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Immune checkpoint inhibitors (ICls) combined with conventional cytotoxic agents have become the
new standard of care for extensive-stage small cell lung cancer (SCLC). The platinum-based agents

in these regimens are highly emetogenic, necessitating prophylactic antiemetic steroids. This study
evaluated the impact of prophylactic antiemetic steroid use on survival outcomes and efficacy in
patients with SCLC undergoing combination therapy. Using data from the National Health Insurance
Service of Korea database, patients treated with atezolizumab, etoposide, and carboplatin between
2020 and 2022 were categorized by antiemetic steroid dosage. Primary outcomes included overall
survival (OS) and time to next treatment (TTNT), assessed using multivariable Cox proportional
hazards models. After propensity score matching, 2,116 patients were categorized into low-dose
(0-12 mg), moderate-dose (13-24 mg), and high-dose (25-36 mg) groups. Median OS was 10.2
months (interquartile range [IQR] 5.2-18.5), and median TTNT was 8.6 months (IQR 4.8-15.5), with no
significant differences among groups. Subgroup analysis revealed increased mortality associated with
higher antiemetic steroid doses in patients concurrently receiving non-antiemetic steroids. Although
antiemetic steroids did not significantly impact survival outcomes overall, reducing their dosage in
patients already on steroid therapy for other indications is recommended.

Small cell lung cancer (SCLC) accounts for approximately 10-15% of all lung cancer cases, and is characterized
by rapid growth, high responsiveness to chemotherapy, and unfavorable long-term prognosis!. For more than
20 years, the first-line treatment for extensive-stage SCLC has been chemotherapy alone, typically involving
etoposide and platinum-based agents. The introduction of immune checkpoint inhibitors (ICIs) in the past
decade has shown that immunotherapies could potentially yield beneficial outcomes in patients diagnosed with
SCLC because a high tumor mutation burden is expected to trigger a strong T-cell response?. ICI monotherapy
has yielded limited but persistent efficacy in patients with refractory SCLC**. However, combining
ICI with the standard cytotoxic chemotherapy has significantly improved clinical outcomes. Following the
IMPOWER 133 study®, the Food and Drug Administration approved a combination of atezolizumab, etoposide,
and carboplatin for first-line treatment of extensive-stage SCLC in 2019. Since then, the combination of
durvalumab, etoposide, and platinum has demonstrated clinical efficacy®, establishing ICIs combined with
cytotoxic chemotherapy as the new standard of care for extensive-stage SCLC’.

ICIs are a new class of anticancer agents that kill tumor cells by inhibiting the immune evasion mechanisms
of T cells, including programmed cell death 1 (PD-1), PD ligand 1 (PD-L1), and cytotoxic T lymphocyte-
associated protein 4 (CTLA-4). Consequently, concurrent use of medications that affect immune function, such
as antibiotics, proton pump inhibitors (PPIs), immunosuppressants, and steroids, may alter the efficacy of ICIs
and reduce the odds of survival®-1°.
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Steroids, in particular, are used to control various symptoms in patients with cancer. Although numerous
studies have shown that steroids can reduce the efficacy of ICIs, the use of antiemetic steroids is essential when
combining ICIs with highly emetogenic cytotoxic chemotherapy. Clinical trials and international guidelines
have reported inconsistencies regarding the use of antiemetic steroids in this context!!2. Moreover, there is a
lack of clear clinical evidence supporting their use. In this study, we analyzed the effect of antiemetic steroids
administered as first-line therapy with atezolizumab, etoposide, and carboplatin on survival in patients diagnosed
with extensive-stage SCLC in a real-world setting.

Results
In this study, a total of 2,868 patients with extensive-stage SCLC who received atezolizumab, etoposide, and
carboplatin between August 1, 2020, and June 30, 2022, were included. Patients were categorized into three
groups based on the total dose of antiemetic dexamethasone administered per first chemotherapy cycle: low-
dose (0-12 mg), moderate-dose (13-24 mg), and high-dose (25-36 mg). Among the 2,868 patients, 1,563 were
assigned to the low-dose group, 681 to the moderate-dose group, and 624 to the high-dose group (Fig. 1).
After 2:1:1 propensity score matching, data from 2,116 patients were included in the study, with no statistically
significant differences in baseline characteristics among the 3 groups (Table 1). The mean (+SD) dose of
antiemetic dexamethasone was 3.8 (+3.9) mg in the low-dose group, 18.4 (+4.5) mg in the moderate-dose
group, and 32.4 (+3.6) mg in the high-dose group.

