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Objective: To evaluate the efficacy and safety of pemetrexed and nedaplatin followed by 

pemetrexed maintenance therapy in advanced lung adenocarcinoma.

Methods: A total of 53 advanced lung adenocarcinoma patients hospitalized between July 2013 

and June 2016 with a performance status ≤2 were enrolled in this study. All patients received 4–6 

cycles of combination chemotherapy comprising pemetrexed (500 mg/m2 dL) and nedaplatin 

(80 mg/m2 dL). Each chemotherapy cycle consisted of 21 days. After the efficacy of the combi-

nation chemotherapy was assessed, patients with stable disease, partial remission, or complete 

remission received pemetrexed maintenance therapy (500 mg/m2 dL) until disease progression 

or intolerable side effects occurred. Each pemetrexed maintenance therapy cycle was 28 days.

Results: After completion of the pemetrexed and nedaplatin combination chemotherapy, 26 

(49.1%), 15 (28.3%), and 12 (22.6%) patients exhibited partial remission, stable disease, and 

progressive disease, respectively. Complete remission was not achieved in any patient. Therefore, 

the response and disease control percentages were 49.1% and 77.4%, respectively. A total of 

38 patients were further administered pemetrexed maintenance chemotherapy for an average of 

9.8 cycles. The median progression-free survival and overall survival of the 38 patients receiv-

ing the pemetrexed maintenance therapy were 9.3 (95% confidence interval: 8.6–10) months 

and 16.3 (95% confidence interval: 14.5–18.2) months, respectively. The major adverse effects 

included bone marrow suppression and gastrointestinal reactions, which were well tolerated.

Conclusions: Combination chemotherapy based on pemetrexed and nedaplatin is effective for 

the treatment of advanced lung adenocarcinoma with a high tolerance by patients. In addition, 

pemetrexed maintenance therapy of advanced lung adenocarcinoma is safe and effective for the 

treatment of advanced lung adenocarcinoma following pemetrexed and nedaplatin combination 

chemotherapy.
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Introduction
Lung cancer is the most frequent cause of cancer mortality worldwide and the inci-

dence of lung cancer in recent years has continued to rise.1 In China, lung cancer is 

the most common malignant tumor.2 A total of 733,300 new cases of lung cancer and 

610,200 cases of lung cancer-related deaths were reported in China in 2015. Early 

diagnosis and treatment are effective approaches to improve the prognosis of lung 

cancer. However, lung cancer involves significant clinical heterogeneity, and the early 

detection and diagnosis of lung cancer are especially lacking in some developing 

countries. Most patients with lung cancer are diagnosed at advanced stages and cannot 

be treated surgically.3 Adenocarcinoma is the most common  histopathological type 
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of lung cancer.4 Epidermal growth factor receptor (EGFR) 

mutations have been targeted for effective treatment of lung 

adenocarcinoma. EGFR tyrosine kinase inhibitors have 

been surprisingly effective and have rapidly become the 

standard therapy for patients with EGFR mutations.5 Also, 

tumors harboring anaplastic lymphoma kinase (ALK) and 

ROS1 fusions are highly sensitive to inhibitors targeting 

these kinases such as crizotinib. However, these drugs are 

not applicable to all adenocarcinoma patients because of 

the low incidence and detection rate of gene mutations or 

gene fusions.5–7 Therefore, traditional chemotherapy agents 

are still the most common approach for treatment of lung 

adenocarcinoma, especially in China.

The National Comprehensive Cancer Network guidelines 

recommend platinum-based regimen chemotherapy as a first-

line treatment for patients with advanced non-small cell lung 

cancer (NSCLC). However, disease progression has been 

reported in many patients within 3–6 months after stabiliza-

tion with first-line chemotherapy.3,8 Maintenance treatment 

is therefore important prior to second-line therapy. Mainte-

nance therapy refers to therapeutic approaches for cancer 

patients after first-line chemotherapy and before second-line 

chemotherapy, until the disease progresses or emergence of 

intolerable side effects. The purpose of maintenance therapy 

is to maximize remission and survival in cancer patients 

to further improve the efficacy and prognosis of cancer 

treatment. The drug selected for maintenance therapy must 

therefore have high efficacy, low toxicity, and convenience. 

