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Abstract
Objectives To determine the associated thromboembolism risk with adding immune checkpoint inhibitors (ICI) to platinum 
combination chemotherapy compared with platinum combination chemotherapy alone in patients with advanced non-small 
cell lung cancer.
Materials and methods This study identified 75,807 patients with advanced non-small cell lung cancer from the Japanese 
Diagnosis Procedure Combination database who started platinum combination chemotherapy between July 2010 and March 
2021. The incidence of venous thromboembolism (VTE), arterial thromboembolism (ATE), and all-cause mortality within 
6 months after commencing platinum combination chemotherapy was compared between patients receiving chemotherapy 
with ICI (ICI group, n = 7,177) and without ICI (non-ICI group, n = 37,903). Survival time analysis was performed using 
the overlap weighting method with propensity scores to adjust for background factors. The subdistribution hazard ratio for 
developing thromboembolism was calculated using the Fine-Gray model with death as a competing risk. The hazard ratio 
for all-cause mortality was also calculated using the Cox proportional hazards model.
Results Overall, VTE and ATE occurred in 761 (1.0%) and 389 (0.51%) patients, respectively; mortality was 11.7%. Propen-
sity score overlap weighting demonstrated that the subdistribution hazard ratio (95% confidence interval) for VTE and ATE 
in the ICI group was 1.27 (1.01–1.60) and 0.96 (0.67–1.36), respectively, compared with the non-ICI group. The mortality 
hazard ratio in the ICI group was 0.68 (0.62–0.74).
Conclusion The addition of ICI to platinum combination therapy was associated with a higher risk of VTE compared with 
platinum combination therapy alone, while the risk of ATE might be comparable.
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Introduction

Cancer patients are at increased risk for venous thromboem-
bolism (VTE) and arterial thromboembolism (ATE) [1, 2]. 
The risk of cancer-related thrombosis is multifactorial, and 
many risk factors have been reported [3]. Among them, anti-
cancer agents such as platinum and angiogenesis inhibitors 
have been found to increase the risk of VTE and ATE [3–5].

There have been an increasing number of reports regard-
ing the risk of thromboembolism with immune checkpoint 
inhibitors (ICIs) [6–10] because ICIs have revolutionized 
the treatment of malignancies (e.g., malignant melanoma, 
lung cancer, and renal cell carcinoma). ICIs could increase 
the levels of inflammatory cytokines [11] and enhance 
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prothrombotic conditions by activating coagulation and 
impairing fibrinolysis [12–14]. A cohort study (n = 2,299) 
using data from a U.S. database demonstrated the cumula-
tive 6-month VTE incidence following first-line treatment 
for non-small cell lung cancer in patients treated with ICIs 
alone, chemotherapy alone, and ICI plus chemotherapy was 
8.1%, 10.9%, and 12.8%, respectively [15]. Regarding the 
risk of developing ATE, a previous matched-pair cohort 
study (n = 5,684) reported a threefold higher risk of athero-
sclerotic cardiovascular events after initiation of ICI therapy 
[16]. However, none of these studies have examined the risk 
of thromboembolism with ICIs compared with conventional 
chemotherapy [17] despite the fact that additional adminis-
tration of ICIs with platinum-based therapy for lung cancer 
is becoming common.

This study aimed to determine the risk of thromboem-
bolism associated with adding ICIs to platinum combina-
tion chemotherapy compared with platinum combination 
chemotherapy alone in patients with advanced non-small 
cell lung cancer.

Materials and methods

Data source

This nationwide retrospective cohort study used the Japanese 
Diagnosis Procedure Combination database. The database 
includes discharge abstracts and administrative claims data 
for approximately 8,000,000 inpatient admissions from more 
than 1,200 hospitals throughout Japan. It covers about half 
of all patients admitted to acute care hospitals in Japan [18, 
19]. All 82 academic hospitals are required to participate in 
the database, whereas the participation of community hos-
pitals is voluntary.

The database contains the following information: unique 
hospital identifiers; patient age and sex; smoking history 
(including both current and former smoking status) at 
admission; body mass index (BMI) at admission; activi-
ties of daily living (ADL) at admission; dates of admission 
and discharge; length of hospital stay; in-hospital mortal-
ity; cancer stage; blood transfusions and medications; and 
interventional/surgical procedures indexed by original Japa-
nese codes. Diagnoses, comorbidities, and complications are 
recorded using the International Classification of Diseases, 
Tenth Revision (ICD-10) codes, and Japanese text data. The 
database includes no laboratory data. A previous validation 
study showed good sensitivity and specificity for the diagno-
ses and procedures recorded in this database [18].

