
Abstract. Background/Aim: Pemetrexed plus platinum
followed by pemetrexed maintenance has been one of the
standard first-line treatments in advanced nonsquamous non-
small cell lung cancer (NSCLC), but little is known regarding
its safety and efficacy for patients with interstitial lung disease
(ILD). Patients and Methods: The medical records of 24
patients with advanced nonsquamous NSCLC and preexisting
ILD who received pemetrexed and platinum doublet therapy
with and without pemetrexed maintenance in the first-line
setting between December 2009 and June 2016, were
retrospectively reviewed. Results: The median progression-free
survival time was 4.7 months, and the median overall survival
time was 9.5 months. Of the 24 patients analyzed, six received
pemetrexed maintenance. Acute exacerbation of ILD (AE-ILD)
occurred in five (20.8 %) of 24 patients, including two fatal
cases. Conclusion: The treatment with pemetrexed plus
platinum has a high risk of AE-ILD in patients with advanced
nonsquamous NSCLC and preexisting ILD. 

Recently, treatment of patients with advanced lung cancer,
especially nonsquamous non-small cell lung cancer (NSCLC)
has been improving and diversifying. Molecular target-based
therapies such as epidermal growth factor receptor tyrosine
kinase inhibitors (EGFR-TKIs) and anaplastic lymphoma
tyrosine kinase inhibitors (ALK-TKIs) have significant
efficacy in patients with nonsquamous NSCLC having the
corresponding driver mutations (1, 2). Immune checkpoint
inhibitors (ICIs) have also benefited patients with advanced

NSCLC, especially those with high PD-L1 expression on
tumor cells (3). However, a higher incidence of drug-related
ILD was reported in patients treated with TKIs and ICIs
compared to those treated with cytotoxic agents (3-5).
Preexisting ILD is a risk factor for drug-related ILD and its
risk is considered to be higher when using EGFR-TKIs or ICIs
compared with cytotoxic chemotherapy. Therefore, in clinical
practice, most physicians avoid these targeted therapies and
immune checkpoint therapies for NSCLC patients with
preexisting ILD and instead select cytotoxic platinum-based
chemotherapy. However, optimal chemotherapy using other
agents has not yet been established.

Pemetrexed has been a key drug in the treatment of
nonsquamous NSCLC. Pemetrexed and cisplatin combination
chemotherapy has been one of the most evaluated regimens in
the first-line setting for patients with advanced nonsquamous
NSCLC (6). Pemetrexed is even used in the maintenance
setting because of its efficacy and low cumulative toxicity.
The PARAMOUNT study revealed that in patients with
advanced nonsquamous NSCLC, continuation of maintenance
therapy with pemetrexed following induction therapy with
pemetrexed and cisplatin significantly improved progression-
free survival (PFS) and overall survival (OS) (7). Similarly,
pemetrexed plus carboplatin followed by pemetrexed
maintenance has been recognized as a standard regimen for
nonsquamous NSCLC and is widely used in clinical practice
(8). However, little is known about the safety and efficacy of
combination chemotherapy of pemetrexed plus platinum with
and without pemetrexed maintenance for patients with
nonsquamous NSCLC and preexisting ILD. Thus, we
conducted a retrospective study to determine whether
combination chemotherapy of pemetrexed plus platinum with
or without pemetrexed maintenance is a feasible treatment
option in nonsquamous NSCLC patients with ILD.

Patients and Methods

Patients and treatment methods. The medical records of 24 patients of
advanced nonsquamous NSCLC with preexisting ILD who received

2059

This article is freely accessible online.

Correspondence to: Tetsuo Fujita, Department of Respirology,
Funabashi Municipal Medical Center, 1-21-1 Kanasugi, Chiba 273-
8588, Japan. Tel: +81 474383321, Fax: +81 474387323, e-mail:
phajita0318@yahoo.co.jp

Key Words: Nonsquamous non-small-cell lung cancer, interstitial
lung disease, pemetrexed, platinum.

in vivo 33: 2059-2064 (2019)
doi:10.21873/invivo.11704

Pemetrexed Plus Platinum for Patients With Advanced 
Non-small Cell Lung Cancer and Interstitial Lung Disease
TETSUO FUJITA1, TSUGUKO KUROKI1, NAMI HAYAMA1, YUKA SHIRAISHI1, HIROYUKI AMANO1, 

