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Background/Aim: Nab-paclitaxel (Nab-PTX) has been widely used to treat several advanced cancers. Nab-PTX can cause drug-
induced lung injury (DILI); however, its clinical and radiographic features have not been clarified. We aimed to assess the clinical
characteristics of Nab-PTX-induced lung injury and identify its associated risk factors.
Patients and Methods: We retrospectively investigated 304 patients who received Nab-PTX at Chiba University Hospital between
November 2010 and November 2017. We obtained information regarding the clinical course, laboratory findings, and chest computed
tomography findings from their medical records.
Results: Forty-one patients (13%) developed DILI. Grade 1 lung injury occurred in 27 patients (8.8%), grade 2, 8 patients (2.6%);
grade 3, 3 patients (0.9%); grade 4, 1 (0.3%); and grade 5, 2 (0.6%). Multivariate analysis revealed that age >56 years (odds ratio
[OR]: 3.0), pre-existing interstitial lung changes (OR: 3.2), and combined drugs with gemcitabine (OR: 2.7) were independent risk
factors for DILI owing to Nab-PTX administration.
Conclusion: Nab-PTX-induced lung injury is not rare; however, most cases are asymptomatic (grade 1). Older age, pre-existing
interstitial lung changes, and combined drugs with gemcitabine could increase the incidence of Nab-PTX-induced lung injury; such
patients should be treated with greater care.
Keywords: drug-induced lung injury, gemcitabine, multivariate analysis, nab-paclitaxel, risk factor

Introduction
Drug-induced lung injury (DILI) occurs when drug administration results in inflammation and, eventually, fibrosis in the
lung interstitium.1 The mechanism of DILI is primarily classified into two types:2 cytotoxic pulmonary injury or
immune-mediated pulmonary injury. The pathogenesis of cytotoxic pulmonary injury may include direct injury to
pneumocytes or the alveolar capillary endothelium with subsequent release of cytokines and recruitment of inflammatory
cells.2 All drugs have the possibility to induce DILI; however, the frequency of reported DILI is biased.3,4

Nab-paclitaxel (Nab-PTX) is an anticancer drug formulated to allow paclitaxel (PTX) to be dissolved in physiological
saline by binding to human serum albumin.5 Moreover, it is no longer necessary to administer steroids or antihistamines
to prevent hypersensitivity to the solvent necessary for administration; thus, Nab-PTX can be administered to patients
with alcohol hypersensitivity. Nab-PTX is used worldwide for the management of many solid cancers, such as non-small
cell lung cancer (NSCLC), gastric cancer, breast cancer, ovarian cancer, and pancreatic cancer. However, although
relatively rare, DILI following the administration of PTX or Nab-PTX is a notable adverse effect. According to
ABSOLUTE, a Phase III clinical trial that verified the noninferiority of Nab-PTX (weekly or every 3 weeks) to PTX
therapy for gastric cancer, the incidence rate of DILI was 0.8% (2/244).6

In general, patients with interstitial pneumonia have been excluded from most prospective clinical trials on NSCLC;
however, one Phase II trial of carboplatin plus Nab-PTX every 3 weeks was performed in advanced NSCLC patients with
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idiopathic pulmonary fibrosis (IPF).7 Of the 18 patients (6 of whom had confirmed IPF) enrolled in that trial, only 1
(5.6%) with IPF experienced acute exacerbation. It is evident that the safety and efficacy of chemotherapy in such
patients have not been established; however, Nab-PTX is relatively safe for patients with lung cancer associated with
interstitial pneumonia.

With the onset of DILI, patients are required to adhere to notable therapeutic restrictions. However, the clinical
characteristics of DILI owing to Nab-PTX and the factors involved in the onset have not been undefined. Therefore, the
present study aimed to evaluate the clinical features of Nab-PTX-induced lung injury and determine its associated risk factors.

Patients and Methods
Patients
A total of 409 patients received Nab-PTX at Chiba University Hospital according to the patient medical records between
November 2010 and November 2017. Among them, four patients received Nab-PTX only once owing to non- lung injury
related adverse effects. However, 101 patients did not undergo chest computed tomography (CT) examination during the
administration cycle owing to no obvious signs of pulmonary side effects. Since these patients were not suitable for
assessment in the adverse effect studies, they were excluded from this study.

