteristics Low risk (N=94) High risk (N=94) P value
No. of patients (%) No. of patients (%)
Age 0.134
<65 63 (67.0) 53 (56.4)
>65 31 (33.0) 41 (43.6)
Mean + SD 59.6 + 9.76 62.8 + 8.53 0.017*
Sex 0.010*
Male 59 (62.8) 75 (79.8)
Female 35 (37.2) 19 (20.2)
KPS 0.578
<80 8(8.5) 6 (6.4)
>80 86 (91.5) 88 (93.6)
Smoking 0.001*
No 47 (50.0) 24 (25.5)
Yes 47 (50.0) 70 (74.5)
Histopathology 0.001*
Adenocarcinoma 76 (80.9) 54 (57.4)
Non-adenocarcinoma 18 (19.1) 40 (42.6)
N stage 0.029*
NO 30 (31.9) 17 (18.1)
N1-3 64 (68.9) 77 (81.9)
T stage <0.001*
T1-2 77 (81.9) 48 (51.1)
T3-4 17 (19.1) 46 (48.9)
SM <0.001*
Yes 50 (563.2) 11 (41.1)
No 44 (46.8) 83 (8.9)
LT status to metastatic sites before PD 0.001*
All 41 (43.6) 19 (20.2)
Partly or no 53 (56.4) 75 (79.8)
Brain metastasis 21 (22.3) 17 (18.1) 0.468
Bone metastasis 48 (51.1) 34 (36.2) 0.039*
Adrenal metastasis 4 (4.9) 18 (19.1) 0.001*
Liver metastasis 1(1.1) 4 (4.3) 0.365
(Continued)
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TABLE 4 | Continued

Characteristics

Low risk (N=94)
No. of patients (%)

TRT

CFR 22 (23.4)

HFR 8(8.5)

SBRT 23 (24.5)
Albumin (g/L) 425+ 4.64
Leukocyte (10%/L) 7.4 +£274
PLR 163.1 + 63.81
NLR 3.2+2.45
Sl 838.4 + 570.29
TPSA (UL) 91.7 + 144.8
SCC (ug/L) 1.8+7.19
Ca19-9 (U/mL) 30.8 + 61.31
CEA (ug/L) 39.6 + 106.26
Cyfra211 (ug/L) 5.1+£8.39

High risk (N=94) P value
No. of patients (%)

0.283

27 (28.7)

7(7.4)

14 (14.9)
41.7 + 3.67 0.165
7.8+213 0.304
180.5 + 114.12 0.200
3.0+ 1.57 0.507
937.6 + 766.49 0.316
136.8 + 257.35 0.140
3.2 £ 6.61 0.165
49.5 + 99.15 0.122
73.9 +183.17 0.130
8.0 +9.64 0.027*

*P<0.05.

KPS, Karnofsky performance status, SM, sensitive mutation, LT, local treatment; PD, progress disease; TRT, thoracic radiotherapy; CFR, conventional fractionated radiotherapy; HFR,
hypo-fractionated radiotherapy; SBRT, stereotactic body radiotherapy; PLR, platelet to lymphocyte ratio; NLR, neutrophils to lymphocyte ratio; SlI, systemic inflammatory index; TPSA,

tissue polypeptide specific antigen; SCC, squamous cell carcinoma antigen; CEA, carcinoembryonic antigen.

(10.0658) mentioned above, patients were divided into low-risk
and high-risk groups, and the MST were 29.7 and 16.9 months,
respectively (P = 0.00084; Figure 1C). Similarly, the prognostic
accuracy of Risk-Total was also evaluated by time-dependent
ROC analyses, with 2-, 3-, and 4-year AUC values of 0.724, 0.648,
and 0.689, respectively (Figure 1D). These results confirmed the
super prognostic power of Risk-Total in another heterogeneous
population. The patient characteristics between low- and high-

risk groups are shown in Table 5.

Prognostic Value of TRT for Low- and
High- risk Patients

In the training set, 54 of 94 patients with low-risk received TRT,
and survival analysis showed improvement in OS (42.8 vs. 32.4
months, P = 0.070; Figure 2A). However, the inter-group clinical
characteristics were very unbalanced, especially with respect to
age, gender, LT status to metastatic sites, and PLR (Table 6A).
Therefore, we applied the stabilized IPTW analysis to calculate
the weights of clinical variables and match them. After matching,

TABLE 5 | Clinical characteristics of low- and high-risk patients in the validation set.

