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Abstract
Interstitial lung disease (ILD) is an adverse event associated with gemcitabine admin-
istration. Gemcitabine plus nab- paclitaxel, which is now a first- line chemotherapy 
regimen for pancreatic cancer (PC), may increase the risk of ILD; however, large- scale 
clinical data on this are limited. Thus, this study aimed to elucidate the incidence 
and risk factors of ILD in patients with PC receiving gemcitabine plus nab- paclitaxel. 
Through the Diagnosis Procedure Combination database, a Japanese nationwide in-
patient database with outpatient data, we identified consecutive patients with PC 
who received gemcitabine- based chemotherapy between July 2010 and March 2019 
at 205 hospitals. Competing- risk analysis was used to examine the cumulative inci-
dence and risk factors of ILD. Among the 6163 patients who received gemcitabine 
plus nab- paclitaxel, we documented 168 patients (2.7%) who developed ILD with cu-
mulative incidence rates (95% confidence intervals [CIs]) of 2.0% (1.6%– 2.4%), 2.7% 
(2.2%– 3.1%), and 3.1% (2.6%– 3.6%) at 3, 6, and 12 months, respectively. Compared 
with patients with PC who received gemcitabine monotherapy, those who received 
gemcitabine plus nab- paclitaxel had an adjusted subdistribution hazard ratio (SHR) 
for ILD of 1.93 (95% CI: 1.51– 2.47). Older age was associated with a high risk of ILD 
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1  |  INTRODUC TION

Gemcitabine is a standard chemotherapeutic agent with a tolerable 
toxic property and an effective anti- tumor effect on PC.1– 3 However, 
pulmonary toxicity is one of its recognized adverse events, which 
potentially results in substantial morbidity and mortality.4,5 The clin-
ical presentations of pulmonary toxicity that were associated with 
gemcitabine range from mild self- limiting symptoms (e.g., cough, 
dyspnea) to severe potentially fatal pulmonary disorders requiring 
intensive in- hospital care (e.g., acute respiratory distress syndrome).6 
Severe pulmonary toxicity that is associated with gemcitabine typ-
ically develops as ILD based on inflammatory and fibrotic reactions 
in the parenchymal lung alveolar regions.

The anti- tumor effects of gemcitabine- based chemotherapy 
regimens, which consist of gemcitabine combined with cytotoxic or 
molecular- targeted agents, on PC have been further investigated.7,8 
Since a clinical randomized trial demonstrated that gemcitabine plus 
nab- paclitaxel has better tumor- suppressing properties compared 
with gemcitabine monotherapy in patients with unresectable PC,9 
gemcitabine plus nab- paclitaxel has been administered as one of the 
first- line regimens for this population.9– 12 Nab- paclitaxel is a solvent- 
free formulation of the chemotherapeutic agent, paclitaxel, that was 
initially developed to mitigate the toxicity associated with the sol-
vent used and potentially enhance anti- tumor effects.6,13 However, 
nab- paclitaxel administration may predispose the patients to the risk 
of ILD with a reported incidence rate of approximately 2%– 10%.14– 17 
Due to the lack of large- scale data on the head- to- head comparison 
between gemcitabine with and without nab- paclitaxel, whether the 
addition of nab- paclitaxel to gemcitabine elevates the risk of ILD is 
unknown. A large sample of cases is required to evaluate the inci-
dence and risk factors of the relatively rare adverse event.14– 17

Therefore, to address these clinical questions, we utilized a 
nationwide administrative database with outpatient data in Japan 
and conducted a retrospective population- based cohort study 
to compare the incidence of ILD between patients with PC who 
were administered with gemcitabine plus nab- paclitaxel and other 
gemcitabine- based chemotherapy regimens. We additionally exam-
ined the risk factors for ILD in patients with PC who were adminis-
tered gemcitabine plus nab- paclitaxel.