After the exclusion of these participants, the clinical course, laboratory data, and radiographic findings in 304 patients
(154 men, 150 women; mean age 62 years [29–82 years]) were retrospectively reviewed (Figure 1).

Diagnosis of Nab-PTX-Induced Lung Injury
The definition of drug-induced lung injury due to Nab-PTX was new pulmonary lesions in the patients’ lungs that
developed during or within 30 days following the last Nab-PTX administration, and other lung diseases with obvious
causes (infection, pulmonary congestion, etc.) were excluded based on the clinical manifestations (clinical course,
radiological findings, laboratory findings, microbiological findings, etc.).1 Ultimately, the decision was made by two
pulmonologists (MA and KY).

Chest CT Findings
CT findings obtained before Nab-PTX administration were evaluated to determine the pre-existing interstitial lung
changes, interstitial pneumonia, and interstitial lung abnormalities (ILA). The multidisciplinary position paper by the
Fleischner Society was referred to for the definitions, subcategories, and assessment of the ILA.8 Early ILAs are common
incidental findings on CT, particularly in older individuals, although it is suggested that the presence of ILAs is an
independent predictor of mortality. With any respiratory sign or symptom or functional impairment, ILAs are likely to
represent mild interstitial lung disease (ILD). In the present study, the definition of ILAs was purely radiological and
based on the identification of a CT abnormality, without any respiratory sign or symptom.

Figure 1 Selection of the study population. Between November 2010 and November 2017, 409 consecutive patients received nab-paclitaxel at Chiba University Hospital.
Of these 409 patients, 105 were excluded as described above.
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CT findings of DILI were classified based on the ATS guideline of 20139 as nonspecific idiopathic pneumonia
(NSIP), diffuse alveolar damage (DAD), organizing pneumonia (OP), chronic exacerbation of existing lung inter-
stitial lesions, and unclassifiable (Figure 2). Predominant lung abnormalities were selected as CT findings of DILI.

Two respiratory medicine specialists (MA and KY) independently evaluated the CT images of each patient before and
post DILI onset. A final diagnosis of DILI was made based on a consensus according to two respiratory medicine
specialists (MA and KY) (clinical experience of 12 and 8 years, respectively).

Evaluated Parameters
Data from 304 patients concerning the background, laboratory findings, and chest CT findings were retrieved from their
medical records (Table 1). The existence of interstitial changes in the lung prior to DILI was carefully evaluated
according to the radiological features. The information on the underlying disease, presence of pulmonary metastasis,
and combined drugs was extracted. Laboratory findings included the estimated glomerular filtration rate (eGFR), lactate
dehydrogenase (LDH) levels, white blood cell (WBC) and eosinophil counts, and Krebs von den Lungen-6 (KL-6;
normal range, <500 U/mL) levels.

Statistical Analysis
The mean and standard deviation (SD) of continuous data and the number and percentage of categorical data were
calculated. Risk factors for DILI onset were investigated using the univariate and multivariate logistic regression
analyses; the odds ratio (OR) and associated 95% confidence intervals (CIs) were calculated. In the multivariate analysis,
stepwise selection method was performed (p ≤ 0.05 included and p > 0.05 removed). All the statistical analyses were
performed using the JMP Pro 13.2.0 (Japanese version, SAS institute Inc. Cary, NC, USA). A 2-sided test result of p <
0.05 was considered statistically significant.

Figure 2 Computed tomography (CT) findings of the representative patients. CT findings in three patients with Nab-PTX-induced drug injury. (A) Non-specific idiopathic
pneumonia (NSIP). (B) Diffuse alveolar damage (DAD). (C) Organizing pneumonia (OP).
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Results
Patient Characteristics
The patient characteristics before Nab-PTX administration are shown in Table 1. Forty-one (13%; 28 men and 13
women) of the 304 patients were diagnosed with DILI. The underlying disease was pancreatic cancer in 158 patients,
breast cancer in 70 patients, lung cancer in 54 patients, gastric cancer in 17 patients, and other cancers in 5 patients. Ten
out of these 41 patients had not undergone CT examination following the discontinuation of Nab-PTX.