The need for informed consent for this study was waived 
because the patient database was anonymized. The study was 
approved by the Institutional Review Board of the University 
of Tokyo (Approval number: 3501– (5), May 19, 2021).

Patient selection

Patients hospitalized for the first administration of plati-
num combination therapy for advanced non-small cell 
lung cancer between July 1, 2010, and March 31, 2021, 
were identified. Non-small cell lung cancer was identi-
fied using the ICD-10 code of C34 and Japanese text data. 
Platinum combination therapy was defined as the follow-
ing regimens, including cisplatin (CDDP) or carboplatin 
(CBDCA): (a) CDDP plus pemetrexed (PEM), (b) CBDCA 
plus PEM, (c) CBDCA plus nab-paclitaxel (nabPTX), (d) 
CBDCA plus paclitaxel (PTX), (e) CBDCA plus PTX plus 
bevacizumab (BEV), and (f) above-stated regimens plus 
ICI (pembrolizumab or atezolizumab). The ICIs used in 
each regimen were described.

Eligible patients were divided into the ICI and non-ICI 
groups. The ICI group included patients administered plati-
num combination regimens plus an ICI (pembrolizumab or 
atezolizumab), and the non-ICI group included those with-
out ICI therapy. The following patients were excluded: (i) 
those with pulmonary sarcoma, pediatric pleuropulmonary 
blastoma, or pulmonary malignant melanoma; (ii) those 
aged less than 18 years; (iii) those who started chemo-
therapy after October 1, 2020 (because of the observation 
period being less than 6 months); (iv) those treated with 
multiple regimens in the same hospitalization; (v) those who 
received anticancer agents of the regimen on separate days; 
(vi) those who received multiple cycles of platinum com-
bination regimens in the same hospitalization; (vii) those 
who were administered anticoagulants (direct oral antico-
agulants [dabigatran, rivaroxaban, apixaban, and edoxaban] 
and warfarin) within the past 1 year; and (viii) those who had 
experienced VTE or ATE within the past 1 year.

Outcomes

The primary outcomes were VTE and ATE, requiring 
hospitalization within 6 months after the start of plati-
num combination chemotherapy. VTE included deep vein 
thrombosis (ICD-10 codes: I80.1, I80.2, I80.3, I80.8, 
I80.9, and I82.8) and pulmonary embolism (I26.0 and 
I26.9) [20]. According to previous studies, ATE was 
defined as ischemic heart disease (I20.0, I20.1, I20.8, 
I20.9, I21.0, I21.1, I21.2, I21.3, I21.4, and I21.9), ischemic 
brain disease (I63 and G45.9), and peripheral arterial 
occlusion (I74.0, I74.1, I74.2, I74.3, I74.4, I74.5, I74.8, 
and I74.9) [1, 8]. VTE or ATE onset was defined as the 
date when the patient received direct oral anticoagulants 
or warfarin for a VTE or ATE diagnosis. The secondary 
outcome was all-cause in-hospital death within 6 months 
after the start of platinum combination chemotherapy.
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Covariates

Covariates were age, sex, BMI, weight, smoking status 
(nonsmoker, current/past smoker, missing), ADL at admis-
sion, combined small cell lung carcinoma, comorbidities, 
clinical cancer stage (III or IV), treatments before admission 
(molecular-targeted medications, dialysis, radiotherapy, and 
surgery within 6 months prior to the index hospitalization), 
pretreatment medications and procedures during the index 
hospitalization, baseline chemotherapy, days from admission 
to initiation of chemotherapy, type of hospital (academic 
hospital or non-academic hospital), and hospital volume.