Characteristics Low risk (N=44) High risk (N=51) P value
No. of patients (%) No. of patients (%)

Age 0.085
<65 34 (77.3) 31 (60.8)
>65 10 (22.7) 20 (39.2)

Mean + SD 58.5 +7.47 61.3 + 8.47 0.092

Sex 0.227
Male 24 (54.5) 34 (66.7)
Female 20 (45.5) 17 (33.9)

KPS 1.000
<80 49.1) 4(7.8)
>80 40 (90.9) 47 (92.2)

Smoking 0.046*
No 28 (63.6) 22 (43.1)
Yes 16 (36.4) 29 (56.9)

Histopathology 0.051
Adenocarcinoma 37 (84.1) 34 (66.7
Non-adenocarcinoma 7 (15.9) 17 (33.3

N stage 0.054
NO 12 (27.3) 6(11.8)
N1-3 32 (72.7) 45 (88.2)

T stage <0.001*
T1-2 36 (81.8) 21 (41.2)
T3-4 8(18.2) 30 (58.8)

SM <0.001*
Yes 31 (70.5) 8 (15.7)
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TABLE 5 | Continued

Characteristics Low risk (N=44)
No. of patients (%)

No 13 (29.5)
LT status to metastatic sites before PD

Al 21 (47.7)

Partly or no 23 (562.3)
Brain metastasis 7 (15.9)
Bone metastasis 29 (65.9)
Adrenal metastasis 1(2.3)
Liver metastasis 1(2.9)
TRT

CFR 11 (25.0)

HFR 4(9.1)

SBRT 11 (31.8)
Albumin (g/L) 41.4 +3.75
Leukocyte (10%/L) 7.1+£2.08
PLR 159.1 + 70.64
NLR 29+218
Sl 790.2 + 665.89
TPSA (U/L) 81.9 + 98.81
SCC (ug/L) 1.3+ 1.79
Ca19-9 (U/mL) 29.0 + 61.30
CEA (ug/L) 39.6 + 106.26
Cyfra211 (ug/L) 5.8 + 9.64

High risk (N=51) P value
No. of patients (%)
43 (84.9)
0.007*
11 (21.6)
40 (78.4)
6(11.8) 0.558
19 (37.3) 0.005*
8(15.7) 0.061
0(0.0) 0.941
0.227
12 (23.5)
3(5.9)
5(9.8)
40.8 + 4.00 0.454
7.6 +1.91 0.234
170.7 + 74.81 0.440
3.5 +3.85 0.346
875.6 + 481.41 0.472
172.3 + 284.07 0.037*
3.5 +9.27 0.109
52.9 + 153.82 0.139
73.4 + 200.80 0.108
15.8 + 29.46 0.025*

*P<0.05.

KPS, Karnofsky performance status, SM, sensitive mutation; LT, local treatment; PD, progress disease; TRT, thoracic radiotherapy; CFR, conventional fractionated radiotherapy; HFR,
hypo-fractionated radiotherapy; SBRT, stereotactic body radiotherapy; PLR, platelet to lymphocyte ratio; NLR, neutrophils to lymphocyte ratio; Sli, systemic inflammatory index; TPSA,

tissue polypeptide specific antigen; SCC, squamous cell carcinoma antigen; CEA, carcinoembryonic antigen.

TRT was still found to improve the OS (46.4 vs. 31.7 months, P =
0.083; Figure 2B). Whereas, 47 of 94 patients with high-risk
received TRT, but the OS was not prolonged (15.5 vs. 11.4
months, P = 0.300; Figure 2C). When the clinical variables were
calculated weights and matched (Table 6B), the survival time
was not improved all the same (14.9 vs. 11.7 months, P =
0.663; Figure 2D).

In the validation set, 29 of 44 low-risk patients received TRT,
and the OS was prolonged 8.2 months (34.1 vs. 25.9 months, P =
0.080; Figure 3A). In addition, stabilized IPTW analysis was
used to match the clinical characteristics (Table 6C), and the
between-group differences in OS were close to statistical as ever
(34.1 vs. 25.9 months, P = 0.078; Figure 3B). Meanwhile, 51
patients were divided into high-risk group, and 20 of them
received TRT with no improvement in OS (17.1 vs. 14.7
months, P = 0.400; Figure 3C). On the basis of the clinical
characteristics, the TRT group had more patients with no
treatment to metastatic sites, which may have influenced
the result (Table 6D). Similarly, we applied stabilized IPTW
analysis to match the groups. After matching, TRT was not
found to have improved survival as before (19.4 vs. 18.6 months,
P = 0.811; Figure 3D).