2  |  METHODS

2.1  |  Study population

The DPC database, which is a nationwide administrative database 
of inpatient care in Japan that includes data on admission/discharge 
abstracts and administrative claims, was utilized.18– 20 Data on ap-
proximately 7 million inpatients were collected from >1000 hospi-
tals throughout Japan in 2020. The data on inpatient care included 
main diagnoses, comorbidities identified at admission, and complica-
tions observed during hospitalizations, which were recorded accord-
ing to the ICD- 10 codes. The database also contains detailed clinical 
information on the Union for International Cancer Control TNM 
classification for cases with newly diagnosed cancer, smoking status 
based on the Brinkman index (number of cigarettes per day multi-
plied by smoking years), Barthel Index for the activities of daily living 
(0– 100 points with higher scores indicating higher activity levels),21 
medications, interventional/surgical procedures (indexed by the 
Japanese original codes), and discharge status, including in- hospital 
mortality. Data on outpatients have been collected since 2010 from 
approximately 350 hospitals that also participated in inpatient data 
collection. Data on outpatient care included dates of outpatient 
clinic visits, procedures, and medications including intravenous and 
oral chemotherapeutic agents.

Adult patients (≥20 years old) who were admitted to any of the 
hospitals that participated in the outpatient data collection with a 
principal diagnosis of PC (ICD- 10 codes: C25.0– 25.3 and C25.7– 25.9) 
were identified through the DPC database. We included patients 
who started receiving gemcitabine plus nab- paclitaxel or other 
gemcitabine- based chemotherapy regimens for PC between July 
1, 2010 and March 31, 2019. We excluded patients with multiple 
cancer types or who were receiving other gemcitabine combination 
regimens (i.e., gemcitabine plus S- 1 or gemcitabine plus erlotinib). In 
addition, we excluded patients having concomitant ILD at the time 
of gemcitabine- based chemotherapy initiation.

This study was approved by the institutional review board of The 
University of Tokyo (Tokyo, Japan; approval number, #3501- (5) [May 
19, 2021]). The requirement for patients' written informed consent 
was waived because of the anonymity of the used data.

in patients receiving gemcitabine plus nab- paclitaxel (adjusted SHR comparing ≥75 to 
≤74 years, 1.61; 95% CI: 1.16– 2.24). In conclusion, this study demonstrated the clinical 
course of gemcitabine plus nab- paclitaxel- associated ILD in patients with PC. When 
gemcitabine plus nab- paclitaxel is administered to elderly patients with PC, symptoms 
associated with ILD must be monitored.
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2.2  |  Ascertainment of ILD cases

The primary outcome of this study was the development of ILD follow-
ing gemcitabine- based chemotherapy that required hospitalization. 
ILD was defined according to the following ICD- 10 codes: J70.2 (acute 
drug- induced interstitial lung disorders), J70.3 (chronic drug- induced 
interstitial lung disorders), J70.4 (drug- induced interstitial lung disor-
ders, unspecified), J84.1 (other interstitial pulmonary diseases with fi-
brosis), and J84.9 (interstitial pulmonary disease, unspecified). Patients 
who were hospitalized for ILD were identified based on information on 
the ICD- 10 codes at the index and all subsequent admissions.

2.3  |  Definitions of other variables

Each ICD- 10 code of comorbidity was converted to a score, and the 
sum was used to calculate the CCI based on Quan's algorithm.22 BMI 
was calculated and classified into three categories (<25, 25– 30, and 
>30 kg/m2). The ICD- 10 codes were used to define COPD (J43), 
chronic lower respiratory tract infection (J40– J42 and J44), chronic 
renal failure (N18), liver cirrhosis (K74), and arrhythmia (I490– I495, 
I498, and I499).