MAKOTO NAKAMURA1, SATOSHI HIRANO2, HIROSHI TABETA1 and SUKEYUKI NAKAMURA1

1Department of Respirology, Funabashi Municipal Medical Center, Kanasugi, Japan;
2Department of Medical Oncology, Funabashi Municipal Medical Center, Kanasugi, Japan



pemetrexed plus platinum doublet chemotherapy as the first-line
treatment at Funabashi Municipal Medical Center between December
2009 and June 2016 were retrospectively reviewed. ILD was identified
by clinical features and computed tomography (CT) images obtained
prior to chemotherapy. The presence of ILD was evaluated by at least
two pulmonologists and the preexisting ILD patterns were divided into
usual interstitial pneumonia (UIP) pattern and non-UIP pattern in
accordance with the International Consensus Statement (9).

Pemetrexed and platinum (cisplatin or carboplatin) were
administered on day 1 every three weeks. After four or six cycles,
some of the patients without disease progression underwent
maintenance therapy with pemetrexed every three weeks.
Pemetrexed and cisplatin were administered at a dose of 500 mg/m2
and 75 mg/m2, respectively. Carboplatin was administered at a dose
determined by the area under the curve 5.

Clinical evaluation and adverse events. The overall response rate
(ORR) and the disease control rate (DCR) were assessed based on
the Response Evaluation Criteria in Solid Tumor (RECIST)
guidelines (10). Adverse events were graded according to the
Common Terminology Criteria for Adverse Events, version 4.0. AE-

ILD was defined on the basis of CT with new bilateral ground-glass
opacities and/or consolidation superimposed on a background
reticular pattern or honeycombing. Cases with other diseases such
as congestive heart failure, apparent pulmonary infection and
pulmonary embolism were excluded (11). In addition, the imaging
findings of AE-ILD were classified into diffuse alveolar damage
(DAD) type or non-DAD type based on the consensus statement of
Japanese Respiratory Society (12).

Statistical methods. PFS was defined as the duration between the
start of treatment and the date of disease progression or death from
any cause. OS was measured from the start of treatment until death
or the last follow-up examination. Event time was estimated using
the Kaplan–Meier method.

Results

Patient characteristics. The baseline characteristics of the 24
patients are summarized in Table I. Two patients were
women and the median age was 70 years (range=56-80
years). One patient who had rheumatoid arthritis was never
a smoker and was diagnosed with interstitial pneumonitis
associated with rheumatoid arthritis. All patients except the
one were current or past smokers, and ILD of these patients
was diagnosed as idiopathic interstitial pneumonitis. Two
patients had an Eastern Cooperative Oncology Group
performance status (PS) of two and the others had PS of 0
or 1. Eight patients had stage Ⅲ disease and the others had
stage Ⅳ or recurrent disease. The median % vital capacity
(%VC: VC/predicted VC) was 91.2% (range=61.0-122.2%),
and the median % forced expiratory volume in one second
(%FEV1: FEV1/predicted FEV1) was 93.5% (range=60.8-
105.6%). A total of 16 patients also had pulmonary
emphysema and four were diagnosed as having COPD
(FEV1/Forced VC ratio <0.7). Ten patients received cisplatin
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Table I. Patient characteristics (n=24).

Characteristics                                                                 All patients                      Maintenance group             No maintenance group              p-Value
                                                                                             (n=24)                                      (n=6)                                       (n=12)

Gender (male/female)                                                            22/2                                          6/0                                           11/1                               0.667
Median age (years) (range)                                              70 (56-80)                             71.5 (64-80)                            68.5 (56-79)                        0.851
Smoking status (never/former or current)                            1/23                                          0/6                                           1/11                               0.667
Performance status (0-1/2)                                                    22/2                                          6/0                                           11/1                               0.667
Stage (IIIa or IIIb/IV or recurrence)                                    8/16                                          1/5                                            4/8                                0.439
Combined with emphysema (yes/no)                                   16/8                                          4/2                                            7/5                                0.572
ILD radiological pattern (UIP/non-UIP)                              2/22                                          1/5                                           1/11                               0.569
Median %VC (predicted) (%) (range)                       91.2 (61.0-122.2)                    90.7 (81.7-122.2)                    90.0 (61.0-101.2)                    0.581
Median %FEV1 (predicted) (%) (range)                   93.5 (60.8-130.7)                    91.2 (66.8-130.7)                    98.1 (60.8-109.4)                    0.713
Median FEV1% (range)                                              75.3 (49.9-87.3)                      72.8 (49.9-79.5)                      75.9 (66.1-86.4)                     0.142
Platinum regimen (cisplatin/carboplatin)                            10/14                                         3/3                                            6/6                                0.690