DISCUSSION

In the current study, we established a risk prediction model to
predict the mortality risk of patients with SOM-NSCLC and,
further, to identify patients who would not benefit from TRT.

Eventually, a total of 283 cases met the inclusion criteria and
were divided into the training and validation sets. A Risk-
Total formula constructed by 10 clinical prognostic factors
was used to calculate each patient’s risk score, and patients
were divided into low- and high-risk groups according to the
median value (10.0658) in the training set. Then, TRT was
found to just have improved the survival of low-risk patients
(P =0.083) but not that of high-risk patients (P = 0.663) in the
training set. Similarly, patients in the validation set were
estimated risk-score on the basis of the Risk-Total formula,
and were grouped into low- and high-risk groups basing on
the median value (10.0658), and TRT only prolonged the OS
of low-risk patients (P = 0.078) but not that of the high-risk
patients (P = 0.811).

The biological characteristics of oligometastatic cancer are
increasingly being defined, and the role of LT has evolved
substantially during the past decade. In 2018, a prospective,
multicenter, single-arm, phase 2 trial reported the long-term
outcomes of consolidative radiation therapy (CRT) to the
primary and metastatic sites from oligometastatic NSCLC,
achieving a partial response or stable disease after three to six
cycles of platinum-based chemotherapy. The median PFS and
OS were 11.2 and 28.4 months, respectively, which met the
primary endpoint and transcended the historical record (13).
The first multicenter randomized trial of local consolidative
therapy (LCT) for highly selected oligometastatic NSCLC (<3
metastatic lesions, no progression after front-line systemic
therapy) demonstrated significant PFS (14.2 vs. 4.4 months)
and OS (41.2 vs. 17.0 months) benefit compared with patients
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FIGURE 2 | Kaplan-Meier survival analyses for patients between groups. (A, B) Survival curves for low-risk patients between non-TRT and TRT groups when clinical
characteristics were unmatched and matched using stabilized IPTW analysis in the training set. (C, D) Survival curves for high-risk patients between non-TRT and
TRT groups when clinical characteristics were unmatched and matched using stabilized IPTW analysis in the training set.
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TABLE 6 | Comparison of clinical characteristics of patients in no-TRT and TRT subgroups.