2.4  |  Statistical analysis

Time to ILD was defined as the period from the initiation of gemcitabine- 
based chemotherapy to hospitalization due to ILD, administration of 
subsequent chemotherapy, last follow- up, or death, whichever came 
first. When ILD occurred during the initial hospitalization, the date of 
ILD development was defined as the date of discharge during the cor-
responding hospitalization. When ILD was documented in subsequent 
hospitalizations, the date of ILD development was defined as the date 
of admission due to ILD. Cumulative incidences of ILD were calculated 
using a competing- risk analysis, in which the initiation of a subsequent 

chemotherapy regimen and death were treated as competing- risk 
events and were compared using Gray's test.23 Through the competing 
risks proportional hazard regression model with adjustment for potential 
confounders,24 we calculated SHRs and 95% CIs for risk of ILD develop-
ment comparing gemcitabine plus nab- paclitaxel to other gemcitabine- 
based chemotherapy regimens. Univariable analysis was conducted for 
each of the following variables: age (≤74 vs. ≥75 years), sex (female vs. 
male), the Barthel Index (≤55 vs. 60– 95 vs. 100), chronic renal failure (ab-
sent vs. present), liver cirrhosis (absent vs. present), arrhythmia (absent 
vs. present), COPD (absent vs. present), chronic lower respiratory tract 
infection (absent vs. present), CCI (≤2 vs. 3– 5 vs. ≥6), BMI (<25 kg/m2 
vs. 25– 30 kg/m2 vs. >30 kg/m2), smoking status (never smoker vs. past/
current smoker), and distant metastasis (absent vs. present). Potential 
risk factors with p < 0.20 in univariable analyses were adjusted for in 
multivariable models. In a secondary analysis, the same set of covariates 
were examined as potential risk factors for ILD among patients receiv-
ing gemcitabine plus nab- paclitaxel. Using the logistic regression model 
with adjustment for potential confounders, we examined risk factors 
for in- hospital mortality among patients undergoing ILD and calculated 
odds ratios (ORs) and 95% CIs.

R statistical software (version 4.2.1) and cmprsk package (R 
Development Core Team; http://www.r- proje ct.org) were used to 
compute cumulative incidence rates and 95% CI at specific time 
points and conduct Gray's test. All other statistical analyses were 
performed using Stata statistical software, version 15 (StataCorp 
LLC, College Station, Texas, USA).

3  |  RESULTS

We identified 6163, 9061, 2337, and 227 patients who received 
gemcitabine plus nab- paclitaxel, gemcitabine monotherapy, gemcit-
abine plus S- 1, and gemcitabine plus erlotinib, respectively, at 205 
hospitals (Figure 1). Table 1 summarizes the clinical characteristics of 
patients with PC according to chemotherapy regimens.

F I G U R E  1  Flowchart of the selection of patients with pancreatic cancer receiving gemcitabine plus nab- paclitaxel or other gemcitabine- 
based chemotherapy regimens.

http://www.r-project.org
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ILD was observed in 168 (2.7%) patients receiving gemcitabine 
plus nab- paclitaxel with a median time to ILD of 2.7 months (inter-
quartile range, 1.8– 4.9 months) and in 133 (1.5%) patients receiving 

gemcitabine monotherapy with a median time to ILD of 2.8 months 
(interquartile range, 1.8– 4.9 months). In patients receiving gemcit-
abine plus nab- paclitaxel, the cumulative incidence rates of ILD were 

TA B L E  1  Baseline characteristics of patients with pancreatic cancer according to chemotherapy regimens.

Characteristic

Chemotherapy regimen

p- value
Gemcitabine plus nab- 
paclitaxel (N = 6163)

Gemcitabine monotherapy 
(N = 9061)

Gemcitabine plus S- 1 
(N = 2337)

Gemcitabine plus erlotinib 
(N = 227)

Age, years 67.4 (9.0) 70.0 (9.4) 65.7 (9.5) 63.7 (8.6) <0.01

Age ≤74 years 4826 (78%) 5856 (65%) 1918 (82%) 206 (91%) <0.01

Age ≥75 years 1337 (22%) 3205 (35%) 419 (18%) 21 (9.3%)

Sex

Male 3679 (60%) 5071 (56%) 1407 (60%) 130 (57%) <0.01

Female 2484 (40%) 3990 (44%) 930 (40%) 97 (43%)

Barthel Index

100 5795 (94%) 8087 (89%) 2176 (93%) 216 (95%) <0.01

60– 95 285 (4.6%) 709 (7.8%) 115 (4.9%) 9 (4.0%)

