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Abstract:
Objective Although lung squamous cell carcinoma (SCC) accounts for 20-30% of lung cancer cases, new

treatment options are limited. The CA031 study showed that nanoparticle albumin-bound-paclitaxel (nab-

PTX) plus carboplatin produced a significantly higher overall response rate (41%) than solvent-based pacli-

taxel plus carboplatin in patients with lung SCC. However, the safety and efficacy of combination chemother-

apy of nab-PTX and carboplatin has not yet been established for patients with concurrent lung SCC and idi-

opathic interstitial pneumonias (IIPs). The aim of this study was to assess the safety and efficacy profiles of

nab-PTX and carboplatin in patients with lung SCC and concurrent IIPs.

Methods Eight patients with inoperable-stage lung SCC and IIPs were treated with nab-PTX plus car-

boplatin in a first-line setting between June 2013 and December 2016. One of the eight was a woman, and

the median age was 77 (range=72-80) years. Their clinical outcomes, including chemotherapy-associated

acute exacerbation of IIPs, were retrospectively investigated.

Results The overall response rate was 50%, the median progression-free survival time was 5.6 months, and

the median overall survival time was 8.1 months. No patients experienced chemotherapy-related exacerbation

of IIPs in the first-line treatment with nab-PTX plus carboplatin. However, IIPs worsened in two of four pa-

tients who received second-line chemotherapy.

Conclusion Combination chemotherapy of nab-PTX and carboplatin may be an effective and safe treatment

option for patients with inoperable lung SCC with IIPs. To confirm this, a large-scale prospective study is

needed.
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Introduction

Lung cancer is the leading cause of cancer mortality

worldwide, and non-small cell lung cancer (NSCLC) ac-

counts for more than 80% of all lung cancer cases.

Platinum-based doublet chemotherapy is considered a stan-

dard regimen for patients with advanced NSCLC. Solvent-

based paclitaxel plus carboplatin (sb-PC) has been the most

commonly used taxane-platinum combination in the United

States and Japan and is associated with an overall response

rate (ORR) of 17-32% and a median overall survival (OS)
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Table　1.　Patient Characteristics (n=8).

Characteristics Value

Gender (male/female) 7/1

Median age (range) (years) 77 (72-80)

Smoking status (never/former/current) 0/4/4

Performance status (0/1/2/3) 3/5/0/0

Stage (IIIa/IIIb/IV) 5/1/2

Combined with emphysema (yes/no) 5/3

IIPs radiological pattern (UIP/non-UIP) 4/4

Median %VC (predicted) (%) (range) 81.5 (69.6-115.8)

IIPs: idiopathic interstitial pneumonias, UIP: usual interstitial pneu-

monia, %VC: %vital capacity

of 8.1-12.3 months (1, 2). Recently, treatment with nanopar-

ticle albumin-bound-paclitaxel (nab-PTX) plus carboplatin

(nab-PC) was approved for chemotherapy-naïve advanced

NSCLC. This approval was based on the results of the

CA031 study, in which nab-PC demonstrated a higher ORR

than sb-PC (33% vs. 25%, p=0.005) (3). In addition, in a

subgroup analysis of the CA031 study, there was a signifi-

cant improvement in the ORR of patients with lung

squamous cell carcinoma (SCC) (41% vs. 24%, p<0.001)

without a significant increase in the OS (4).

Interstitial lung disease (ILD) is correlated with a high in-

cidence of lung cancer (5, 6), and preexisting ILD is consid-

ered a risk factor for chemotherapy-related ILD (7-9).