The final outcomes of the PARAMOUNT trial showed that 

the median survival time was improved and the mortality rate 

was reduced, in non-squamous NSCLC patients who received 

pemetrexed maintenance therapy.8 Also, pemetrexed mainte-

nance therapy improved progression-free survival (PFS) and 

overall survival (OS) following a non-pemetrexed-containing 

platinum doublet regimen.9

Previously, pemetrexed treatment was not covered by 

medical insurance in China and thus was not widely used in 

chemotherapy because of economic reasons. Since March 

2013, pemetrexed has been covered by supplementary medi-

cal insurance in the “Supplementary Medical Insurance for 

Severe Diseases” guidelines announced by the Zhuhai Gov-

ernment, Guangdong Province, China. Pemetrexed has since 

been widely used in chemotherapy for lung adenocarcinoma 

in this region. This study was initially performed because 

of the wide application of pemetrexed treatment in clinics.

Nedaplatin, which was first approved in Japan in 1995, 

is a second-generation cytotoxic platinum drug, which 

shows no cross-resistance with traditional cisplatin and 

 carboplatin. It has been reported that nedaplatin exhibits 

similar therapeutic effects but has 10-fold greater water 

solubility and lower nephrotoxicity and gastrointestinal 

toxicity compared with cisplatin. The major dose-limiting 

toxicity of nedaplatin is bone marrow suppression, especially 

thrombocytopenia, leukopenia, and anemia.10 A number 

of clinical studies have reported significant therapeutic 

effects for nasopharyngeal carcinoma, esophageal cancer, 

and cervical cancer.11–13  During the past decade, nedaplatin 

chemotherapy has, therefore, gradually become the most 

commonly used  chemotherapeutic agent for the treatment 

of NSCLC in China.

To determine the optimal chemotherapy regimen for the 

treatment of advanced lung adenocarcinoma, we designed 

the present study to evaluate the efficacy and safety of peme-

trexed maintenance therapy for advanced lung adenocarci-

noma following combination chemotherapy with pemetrexed 

and nedaplatin.

Materials and methods
Eligibility
This study was reviewed and approved by the Ethics Com-

mittee of the Fifth Affiliated Hospital of Sun Yat-sen Uni-

versity. Written informed consent was obtained from all 

included patients. The trial was registered under the number 

ChiCTR-OIC-17011634. The inclusion criteria were 1) adult 

patients >18 years of age; 2) newly diagnosed cases without 

chemotherapy; 3) stage IIIb–IV lung adenocarcinoma con-

firmed by histopathological examinations and measurable 

tumor lesions; 4) a performance status (PS) of 0–2 based on 

the Eastern Cooperative Oncology Group scoring system; 

5) >3 months expected survival; 6) normal physiological 

functions including an absolute neutrophil count ≥1.5×109/L, 

hemoglobin level ≥80 g/L, platelet count ≥75×109/L, total 

bilirubin level ≤1.5-fold the upper limit of normal (ULN), 

aspartate aminotransferase and alanine aminotransferase 

levels ≤2.5-fold the ULN, serum creatinine level ≤1.5-fold 

the ULN; and 7) no brain metastases.

The exclusion criteria were 1) breastfeeding and/or 

pregnant patients; 2) systematic diseases including acute 

infections, major cardiovascular disease such as myocardial 

infarction over the past 1 year, serious liver diseases, serious 

kidney diseases, and metabolic disorders; 3) other malignant 

tumors during the last 5 years, except for malignant tumors 

that can be treated by radical resection, including in situ 

cervical cancer, basal or squamous cell skin cancer, breast 

in situ intraductal carcinoma and localized prostate cancer; 

and 4) viral diseases that may be transmitted via the blood or 
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other body fluids, such as human immunodeficiency virus, 

hepatitis B, or hepatitis C.

Chemotherapy
A combination chemotherapy cycle included 21 days of 

intravenous infusion of pemetrexed (500 mg/m2 dL) and 

nedaplatin (80 mg/m2 dL). Each patient underwent 4–6 cycles 

of the combination chemotherapy. The chemotherapy was ter-

minated if intolerable adverse effects occurred. The efficacy 

and safety were assessed after 4–6 cycles of chemotherapy. 

Patients with stable disease (SD), partial remission (PR), or 

complete remission (CR) received pemetrexed maintenance 

therapy (500 mg/m2 dL pemetrexed; 28 days/cycle) until 

disease progression or intolerable side effects occurred. The 

efficacy and safety were assessed according to the response 

rate (RR), disease control rate (DCR), PFS, OS, and adverse 

events. Folic acid and vitamin B12 were supplemented dur-

ing the chemotherapy. Dexamethasone was used to prevent 

pemetrexed-induced rash. Conventional antiemetic treatment 

was administered before and after the chemotherapy.