In the overall population, the median treatment duration with atezolizumab was 4.6 months (interquartile
range [IQR] 2.8-6.1), the median overall survival (OS) was 10.2 months (IQR 5.2-18.5), and the median time to
next treatment (TTNT) was 8.6 months (IQR 4.8-15.5). The results by antiemetic steroid dosage were as follows:

Patients with small cell lung cancer initiated
atezolizumab with etoposide and carboplatin
during study period (N=3,334)

Exclusion criteria
- Patients received chemotherapy
within 6 months (N=147)
- Patients who has been hospitalized
for more than 21 days (N=319)

4

A 4

Overall study cohort (N=2,868)

v

A 4 \ 4
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antiemetic steroids antiemetic steroids antiemetic steroids
group (N=1,563) group (N=681) group (N=624)
2:1:1: propensity score matching
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Fig. 1. Flow chart of patient selection.
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Characteristics, n (%) Low-dose (n=1,058) | Moderate-dose (n=>529) | High-dose (n=529) | P-value
Sex 0.937
Male 942 (89.0) 471 (89.0) 468 (88.5)
Female 116 (11.0) 58 (11.0) 61 (11.5)
Age (years) 0.397
18-64 244 (23.1) 136 (25.7) 130 (24.6)
65-79 673 (63.6) 310 (58.6) 328 (62.0)
80+ 141 (13.3) 83 (15.7) 71(13.4)
Smoking status 0.932
Smoker 276 (26.1) 138 (26.1) 142 (26.8)
Non-smoker 276 (26.1) 144 (27.2) 146 (27.6)
Missing 506 (47.8) 247 (46.7) 241 (45.6)
BMI (kg/m?) 0.774
<18.5 14 (1.3) 11(2.1) 10 (1.9)
18.5-24.9 325 (30.7) 155 (29.3) 160 (30.2)
=25 213 (20.1) 116 (21.9) 119 (22.5)
Missing 506 (47.8) 247 (46.7) 240 (45.4)
Hospital type 0.869
Tertiary hospital 836 (79.0) 413 (78.1) 413 (78.1)
Others 222 (21.0) 116 (21.9) 116 (21.9)
CNS metastasis 203 (19.2) 105 (19.8) 111 (21.0) 0.699
Radiation therapy 72 (6.8) 35 (6.6) 39 (7.4) 0.876
CCl score 0.782
0-3 159 (15.0) 73 (13.8) 75 (14.2)
4+ 899 (85.0) 456 (86.2) 454 (85.8)
Comorbid disease
Hypertension 630 (59.5) 318 (60.1) 321 (60.7) 0.907
Diabetes mellitus 564 (53.3) 288 (54.4) 287 (54.3) 0.890
Liver disease 475 (44.9) 228 (43.1) 241 (45.6) 0.699
Peptic ulcer disease 319 (30.2) 165 (31.2) 167 (31.6) 0.822
Rheumatic disease 66 (6.2) 33 (6.2) 41(7.8) 0.480
Renal disease 60 (5.7) 35 (6.6) 34 (6.4) 0.710
Exclusion criteria in the IMPOWER 133 study
Cardiovascular disease’ 257 (24.3) 153 (28.9) 146 (27.6) 0.103
Autoimmune disease 88 (8.3) 48 (9.1) 55 (10.4) 0.395
IPF/pneumonitis 65 (6.1) 34 (6.4) 37 (7.0) 0.809
HBV infection 29 (2.7) 11(2.1) 14 (2.6) 0.724
Solid organ transplantation 0(0) 0(0) 0(0) -
HIV infection 0(0) 0(0) 0(0) -
Non-antiemetic steroids* (mg) <0.001
0-9 745 (70.4) 411 (77.7) 337 (63.7)
10+ 313 (29.6) 118 (22.3) 192 (36.3)
Concurrent medications
Opioids 794 (75.0) 366 (69.2) 401 (75.8) 0.021
Antibiotics 555 (52.5) 252 (47.6) 276 (52.2) 0.169
PPIs/P-CABs 414 (39.1) 193 (36.5) 204 (38.6) 0.588
Immunosuppressants 17 (1.6) 6(1.1) 6(1.1) 0.646