In the 41 patients who developed DILI, 13 (32%) were pre-diagnosed as interstitial pneumonia and 6 (15%) as ILA in
chest CT images. However, 39 (15%) and 17 (6.5%) patients had pre-existing interstitial pneumonia and ILA,
respectively, from the total 263 patients who did not experience DILI. This suggests that pre-existing lung interstitial
changes are findings that warrant the clinician’s attention from the standpoint of DILI.

The dosing method and the dosage of Nab-PTX varied based on the type of cancer (Supplementary Table 1). All
patients with pancreatic cancer received Nab-PTX in combination with gemcitabine (GEM).

Characteristics of the DILI Group
The characteristics of the patients diagnosed with DILI are shown in Table 2. The median time from Nab-PTX
administration to the onset of DILI was 76 days (range, 14–574 days). The severity of DILI was graded according to
the Common Terminology Criteria for Adverse Events (CTCAE) criteria.10 Of the 41 patients with DILI, 27 (66%)

Table 1 Patients’ Characteristics Prior to Nab-PTX

Total (n = 304) Cases with DILI (n = 41) Cases without DILI (n = 263)

Mean age (years) 62 ± 12 67 ± 9 61 ± 12
Male, n (%) 155 (51) 28 (68) 127 (48)

Smoking history, n (%) 168 (55) 28 (68) 140 (53)

Underlying disease, n (%)
Pancreatic cancer 158 (52) 29 (71) 129 (49)

Breast cancer 70 (23) 3 (7.1) 67 (25)

Lung cancer 54 (18) 7 (17) 47 (18)
Gastric cancer 17 (5.6) 2 (4.9) 15 (5.7)

Others 5 (1.6) 0 5 (1.9)
Existence of lung metastasis, n (%) 71 (24) 8 (20) 63 (24)

Pre-diagnosed as interstitial pneumonia, n (%) 52 (17) 13 (32) 39 (15)

Existence of ILA, n (%) 23 (7.6) 6 (15) 17 (6.5)
Combined drugs, n (%)

Gemcitabine 158 (52) 29 (71) 129 (49)

Carboplatin 38 (13) 6 (15) 32 (12)
Others 7 (2) 0 7 (2.7)

None 101 (33) 6 (15) 95 (36)

Laboratory findings
WBC (/mm3) 6476 ± 3598 6371 ± 2313 6492 ± 3762

Eosinophils/WBC (%) 3.0 ± 3.5 (n = 296) 3.0 ± 1.9 (n = 39) 2.9 ± 3.7 (n = 257)

LDH (IU/L) 223 ± 106 204 ± 47 226 ± 113
Cre (mg/dL) 0.71 ± 0.28 0.69 ± 0.15 0.71 ± 0.30

eGFR (mL/min) 82 ± 21 83 ± 19 82 ± 21

KL-6 (U/mL) 591 ± 703 (n = 79) 523 ± 319 (n = 18) 611 ± 782 (n = 61)
Spirometry

%VC 95 ± 16 (n = 151) 100 ± 9.9 (n = 16) 95 ± 16 (n = 135)

FEV1.0/FVC 77 ± 9.4 (n = 151) 76 ± 7.0 (n = 16) 77 ± 9.6 (n = 135)

Note: Data are expressed as mean ± standard deviation.
Abbreviations: Nab-PTX, nab-paclitaxel; DILI, drug-induced lung injury; ILA, Interstitial lung abnormalities; WBC, white blood cell; LDH, lactate dehydrogenase; Cre,
creatinine; eGFR, estimated glomerular filtration rate; KL-6, Krebs von den Lungen-6; VC, vital capacity; FEV1.0, forced expiratory volume in one second; FVC, forced vital
capacity.
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exhibited grade 1 injury (asymptomatic), 8 (20%) grade 2 injury (no interference with daily living), 3 (7.3%) grade 3
injury (interference with daily living or requirement of oxygen supplementation), 1 (3.7%) grade 4 (life-threatening
pneumonitis, and 2 (7.4%) grade 5 injury (death). At the onset of DILI, the LDH (204 ± 47 IU/L) levels were
significantly elevated compared with those before Nab-PTX administration (p = 0.008) (Supplementary Figure 1).