Assessments of efficacy and safety
The primary outcomes of this clinical trial were the RR, PFS, 

and toxicities. Imaging reviews and tumor lesion measure-

ments were conducted every 2 cycles. Blood tests, liver and 

kidney function tests, and electrocardiography were per-

formed to assess the adverse effects of the chemotherapeutic 

agents. According to the Response Evaluation Criteria in 

Solid Tumors, version 1.1, chemotherapy efficacy is classi-

fied as either a CR, PR, SD, or progressive disease. Toxicities 

were assessed using the National Cancer Institute Common 

Toxicity Criteria (version 3.0) before each treatment cycle. 

If the toxicity caused a chemotherapy delay of more than 3 

weeks, the patient withdrew from the trial.

Dosage adjustments
The chemotherapy dosage was adjusted if severe adverse effects 

(>grade III toxicity) were reported during chemotherapy. The 

chemotherapy dosage was reduced 20% or 40% if grade III or 

IV toxicity occurred, respectively. The chemotherapy regimen 

was terminated if the dosage had to be reduced by >40%.

Statistical analyses
OS, overall response rate, and PFS were assessed. All patients 

had toxicity assessments in at least 2 cycles of chemotherapy. 

Statistical analyses were conducted using SPSS statistical 

software for Windows, version 17.0 (SPSS, Chicago, IL, 

USA). The Kaplan–Meier method was used to analyze the 

survival data.

Results
Patient characteristics
A total of 53 advanced lung adenocarcinoma patients (38 

males and 15 females) hospitalized between July 2013 and 

June 2016 were enrolled in this prospective study. The patient 

characteristics are shown in Table 1. The age of the 53 patients 

ranged between 33 and 73 (median age: 60) years. Of the 

53 patients, 45 had a smoking history and 8 had no smok-

ing history. Forty-seven patients had a PS score of 0–1 and 

6 patients had a PS score of 2. Based on histopathological 

examinations, 5 and 48 patients were classified as stage IIIb 

and stage IV, respectively.

Chemotherapy efficacy
All patients completed over 2 cycles of first-line chemotherapy 

with assessable chemotherapeutic efficacy. A CR was not 

achieved in any patient, while 26 (49.1%), 15 (28.3%), and 

12 (22.6%) patients exhibited PR, SD, and progressive dis-

ease, respectively. The RR and DCR were 49.1% and 77.4%, 

respectively (Table 2). Forty-one patients were eligible for 

pemetrexed maintenance therapy; however, 3 of these patients 

refused maintenance therapy because of economic reasons. 

Thus, a total of 38 patients received pemetrexed maintenance 

therapy for an average of 9.8 (range: 4–52) cycles. The median 

PFS and OS of the 38 patients who underwent pemetrexed 

maintenance therapy were 9.3 (95% confidence interval 

Table 1 Patient characteristics

Characteristics Patients (n) Patients (%)

Total 53 100
Sex
Male 38 71.7
Female 15 28.3
Age (years)
Median 60
Range 33–73
ECOG performance status
0 8 15.1
1 39 73.6
2 6 11.3
Staging
IIIb 5 9.4
IV 48 90.6
Smoking exposure
Smoking 45 84.9
No smoking 8 15.1

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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[CI]: 8.6–10) months and 16.3 (95% CI: 14.5–18.2) months, 

respectively (Figures 1 and 2). The median PFS and OS of 

all 53 patients were 8.9 (95% CI: 8.3–9.5) months and 14.5 

(95% CI: 13.2–16.2) months, respectively (Figures 3 and 4).

Adverse effects of chemotherapy
Most adverse effects were reversible. The most common 

adverse effect was bone marrow suppression. During the 

combination chemotherapy, grade III leukocyte suppression 

was observed in 6 patients (11.3%), but no grade IV leukocyte 

suppression was reported. A total of 5 (9.4%) patients had 

grade III anemia. No grade IV anemia or greater than grade 

II platelet inhibition was reported. No grade III/IV non-bone 

marrow toxicity was found. Grade I allergic reactions induced 

by nedaplatin were reported in 2 patients. Other adverse 

effects were mild and tolerable, and no treatment-related 

death was reported (Table 2).