0– 55 83 (1.3%) 265 (2.9%) 46 (2.0%) 2 (0.9%)

Chronic renal failure

No 6127 (99%) 8947 (99%) 2333 (99%) 227 (100%) <0.01

Yes 36 (0.6%) 114 (1.3%) 4 (0.2%) 0

Liver cirrhosis

No 6111 (99%) 8992 (99%) 2318 (99%) 225 (99%) 0.95

Yes 52 (0.8%) 69 (0.8%) 19 (0.8%) 2 (0.9%)

Arrhythmia

No 6138 (99%) 8992 (99%) 2327 (99%) 225 (99%) 0.03

Yes 25 (0.4%) 69 (0.8%) 110 (0.4%) 2 (0.9%)

COPD

No 6151 (99%) 9036 (99%) 2335 (99%) 226 (99%) 0.28

Yes 12 (0.2%) 25 (0.3%) 2 (0.1%) 1 (0.4%)

Chronic lower respiratory tract infection

No 6077 (98.6%) 8955 (99%) 2309 (99%) 227 (100%) 0.21

Yes 86 (1.4%) 106 (1.2%) 28 (1.2%) 0

Charlson Comorbidity Indexa

≤2 3718 (60%) 5278 (58%) 1418 (61%) 114 (50%) <0.01

3– 5 534 (8.7%) 857 (9.5%) 200 (8.6%) 8 (3.5%)

≥6 1909 (31%) 2923 (32%) 719 (31%) 105 (46%)

Body mass indexa

<25 kg/m2 5343 (87%) 7944 (89%) 2058 (89%) 190 (84%) <0.01

25– 30 kg/m2 687 (11%) 903 (10%) 227 (9.8%) 30 (13%)

>30 kg/m2 88 (1.4%) 88 (1.0%) 24 (1.0%) 6 (2.7%)

Smoking statusa

Current or past 2225 (36%) 2784 (34%) 754 (37%) 84 (40%) <0.01

Never 3281 (64%) 5299 (66%) 1307 (63%) 127 (60%)

Distant metastasis

No 2488 (40%) 3275 (36%) 892 (38%) 58 (26%) <0.01

Yes 3675 (60%) 5786 (64%) 1445 (62%) 169 (74%)

Note: Data are shown as n (%) or mean (standard deviation).
aPatients with missing data were excluded.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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2.0% (95% CI: 1.6– 2.4), 2.7% (95% CI: 2.2– 3.1) and 3.1% (95% CI: 2.6– 
3.6) at 3, 6, and 12 months, respectively, compared with 0.9% (95% 
CI: 0.8– 1.2), 1.4% (95% CI: 1.1– 1.7), and 1.6% (95% CI: 1.3– 1.9), re-
spectively, in patients receiving gemcitabine monotherapy (p < 0.01, 
Figure 2). Table 2 summarizes the characteristics of patients who 
were hospitalized due to ILD and treated during hospitalization. 
Mechanical ventilation was administered in 14 patients (8.3%) re-
ceiving gemcitabine plus nab- paclitaxel and 12 patients (9.0%) re-
ceiving gemcitabine monotherapy. In patients receiving gemcitabine 

plus nab- paclitaxel, most patients received steroid therapy (82%): 
orally in 29 patients (17%), intravenously in 24 patients (14%), and 
both in 84 patients (50%). The in- hospital mortality with ILD was 
21% and 32% in patients receiving gemcitabine plus nab- paclitaxel 
and gemcitabine monotherapy, respectively. In the total study popu-
lation, the incidence of ILD with an in- hospital death was 0.5%. In an 
analysis of risk factors for in- hospital mortality among patients with 
ILD, low levels of the Barthel Index and high levels of CCI, but not the 
chemotherapy regimens, were independent risk factors (Table 3).

F I G U R E  2  Cumulative incidence 
rates of interstitial lung disease (ILD) 
among patients with pancreatic cancer 
by chemotherapy regimens (gemcitabine 
plus nab- paclitaxel vs. gemcitabine 
monotherapy). PTX, paclitaxel.