The predominant radiographic images of DILI onset are shown in Table 3. Sixteen patients (39%) exhibited
a nonspecific idiopathic pneumonia pattern, 9 (21%) a diffuse alveolar damage pattern, and 6 (15%) an organizing
pneumonia pattern. Four patients (10%) were considered to experience a chronic exacerbation of the existing interstitial
lung lesions (Figure 2). At the point of image evaluation, two patients continued to receive Nab-PTX in the grade 2 or
higher group, although they recovered despite continued Nab-PTX administration.

Of the 20 patients with grade 1, 17 recovered with only interruption of Nab-PTX (Table 4). Of the 14 patients with
grades 2–5, 2 (4.9%) died: 1 (2%) died despite of steroid therapy, and the other one died owing to exacerbation of an
underlying disease.

Univariate and Multivariable Analyses According to the Risk Profile of the DILI Group
Two logistic regression analyses were performed, the results of which are shown in Table 5. The univariate logistic
regression analysis demonstrated that male sex (OR 2.3; 95% CI 1.17–4.79; p = 0.02), age ≥56 years (OR 4.6; 95% CI
1.76–15.6; p = 0.0009), pancreatic cancer as primary disease (OR 2.5; 95% CI 1.26–5.31 p = 0.009), pre-existing
interstitial lung changes (OR 3.2; 95% CI 1.61–6.32; p = 0.001), and GEM administration in combination with Nab-PTX
(OR 2.5; 95% CI 1.26–5.31; p = 0.009) were significantly correlated with an increased risk of DILI.

Since Nab-PTX has been administered without the consideration of renal function, we did not include renal function
in the multivariate analysis. In the present study, we could not explain a decreased risk of DILI associated with an eGFR
<66 mL/min (OR 0.31; 95% CI 0.0736–0.908 p = 0.03).

Stepwise variable selection was subsequently performed for the aforementioned parameters. Male, older age, pre-
existing interstitial lung changes, pancreatic cancer as underlying disease, and GEM as combination therapy were
considered for the multivariate logistic regression analysis. Consequently, older age, pre-existing interstitial lung

Table 2 Characteristics of the Patients Diagnosed with DILI

DILI Group (n = 41) p value

The median time between the initiation of Nab-PTX and the onset of DILI
(Range)

76 (14–574) days

CTCAE Grade (1/2/3/4/5) 27/8/3/1/2

WBC (/mm3) 6370 ± 2313
LDH (IU/L) 204 ± 47

LDH onset/baseline 1.2 ± 0.3 (n = 38) 0.008*

KL-6 (U/mL) 523 ± 319 (n = 18)
KL-6 onset/baseline 1.5 ± 0.82 (n = 11) 0.2*

Notes: Data are expressed as mean ± standard deviation. *Paired t-tests.
Abbreviations: DILI, drug-induced lung injury; CTCAE, Common Terminology Criteria for Adverse Events v 4.0; WBC, white blood cell; LDH, lactate dehydrogenase; KL-
6, Krebs von den Lungen-6.

Table 3 The Radiographic Images of DILI

CT Finding DILI Group (n = 41)

Nonspecific idiopathic pneumonia 16 (39%)
Diffuse alveolar damage 9 (21%)

Organizing pneumonia 6 (15%)

Chronic exacerbation of existing lung lesions 4 (10%)
Others 6 (15%)

Abbreviations: CT, computer tomography; DILI, drug-induced lung injury.
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changes, and pancreatic cancer as underlying disease were selected. The multivariate logistic regression analysis revealed
that age (OR 3.0; 95% CI 1.10–9.54; p = 0.03), pre-existing interstitial lung changes (OR 3.2; 95% CI 1.55–6.72; p =
0.003), and GEM-combined therapy (OR 2.7; 95% CI 1.29–5.99; p = 0.008) were independent risk factors for DILI.

Discussion
In this study, we demonstrated that older age, pre-existing interstitial lung changes, and combined drugs with GEM were
significant risk factors of Nab-PTX-induced lung injury. Kubo et al reported that advanced age (60 years or older), pre-
existing pulmonary lesions (particularly for interstitial pneumonia), history of pulmonary surgery, decreased respiratory
function, oxygen inhalation, radiation exposure to the lung, and existing renal impairment are risk factors for DILI.1 To
the best of our knowledge, this is the first report describing that the combined use of GEM with Nab-PTX and pre-
existing interstitial lung changes are risk factors of DILI following Nab-PTX administration.