IIPs: Idiopathic interstitial pneumonias; UIP: usual interstitial pneumonia; %VC: %vital capacity; %FEV1: % forced expiratory volume in one
second; FEV1%: ratio of forced expiratory volume in one second to forced vital capacity. 

Table II. Response to pemetrexed and platinum doublet therapy.

Response                                                                      n

Complete response                                                      0
Partial response                                                           8
Stable disease                                                            12
Progressive disease                                                     4

                                                                                    %

Overall response rate                                                33.3
Disease control rate                                                  80.0



and the others received carboplatin as platinum agents.
Based on pretreatment CT scan of the chest, UIP and non-
UIP patterns were observed in two (8.3%) and 22 (91.7%)
patients, respectively. Among patients who were not
progressed after four cycles of pemetrexed and platinum
doublet therapy, there were no significant differences
between the maintenance group (n=6) and the non-
maintenance group (n=12).

Treatment exposure and efficacy. The median number of
treatment cycles for pemetrexed and platinum doublet
therapy was 4 (range=2-6 cycles). In the 24 patients
analyzed, ORR was 33.3% and DCR was 80% in pemetrexed
and platinum doublet therapy (Table II). The median PFS
and the median OS of all patients were 4.7 months and 9.5
months, respectively (Figure 1a, b). The one-year survival
rate was 24.2%. Of 18 patients who did not progress after
four cycles of pemetrexed and platinum doublet therapy, 6
received pemetrexed maintenance therapy. In 18 patients
receiving only the doublet therapy, the median PFS and the
median OS were 4.4 months and 9.5 months, respectively.
The median number of pemetrexed maintenance cycles was
2 (range=2-4 cycles). The median OS of the maintenance
group was 9.2 months (95%CI=0-26.5 months) compared
with 10.0 months (95%CI=8.8-11.4 months) for the non-
maintenance group (p=0.197). 

Toxicity. The adverse events from pemetrexed and platinum
doublet therapy are summarized in Table III. The most

frequently reported hematological adverse events of grade ≥
3 were anemia (6/24, 25%) and thrombocytopenia (25%).
Two patients developed grade 4 neutropenia but no patients
experienced febrile neutropenia. Regarding non-
hematological adverse events, the most frequently adverse
event was anorexia in seven patients (29%). There were no
adverse events of grade ≥3 except AE-ILD and respiratory
failure during pemetrexed maintenance therapy. 

AE-ILD and treatment-related death. Chemotherapy-related
AE-ILD was observed in three patients during pemetrexed
and platinum doublet therapy and in two patients during
pemetrexed maintenance therapy. Treatment-related deaths
occurred in one patient (AE-ILD) during the doublet therapy
and in two patients (AE-ILD: 1, respiratory failure: 1)
during the maintenance therapy. The CT findings showed
DAD pattern only in one fatal AE-ILD case during the
doublet therapy and non-DAD pattern in the other AE-ILD
cases. During the sequential therapies, AE-ILD developed
in five patients who received docetaxel or S-1, including
two fatal cases.

Discussion

Pemetrexed, an anti-folate that is structurally similar to
methotrexate, is known to cause ILD in patients with
rheumatoid arthritis (13). Recently, Tomii et al. have
reported that the incidence of pemetrexed-related ILD was
1.8% (12/683 patients) in NSCLC Japanese patients (14).
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Figure 1. Kaplan–Meier curves for progression-free survival (a) and overall survival (b).