TA B L E  2  Characteristics and treatment modalities of patients who developed interstitial lung disease associated with gemcitabine- based 
chemotherapy.

Chemotherapy regimen

p- value
Gemcitabine plus nab- 
paclitaxel (N = 168)

Gemcitabine 
monotherapy 
(N = 133)

Gemcitabine plus 
S- 1 (N = 24)

Gemcitabine plus 
erlotinib (N = 8)

Demographic

Age, years 70 (8.0) 72 (8.6) 69 (9.2) 64 (7.3) 0.05

Sex

Male 109 (65%) 83 (62%) 16 (67%) 8 (100) 0.19

Female 59 (35%) 50 (38%) 8 (33%) 0

Treatment

Oxygen therapy 110 (66%) 103 (77%) 17 (71%) 5 (63%) 0.15

Mechanical 
ventilation

14 (8.3%) 12 (9.0%) 1 (4.2%) 0 0.71

Steroid therapy, any 
type

137 (82%) 119 (90%) 20 (83%) 6 (75%) 0.24

Oral 29 (17%) 15 (11%) 4 (17%) 0

Intravenous 24 (14%) 30 (23%) 3 (13%) 1 (13%)

Both 84 (50%) 74 (56%) 13 (54%) 5 (63%) <0.01

Intravenous diuretic 
agent

44 (26%) 52 (39%) 12 (50%) 6 (75%)

Note: Data are shown as n (%) or mean (standard deviation).
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In the multivariable competing- risk regression analysis (Table 4), 
patients receiving gemcitabine plus nab- paclitaxel were at a higher 
risk of ILD compared with patients receiving gemcitabine monother-
apy or gemcitabine plus S- 1 with adjusted SHRs of 1.93 (95% CI: 1.51– 
2.47) and 2.81 (95% CI: 1.83– 4.31), respectively. Erlotinib has been 

recognized as a risk factor for the development of ILD8 and, there-
fore, we compared the risks of ILD between gemcitabine plus nab- 
paclitaxel and gemcitabine plus erlotinib (Table 4 and Figure S1). No 
statistically significant difference was observed between the groups 
although the limited number of patients receiving gemcitabine plus 

TA B L E  3  Univariable and multivariable logistic regression analyses to assess the risk factors for in- hospital death among patients with 
interstitial lung disease.

N Events (%)