Table 1. Baseline patient characteristics based on antiemetic steroids dose after propensity score matching.
BMI body mass index, CNS central nervous system, CCI Charlson comorbidity index, IPF idiopathic
pulmonary fibrosis, HBV hepatitis B virus, HIV human immunodeficiency virus, PPI proton pump inhibitor,
P-CAB potassium-competitive acid blocker. TMyocardial infarction, ischemic heart diseases, arrhythmias,
unstable angina. *Dexamethasone equivalent doses.
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in the low-dose group, the median OS was 10.4 months (IQR 5.2-18.5), with the median TTNT of 8.6 months
(IQR 4.7-15.2). For the moderate-dose group, the median OS was 10.0 months (IQR 5.6-18.1) with the median
TTNT of 8.7 months (IQR 5.1-15.3). In the high-dose group, the median OS was 10.1 months (IQR 5.2-19.1)
with the median TTNT of 9.1 months (IQR 4.7-16.8). There were no statistically significant differences in OS
and TTNT among the 3 groups based on antiemetic steroid dosage (Fig. 2).

Multivariable analysis revealed that older age groups (65-79 and >80 years), history of idiopathic pulmonary
fibrosis (IPF) or pneumonitis, and concomitant use of opioids, antibiotics, and PPIs/potassium-competitive
acid blockers (P-CABs) were statistically significantly associated with inferior OS and TTNT. However, there
were no statistically significant differences in the OS and TTNT hazard ratios (HRs) according to the dosage of
antiemetic steroids (Table 2).

Subgroup analysis according to age and sex confirmed that the dosage of antiemetic steroids had no effect
on OS or TTNT. In patients who received non-antiemetic steroids with a dexamethasone equivalent dose of
>10 mg, the HR of OS was significantly higher in the antiemetic high-dose steroid group at 1.24 (95% confidence
interval [CI] 1.01-1.53). However, no significant differences in the HR for TTNT were observed between the
moderate- and high-dose groups (Fig. 3).

Discussion

Despite their immunosuppressive properties, antiemetic steroids are often used in combination with ICIs and
highly emetogenic chemotherapy in clinical settings. This study used information from a large claims database to
examine the influence of antiemetic steroids on the survival of patients with SCLC undergoing combination ICIs
and chemotherapy. The use of this antiemetic steroid did not significantly affect patient survival or treatment
failure. However, in an additional examination of patients who used corticosteroids > 10 mg (in dexamethasone
equivalents) for non-antiemetic purposes within 3 weeks after initiating ICIs, we found that the risk of mortality

0-12 12-24 25-36

Low-dose 10.4 (5.2-18.5)
Moderate-dose 10.0 (5.6-18.1)

High-dose 10.1 (5.2-19.1)

p=0.07 u;

B
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Time (months)

Fig. 2. Kaplan-Meier analysis of overall survival according to antiemetic steroid dosage, categorized into low-
dose (0-12 mg), moderate-dose (13-24 mg), and high-dose (25-36 mg) groups.

Scientific Reports |

(2025) 15:22108 | https://doi.org/10.1038/s41598-025-05899-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Overall survival Time to next treatment

Variables aHR (95% CI) | P-value | aHR (95% CI) | P-value
Antiemetic steroids (mg)

0-12 Reference Reference

13-24 1.05 (0.93-1.19) | 0.400 1.06 (0.93-1.20) | 0.396

25-36 1.00 (0.89-1.12) | 0.952 0.97 (0.85-1.10) | 0.607
Sex

Male Reference Reference

Female 0.87 (0.74-1.01) | 0.069 0.92 (0.78-1.09) | 0.352
Age (years)