A
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
Number 40 54 36.8 55
Age <65 33 (82.5) 32 (59.3) 0.029 25.6 (69.6) 38.8 (70.5) 0.937
>=65 7(17.5) 22 (40.7) 11.2 (30.4) 16.2 (29.5)
Gender female 20 (50.0) 14 (25.9) 0.029 15.1 (41.1) 22.2 (40.3) 0.952
male 0 (50.0) 40 (74.1) 21.7 (568.9) 32.8 (59.7)
KPS >=80 37 (92.5) 49 (90.7) 1.000 34 8 (94. 5) 51 .0 (92. 8) 0.723
<80 3(7.5) 5(9.3) 0(5.5 0(7.2
Smoking no 1(562.5) 25 (46.3) 0.699 18 0 (48. 8) 30 6 (55. 7) 0.594
yes 9 (47.5) 29 (53.7) 18.8 (51.2) 24.4 (44.3)
Histopathology adenocarcinoma 36 (90.0) 44 (81.5) 0.393 29.1 (79.0) 46.2 (84.0) 0.651
non-adenocarcinoma 4 (10.0) 10 (18.5) 7.7 (21.0) 8.8 (16.0)
N stage NO 10 (25.0) 23 (42.6) 0.122 11.8 (32.1) 18.3 (33.3) 0.921
N1-3 30 (75.0) 31 (57.4) 25.0 (67.9) 36.6 (66.7)
T stage T1-2 34 (85.0) 47 (87.0) 1.000 32.9 (89.4) 48.8 (88.7) 0.910
T3-4 6 (15.0) 7 (13.0) 3.9 (10.6) 6.2 (11.3)
Brain metastasis no 31 (77.5) 39 (72.2) 0.733 29.4 (79.8) 43.0 (78.2) 0.869
yes 9 (22.5) 15 (27.8) 7.4 (20.2) 12.0 (21.8)
Bone metastasis no 18 (45.0) 30 (55.6) 0.422 17.4 (47.3) 26.1 (47.5) 0.993
yes 22 (55.0) 24 (44.4) 19.4 (52.7) 28.9 (52.5)
Adrenal metastasis no 37 (92.5) 52 (96.3) 0.729 35 1(95. 4) 52 8 (96. 1) 0.882
yes 3(7.5) 2 (3.7) 7 (4.6 2 (3.9
SM status SM+ 25 (62.5) 28 (51.9) 0.413 20 4 (55. 6) 31 7 (57. 7) 0.869
SM- 15 (37.5) 26 (48.1) 16.4 (44.4) 23.3 (42.3)
LT to metastatic sites before PD all 13 (32.5) 31 (57.4) 0.029 13.5 (36.6) 23.3 (42.4) 0.641
partly or no 27 (67.5) 23 (42.6) 23.3 (63.4) 31.7 (57.6)
Albumin high 8 (20.0) 14 (25.9) 0.671 6.5 (17.6) 10.9 (19.8) 0.790
low 32 (80.0) 40 (74.1) 30.3 (82.4) 44.1 (80.2)
Leukocyte low 27 (67.5) 40 (74.1) 0.641 25.8 (70.0) 41.6 (75.7) 0.603
high 13 (32.5) 14 (25.9) 11.1 (30.0) 13.3 (24.3)
PLR low 8 (20.0) 24 (44.4) 0.024 12.6 (34.2) 17.3 (31.4) 0.827
high 32 (80.0) 30 (55.6) 24.2 (65.8) 37.7 (68.6)
NLR low 5 (12.5) 12 (22.2) 0.347 8.1 (22.1) 9.5(17.2) 0.656
high 35 (87.5) 42 (77.8) 28.7 (77.9) 45.5 (82.8)
Sl low 6 (15.0) 16 (29.6) 0.159 9.5 (25.9) 13.4 (24.3) 0.901
high 34 (85.0) 38 (70.4) 27.3 (74.1) 41.6 (75.7)
TPSA low 31 (77.5) 46 (85.2) 0.493 31.4 (85.4) 47.1 (85.7) 0.973
high 9 (22.5) 8 (14.8) 5.4 (14.6) 7.9 (14.3)
SCC low 38 (95.0) 47 (87.0) 0.346 33.6 (91.4) 49.3 (89.8) 0.834
high 2 (5.0) (13.0) 3.2 (8.6) 5.6 (10.2)
Ca199 low 1(27.5) 13 (24.1) 0.891 7.4 (20.1) 10.1 (18.5) 0.846
high 9 (72.5) 41 (75.9) 29.4 (79.9) 44 8 (81.5)
CEA low 0(0.0) 4(7.4) 0.214 0.0 (0.0 34.2) 0.135
high 40 (100.0) 0 (92.6) 36.8 (100.0) 52 7 (95.8)
Cyfra211 low 25 (62.5) 7 (68.5) 0.697 25.4 (69.1) 40.2 (73.1) 0.714
high 15 (37.5) 7 (31.5) 11.4 (30.9) 14.8 (26.9)
B
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
Number 47 a7 30.4 47.2
Age <65 28 (59.6) 23 (48.9) 0.408 16.9 (55.5) 27.2 (57.6) 0.893
>=65 19 (40.4) 4 (51.1) 13.5 (44.5) 20.0 (42.4)
Gender female 14 (29.8) 6 (12.8) 0.078 7.4 (24.3) 3.4 (7.3 0.018
male 33 (70.2) 41 (87.2) 23.0 (75.7) 43.7 (92.7)
KPS >=80 44 (93.6) 44 (93.6) 1.000 28.2 (92.7) 43.9 (93.1) 0.949
<80 3(6.4) 3(6.4) 2.2 (7.3 3.2 (6.9
(Continued)
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Table6 | Continued