Univariable Multivariableb

Odds ratio 95% CI p Odds ratio 95% CI p

Chemotherapy regimen

Gemcitabine 
monotherapy

133 43 (32%) 1 Referent 1 Referent

Gemcitabine plus 
nab- paclitaxel

168 36 (21%) 0.57 0.34– 0.96 0.03 0.70 0.39– 1.24 0.22

Gemcitabine plus S- 1 24 9 (38%) 1.25 0.51– 3.12 0.62 2.00 0.73– 5.53 0.18

Gemcitabine plus 
erlotinib

8 2 (25%) 0.70 0.14– 3.57 0.67 0.56 0.08– 3.81 0.56

Age, ≤74 years 219 58 (27%) 1 Referent

≥75 years 114 32 (28%) 1.08 0.65– 1.80 0.78

Sex, female 117 35 (30%) 1 Referent

Male 216 55 (26%) 0.80 0.49– 1.32 0.38

Barthel Index, 100 222 47 (21%) 1 1 Referent

60– 95 61 16 (26%) 1.32 0.69– 2.55 0.40 1.36 0.68– 2.75 0.39

0– 55 50 27 (54%) 4.37 2.30– 8.31 <0.01 5.27 2.61– 10.7 <0.01

Chronic renal failure, No 329 87 (26%) 1 Referent 1 Referent

Yes 4 3 (75%) 8.34 0.86– 81.3 0.07 8.30 0.70– 98.9 0.09

Liver cirrhosis, No 329 89 (27%) 1 Referent

Yes 4 1 (25%) 0.90 0.09– 8.75 0.93

Arrhythmia, No 333 90 (27%) 1 Referent

Yes 0 0 NA NA NA

COPD, No 328 88 (27%) 1

Yes 5 2 (40%) 1.82 0.30– 11.1 0.52

Chronic lower respiratory 
tract infection, No

320 87 (27%) 1

Yes 13 3 (23%) 0.80 0.22– 2.99 0.74

CCI, ≤2a 169 37 (22%) 1 Referent 1 Referent

3– 5 36 9 (25%) 1.19 0.51– 2.75 0.69 1.02 0.40– 2.63 0.96

≥6 124 43 (35%) 1.89 1.13– 3.18 0.02 1.90 1.06– 3.39 0.03

BMI <25 kg/m2a 303 81 (27%) 1 Referent

25– 30 kg/m2 23 5 (22%) 0.76 0.27– 2.12 0.60

>30 kg/m2 0 0 NA NA NA

Smoking status, Nevera 163 51 (31%) 1 Referent 1 Referent

Ever 142 35 (25%) 0.72 0.43– 1.19 0.20 0.82 0.47– 1.41 0.47

Distant metastasis, No 240 63 (26%) 1 Referent

Yes 93 27 (29%) 1.15 0.68– 1.96 0.61

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; NA, 
not available.
aPatients with missing data were excluded.
bThe variables with p < 0.20 in the univariable analyses were entered in a multivariable model.
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erlotinib precluded a robust statistical assessment in this subgroup. 
In an analysis of risk factors for ILD in patients receiving gemcitabine 
plus nab- paclitaxel, older age was an independent risk factor for ILD 
with an adjusted SHR comparing ≥75 years to ≤74 years of 1.61 (95% 
CI: 1.16– 2.24; Table 5). The adjusted SHR per 10- year increase in age 
was 1.44 (95% CI: 1.19– 1.75). The number of patients with COPD or 
chronic lower respiratory tract who underwent ILD due to gemcit-
abine plus nab- paclitaxel was limited, thereby precluding a robust 
statistical analysis. Among patients receiving gemcitabine mono-
therapy, smoking status was an independent risk factor for ILD with 
an adjusted SHR comparing past/current smokers to never smokers 
of 1.51 (95% CI: 1.00– 2.29; Table S1).

4  |  DISCUSSION

In this large longitudinal cohort study based on a nationwide data-
base, we characterized the clinical course of patients with PC who 
developed ILD following gemcitabine plus nab- paclitaxel adminis-
tration with substantial rates of incidence and in- hospital mortality. 
Compared with patients receiving gemcitabine monotherapy, patients 
receiving gemcitabine plus nab- paclitaxel were at a higher risk of ILD, 
in which older age was the only risk factor. Our population- based data 
would help to increase the awareness of oncologists on gemcitabine 
plus nab- paclitaxel- associated ILD and stratify patients who are indi-
cated for this chemotherapy regimen in terms of the ILD risk.

The current study suggests that the addition of nab- paclitaxel 
may elevate the risk of gemcitabine- associated ILD, which has been 
well recognized in clinical oncology.18 Nab- paclitaxel has several 
potential advantages over conventional solvent- based paclitaxel in-
cluding increasing the intratumor concentration of paclitaxel and de-
creasing adverse events (e.g., allergic reactions).25– 28 In the studies 
of patients with any cancer receiving nab- paclitaxel, the incidence 

of ILD was reported to be 6%– 8%.14– 16,29,30 Based on our data impli-
cating the additive effects of gemcitabine and nab- paclitaxel on ILD 
development, clinical oncologists should be aware of this potentially 
lethal adverse event and pay attention to the early symptoms of ILD 
(e.g., dyspnea and cough) and chest radiographic changes (typically, 
interstitial pulmonary infiltrates) when administrating the combina-
tion therapy. In this study, the median time to ILD development was 
approximately 2– 3 months after the initiation of gemcitabine with 
or without nab- paclitaxel; therefore, particular attention should be 
paid to patients during this period.