Age was categorized into six groups: 18–39, 40–49, 
50–59, 60–69, 70–79, and 80 or more years. BMI was cat-
egorized using the World Health Organization classifica-
tions: less than 18.5 kg/m2 (underweight), 18.5–24.9 kg/m2 
(normal weight), 25.0–29.9 kg/m2 (overweight), and more 
than or equal to 30.0 kg/m2 (obese and severely obese). 
ADL at admission was assessed using the Barthel index 
and categorized into three groups: less than or equal to 40, 
45–80, and 85–100 [21, 22]. Comorbidities were inves-
tigated using the ICD-10 codes (Supplemental Table 1) 
and assessed using the Charlson comorbidity index [23]. 
The index was categorized into three groups: less than or 
equal to 2, 3–4, and more than or equal to 5. Pretreatment 
medications included antihypertensives, antiplatelet drugs, 
antipsychotics, corticosteroids, estrogen preparations, non-
steroidal anti-inflammatory drugs, proton pump inhibitors/
potassium-competitive acid, and statins. Pretreatment proce-
dures included central venous catheterization, radiotherapy, 
surgery, and transfusion of red cell concentrate. A previous 
study reported that CDDP-based regimens were associated 
with a higher risk of VTE than CBDCA-based regimens in 
patients with lung cancer [24]; therefore, to account for dif-
ferences in the risk of thrombosis, we adjusted for the base-
line chemotherapy regimens in the current analysis. Hospital 
volume was defined as the annual number of eligible patients 
at each hospital and categorized into tertiles with approxi-
mately equal numbers of patients in each group.

Statistical analysis

We conducted propensity-score overlap weighting to con-
trol for potential confounding factors. The overlap weight-
ing analysis balanced the two groups by minimizing the 
asymptotic variance of the nonparametric estimates of 
the weighted average treatment effect within a class of 
weights [25–30]. The two groups were balanced by over-
lap weighting based on propensity scores estimated from 
the logistic regression analysis using the above covariates 
as potential confounders. The weights were constructed 
as the probability of each patient receiving the opposite 
treatment. Standardized differences were calculated to 

assess the balance of covariates between the two groups; 
an absolute value of the standardized difference being 
10% or more indicates that the covariate is significantly 
unbalanced [31].

A Cox proportional hazards regression model with adjust-
ment for within-hospital clustering was used for the two 
weighted groups. Generalized estimating equations were 
used to calculate the hazard ratio (HR) with 95% confidence 
intervals (CIs) for the association with outcomes. Cumula-
tive incidence functions, adjusted for competing risks, were 
used to account for VTE or ATE onset. A competing risk is 
an event that prevents the occurrence of the primary events 
of interest [32]. This study's competing risk was in-hospital 
death from causes other than VTE or ATE. For the analysis 
of VTE or ATE incidence, the Fine-Gray model was used to 
calculate subdistribution HRs (SHRs). The Fine-Gray model 
is recommended for incidence probability and predictive 
modeling in the presence of competing risks [32, 33].

We performed stratified analyses according to age (< 70 
and ≥ 70 years [34] and < 75 and ≥ 75 years [35, 36]) and 
ICI drugs (pembrolizumab and atezolizumab). Furthermore, 
we divided propensity score-weighted patients according to 
age and ICI drugs. Additionally, two sensitivity analyses 
were performed to assess the robustness of our findings. 
First, those who received bevacizumab-containing regimens 
were excluded because bevacizumab is known to be asso-
ciated with thrombosis [4]. Second, the instrumental vari-
ables method, which allows for the adjustment of residual 
unmeasured confounders, was used [37]. “The proportion of 
ICIs used in the number of chemotherapy administrations in 
each hospital” was used as the instrumental variable. This 
is because it can meet the general criteria for instrumental 
variables as follows: (i) it was not associated with patient 
background characteristics, (ii) it was highly associated with 
treatment choice, and (iii) it did not affect patient outcomes 
except through the treatment [38–40]. F-statistics were tested 
to confirm the validity of the instrumental variables, and an 
F-statistic less than 10 was considered an invalid instrumen-
tal variable [40]. A competing risk analysis, like the main 
analysis, was performed for VTE and ATE incidence.

All hypothesis tests employed a two-sided statistical sig-
nificance level of 0.05, and all statistical analyses were per-
formed using Stata/SE 17.0 statistical software (StataCorp, 
College Station, TX, USA).