During pemetrexed maintenance therapy, 4 patients 

(10.5%) exhibited grade III leukocyte suppression and no 

patient had grade IV leukocyte suppression. In addition, 2 

patients had grade III anemia. No grade IV anemia or greater 

than grade II platelet inhibition was found. No grade III/IV 

non-bone marrow toxicity was identified. Other adverse 

effects were mild and tolerable, and no treatment-related 

death was reported (Table 3). Eight (21%) patients underwent 

pemetrexed dosage adjustment (decreased dosage or delayed 

treatment). No patient received a red blood cell transfusion, 

10.5% received erythropoietin, 15% received granulocyte 

colony stimulating factor, and none received a platelet 

transfusion (Table 3).

Discussion
In the present study, we assessed the efficacy and safety of 

pemetrexed and nedaplatin combination chemotherapy in 53 

cases of advanced lung adenocarcinoma. This chemothera-

peutic regimen resulted in an RR of 49.1% and a DCR of 

77.4%. In addition, all patients tolerated the chemotherapy 

side effects, which was especially important in those patients 

completing the chemotherapy program and undergoing fur-

ther maintenance chemotherapy. After first-line pemetrexed 

and nedaplatin chemotherapy, we administered pemetrexed 

maintenance chemotherapy for 28 days to evaluate the effi-

cacy and safety. A total of 38 advanced lung adenocarcinoma 

cases were included in the present study, and each patient 

received an average of 9.8 cycles of pemetrexed-based main-

tenance therapy. The median PFS and OS of the patients who 

received pemetrexed maintenance therapy were 9.3 (95% 

Table 2 The side effects of chemotherapy regimen of the 
combination of pemetrexed and nedaplatin for the treatment of 
advanced lung adenocarcinoma

Side effects Toxicity grade (WHO criteria)

I II III IV

Neutropenia 15 (28.3%) 6 (11.3%) 6 (11.3%) 0
Thrombocytopenia 9 (17%) 5 (9.4%) 0 0
Hemoglobin reduction 11 (20.8%) 6 (11.3%) 5 (9.4%) 0
Nausea/vomiting 14 (26.4%) 9 (17%) 0 0
Allergic reactions 2 (3.8%) 0 0 0
Liver damage 6 (11.3%) 0 0 0
Renal impairment 2 (3.8%) 0 0 0
Hair loss 12 (22.6%) 4 (7.5%) 0 0

Abbreviation: WHO, World Health Organization.

Figure 1 Kaplan–Meier curve of progression-free survival of the 38 patients who 
underwent pemetrexed maintenance therapy.
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Figure 2 Kaplan–Meier curve of overall survival of the 38 patients who underwent 
pemetrexed maintenance therapy.
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CI: 8.6–10) months and 16.3 (95% CI: 14.5–18.2) months, 

respectively. All patients tolerated the adverse effects, includ-

ing hematological toxicity, gastrointestinal reactions, liver 

and kidney dysfunctions, muscle soreness, and hair loss, 

which were minimized by symptomatic treatment and did 

not affect the chemotherapy regimen.

Combination chemotherapy based on cisplatin is the most 

effective chemotherapy regimen for the treatment of NSCLC.14 

Figure 3 Kaplan–Meier curve of progression-free survival of all 53 patients.
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Figure 4 Kaplan–Meier curve of overall survival of all 53 patients.
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However, cisplatin may cause a number of serious adverse 