They insisted that the risk of pemetrexed-related ILD may
be at a level similar to other cytotoxic agents and
pemetrexed-induced ILD responded well to steroid
treatment. On the other hand, Kato et al. have reported that
pemetrexed-induced AE-ILD occurred in three (12%) of 25
patients with NSCLC and preexisting ILD who were treated
with pemetrexed monotherapy, and all three patients died
from the drug-related ILD (15). Therefore, there is need to
carefully assess whether pemetrexed containing regimens can
become feasible treatment options as first-line chemotherapy
for nonsquamous NSCLC patients with preexisting ILD.

Paclitaxel containing regimens are the most common and
well evaluated first line regimens for advanced NSCLC with
preexisting ILD (16-19). Minegishi et al. have conducted a
prospective study of paclitaxel plus carboplatin doublet
chemotherapy for advanced NSCLC and preexisting ILD,
and showed that the median PFS and the median OS were
5.3 months and 10.6 months, respectively (16). The present
study showed the median PFS and the median OS were 4.7
months and 9.5 months, respectively, suggesting that the
efficacy of pemetrexed plus platinum doublet chemotherapy
followed by maintenance of pemetrexed may not be superior
to paclitaxel plus carboplatin doublet chemotherapy. 

The incidence of AE-ILD in paclitaxel plus carboplatin
doublet chemotherapy has been reported to be 5.6% (1 in 18
patients) in a prospective study (16) and 7.9% (5 in 63
patients) in a largest retrospective study by Kenmotsu et al.
(17). On the other hand, limited information is available
regarding the role of the first-line regimen containing
pemetrexed for lung cancer patients with preexisting ILD.
Choi et al. have retrospectively analyzed 52 patients with
advanced NSCLC and preexisting ILD treated with
gemcitabine or pemetrexed plus platinum (20). They have

reported that the incidence of AE-ILD was 5.8% (3 in 52
patients) and concluded that pemetrexed plus platinum could
be a feasible regimen for NSCLC and preexisting ILD.
However, two among the three AE-ILD cases in their study
received pemetrexed plus cisplatin doublet chemotherapy
and they both died from AE-ILD, meaning that the incidence
of AE-ILD in patients treated with pemetrexed plus platinum
was 15.4% (2 in 13 patients). In the present study, AE-ILD
occurred in five (20.8%) of 24 patients with ILD who
received platinum plus pemetrexed with and without
pemetrexed maintenance, with three cases and two cases
experiencing AE-ILD during the doublet phase and
maintenance phase, respectively. Among the five patients,
two died due to the AE-ILD. These findings suggest that the
incidence of drug-related AE-ILD in chemotherapy
containing pemetrexed may be higher than that in paclitaxel
plus carboplatin doublet chemotherapy, and pemetrexed
containing regimens can cause fatal ILD with high frequency
in patients with preexisting ILD.

This study has several limitations. First, the number of
patients was small. Second, it was a retrospective analysis
performed at a single institution, and larger scale studies are
needed. Third, the diagnosis of ILD and AE-ILD was based
on CT findings and not on histological examinations.  

Considering the high frequency of AE-ILD in
chemotherapy containing pemetrexed for patients with
preexisting ILD, pemetrexed-containing regimens should not
be administered for such patients.
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Table III. Treatment-related adverse events during pemetrexed and platinum doublet therapy.

Toxicity                                                                                                                          Grade

                                                       1                              2                                3                                4                                 5                                3-5 (%)

Leukopenia                                     8                              3                                2                                0                                 0                                8.3
Neutropenia                                    5                              2                                3                                2                                 0                              20.8
Thrombocytopenia                         8                              1                                4                                2                                 0                              25.0
Anemia                                           9                            10                                5                                1                                 0                              25.0
Febrile neutropenia                        -                              -                                0                                0                                 0                                0
Creatinine increased                      1                              3                                0                                0                                 0                                0
Anorexia                                         1                              6                                0                                0                                 0                                0
Nausea                                            0                              2                                0                                0                                 0                                0
Vomiting                                         1                              0                                0                                0                                 0                                0
Constipation                                   4                              0                                0                                0                                 0                                0
Oral mucositis                                0                              2                                0                                0                                 0                                0
Diarrhea                                         0                              2                                0                                0                                 0                                0
Hiccups                                          2                              0                                0                                0                                 0                                0
Pulmonary fibrosis                        0                              0                                0                                2                                 1                              12.5
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