Treatment of drug- induced ILD is usually initiated by supportive 
management including sufficient physical rest and oxygen supple-
mentation. Steroid therapy has been the standard care for patients 
with moderate to severe ILD, particularly for those with underly-
ing comorbidities and who are unamenable to initial supportive 
care.31,32 In the current study, 82% of patients with ILD following 
gemcitabine plus nab- paclitaxel received intravenous or oral ste-
roid therapy. Given the high in- hospital mortality rate of patients 
with gemcitabine plus nab- paclitaxel- associated ILD, chemotherapy 
should be discontinued immediately when symptoms suggestive of 
ILD development are observed at the clinic, and other chemotherapy 
regimens should be considered as an alternative subsequent treat-
ment. During hospitalizations associated with ILD, patients should 
be monitored prudently to avoid delays in administering appropriate 
intensive treatment options. In addition to that, our analyses sug-
gest that comorbid conditions and physical activity levels may re-
sult in fatal outcomes associated with ILD. These findings support 
the importance of a comprehensive assessment of patients' general 
conditions in the risk stratification of patients presenting with ILD.33

Risk factors for gemcitabine plus nab- paclitaxel- associated 
ILD have not yet been fully investigated. In prior studies of pa-
tients with PC receiving gemcitabine plus nab- paclitaxel, the ABO 
blood group or concomitant use of Chinese herbal medications 

TA B L E  4  Univariable and multivariable competing risks regression analyses to assess the risk of interstitial lung disease associated with 
gemcitabine plus nab- paclitaxel compared with gemcitabine monotherapy, gemcitabine plus S- 1, or gemcitabine plus erlotinib.

Chemotherapy regimen N Events (%)

Univariable Multivariablea

SHR 95% CI p- value SHR 95% CI p- value

Gemcitabine monotherapy 9061 133 (1.5%) 1 Referent

Gemcitabine plus 
nab- paclitaxel

6163 168 (2.7%) 1.93 1.54– 2.42 <0.01 1.93 1.51– 2.47 <0.01

Gemcitabine plus S- 1 2337 24 (1.0%) 1 Referent

Gemcitabine plus 
nab- paclitaxel

6163 168 (2.7%) 2.97 1.94– 4.55 <0.01 2.81 1.83– 4.31 <0.01

Gemcitabine plus erlotinib 227 8 (3.5%) 1 Referent

Gemcitabine plus 
nab- paclitaxel

6163 168 (2.7%) 0.77 0.38– 1.55 0.46 0.69 0.34– 1.40 0.30

Abbreviations: CI, confidence interval; SHR, subdistribution hazard ratio.
aUnivariable analysis was conducted by entering each of the following variables: age, sex, Barthel Index, chronic renal failure, liver cirrhosis, 
arrhythmia, COPD, chronic lung infection, Charlson Comorbidity Index, body mass index, smoking status, and distant metastasis. In addition to the 
chemotherapy regimen, the variables with p < 0.20 in the univariable analyses (age, sex, COPD, Charlson Comorbidity Index, smoking status, and 
distant metastasis for the comparison with gemcitabine monotherapy; age, sex, and Barthel Index for the comparison with gemcitabine plus S- 1; and 
age and smoking status for the comparison with gemcitabine plus erlotinib) were entered in a multivariable model.



    |  4003SAITO et al.

appeared to be associated with the risk of ILD.14,15 However, 
those studies were limited by their single- institutional study de-
sign and statistical power. The large comprehensive dataset used 
in this study allowed us to identify risk factors with adjustment 
for a spectrum of potential confounders. In the current study, a 
10- year increase in age translated into an approximately 1.4- fold 
increased risk of ILD. Older patients might have underlying pul-
monary disorders, thereby potentially increasing the risk of drug- 
induced inflammatory reactions in the lung and resultant ILD.34,35 
Given these findings, the risk of ILD should be recognized, par-
ticularly when gemcitabine plus nab- paclitaxel is administered to 
elderly patients.