Results

This study identified 109,723 patients with stage III or IV 
lung cancer who started treatment with a platinum-based 
regimen from July 1, 2010, to March 31, 2021. Then 33,916 
patients were excluded based on the exclusion criteria shown 



3584 Cancer Immunology, Immunotherapy (2023) 72:3581–3591

1 3

Table 1  Patient background before and after overlap weighting

Data are presented as n (%) or mean (standard deviation). ASD, absolute standardized difference; ICI, immune checkpoint inhibitor; SCLC, 
small cell lung carcinoma
* An ASD of < 10% denotes a negligible difference between the two groups

Before overlap weighting After overlap weighting

ICI
n = 7,177

non-ICI
n = 68,630

ASD*(%) ICI
n = 37,903

non-ICI
n = 37,903

ASD* (%)

Age, years
  < 40 60 (0.8) 849 (1.2) 4.0 335 (0.9) 335 (0.9) 0.0
 40–49 388 (5.4) 3,246 (4.7) 3.1 2,029 (5.4) 2,029 (5.4) 0.0
 50–59 1,090 (15) 10,191 (15) 0.9 5,746 (15) 5,746 (15) 0.0
 60–69 2,877 (40) 29,339 (43) 5.4 15,305 (40) 15,305 (40) 0.0
 70–79 2,636 (37) 23,167 (34) 6.2 13,781 (36) 13,781 (36) 0.0
  ≥ 80 126 (1.8) 1,838 (2.7) 6.3 707 (1.9) 707 (1.9) 0.0

Sex (male) 5,600 (78) 49,867 (73) 12.5 29,310 (77) 29,310 (77) 0.0
Body mass index, kg/m2

  < 18.5 1,137 (16) 9,858 (14) 4.1 5,964 (16) 5,964 (16) 0.0
 18.5–24.9 4,786 (67) 46,119 (67) 1.1 25,295 (67) 25,295 (67) 0.0
 25.0–29.9 1,083 (15) 10,804 (16) 1.8 5,732 (15) 5,732 (15) 0.0
  ≥ 30.0 129 (1.8) 1,276 (1.9) 0.5 676 (1.8) 676 (1.8) 0.0
 Missing data 42 (0.6) 573 (0.8) 3.0 236 (0.6) 236 (0.6) 0.0

Smoking
 Nonsmoker 1,469 (20) 18,923 (28) 16.7 8,090 (21) 8,090 (21) 0.0
 Current/past smoker 5,155 (72) 44,542 (65) 14.9 26,880 (71) 26,880 (71) 0.0
 Missing data 553 (7.7) 5,165 (7.5) 0.7 2,933 (7.7) 2,933 (7.7) 0.0

Barthel index at admission
  ≤ 40 79 (1.1) 734 (1.1) 0.3 416 (1.1) 416 (1.1) 0.0
 45–80 270 (3.8) 2,519 (3.7) 0.5 1,430 (3.8) 1,430 (3.8) 0.0
 85–100 6,565 (91) 62,884 (92) 0.6 34,670 (91) 34,670 (91) 0.0
 Missing data 263 (3.7) 2,493 (3.6) 0.2 1,387 (3.7) 1,387 (3.7) 0.0

Combined SCLC 18 (0.3) 768 (1.1) 10.5 106 (0.3) 106 (0.3) 0.0
Comorbidities
 Atrial fibrillation 54 (0.8) 807 (1.2) 4.3 308 (0.8) 308 (0.8) 0.0
 Autoimmune disease 41 (0.6) 1,173 (1.7) 10.7 246 (0.6) 246 (0.6) 0.0
 Chronic kidney disease 30 (0.4) 397 (0.6) 2.3 172 (0.5) 172 (0.5) 0.0
 Chronic pulmonary disease 791 (11) 10,469 (15) 12.6 4,418 (12) 4,418 (12) 0.0
 Congestive heart failure 97 (1.4) 1,233 (1.8) 3.6 544 (1.4) 544 (1.4) 0.0
 Chronic interstitial lung disease 93 (1.3) 3,649 (5.3) 22.6 563 (1.5) 563 (1.5) 0.0