Previous reports have identified older age as a risk factor for bleomycin (age >40 years), GEM (age >80 years),
eGFR-targeted agents (age >65 years), and amiodarone (every 10-year increase in age)-induced DILI.11,12 Although the
mechanism of DILI remains unclear, the decreased ability to repair pulmonary tissue damage with aging could be the
reason.

Pre-existing pulmonary fibrosis is a risk factor for DILI.13 Sawada et al reported that the incidence of DILI in patients
with rheumatoid arthritis and interstitial pneumonia treated by leflunomide was 5.7%, suggesting that pre-existing ILD
was a significant risk factor.14 In our study, the incidence of DILI in patients with pre-diagnosed interstitial pneumonia or
ILAwas 32% and 15%, respectively (Table 1), and pre-existing interstitial lung changes were found to be significant risk
factors (Table 5). However, the mechanisms supporting patients with existing interstitial changes in the lungs being more
prone to DILI development remain unclear.

Kashiwada et al performed a retrospective study on the clinical characteristics and risk factors of Nab-PTX-induced
lung injury for lung cancer.15 According to this report, 9 of 110 (8.2%) patients with lung cancer treated by Nab-PTX
developed pneumonitis, and existing interstitial lung disease; combined drugs with bevacizumab, and a lower dose of
Nab-PTX were found to be risk factors. Based on our findings, we consider existing interstitial changes in the lungs to be
a risk factor for DILI.

In this study, the combination of GEM with Nab-PTX was a risk factor for the development of DILI. According to
MPACT, a Phase 3 trial comparing the efficacy and safety of Nab-PTX plus GEM combination therapy and GEM alone
in patients with previously untreated metastatic pancreatic cancer, the incidence of DILI was 4% in the Nab-PTX + GEM
group and 1% in the GEM alone group.16 This suggests that DILI may be more likely to occur under the combined use of

Table 4 Clinical Outcome Following DILI Diagnosis

Grade 1 (n = 27)

Outcome Recovered (n =
17)

Recovered with residual shading (n = 3) Unevaluable (n = 7)

Interruption of Nab-PTX 17 3 –

Steroid treatment 0 0 –

Grade 2 3 4 5 (n = 14)

Outcome Recovered (n = 8) Recovered with residual shading
(n = 1)

Death (n = 2) Unevaluable
(n = 3)

Continuous administration of Nab-PTX 2 0 0 –
Interruption of Nab-PTX and Steroid

treatment

5 1 1 –

Only interruption of Nab-PTX 1 0 1 –
Only steroid treatment 0 0 0 –

Abbreviations: DILI, drug-induced lung injury; Nab-PTX, nab-paclitaxel.
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GEM. The incidence of DILI following the administration of GEM has been reported to be 1–2%,17 and the frequency of
DILI appears to be low. Von Hoff et al reported that in mice with human pancreatic cancer xenografts, Nab-PTX alone
and in combination with GEM depleted the desmoplastic stroma, while the intra-tumoral concentration of GEM was
increased 2.8-fold in mice receiving Nab-PTX plus GEM versus those receiving GEM alone.18 Although this was
demonstrated in a mouse model, it is possible that GEM causes DILI owing to the augmented action of Nab-PTX.

Furthermore, in this study, the serum LDH levels were significantly elevated at the onset of DILI. LDH is
a cytoplasmic enzyme found in all major organs. Elevated levels of serum LDH are found in many diffuse lung diseases,
and it has been reported that serum LDH levels were correlated with the severity of and response to treatment in DILI
caused by Chinese herbal medicine.19 We considered that LDH could be used as a marker for the early detection of DILI.