effects, such as gastrointestinal reactions, nephrotoxicity, 

neurotoxicity, and myelosuppression. As the most significant 

dose-limiting response,15 nephrotoxicity can be minimized 

by extensive hydration of cisplatin and diuretics following 

cisplatin use.16,17 Numerous cancer patients are forced to 

discontinue cisplatin-based chemotherapy regimens because 

of severe adverse effects caused by cisplatin. Therefore, a 

number of cisplatin derivatives have been developed and used 

in chemotherapy. Nedaplatin is a second-generation platinum-

based antitumor agent,18 which has a higher water solubility, 

lower toxicity, but similar therapeutic effects compared with 

cisplatin. Koshiyama et al reported that nedaplatin exhibited 

similar or better tumor inhibition than did cisplatin (cervical 

cancer: 70.7% versus 63.9%, n=15; ovarian cancer: 61.7% 

versus 54.8%, n=65; and endometrial carcinoma: 52.1% 

versus 47.7%, n=57).13 As a multi-target folate antagonist,19 

pemetrexed blocks cell division at the S phase by inhibiting 

dihydrofolate reductase, thymidylate synthase, and glycin-

amide ribonucleotide formyltransferase, which are involved in 

purine synthesis. In 2004, the US Food and Drug Administra-

tion (FDA) first approved the combination of pemetrexed and 

cisplatin as first-line treatment for malignant pleural mesothe-

lioma and second-line treatment for NSCLC.20,21 Furthermore, 

it has been reported that pemetrexed is effective as either 

first-line, second-line, or maintenance therapy for NSCLC.8,21,22

Since 2009, the US FDA has approved pemetrexed as a 

maintenance therapy for advanced non-squamous NSCLC.22 The 

efficacy of pemetrexed depends on the histopathological type 

of NSCLC. Pemetrexed exhibited significant efficacy for the 

treatment of non-squamous NSCLC but not squamous NSCLC.8 

Non-squamous NSCLC cases were therefore enrolled in the 

present study to assess the efficacy and safety of pemetrexed and 

nedaplatin. We assessed the RR and DCR of 53 NSCLC patients 

after completion of the chemotherapy regimen and found an RR 

of 49.1% and a DCR of 77.4%, with no severe adverse effects 

observed. The adverse effects were relieved by symptomatic 

treatments, and the chemotherapy regimen was not affected by 

any adverse effects. Taken together, our results are consistent 

with most previous studies that used a combination of peme-

trexed and cisplatin for the treatment of advanced NSCLC.23–25

The PARAMOUNT trial results reported a median survival 

of 13.9 months in non-squamous NSCLC patients receiving 

pemetrexed maintenance therapy, which was significantly 

higher than that (11.0 months) in the placebo group (hazard 

ratio = 0.78, P=0.0195), suggesting that pemetrexed mainte-

nance therapy improved the median survival by 2.9 months.8 In 

addition, the risk of death was reduced by 22% by pemetrexed 

maintenance therapy (95% CI: 0.64–0.96). Our results showed 

that the mean PFS and median survival of 38 non-squamous 

NSCLC patients were 9.3 (95% CI: 8.6–10) months and 16.3 

(95% CI: 14.5–18.2) months, respectively, which were simi-

lar to the PARAMOUNT trial results. In the PARAMOUNT 

trial, pemetrexed was used once for 21 days (500 mg/m2), and 

patients received an average of 7.9 cycles of pemetrexed main-

tenance chemotherapy, which was terminated due to disease 

progression and/or intolerable side effects. In the present study, 

the 38 patients received an average of 5.8 cycles of pemetrexed 

maintenance chemotherapy, and pemetrexed was used once for 

28 days. Therefore, the interval of the chemotherapy cycle in 

the present study was longer than that in the PARAMOUNT 

trial study. Typically, fewer adverse effects caused by chemo-

therapy agents contribute to better efficacy, because patients 

can tolerate a longer chemotherapy term.

After first-line chemotherapy, 38 patients were further 

treated with pemetrexed maintenance chemotherapy, exclud-

ing 3 patients who refused maintenance chemotherapy 

because of economic reasons. The percentage of patients 

receiving pemetrexed maintenance chemotherapy in the pres-

ent study was significantly higher than that in other regions 

in China, which suggests that the medical insurance policy 

has significantly influenced the clinical outcomes.

While our results showed a limited improvement in the 

clinical outcomes of lung adenocarcinoma patients, the 

chemotherapy regimen exhibited high safety and clinical 

tolerance. Our study, therefore, strongly suggested that 

first-line combination chemotherapy consisting of peme-

trexed and nedaplatin followed by pemetrexed maintenance 

chemotherapy can further improve the quality of life of lung 

adenocarcinoma patients. However, the limitations of the 

present study included a small sample size and no control 

group, and thus randomized and carefully controlled studies 

involving more patients are needed.

Table 3 The side effects of pemetrexed maintenance therapy 
of advanced lung adenocarcinoma following combination 
chemotherapy of nedaplatin and pemetrexed

Side effects Toxicity grade (WHO criteria)

I II III IV

Neutropenia 12 (31.6%) 4 (10.5%) 4 (10.5%) 0
Thrombocytopenia 5(13.2%) 4 (10.5%) 0 0
Hemoglobin reduction 10 (26.3%) 6 (15.8%) 2 (5.5%) 0
Nausea/vomiting 11 (28.9%) 5 (13.2%) 0 0
Allergic reactions 0 0 0 0
Liver damage 4 (10.5%) 0 0 0
Renal impairment 0 0 0 0
Hair loss 9 (23.7%) 3 (7.9%) 0 0

Abbreviation: WHO, World Health Organization.
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