Dementia 18 (0.3) 154 (0.2) 0.5 91 (0.2) 91 (0.2) 0.0
 Diabetes with chronic complication 80 (1.1) 1,007 (1.5) 3.1 438 (1.2) 438 (1.2) 0.0
 Diabetes without chronic complication 879 (12) 9,393 (14) 4.3 4,776 (13) 4,776 (13) 0.0
 Dyslipidemia 431 (6.0) 5,170 (7.5) 6.1 2,390 (6.3) 2,390 (6.3) 0.0
 Hemiplegia or paraplegia 15 (0.2) 160 (0.2) 0.5 80 (0.2) 80 (0.2) 0.0
 Hypertension 1,079 (15) 13,882 (20) 13.7 6,019 (16) 6,019 (16) 0.0
 Intracerebral bleeding 6 (0.1) 54 (0.1) 0.2 30 (0.1) 30 (0.1) 0.0
 Mild liver disease 169 (2.4) 2,036 (3.0) 3.8 943 (2.5) 943 (2.5) 0.0
 Moderate or severe liver disease 3 (0.0) 19 (0.0) 0.8 15 (0.0) 15 (0.0) 0.0
 Other interstitial lung diseases 8 (0.1) 342 (0.5) 7.0 49 (0.1) 49 (0.1) 0.0
 Peptic ulcer disease 198 (2.8) 4,860 (7.1) 20.1 1,160 (3.1) 1,160 (3.1) 0.0
 Psychoses 48 (0.7) 690 (1.0) 3.7 271 (0.7) 271 (0.7) 0.0

Charlson comorbidity index
  ≤ 2 4,533 (63) 40,965 (60) 7.1 23,552 (62) 23,552 (62) 0.0
 3–4 78 (1.1) 1,300 (1.9) 6.7 442 (1.2) 442 (1.2) 0.0
  ≥ 5 2,566 (36) 26,365 (38) 5.5 13,909 (37) 13,909 (37) 0.0
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in Fig. 1. Of the 75,807 eligible patients, the ICI and non-ICI 
groups comprised 7,177 and 68,630 patients, respectively.

Table 1 shows the baseline characteristics before and after 
propensity score overlap weighting for patients treated with 
and without ICI. Before adjustment for overlap weighting, 
the ICI group was significantly more likely to be male, in 
teaching hospitals, and current or past smokers.

Table 2 shows comorbidity and baseline medication infor-
mation, including baseline chemotherapy regimen. Before 
adjustment for overlap weighting, the ICI group was signifi-
cantly more likely to have stage IV cancer and have shorter 
intervals from admission to the start of chemotherapy than 
the non-ICI group. Regarding chemotherapy regimens, the 
ICI group was significantly more likely to use CBDCA plus 
PEM, CBDCA plus nabPTX, and CBDCA plus PTX plus 
BEV, and significantly less likely to use CDDP plus PEM 
and CBDCA plus PTX. Supplemental Table 2 shows the 
details of which ICI was used in each regimen. The total 
numbers of patients treated with pembrolizumab and atezoli-
zumab were 6,186 and 991 before overlap weighting, and 
32,976 and 4,957 after overlap weighting, respectively. The 
ICI group was significantly less likely to have hypertension, 
chronic interstitial pneumonia, chronic lung disease, autoim-
mune disease, and peptic ulcer disease. After adjustment for 
propensity score overlap weighting, each group comprised 
37,903 patients, and the backgrounds were completely bal-
anced (that is, all the absolute standardized differences were 
zero).

Table 3 shows the proportion of VTE and ATE requiring 
anticoagulation within 6 months after the start of platinum 
combination chemotherapy and the proportion of all-cause 
in-hospital death within 6 months of commencing platinum 
combination chemotherapy. Supplementary Table 3 shows 
the number of events of VTE (deep vein thrombosis and 
pulmonary embolism) and ATE (ischemic heart disease, 
ischemic brain disease, and peripheral arterial embolism). 
Cumulative probabilities for VTE and ATE and survival 
curves are shown in Fig. 2. Before weighting, VTE inci-
dence was 1.3% and 0.97%, ATE incidence was 0.52% and 
0.51%, and the mortality was 8.7% and 12% in the ICI and 
non-ICI groups, respectively.

Figure 3 shows the SHR and HR of the ICI group ver-
sus the non-ICI group. The SHR for the main analysis was 
significantly higher in the ICI group for VTE in hospitaliza-
tions within 6 months after the start of platinum combination 
chemotherapy at 1.27 (95% CI, 1.01–1.60) and not signifi-
cantly different for ATE at 0.96 (0.67–1.36). All-cause in-
hospital mortality was significantly lower, with a HR of 0.68 
(0.62–0.74). Stratified and sensitivity analyses showed simi-
lar trends as the main analysis (Fig. 3). Patients less than 70 
years old were more likely to develop VTE than those who 
were more than 70 years old; whereas, risks for VTE and 
ATE did not significantly differ between the ICI and non-ICI 
groups in the analysis stratified by age less than 75 and more 
than 75 years (Supplemental Table 4). The results of the 
stratified analyses for pembrolizumab were similar to those 
of the main analyses (Supplemental Table 5). The SHRs for 