In total, 14% of the patients in the present study were diagnosed with DILI, and the median time from Nab-PTX
administration to DILI onset was 76 days. The higher incidence of DILI reported in clinical trials6 was due to the fact that
we studied the frequency of DILI in various types of cancer, and not only in gastric cancer. Furthermore, GEM, which is
used in combination with Nab-PTX for pancreatic cancer (accounting for the majority of cases in this study population),
could increase the pulmonary toxicity of Nab-PTX, as mentioned above. We believe that even the appearance of a small
shadow is included in the judgment as DILI. In our study, CTCAE grade 1 patients accounted for 27 of 41 patients

Table 5 Results of Univariate and Multivariate Analysis of the Parameters

Risk Factor Univariate Logistic Regression Multivariate Logistic
Regression

OR (95% CI) p value OR (95% CI) p value

Sex Male 2.3 1.17–4.79 0.02
Female REF

Age <56 years REF REF

≥56 years 4.6 1.76–15.6 0.0009 3.0 1.10–9.54 0.03
Smoking history Yes 1.8 0.89–3.68 0.1

No REF

Underlying Disease Pancreatic cancer 2.5 1.26–5.31 0.009
Other than pancreatic cancer REF

Lung metastasis Yes 0.77 0.317–1.68 0.5

No REF
Pre-existing interstitial lung changes Yes 3.2 1.61–6.32 0.001 3.2 1.55–6.72 0.003

No REF REF

Combination therapy Gemcitabine 2.5 1.26–5.31 0.009 2.7 1.29–5.99 0.008
Other than Gemcitabine REF REF

WBC (/mm3) <9400 REF

≥9400 0.53 0.124–1.58 0.3
Eosinophils/WBC (%) <1.9 REF

≥1.9 1.85 0.917–3.94 0.09

LDH (IU/L) <247 REF
≥247 0.491 0.163–1.20 0.1

Cre (mg/dL) <0.86 REF

≥0.86 0.620 0.226–1.45 0.3
eGFR (mL/min) <66 0.313 0.0736–0.908 0.03

≥66 REF
KL-6 (U/mL) <1281 REF

≥1281 0.539 0.0276–3.47 0.6

FEV1.0/FVC <75.4 1.76 0.610–5.06 0.3
≥75.4 REF

Abbreviations: OR, odds ratio; CI, confidence interval; REF, reference; WBC, white blood cell; LDH, lactate dehydrogenase; Cre, creatinine; eGFR, estimated glomerular
filtration rate; KL-6, Krebs von den Lungen-6; VC, vital capacity; FEV1.0, forced expiratory volume in one second; FVC, forced vital capacity.
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(66%). Patients of grade 1 had no clinical symptoms, and these cases were found accidentally following CT examination.
There were 14 cases (35%) classified as grade 2 or higher. The incidence in all the patients treated with Nab-PTX was
4.6% (14 in 304 patients). This finding is similar to those reported in clinical trials.

Interestingly, two of the patients who developed DILI and subsequently continued with Nab-PTX following onset
recovered from DILI (Table 3). Although this does not imply that the drug can be re-administered safely, it does suggest
that in some cases, re-administration is possible even following the onset of DILI.

This study has several limitations. First, it was designed as a retrospective, single-centre study. Second, the diagnosis
of DILI was primarily based on conventional CT findings; therefore, if a higher resolution CT had been performed, more
shadows could have been detected and the incidence of DILI might have been higher. Third, this study may have
included DILI caused by combining drugs with Nab-PTX rather than DILI caused by Nab-PTX.

This is the first retrospective study to identify the factors for DILI in patients who underwent Nab-PTX treatment for
various diseases. Further studies are needed to confirm these findings. However, we believe that our study has the
potential to inform and caution non-respiratory physicians in particular, thereby ensuring early detection and treatment.

Conclusions
Our data indicate that older age, pre-existing interstitial lung changes, and a combination of GEM and Nab-PTX are the
risk factors for Nab-PTX-induced lung injury. Although more than half of the patients exhibited grade 1 DILI, DILI with
grades higher than 2 is likely to occur. Pre-existing interstitial lung changes, which are risk factors of DILI, include
interstitial pneumonia and interstitial lung abnormalities.

Abbreviations
CI, confidence interval; CT, computed tomography; CTCAE, Common Terminology Criteria for Adverse Events; DILI,
drug-induced lung injury; eGFR, estimated glomerular filtration rate; FEV, forced expiratory volume; GEM, gemcitabine;
KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; Nab-PTX, nab-paclitaxel; NSCLC, non-small cell lung
cancer; OR, odds ratio; VC, vital capacity; WBC, white blood cell.
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