Therefore, patients with NSCLC and preexisting ILD are at

risk of chemotherapy-related acute exacerbation of ILD

(AE-ILD), which is a potentially fatal complication of lung

cancer treatment (9). Although standard regimens for

NSCLC patients with preexisting ILD have not yet been es-

tablished, among platinum-based doublet regimens available

for ILD, sb-PC has been the most frequently used and

evaluated regimen for first-line chemotherapy in patients

with advanced NSCLC and ILD (10). A previous study

showed the incidence of chemotherapy-related AE-ILD was

5.6% in NCSLC patients with ILD who received sb-PC as

first-line therapy (11). Considering the prevalence of AE-

ILD in patients with idiopathic pulmonary fibrosis or idi-

opathic nonspecific interstitial pneumonia even without lung

cancer (8.5% or 4.2% in a 1-year period, respec-

tively) (12, 13), the incidence of AE-ILD by chemotherapy

with sb-PC regimen might be within the permissible range.

Furthermore, recent reports have revealed an addition of

bevacizumab to sb-PC might provide an effective and safe

treatment option for patients with advanced non-squamous

NSCLC and ILD (14-16). However, the optimum chemo-

therapy regimen for advanced lung SCC with preexisting

ILD has not been determined.

Given the above, we investigated the safety and efficacy

of nab-PC for patients with advanced lung SCC with ILD.

Materials and Methods

Patients and treatment methods

We retrospectively examined eight patients of unresectable

stage lung SCC with preexisting ILD who received nab-PC

in a first line setting at Funabashi Municipal Medical Center

between Jun 2013 and December 2016. Carboplatin was ad-

ministered at a dose of area under the curve (AUC) 5-6 mg/

mL/min on day 1 and nab-PTX at a dose of 100 mg/m2 was

administered on days 1, 8 and 15 every 4 weeks. Each four-

week treatment schedule was designated as a single cycle.

ILD was diagnosed based on clinical features and computed

tomography (CT) images obtained prior to chemotherapy.

The presence of ILD was evaluated by at least two pul-

monologists in accordance with the clinical criteria estab-

lished by the American Thoracic Society (ATS)/European

Respiratory Society (ERS) (17).

Adverse events

Adverse events were evaluated using the Common Termi-

nology Criteria for Adverse Events (CTCAE) version 4.0.

Chemotherapy-related AE-ILD was diagnosed based on the

CT findings as follows: new bilateral ground-glass abnor-

mality and/or consolidation superimposed on a background

of interstitial shadow with the exclusion of other diseases,

such as heart failure, pulmonary infection and pulmonary

embolism (18, 19).

Clinical evaluations and statistical analyses

CT was performed within one month before initiating

treatment to assess the primary tumor and repeated every

two to three months. All responses were defined according

to Response Evaluation Criteria in Solid Tumor (RECIST).

The progression-free survival (PFS) was measured from the

start of treatment to the time of progression. The overall sur-

vival (OS) was measured from the start of treatment until

death. The event time was analyzed using the Kaplan-Meier

method.

Results

Patient characteristics

The clinical characteristics are summarized in Table 1.

Only one of the eight patients was a woman, and the me-

dian age was 77 years (range, 72-80 years). All patients

were current or previous smokers, and five also had pulmo-

nary emphysema. All patients had an Eastern Cooperative

Oncology Group (ECOG) performance status of 0 or 1. Six

patients had stage III and two had stage IV disease. There

were no patents with collagen vascular disease or a history

of exposure to dust or asbestos. Therefore, ILD in all pa-

tients was diagnosed as idiopathic interstitial pneumonia

(IIP). The IIP pattern was usual interstitial pneumonia (UIP)
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Figure.　Kaplan-Meier curves for the progression-free sur-
vival (a) and overall survival (b).

Table　2.　Treatment Response.

Response n

Complete response 0

Partial response 4

Stable disease 3

Progressive disease 1

%

Overall response rate 50.0

Disease control rate 87.5

1-year survival rate 37.5

Table　3.　Treatment-related Adverse Events.