18-64 Reference Reference

65-79 1.32(1.17-1.49) | <0.001 | 1.33(1.16-1.51) | <0.001

80+ 2.14 (1.81-2.53) | <0.001 | 2.04 (1.70-2.44) | <0.001
CNS metastasis 1.12 (0.98-1.28) | 0.108 1.16 (1.00-1.33) | 0.049
Radiation therapy 0.85 (0.69-1.04) | 0.120 0.83 (0.66-1.04) | 0.104
CCI score

0-3 Reference Reference

4+ 0.96 (0.82-1.13) | 0.624 0.89 (0.75-1.05) | 0.170
Comorbid disease

Hypertension 1.10 (0.99-1.23) | 0.076 1.12 (1.00-1.26) | 0.049

Diabetes mellitus 1.06 (0.95-1.18) | 0.292 1.01 (0.90-1.14) | 0.852

Liver disease 1.10 (0.99-1.23) | 0.065 1.12 (1.00-1.26) | 0.049

Peptic ulcer disease 0.95 (0.85-1.06) | 0.333 0.91 (0.81-1.02) | 0.107

Rheumatic disease 0.87 (0.61-1.23) | 0.428 1.09 (0.73-1.63) | 0.688

Renal disease 0.99 (0.80-1.21) | 0.889 0.94 (0.75-1.18) | 0.605

Exclusion criteria in the IMPOWER 133 study
Cardiovascular disease | 0.98 (0.88-1.10) | 0.770 0.96 (0.85-1.09) | 0.521
Autoimmune disease 1.10 (0.81-1.50) | 0.529 0.91 (0.63-1.30) | 0.599

IPF/pneumonitis 1.25(1.02-1.53) | 0.032 1.36 (1.09-1.69) | 0.006

HBYV infection 0.99 (0.73-1.35) | 0.954 1.13 (0.83-1.54) | 0.431
Non-antiemetic steroids (mg)

0-9 Reference Reference

10+ 1.05 (0.94-1.17) | 0.411 1.15 (1.03-1.30) | 0.017

Concurrent medication

Opioids 1.38 (1.23-1.56) | <0.001 | 1.36 (1.19-1.55) | <0.001

Antibiotics 1.35(1.21-1.49) | <0.001 | 1.41 (1.26-1.58) | <0.001

PPIs/P-CABs 1.24 (1.12-1.37) | <0.001 | 1.29 (1.16-1.44) | <0.001
)

Immunosuppressants | 1.46 (0.98-2.17) | 0.062 1.27 (0.81-1.97) | 0.295

Table 2. Multivariable analysis of overall survival and time to next treatment. aHR adjusted hazard ratio, CI
confidence interval, BMI body mass index, CNS central nervous system, CCI Charlson comorbidity index, IPF
idiopathic pulmonary fibrosis, HBV hepatitis B virus, HIV human immunodeficiency virus, PPI proton pump
inhibitor, P-CAB potassium-competitive acid blocker.

was significantly increased by 24% among those who were administered a total of 25-36 mg of antiemetic
dexamethasone during the initial chemotherapy cycle.

The study participants were administered an average dosage of 14.6 mg of antiemetic dexamethasone.
This study found that more than one-half of patients (1,563 of 2,868) were taking <12 mg antiemetic steroids,
which is below the recommended level. Among the chemotherapy regimens administered to the patients in
this study, carboplatin was categorized as a moderate- or high-risk emetogenic agent, depending on the specific
guidelines and dosage used'>!*. The moderate emetogenic risk associated with carboplatin, as indicated in some
recommendations, may explain this, along with the clinician’s adjustment of steroid dosage to accommodate the
concurrent use of ICIs.

The use of supportive or baseline steroids in patients receiving ICIs can adversely affect survival'®!>. The
effects of administering antiemetic steroids remain unclear. The most recent guidelines indicate that there is
insufficient clinical evidence to rule out the use of antiemetic steroids when administering ICIs along with
chemotherapy!'!. However, a preclinical investigation in the context of chemoimmunotherapy found that
administering dexamethasone at sufficiently high dosages to promote lymphodepletion had a negative impact
on treatment response'®.