Fig. 1  Flow diagram, VTE, venous thromboembolism; ATE, arterial thromboembolism; ICI, immune checkpoint inhibitor
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Table 2  Treatment background before and after overlap weighting

Data are presented as n (%) or mean (standard deviation)
ASD, absolute standardized difference; ICI, immune checkpoint inhibitor CDDP, cisplatin; CBDCA, carboplatin; PEM, pemetrexed; nabPTX 
nab-paclitaxel; PTX, paclitaxel; BEV, bevacizumab; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; 
CYP, cytochrome P450; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; NSAIDs, non-steroidal anti-inflammatory drugs; 
PPI, Proton pump inhibitors
* Antihypertensive drugs included angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, β-blockers, and Ca-blockers
† An ASD of < 10% denotes a negligible difference between the two groups

Before overlap weighting After overlap weighting

ICI
n = 7,177

non-ICI
n = 68,630

ASD† (%) ICI
n = 37,903

non-ICI
n = 37,903

ASD† (%)

Clinical cancer stage
 III 1,102 (15) 16,727 (24) 22.7 6,166 (16) 6,166 (16) 0.0
 IV 6,075 (85) 51,903 (76) 22.7 31,737 (84) 31,737 (84) 0.0

Treatments before admission
 Administration of BEV or ramucirumab 5 (0.1) 119 (0.2) 3.0 30 (0.1) 30 (0.1) 0.0
 Dialysis 4 (0.06) 43 (0.1) 0.3 23 (0.1) 23 (0.1) 0.0
 Prescription of EGFR-TKI 87 (1.2) 1,962 (2.9) 11.7 505 (1.3) 505 (1.3) 0.0
 Radiotherapy 379 (5.3) 2,639 (3.8) 6.9 1,911 (5.0) 1,911 (5.0) 0.0
 Surgery 787 (11) 7,189 (10) 1.6 4,101 (11) 4,101 (11) 0.0

Pretreatment medications
  Antihypertensives* 2,631 (37) 18,971 (28) 19.4 13,277 (35) 13,277 (35) 0.0
 Antiplatelet drugs 622 (8.7) 4,226 (6.2) 9.6 3,097 (8.2) 3,097 (8.2) 0.0
 Antipsychotics 1,954 (27) 13,878 (20) 16.5 9,938 (26) 9,938 (26) 0.0
 Corticosteroids 3,380 (47) 29,528 (43) 8.2 17,727 (47) 17,727 (47) 0.0
 Estrogen preparations 10 (0.1) 82 (0.1) 0.6 50 (0.1) 50 (0.1) 0.0
 NSAIDs 2,948 (41) 27,477 (40) 2.1 15,470 (41) 15,470 (41) 0.0
 Osteoporosis drugs 28 (0.4) 158 (0.2) 2.9 133 (0.4) 133 (0.4) 0.0
 PPI/ Potassium-competitive acid 3,315 (46) 26,790 (39) 14.5 17,104 (45) 17,104 (45) 0.0
 Statins 1,077 (15) 6,779 (9.9) 15.6 5,328 (14) 5,328 (14) 0.0

Pretreatment procedures
 Central venous catheterization 28 (0.4) 266 (0.4) 0.04 142 (0.4) 142 (0.4) 0.0
 Radiotherapy 471 (6.6) 4,049 (5.9) 2.7 2,463 (6.5) 2,463 (6.5) 0.0
 Surgery 60 (0.8) 676 (1.0) 1.6 320 (0.8) 320 (0.8) 0.0
 Transfusion of red cell concentrate 66 (0.9) 546 (0.8) 1.3 338 (0.9) 338 (0.9) 0.0

Baseline chemotherapy
 CDDP plus PEM 894 (12) 14,412 (21) 23.0 5,159 (14) 5,159 (14) 0.0
 CBDCA plus PEM 3,050 (42) 24,014 (35) 15.5 16,243 (43) 16,243 (43) 0.0
 CBDCA plus nabPTX 2,219 (31) 12,001 (17) 31.8 11,119 (29) 11,119 (29) 0.0
 CBDCA plus PTX 296 (4.1) 14,466 (21) 52.8 1,798 (4.7) 1,798 (4.7) 0.0
 CBDCA plus PTX plus BEV 718 (10) 3,737 (5.4) 17.1 3,584 (9.5) 3,584 (9.5) 0.0