Toxicity
Grade

1 2 3 4 3-5 (%)

Neutropenia 1 1 5 0 62.5

Thrombocytopenia 6 0 0 0 0

Anemia 3 5 0 0 0

Febrile neutropenia - - 0 0 0

Peripheral neuropathy 2 2 0 0 0

Anorexia 2 2 0 0 0

Nausea 0 1 0 0 0

Fatigue 0 1 0 0 0

in four patients. The median %vital capacity (%VC: VC/pre-

dicted VC) was 81.5% (range 69.6-115.8%).

Treatment exposure

The median number of treatment cycles was 4 (range 2-5

cycles). Carboplatin was administered at a dose of AUC 6 in

one patient and AUC 5 in the others, and in five patients,

nab-PTX was not administered on day 15 for one whole cy-

cle. The median cumulative nab-PTX dose was 850 mg/m2,

with a median nab-PTX intensity of 62 mg/m2/week. The

median cumulative carboplatin dose was 1,712 mg, with a

median carboplatin intensity of 71 mg/m2/week. Half of

these patients received second-line chemotherapy.

Efficacy

The overall response rate was 50%, and the disease con-

trol rate was 87.5% (Table 2). The 1-year survival rate was

37.5%. The median PFS was 5.6 months (Figure a), and the

median OS was 8.1 months (Figure b). In the second-line

setting, the overall response rate was 0%.

Toxicity

The toxicities of the treatments with nab-PC are summa-

rized in Table 3. Regarding hematological adverse events, 5

(62.5%) patients developed grade 3 neutropenia, but no pa-

tients exhibited �grade 3 anemia, leukocytopenia or throm-

bocytopenia. In addition, no patients experienced febrile

neutropenia or �grade 3 non-hematological adverse events.

The most frequent non-hematological adverse events were

peripheral neuropathy and anorexia in 4 patients (50%). The

planned day 15 dose was omitted in 7 patients (88%) be-

cause of grade 3 neutropenia or at the discretion of the at-

tending physician. There was one instance of discontinuation

of treatment at the patient’s discretion. No patients experi-

enced chemotherapy-related exacerbation of IIPs during the

first-line treatment with nab-PC. However over the whole

period, acute exacerbation of IIPs (AE-IIPs) developed in

two patients who received second-line therapy. They were

treated with docetaxel monotherapy and vinorelbin in com-

bination with carboplatin and concurrent electron beam ther-

apy for chest wall invasion. Both patients (Stage IIIa/non-

UIP pattern and Stage IIIb/UIP pattern) died due to AE-IIPs

with a diffuse alveolar damage pattern and survived for 8.1

and 6.0 months, respectively.

Discussion

To our knowledge, this is the first study to evaluate the

safety and efficacy of nab-PC as a first-line treatment for

patients with advanced lung SCC with IIPs. The CA031

study showed that nab-PC has a favorable risk-benefit pro-

file compared to sb-PC (3). In the subset analysis for ad-

vanced lung SCC, nab-PC produced a significantly higher

ORR (41% vs. 24%) and a more than 1-month increase in

the OS over sb-PC (median 10.7 vs. 9.5 months) without an

improvement in the PFS (median 5.6 months vs. 5.7
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Table　4.　Comparison of Dose Delivery in the CA031 Study and the Present Study.

Subgroup Cycles

nab-paclitaxel carboplatin

Cumulative dose 

(mg/m2)

Dose intensity 

(mg/m2/week)

Cumulative dose 

(mg/m2)

Dose intensity 

(mg/m2/week)

Patients without preexisting ILD (The CA031 study)

NSCLC [3] 6 1,325 82 3,140 166

Lung SCC [4] 6 1,475 85.2 N/A N/A

Elderly NSCLC [20] 5 1,150 73.4 2,428 127.7

Patients with preexisting ILD (The present study)

Elderly lung SCC 4   850 62 1,712 71

nab-paclitaxel: nanoparticle albumin-bound-paclitaxel, ILD: interstitial lung disease, NSCLC: non-small cell lung cancer, 

SCC: squamous cell carcinoma, N/A: not available

Table　5.　Comparison of Treatment Efficacy in the CA031 Study and the Present Study.