B
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
Smoking no 5(31.9 10 (21.3) 0.350 8.5 (27.8) 6.1 (13.0) 0.092
yes 32 (68.1) 37 (78.7) 21.9(72.2) 41.1(87.0)
Histopathology adenocarcinoma 30 (63.8) 20 (42.6) 0.063 19.7 (64.9) 27.9 (69.1) 0.697
non-adenocarcinoma 7 (36.2) 27 (57.4) 10.7 (35.1) 19.3 (40.9)
N stage NO 3 (6 4) 11 (23.4) 0.043 2.0 (6.4) 6.0 (12.6) 0.317
N1-3 44 (93.6) 36 (76.6) 28.5 (93.6) 41.2 (87.4)
T stage T1-2 2 (46.8) 22 (46.8) 1.000 13.2 (43.5) 22.3 (47.2) 0.820
T3-4 5 (53.2) 25 (63.2) 17.2 (56.5) 24.9 (52.8)
Brain metastasis no 40 (85.1) 40 (85.1) 1.000 26.3 (86.5) 41.9 (88.9) 0.757
yes 7 (14.9) 7 (14.9) 1(138.5) 5.3 (11.1)
Bone metastasis no 29 (61.7) 29 (61.7) 1.000 16.9 (65.7) 18.1 (38.3) 0.236
yes 18 (38.3) 18 (38.3) 13.5 (44.3) 29.1 (61.7)
Adrenal metastasis no 40 (85.1) 37 (78.7) 0.592 26.0 (85.4) 40.2 (85.2) 0.987
yes 7 (14.9) 10 (21.3) 4.5 (14.6) 7.0 (14.8)
Liver metastasis no 44 (93.6) 45 (95.7) 1.000 28.8 (94.5) 46.0 (97.5) 0.392
yes 3(6.4) 2 (4.9 1.7 (6.5) 1.2 (2.5
SM status SM+ 7 (14.9) 1(2.1) 0.065 3.5(11.5) 0.5(1.1) 0.007
SM- 40 (85.1) 46 (97.9) 26.9 (88.5) 46.7 (98.9)
LT to metastatic sites before PD all 1(2.1) 15 (31.9) 0.001 0.6 (1.9 7.6 (16.0) 0.015
partly or no 46 (97.9) 32 (68.1) 29.8 (98.1) 39.6 (84.0)
Albumin high 4 (8.5 4 (8.5) 1.000 2.5(8.4) 25(.2) 0.533
low 43 (91.5) 43 (91.5) 27.9 (91.6) 44.7 (94.8)
Leukocyte low 2 (46.8) 4 (561.1) 0.837 14.2 (46.8) 22.6 (47.9) 0.946
high 5 (53.2) 3 (48.9) 16.2 (53.2) 24.6 (52.1)
PLR low 6(12.8) 8(17.0) 0.772 3.4 (11.2) 4.5(9.5) 0.774
high 41 (87.2) 39 (83.0) 27.0 (88.8) 42.7 (90.5)
NLR low 1(2.1) 3 (6.4 0.609 0.8 (2.6) 1.8 (3.8) 0.744
high 46 (97.9) 44 (93.6) 29.6 (97.4) 45.4 (96.2)
Sl low 0(0.0) 3(6.4) 0.241 0.0 (0.0 1.53.2) 0.260
high 47 (100.0) 44 (93.6) 30.4 (100.0) 45.7 (96.8)
TPSA low 26 (55.3) 8 (59.6) 0.835 17.4 (57.2) 27.3(57.8) 0.971
high 1(44.7) 9 (40.4) 13.0 (42.8) 19.9 (42.2)
SCC low 31 (66.0) 9 (61.7) 0.830 20.7 (68.1) 32.7 (69.4) 0.925
high 6 (34.0) 8(38.3) 9.7 (31.9) 14.4 (30.6)
Ca199 low 6(12.8) 3(27.7) 0.123 4.4 (14.5) 11.3 (24.0) 0.399
high 41 (87.2) 34 (72.3) 26.0 (85.5) 35.9 (76.0)
CEA low 3(6.4) 3(27.7) 0.014 2.1 (7.0 7.0(14.9 0.255
high 44 (93.6) 4 (72.3) 28.3 (93.0) 40.2 (85.1)
Cyfra211 low 4 (8.5 4 (29.8) 0.018 4.4 (14.5) 8.3(17.6) 0.759
high 43 (91.5) 3 (70.2) 26.0 (85.5) 38.9 (82.4)
C
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
Number 15 29 5.1 19.1
Age <65 14 (93.3) 21 (72.4) 0.216 4.8 (93.3) 13.8 (72.4) 0.111
>=65 1(6.7) 8 (27.6) 0.3(6.7) 5.3 (27.6)
Gender female 8 (53.3) 13 (44.8) 0.828 2.7 (53.3) 8.6 (44.8) 0.599
male 7 (46.7) 6 (55.2) 2.4 (46.7) 10.5 (55.2)
KPS >=80 13 (86.7) 7 (93.1) 0.880 4.4 (86.7) 17.8 (93.1) 0.490
<80 2 (13.3) 2(6.9) 0.7 (13.3) 1.3 (6.9)
Smoking no 10 (66.7) 9 (65.5) 1.000 3.4 (66.7) 12.5 (65.5) 0.940
yes 5 (33.3) 0(34.5) 1.7 (33.3) 6.6 (34.5)
Histopathology adenocarcinoma 13 (86.7) 5 (86.2) 1.000 4.4 (86.7) 16.5 (86.2) 0.967
non-adenocarcinoma 2 (18.3) 4 (13.8) 0.7 (13.3) 2.6 (13.8)
N stage NO 2 (13.3) 10 (34.5) 0.256 0.7 (13.3) 6.6 (34.5) 0.144
N1-3 13 (86.7) 19 (65.5) 4.4 (86.7) 12.5 (65.5)
(Continued)
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C
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
T stage T1-2 11 (78.3) 25 (86.2) 0.524 3.8 (73.3) 16.5 (86.2) 0.304
T3-4 4(26.7) 4(13.8) 1.4 (26.7) 2.6 (13.8)
Brain metastasis no 1(73.9) 25 (86.2) 0.524 3.8 (73.3) 16.5 (86.2) 0.304
yes 4(26.7) 4(13.8) 1.4 (26.7) 2.6 (13.8)
Bone metastasis no 4 (26.7) 12 (41.4) 0.5628 1.4 (26.7) 7.9(41.4) 0.346
yes 11 (78.3) 17 (58.6) 3.8 (73.3) 11.2 (58.6)
Adrenal metastasis no 15 (100.0) 28 (96.6) 1.000 5.1 (100.0) 18.5 (96.6) 0.596
yes O 0.0 1(3.4) 0.0 (0.0 0.7 (3.4)
Liver metastasis no 4(93.9) 29 (100.0) 0.734 4.8 (93.3) 19.1 (100.0) 0.059
yes 16.7) 0(0.0) 0.3 (6.7) 0.0 (0.0
SM status SM+ 4(93.9) 8 (62.1) 0.064 4.8 (93.3) 11.9 (62.1) 0.031
SM- 1(6.7) 1(37.9) 0.3(6.7) 7.3(37.9)
LT to metastatic sites before PD all 5(38.3) 7 (58.6) 0.203 1.7 (33.3) 11.2 (58.6) 0.120
partly or no 10 (66.7) 2 (41.4) 3.4 (66.7) 7.9 (41.4)
Albumin high 0(0.0) 5(17.2) 0.227 0.0 (0.0 3.3(17.2) 0.182
low 15 (100.0) 24 (82.8) 5.1 (100.0) 15.8 (82.8)
Leukocyte low 12 (80.0) 20 (69.0) 0.673 1(80.0) 13.2 (69.0) 0.445
high 3(20.0) 9(31.0) 0 (20.0) 5.9 (31.0)
PLR low 5 (33.3) 9(31.0) 1.000 7 (33.3) 5.9 (31.0) 0.879
high 10 (66.7) 20 (69.0) 4 (66.7) 13.2 (69.0)
NLR low 3(20.0) 6 (20.7) 1.000 0 (20.0) 4.0 (20.7) 0.958
high 12 (80.0) 23 (79.9) 1(80.0) 15.2 (79.3)
Sl low 3(20.0) 5(17.2) 1.000 0 (20.0) 3.3(17.2) 0.825
high 12 (80.0) 24 (82.8) 1(80.0) 15.8 (82.8)
TPSA low 10 (66.7) 26 (89.7) 0.144 4 (66.7) 17.1 (89.7) 0.069
high 5 (33.3) 3(10.9) 7 (33.3) 2.0 (10.3)
SCC low 14 (93.3) 24 (82.8) 0.613 8(93.3) 15.8 (82.8) 0.342
high 16.7) 5(17.2) O 3(6.7) 3.3(17.2)
Ca199 low 4(26.7) 10 (34.5) 0.852 1.4 (26.7) 6.6 (34.5) 0.604
high 11 (78.3) 19 (65.5) 3.8 (73.3) 12.5 (65.5)
CEA low 2 (13.3 4(13.8) 1.000 0.7 (13.3) 2.6 (13.8) 0.967
high 13 (86.7) 25 (86.2) 4.4 (86.7) 16.5 (86.2)
Cyfra211 low 4(26.7) 20 (69.0) 0.019 1.4 (26.7) 13.2 (69.0) 0.011
high 1(73.3) 9(31.0) 3.8 (73.3) 5.9 (31.0)
D
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
Number 31 20 27.8 16 2
Age <65 18 (68.1) 12 (60.0) 1.000 14.1 (50.8) 1(43.6) 0.665
>=65 13 (41.9) 8 (40.0) 13.7 (49.2) 1 (56.4)
Gender female 8 (25.8) 8 (40.0) 0.449 7.4 (26.5) 5 3 (32.4) 0.678
male 23 (74.2) 12 (60.0) 20.4 (73.5) 11.0 (67.6)
KPS >=80 29 (93.5) 18 (90.0) 1.000 26.3 (94.7) 15.3 (94.2) 0.937
<80 2 (6.5) 2 (10.0) (5.3 0.9 (5.8
Smoking no 11 (35.5) 10 (50.0) 0.461 10.0 (36.2) 3(38.7) 0.871
yes 20 (64.5) 10 (50.0) 17.7 (63.8) 9(61.3)
Histopathology adenocarcinoma 23 (74.2) 10 (50.0) 0.143 19.0 (68.5) 9 (60.9) 0.640
non-adenocarcinoma 8 (25.8) 10 (50.0) 8.8 (31.5) 3 (39.1)
N stage NO 2 (6.5) 4 (20.0) 0.307 4.1 (14.6) 2(19.5) 0.739
N1-3 29 (93.5) 16 (80.0) 23.7 (85.4) 13.0 (80.5)
T stage T1-2 15 (48.4) 6 (30.0) 0.312 13.6 (48.8) 6.4 (39.6) 0.598
T3-4 16 (51.6) 14 (70.0) 14.2 (51.2) 9.8 (60.4)
Brain metastasis no 28 (90.3) 18 (90.0) 1.000 25 6 (92.3) 15.2 (94.0) 0.788
yes 3(9.7) 2 (10.0) 1(7.7) 1.0 (6.0)
Bone metastasis no 17 (54.8) 14 (70.0) 0.430 14 1(50.7) 9.6 (59.2) 0.622
yes 14 (45.2) 6 (30.0) 13.7 (49.3) 6.6 (40.8)
(Continued)
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Table6 | Continued