This study has several limitations. In our multivariable mod-
els, we adjusted for multiple potential confounding factors (e.g., 
smoking, arrhythmia).36,37 However, due to the nature of the da-
tabase used, we could not access some important clinical informa-
tion, including the results of laboratory tests and imaging studies. 
Consequently, the ascertainment of ILD cases was based solely on 
the ICD- 10 codes. Nonetheless, those ICD- 10 codes were assigned 
by treating physicians at the participating hospitals. Another lim-
itation was that data at the referred hospital were not available 
for analysis when a patient was transferred to another hospital. 
Despite these limitations, a major strength of the current study 
was the use of large- scale data from many hospitals throughout 

TA B L E  5  Univariable and multivariable competing risks regression analyses to assess the risk factors for interstitial lung disease among 
patients receiving gemcitabine plus nab- paclitaxel.

N Events (%)

Univariable Multivariableb

SHR 95% CI p- value SHR 95% CI p- value

Age, ≤74 years 4826 118 (2.4%) 1 Referent 1 Referent

≥75 years 1337 50 (3.7%) 1.58 1.14– 2.20 <0.01 1.61 1.16– 2.24 <0.01

Sex, female 2484 59 (2.4%) 1 Referent 1 Referent

Male 3679 109 (3.0%) 1.27 0.92– 1.74 0.14 1.30 0.95– 1.78 0.11

Barthel Index, 100 5795 159 (2.7%) 1

60– 95 285 5 (1.8%) 0.68 0.28– 1.66 0.39

0– 55 83 4 (4.8%) 1.85 0.68– 5.01 0.23

Chronic renal failure, No 6127 168 (2.7%) 1 Referent

Yes 36 0 NA NA NA

Liver cirrhosis, No 6111 166 (2.7%) 1 Referent

Yes 52 2 (3.8%) 1.28 0.31– 5.20 0.73

Arrhythmia, No 6138 168 (2.7%) 1 Referent

Yes 25 0 NA NA NA

COPD, No 6151 168 (2.7%) 1

Yes 12 0 NA NA NA

Chronic lower respiratory 
tract infection, No

6077 167 (2.7%) 1

Yes 86 1 (1.2%) 0.41 0.06– 2.99 0.38

CCI, ≤2a 3718 99 (2.7%) 1 Referent

3– 5 534 12 (2.2%) 0.85 0.47– 1.53 0.58

≥ 6 1909 57 (3.0%) 1.16 0.84– 1.61 0.37

BMI <25 kg/m2a 5343 146 (2.7%) 1 Referent

25– 30 kg/m2 687 20 (2.9%) 1.08 0.68– 1.73 0.73

> 30 kg/m2 88 2 (2.3%) 0.86 0.21– 3.43 0.83

Smoking status, Nevera 2225 83 (3.7%) 1 Referent

Ever 3281 65 (2.0%) 1.19 0.86– 1.65 0.29

Distant metastasis, No 2488 65 (2.6%) 1 Referent

Yes 3675 103 (2.8%) 1.05 0.77– 1.43 0.75

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; NA, 
not available; SHR, subdistribution hazard ratio.
aPatients with missing data were excluded.
bThe variables with p < 0.20 in the univariable analyses were entered in a multivariable model.
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Japan, which not only enabled us to document the clinical out-
comes of patients with gemcitabine plus nab- paclitaxel- associated 
ILD with robust statistical estimates, but also potentially ensured 
the generalizability of our findings.

In conclusion, our large cohort study demonstrated that a sub-
stantial incidence rate of ILD was observed in patients with PC who 
were administered gemcitabine plus nab- paclitaxel. Despite the in-
creased anti- tumor effects of gemcitabine plus nab- paclitaxel for 
unresectable PC, this combination chemotherapy may increase the 
risk of ILD compared with gemcitabine monotherapy. Our risk factor 
analysis suggests that elderly patients who receive gemcitabine plus 
nab- paclitaxel must be carefully monitored. These findings imply 
that treatment indications must be assessed considering the trade- 
off of survival benefits and risk of ILD.
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