Subgroup n mAge (y) ORR (%) mPFS (m) mOS (m) 2nd line (%)

Patients without preexisting ILD (The CA031 study)

NSCLC [3] 521 60 33 6.3 12.1 53

Lung SCC [4] 229 59 41 5.6 10.7 43

Elderly NSCLC [20]  74 72 34 8 19.9 61

Patients with preexisting ILD (The present study)

Elderly lung SCC   8 77 50 5.6  8.1 50

m: median, (y): years old, ORR: overall response rate, PFS: progression-free survival, (m): months, OS: overall 

survival, 2nd line: the proportion of patients treated with second-line therapy, ILD: interstitial lung disease, 

NSCLC: non-small cell lung cancer, SCC: squamous cell carcinoma, N/A: not available

months) (4). The ORR of 50% and PFS of 5.6 months in

the present study are consistent with those in the CA031

study. With regard to the treatment methods used in the

CA031 study, nab-PTX at a dose of 100 mg/m2 was admin-

istered on days 1, 8, and 15 every 3 weeks followed by car-

boplatin at a dose of AUC 6 on day 1, and the median num-

ber of cycles was 6 (range 1-31 cycles) (3). Therefore the

median cumulative doses and intensities of nab-PTX (1,325

mg/m2 and 82 mg/m2/week) and carboplatin (3,140 mg and

166 mg/m2/week) used in the CA 031 study were markedly

higher than those used in the present study (Table 4).

All patients enrolled in the present study were elderly

Japanese patients (�70 years of age). A subgroup analysis of

the CA031 study also showed the safety and efficacy of

nab-PC in elderly patients (�70 years of age), resulting in an

ORR of 34%, PFS of 8.0 months and OS of 19.9

months (20). The median dose intensities of nab-PTX and

carboplatin used in the elderly subgroup were 73.4 mg/m2/

week and 127.7 mg/m2/week, respectively, which are also

higher than those used in the present study (Table 4). Re-

cently, several phase II studies suggested that dose reduction

in the nab-PC regimen might be required for elderly Japa-

nese patients (21, 22). The dose intensities of nab-PTX and

carboplatin used in those studies were 45-50 mg/m2/week

and 118.5 mg/week, respectively, which were lower than

those used in the elderly subgroup of the CA031 study.

However, the low dose of the nab-PC regimen produced sig-

nificant efficacy with acceptable toxicities, resulting in an

ORR of 50%, PFS of 6.4-7.1 months and OS of 17.5-19.1

months, although the sample size was small. These findings

may be consistent with the results of the present study, in

which lower cumulative doses and intensities of both drugs

did not lead to a poor ORR or short PFS in Japanese elderly

patients with lung SCC and IIPs.

The present study showed a poor survival compared to

the subgroup analyses of the CA031 study (Ta-

ble 5) (3, 4, 20). Considering the relatively little difference

in the median PFS and proportion of patients treated with

second-line therapy between the present study and the

CA031 study, the poor survival in the present study may be

due to the high incidence of fatal AE-IIPs (in two of four

patients) related to second-line chemotherapy. One of these

two patients received docetaxel monotherapy, and the other

was treated with cisplatin and vinorelbine in the second-line

setting. The latter patient had chest pain due to tumor inva-

sion into the chest wall and needed palliative electron ther-

apy, which is commonly used in the treatment of superficial

tumors. Regarding the role of second-line chemotherapy in

patients with NSCLC and preexisting ILD, previous reports

described a higher risk of developing AE-ILD and lower

treatment effect with second-line docetaxel monotherapy

than with first-line platinum-based chemotherapy (23, 24).