D
Unmatched Stabilized IPTW
Level no-TRT (%) TRT (%) P no-TRT (%) TRT (%) P
Adrenal metastasis no 25 (80.6) 18 (90.0) 0.615 23.1 (83.0) 13.2 (81.7) 0.928
yes 6 (19.4) 2 (10.0) 4.7 (17.0) 3.0(18.3)
SM status SM+ 5(16.1) 2(10.0) 0.838 5.1 (18.2) 3.4 (21.1) 0.854
SM- 26 (83.9) 18 (90.0) 22.7 (81.8) 12.8 (78.9)
LT to metastatic sites before PD all 2 (6.5) 8 (40.0) 0.010 1.9 (6.8) 3.5 (21.5) 0.124
partly or no 29 (93.5) 12 (60.0) 25.9 (93.2) 12.7 (78.5)
Albumin high 5(16.1) 3(15.0) 1.000 5.0 (18.1) 3.7 (23.0) 0.750
low 26 (83.9) 17 (85.0) 22.7 (81.9) 12.5 (77.0)
Leukocyte low 17 (54.8) 9 (45.0) 0.690 16.3 (58.6) 8.2 (50.9) 0.642
high 14 (45.2) 11 (565.0) 11.5 (41.4) 8.0 (49.1)
PLR low 4(12.9) 2 (10.0) 1.000 5.3 (19.0) 3.5 (21.6) 0.873
high 27 (87.1) 18 (90.0) 22.5 (81.0) 12.7 (78.4)
NLR low 2 (6.5) 1(5.0) 1.000 3.3 (12.1) 1.8 (11.2) 0.950
high 29 (93.5) 19 (95.0) 24.4 (87.9) 14.4 (88.8)
Sl low 2 (6.5) 1(5.0) 1.000 3.3 (12.1) 1.8 (11.2) 0.950
high 29 (93.5) 19 (95.0) 24.4 (87.9) 14.4 (88.8)
TPSA low 14 (45.2) 12 (60.0) 0.454 12.3 (44.2) 7.8 (48.4) 0.806
high 17 (54.8) 8 (40.0) 15.5 (55.8) 8.4 (51.6)
SCC low 21 (67.7) 14 (70.0) 1.000 20.4 (73.3) 11.5 (71.1) 0.888
high 10 (32.3) 6 (30.0) 7.4 (26.7) 4.7 (28.9)
Ca199 low 7 (22.6) 8 (40.0) 0.309 7.5(27.2) 4.7 (28.8) 0.912
high 24 (77.4) 12 (60.0) 20.2 (72.8) 11.5(71.2)
CEA low 4(12.9) 5 (25.0) 0.465 4.8 (17.1) 2.5 (15.6) 0.899
high 27 (87.1) 15 (75.0) 23.0 (82.9) 13.7 (84.4)
Cyfra211 low 6 (19.4) 4 (20.0) 1.000 4.9 (17.8) 2.4 (15.1) 0.802
high 25 (80.6) 16 (80.0) 22.8 (82.2) 13.8 (84.9)