Scientific Reports |

(2025) 15:22108 | https://doi.org/10.1038/s41598-025-05899-w

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Subgroup

Non-antiemetic steroid 2 10mg

Antiemetic steroid:
Antiemetic steroid:
Antiemetic steroid:
Sex
Male
Antiemetic steroid:
Antiemetic steroid:
Antiemetic steroid:
Female
Antiemetic steroid:
Antiemetic steroid:
Antiemetic steroid:
Age (years)
18-64
Antiemetic steroid:
Antiemetic steroid:
Antiemetic steroid:
65-79
Antiemetic steroid:
Antiemetic steroid:
Antiemetic steroid:
80+
Antiemetic steroid:
Antiemetic steroid:
Antiemetic steroid:

Subgroup

Non-antiemetic steroid 2 10mg

00-12
13-24
25-36

00-12
13-24
25-36

00-12
13-24
25-36

00-12
13-24
25-36

00-12
13-24
25-36

00-12
13-24
25-36

Antiemetic steroid: 00-12
Antiemetic steroid: 13-24
Antiemetic steroid: 25-36

Sex
Male

Antiemetic steroid: 00-12
Antiemetic steroid: 13-24
Antiemetic steroid: 25-36

Female

Antiemetic steroid: 00-12
Antiemetic steroid: 13-24
Antiemetic steroid: 25-36

Age (years)
18-64

Antiemetic steroid: 00-12
Antiemetic steroid: 13-24
Antiemetic steroid: 25-36

65-79

Antiemetic steroid: 00-12
Antiemetic steroid: 13-24
Antiemetic steroid: 25-36

80+

Antiemetic steroid: 00-12
Antiemetic steroid: 13-24
Antiemetic steroid: 25-36

Patients

(N)

313
118
192

244
136
130

673
310
328
141

7

Time to next treatment

Patients

(N)

313
118
192

Overall survival

Hazard ratio
(95% CI)

ref
1.26 (0.99-1.62)
1.24 (1.04-1.53)

ref
1.07 (0.94-1.21)
1.01 (0.89-1.15)

ref
0.95 (0.65-1.40)
0.94 (0.64-1.39)

ref
0.97 (0.75-1.26)
0.97 (0.75-1.26)

ref
1.08 (0.93-1.26)
1.01 (0.87-1.18)

ref
1.06 (0.78-1.43)
0.94 (0.68-1.29)

Hazard ratio
(95% CI)

ref
1.10 (0.84-1.44)
1.12 (0.90-1.40)

ref
1.09 (0.95-1.25)
0.99 (0.86-1.13)

ref
0.77 (0.50-1.18)
0.80 (0.53-1.23)

ref
0.96 (0.73-1.27)
0.83 (0.62-1.11)

ref
1.11 (0.94-1.31)
1.04 (0.89-1.22)

ref
0.92 (0.67-1.27)
0.79 (0.56-1.13)

T I I
1.0 1.25 1.50

Hazard ratio

2.00

T I I

1.0 1.25 1.50
Hazard ratio

2.00

Fig. 3. Forest plots demonstrating subgroup analysis of overall survival and time to next treatment stratified

according to non-antiemetic steroid dosage.

Our investigation revealed that the use of antiemetic steroids did not have any significant effect on the
OS of patients with SCLC undergoing immunochemotherapy. Previous studies investigating patients with
although limited in size and conducted retrospectively-have
similarly shown that the use of preventive steroids along with ICIs and chemotherapy is not associated with any
survival disadvantages!”!8. This could possibly be explained by the combined impact of chemotherapy and ICIs
counteracting the influence of steroids. Cytotoxic chemotherapeutic agents also affect the host immune system

breast cancer and non-small cell lung cancer
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and enhance the immunological state of the tumor microenvironment. Combining these medications with
immunotherapy can induce a therapeutic response in cancers that have not previously responded to ICIs alone®®.
Preclinical research in a chemoimmunotherapy environment has shown that the adverse effects of steroids
are minimized when chemotherapy is combined with ICIs, resulting in greater efficacy'®. Moreover, SCLC is
characterized by a notably high chemotherapeutic response rate; however, only a small percentage of patients
experience a sustained effect from a combination of ICIs?. This may have reduced the effect of antiemetic steroids
on the therapeutic efficacy of ICIs. Furthermore, a limited number of patients in this study did not receive
steroids, thereby precluding a definitive assessment of the steroid effect.