Days to start chemotherapy, days 4.0 (6.8) 4.7 (7.3) 9.1 4.1 (7.0) 4.1 (6.1) 0.0
Academic hospital 1,657 (23) 12,358 (18) 12.6 8,384 (22) 8,384 (22) 0.0
Hospital volume
  < 14 2,522 (35) 22,651 (33) 4.5 13,274 (35) 13,274 (35) 0.0
 14–24 2,578 (36) 22,717 (33) 5.9 13,440 (35) 13,440 (35) 0.0
  ≥ 24 2,077 (29) 23,262 (34) 10.7 11,189 (30) 11,189 (30) 0.0
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VTE and ATE at instrumental variables method were 1.16 
(0.29–4.67) and 0.10 (0.01–1.16), respectively. The HR for 
mortality was 0.62 (0.38–1.02), and the F-statistic was 656.

Discussion

This study compared the thrombosis risk of platinum 
combination therapy with and without ICI in patients with 
advanced non-small cell lung cancer using a nationwide 

Japanese inpatient database. The study showed that the ICI 
group was associated with an increased risk of in-hospital 
VTE and a decreased risk of all-cause in-hospital mortal-
ity within 6 months of commencing platinum combina-
tion chemotherapy compared with the non-ICI group. In 
addition, the results of the stratified analyses by age (< 70 
and ≥ 70 years) and sensitivity analyses corresponded with 
the main analyses results.

In the unadjusted cohort, the ICI group was more likely 
to be hospitalized in teaching hospitals than the non-ICI 

Table 3  Incidence of outcomes 
before and after overlap 
weighting

ICI, immune checkpoint inhibitor
All outcomes were events requiring hospitalization within 6 months after the start of platinum combination 
chemotherapy. Data are shown in n (%)

Before overlap weighting After overlap weighting

ICI
n = 7,177

non-ICI
n = 68,630

ICI
n = 37,903

non-ICI
n = 37,903

Venous thromboembolism 96 (1.3) 665 (0.97) 505 (1.3) 389 (1.0)
Arterial thromboembolism 38 (0.52) 351 (0.51) 204 (0.54) 221 (0.58)
All-cause in-hospital death 626 (8.7) 8,211 (12) 3,297 (8.7) 4,709 (12)

Fig. 2  Incidence of outcomes in hospitalizations within 6 months after the start of platinum combination chemotherapy i Cumulative probability 
for venous and arterial thromboembolism events, ii Survival curves for mortality ICI, immune checkpoint inhibitor
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group. Academic hospitals with multidisciplinary and mul-
tispecialty teams would have allowed ICI administration 
because ICI can cause various systemic immune-related 
side effects [41, 42]. In addition, since ICI administration 
may be contraindicated in patients with chronic pulmonary 
(such as interstitial lung disease) and autoimmune diseases, 
these diseases were less common in the ICI group than in 
the non-ICI group. These differences were well-adjusted in 
the current overlap weighting analysis.

A previous study compared the incidence between 2 years 
before ICI administration and 2 years after administration 
and reported a more than four-fold increase in VTE inci-
dence after ICI administration [7]. In addition, a history of 
hypertension and age less than 65 years were also identified 
as predictive factors for VTE. In the present study, the SHR 
for VTE was significantly increased in the ICI group com-
pared with the non-ICI group, suggesting that ICI admin-
istration may be a risk factor for VTE. Compared with 
previous studies, the rate of increase was low. This may be 
because the comparison group in this study focused on plati-
num combination chemotherapy. Our stratified analysis also 
suggested that the risk of VTE may be higher in younger 
patients (< 70 years of age), similar to a previous report [7]. 
Additionally, the stratified analysis by ICI drugs revealed 
that regimens with pembrolizumab were associated with a 
higher risk of VTE compared with regimens without pem-
brolizumab. Previous studies reported that the risk of VTE 
was equivalent among different ICIs [8]. The present study 
observed no significant difference in the risk of developing 
ATE between the ICI and non-ICI groups. A past matched-
pair cohort study had an average BMI or more than 27 kg/
m2 [16], but the current study had a different population with 
BMIs less than 25 kg/m2in more than 80% of participants; 
this difference might have resulted in the low ATE inci-
dence regardless of ICI administration in the current cohort. 