Okuda et al. reported that combination therapy with vinorel-

bine plus a platinum agent was a suitable treatment option
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for patients with advanced NSCLC and preexisting ILD, al-

though the ratio of AE-ILD was 15.8% (3/19 patients), in-

cluding 1 fatal case (25). However, their study targeted

chemotherapy-naïve patients. The safety and efficacy of

second-line chemotherapy with vinorelbine plus a platinum

agent for patients with NSCLC and ILD has never been

evaluated. Furthermore, doublet chemotherapy as a second-

line treatment is more toxic and does not improve the OS

compared to single-agent treatment (26). Kenmotsu et al.

showed that chemotherapy-related AE-ILD occurred in 30%

of patients who received second-line or subsequent chemo-

therapy after platinum-based chemotherapy. The develop-

ment of AE-ILD related to second-line or subsequent che-

motherapy may shorten the lifespan and lead to a poor sur-

vival in patients with advanced NSCLC. These findings sug-

gest that the risks and benefits must be carefully evaluated

before administering second-line chemotherapy to patients

with ILD.

Recently, other groups have also reported the favorable

efficacy and safety of the nab-PC regimen for treating ad-

vanced NSCLC patients with ILD (27, 28). Reported values

for the median ORR, PFS and OS were 56-67%, 5.1-5.8

months and 11.5-14.9 months, respectively, and AE-ILD de-

veloped in 0-8.3%. Regarding the sb-PC regimen in patients

with NSCLC and preexisting ILD, several previous studies

showed that the median ORR, PFS and OS were 27-61%,

2.5-5.3 months and 7.0-10.6 months, respectively, and AE-

ILD developed in 0-26.7% (10, 11, 15, 29). Therefore, the

efficacy and safety of the nab-PC regimen seem to be com-

parable to those of the sb-PC regimen. However, these stud-

ies focused on NSCLC or non-squamous NSCLC, and

whether or not the nab-PC regimen is superior to the sb-PC

regimen in patients with lung SCC and preexisting ILD re-

mains unclear.

A new treatment with immune checkpoint inhibitors such

as nivolumab and pembrolizumab [programmed death 1

(PD-1) inhibitors] has shown benefits in patients with lung

SCC, but the incidence of drug-induced ILD was reported to

be higher in patients treated with PD-1 inhibitors than in

those treated with cytotoxic agents in 2 open-label phase 3

trials (5% in the nivolumab group vs. 0% in the docetaxel

group, 5.8% in the pembrolizumab group vs. 0.7% in the

platinum-based chemotherapy group) (30, 31). In contrast,

the CA031 study did not report any chemotherapy-induced

ILD (3). These findings indicate that chemotherapy with a

nab-PC regimen may be a reasonable cancer therapy for pa-

tients with preexisting ILD compared with immune check-

point inhibitors.

Several limitations associated with the present study war-

rant mention. First, the study was a retrospective analysis

and was performed at a single institution. Second, the diag-

nosis of preexisting ILD and AE-IIPs was based on the CT

findings and not on histological examinations. Third, the pa-

tient population was very small, and all patients were Japa-

nese. Finally, the study included five patients with clinical

stage IIIa disease. Patients with locally advanced unre-

sectable disease may achieve a long-term survival with ra-

diation therapy combined with chemotherapy. However, sev-

eral studies showed that the presence of preexisting ILD was

a significant risk for severe radiation pneumonitis and

treatment-related death after radiotherapy and concurrent

chemoradiotherapy (32-36). Further studies are required to

determine the best treatment option for clinical stage IIIa

disease in NSCLC patients with preexisting ILD.

Treatments for advanced NCSLC have been diversified

with an improved understanding of the molecular pathways

that drive malignancy in NSCLC. Even in patients with

NSCLC and preexisting ILD, we may be approaching an era

in which personalized medicine is required to achieve the

best outcome. The present findings suggest that treatment

with nab-PC may be an effective and feasible regimen for

patients with lung SCC and IIPs. Further assessment in a

large prospective study is needed to confirm these findings.
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