KPS, Karnofsky performance status; SM, sensitive mutation; LT, local treatment; PD, progress disease; TRT, thoracic radiotherapy; PLR, platelet to lymphocyte ratio; NLR, neutrophils to
lymphocyte ratio; Sli, systemic inflammatory index; TPSA, tissue polypeptide specific antigen; SCC, squamous cell carcinoma antigen; CEA, carcinoembryonic antigen.
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FIGURE 3 | Kaplan-Meier survival analyses for patients between groups. (A, B) Survival curves for low-risk patients between non-TRT and TRT groups when clinical
characteristics were unmatched and matched using stabilized IPTW analysis in the validation set. (C, D) Survival curves for high-risk patients between non-TRT and
TRT groups when clinical characteristics were unmatched and matched using stabilized IPTW analysis in the validation set.
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who received maintenance therapy or observation (8). Another
single-center randomized phase 2 study of maintenance
chemotherapy alone versus stereotactic ablative radiotherapy
followed by maintenance chemotherapy for patients with
limited metastatic NSCLC (primary plus up to five metastatic
sites) with no EGFR-targetable or ALK-targetable mutations but
who did achieve a partial response or stable disease after
induction chemotherapy also obtained gratifying results (7).
Despite differences in the population inclusion criteria in these
clinical trials, there was significant prolongation of OS (range of
28.4-41.2 months). However, some patients with SOM-NSCLC
experienced rapid disease progression after TRT and showed no
significant survival benefit. However, to date, no effective
predictive model has been developed to help identify patients
who would not benefit from TRT. Hence, in the present study,
we established a risk prediction model to predict the mortality
risk of patients with SOM-NSCLC and, further, to identify
patients who would not benefit from TRT.