Additionally, the difference in chemotherapy combined with 
ICI in the present study may have affected ATE incidence. 
Platinum chemotherapy requires high-volume infusion and 
special attention to cardiac function [43]. Thus, clinicians 
would have selected patients with good cardiac function in 
the current population treated with platinum chemotherapy.

All-cause mortality within 6 months was significantly 
lower in the ICI group than in the non-ICI group (Fig. 2). 
The reduced mortality in the present study is similar to pre-
vious randomized controlled trials (e.g., the HR for mortality 
was 0.71 in KEYNOTE-407) [44–47]. These trials demon-
strated long-term survival (approximately 17–22 months) in 
patients treated with ICI, whereas the current study revealed 
that ICI use was associated with a better prognosis even in 
a shorter period.

The strength of this study lies in the fact that it was con-
ducted in a real-world clinical setting and compared several 
advanced lung cancer patients to determine whether the 
addition of ICI increases the risk of thromboembolism, using 
a platinum-based chemotherapy arm as a control: we showed 
that the risk of venous thrombosis is approximately 1.3-fold 
higher with the addition of ICIs. Furthermore, instrumental 
variable methods were used to adjust for unmeasured con-
founding, and the results showed a similar trend, indicating 
that the results are robust. We believe that the current study 
may provide important information in the decision-making 
process for lung cancer treatment. However, this study had 
some limitations. First, outpatient treatment data were una-
vailable. In Japan, most platinum combination chemothera-
pies are initiated in an inpatient setting [24]. Therefore, the 
first administration of the target regimen could be identified 
using inpatient data only. Second, the unavailability of echo-
cardiographic and electrocardiographic results and informa-
tion on programmed cell death-ligand 1 antibodies could 
have led to a bias in the treatment choice to administer ICI. 

Fig. 3  Point estimates for 
outcomes within 6 months after 
the start of platinum combi-
nation chemotherapy VTE, 
venous thromboembolism; 
ATE, arterial thromboembo-
lism; BEV, bevacizumab; PE, 
point estimate; CI, confidence 
interval Point estimates for VTE 
and ATE show subdistribution 
hazard ratios in the competing 
risk analysis. Point estimates for 
mortality show the hazard ratio. 
*Mortality represents all-cause 
in-hospital death. All outcomes 
were events requiring hospitali-
zation within 6 months after the 
start of platinum combination 
chemotherapy
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Furthermore, information on histological types (squamous 
cell carcinoma, adenocarcinoma) and oncogenic gene muta-
tions could not be obtained from the database [48]. In lung 
and esophageal cancer, the risk of VTE has been reported to 
be higher for adenocarcinoma than for squamous cell carci-
noma [49, 50]. Oncogenic gene mutations, especially ALK 
fusion gene mutations, are known risk factors for throm-
bosis [51]. However, the instrumental variable method can 
adjust for such unmeasured confounders and would support 
the results of the main analyses. Third, information on out-
comes outside the hospital (e.g., thromboembolisms treated 
in other hospitals and death at home) could not be obtained. 
Mild venous thrombosis without inpatient treatment may 
also have been missed. Hence, there may be an underesti-
mation of the outcomes. Moreover, angina pectoris treated 
only with antiplatelet agents was not included as an out-
come. However, because the lack of information is expected 
to occur equally in the two groups, they are not likely to 
skew the results. Fourth, with the approval of direct oral 
anticoagulants, the detection of thrombosis in the ICI and 
non-ICI groups may be different. For example, in Trousseau 
syndrome, heparin and direct oral anticoagulants are more 
likely to be used and warfarin is less frequently selected. 
Patients with ischemic brain disease in the non-ICI group 
before direct oral anticoagulants approval may not have been 
treated with warfarin and thus may have been undetected. 
Finally, since patients with a history of thromboembolism 
and patients already taking anticoagulants were excluded, 
further investigation on this population is needed.

Conclusion

Adding ICIs to platinum combination chemotherapy was 
associated with an increased risk of in-hospital VTE 
within 6 months after the start of platinum combination 
chemotherapy compared with platinum combination chem-
otherapy alone, while the risk of in-hospital ATE was sim-
ilar. Therefore, clinicians should closely monitor patients 
for the risk of thromboembolism when using regimens 
with ICI added to platinum combination chemotherapy.
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