A subgroup analysis revealed a significant increase in the likelihood of mortality among individuals
who used high-dose antiemetic steroids and consumed>10 mg of steroids for non-antiemetic reasons.
The immunosuppressive mode of action of steroids is well-known, and excessive doses of steroids may have
detrimental effects on survival. Therefore, reducing the superfluous administration of steroids is crucial. This
study suggests that if steroids are required for non-antiemetic purposes, it is advisable to limit the antiemetic
steroid dosage to <24 mg, particularly in patients undergoing combination ICI and chemotherapy. Additionally,
recent research has cast doubt on the effectiveness of steroids in preventing nausea. The National Comprehensive
Cancer Network (NCCN) guidelines recommend tailoring the use of antiemetic steroids to each patient or
selecting an antiemetic regimen that excludes steroids'®. In a retrospective analysis, no statistically significant
differences were observed in the occurrence of nausea and vomiting when olanzapine was substituted with
steroids in patients undergoing immunochemotherapy®.

In this study, multivariable analysis demonstrated a strong correlation between age, IPF, opioids, antibiotics,
and PPIs, and the risk for mortality. This study specifically involved real-world evidence from populations
that have often been excluded from previous clinical trials. Patients with a history of IPF or pneumonitis had
increased mortality rates, consistent with other investigations?"*2. Cardiovascular disease, autoimmune disease,
and HBV infection are exclusion criteria because they may influence the worsening or recurrence of pre-existing
disorders rather than the efficacy of ICIs?>-?>. Thus, no association with mortality was observed in this study.
Moreover, the effects of the concurrent medications were comparable to those reported in other studies®?%?7,

This is the first study to investigate the effects of antiemetic steroids in patients with SCLC undergoing
immunochemotherapy. Using extensive claims data enabled broad applicability, and the incorporation of
additional concurrent medications is of substantial importance. Nevertheless, this study had some limitations.
First, it was not possible to clearly determine the purpose and timing of steroid prescriptions due to limited
information in the claims data. Steroids used for antiemetic purposes were classified based only on the date
of anticancer medicine prescription. Second, inadequacies in claims data may lead to an overestimation of
comorbidities and concomitant medication use rates. Third, the shorter follow-up period of the TTNT may have
led to inadequate time for observing the results, thus preventing the detection of a meaningful effect. Therefore,
in the subgroup analysis, the effect of higher doses of antiemetic steroids on OS was statistically significant;
however, the effect on TTNT was not significant. Fourth, due to the inherent limitations of claims data, detailed
information on radiotherapy regimens could not be obtained. Although the administration of radiotherapy
following chemoimmunotherapy may have influenced survival outcomes, this factor could not be considered in
our analysis and should be acknowledged as a limitation of the study.

In conclusion, results of this study demonstrated that, in patients with SCLC receiving immunochemotherapy,
the use of antiemetic steroids did not adversely affect survival. However, in patients receiving steroids for other
purposes, a higher dose of antiemetic steroids was associated with lower survival, suggesting the need to reduce
antiemetic dose. Nevertheless, additional prospective studies are required to validate these findings.

Methods

Data source

The present study used a customized claims dataset provided by the National Health Insurance Service (NHIS),
which included all patients diagnosed with lung cancer (International Classification of Diseases, 10th Revision
[ICD-10] codes: C33 and C34) between 2020 and 2022. This database contains demographic information
including age, sex, insurance type, diagnosis code, medical services, and prescribed medication information
for 98% of the population of Korea. The date of death in the NHIS is linked to the Statistics Korea records.
This study was approved by the Institutional Review Board of Seoul National University College of Medicine
and Seoul National University Hospital (No. E-2301-074-1395). The Institutional Review Board waived the
requirement for informed consent from participants as de-identified data were used in this study. All procedures
were performed in accordance with relevant guidelines and regulations.