Several hematological and clinical factors have been shown to
suggest a bad prognosis for lung cancer including hypoalbuminemia
(16-18);increase of C-reactive protein (18, 19), lactate dehydrogenase
(20), PLR (17, 21-23), NLR (17, 21-24), SII (17, 21), and tumor
biomarkers (20, 25); abnormal coagulation and fibrinolysis (26, 27);
high T and N stage; liver metastasis; adrenal metastasis (28, 29);
absence of SMs; smoking history; male; and loss of weight (30). In the
present study, 10 variables were included in the Risk-Total formula,
and the level of risk score was associated with reduced survival of
patients, which was consistent with previous studies. According to this
model, we found that TRT just improve the survival of low-risk
patients but not that of high-risk.

In recent years, immunotherapy has transformed the
treatment approach for patients with advanced NSCLC. The
combination of immunotherapy and LCT for these potentially
curable patients is an area of active investigation. Bauml et al.
(31) randomized 51 patients who had oligometastatic NSCLC
(<4 metastatic sites) and had completed LT to all known sites of
disease to receive pembrolizumab. The median PFS was
significantly greater than historical data (P = 0.005), and 1-
and 2-year OS rates were 90.9% and 77.5%, respectively.
Nevertheless, in our study, immunotherapy status was not
included in the analysis, which may affect the practicality of
this prediction model in the era of immunotherapy.

LIMITATIONS

Some limitations of our study should be considered. Most
importantly, because of the retrospective study design, the diagnosis
of metastatic sites was not based on homogenous imaging techniques.
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