Patient selection

This study included adult patients>18 years of age who received atezolizumab, etoposide, and carboplatin
concurrently between August 1, 2020 and June 30, 2022. This combination therapy has been reimbursed in Korea
since August 1, 2020, for the first-line treatment of extensive-stage SCLC. Since reimbursement for this regimen
in Korea requires a confirmed diagnosis of extensive-stage SCLC, patients who received this combination
therapy were considered to have extensive-stage disease. Patients who were prescribed other chemotherapies
within 6 months before the first dose of atezolizumab and those for whom hospital stay exceeded 21 days at the
time of the first dose of atezolizumab, were excluded.

Antiemetic steroids were classified as dexamethasone, prescribed within 3 days after the start of chemotherapy
at a maximum dose of 36 mg, because the exact reason for the prescription could not be determined due to
limitations of the claims data. In addition, it is noteworthy that, while steroids may be administered to prevent
nausea and vomiting during the first 4 cycles, the use of steroids, particularly at the start of ICI treatment,
may interfere with effectiveness?®??. As such, patients were classified into low-dose (0-12 mg), moderate-dose
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(13-24 mg), and high-dose (25-36 mg) groups based on the antiemetic steroid dose administered in the first
cycle, in accordance with the clinical guidelines, which recommend a maximum dexamethasone dose of 12 mg
per day and up to 36 mg per chemotherapy cycle for antiemetic prophylaxis'*. When an injection formulation
of dexamethasone was prescribed and the exact dosage could not be determined from the claims data, 1 ampule
containing 5 mg was assumed to be administered at 4 mg, based on the guidelines and common practice.

Patients were matched in a 2:1:1 ratio among the three groups using a propensity score calculated based on
sex, age, smoking status, body mass index (BMI), hospital type, central nervous system (CNS) metastasis, history
of radiation therapy, comorbid diseases, and exclusion criteria in the IMPOWER 133 study’. Comorbid diseases
included hypertension, diabetes mellitus, rheumatic disease, peptic ulcer disease, liver disease and renal disease.
Exclusion criteria included a history of autoimmune disease, IPF or pneumonitis, human immunodeficiency
virus (HIV) infection, hepatitis B virus (HBV) infection, solid organ transplantation, or cardiovascular disease
(Supplementary Table 1). The abovementioned comorbidities and exclusion criteria were identified via diagnostic
codes within 6 months before the first dose of atezolizumab.

Concomitant medications included steroids for other purposes, opioids, antibiotics, PPIs, P-CABs and
immunosuppressants administered within 21 days of the first dose of atezolizumab (Supplementary Table 2).

Outcomes

The primary outcomes were OS and TTNT. OS was defined as the time from the first dose of atezolizumab to
the date of death, and TTNT was defined as the time from the first dose of atezolizumab to the start of the next
chemotherapy regimen'®. For patients who did not receive the next chemotherapy regimen, TTNT was defined
as the time to death or the time to the last recorded visit before December 31, 2022. The observation period for
OS data was extended from the first dose of atezolizumab to the date of death or August 30, 2023, whichever
occurred first. The observation period for TTNT data was extended from the first dose of atezolizumab to the
date of the event or December 31, 2022. The primary outcomes across subgroups based on age, sex, and steroid
dosage used for purposes other than antiemetic use were also compared. Steroid use for non-antiemetic purposes
were calculated in daily dexamethasone equivalent doses (Supplementary Table 3), and the non-antiemetic
steroid dosage was further categorized into 2 groups for analysis: < 10 mg; and > 10 mg.

Statistical analysis

Demographic characteristics were analyzed using the chi-squared test and analysis of variance (ANOVA).
HRs for OS and TTNT were calculated using a multivariable Cox proportional hazards model. These ratios
were adjusted for demographic factors, such as sex, age, smoking status, BMI, hospital type, CNS metastasis,
history of radiation therapy, Charlson Comorbidity Index (CCI) score, comorbid diseases, exclusion criteria
in the IMPOWER 133 study, and concomitant medications. The HRs are expressed with corresponding 95%
CI. The Kaplan-Meier method was used to calculate median OS. All data processing and statistical analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R Studio 1.4.1717 (R Foundation for
Statistical Computing, Vienna, Austria).

Data availability

The datasets for this study are available from the corresponding author upon reasonable request.
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