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Purpose: Adjuvant chemotherapy with cisplatin (CDDP) plus vinorelbine is the standard

regimen for the treatment of non-small cell lung cancer (NSCLC). However, CDDP elicits

severe toxic effects, including emesis, neurotoxicity, and renal damage; carboplatin (CBDCA)

may be a feasible alternative for CDDP-unfit patients. CBDCA plus paclitaxel (PTX) adjuvant

chemotherapy showed a survival benefit for patients with stage IB tumors >4 cm in size, while

CBDCA plus nanoparticle albumin-bound (nab)-PTX showed greater efficacy and lower

neurotoxicity than CBDCA plus PTX in advanced NSCLC. Here, we investigated the feasi-

bility of using CBDCA plus nab-PTX as adjuvant chemotherapy for NSCLC.

Patients and Methods: Patients with completely resected stage II or III NSCLC, with an

Eastern Cooperative Oncology Group performance status of 0–1 and adequate kidney

function, received four cycles of postoperative adjuvant chemotherapy with CBDCA

(AUC=5 mg/mL/min, on day 1) and nab-PTX (100 mg/m2, on days 1, 8, and 15) adminis-

tered every 4 weeks within 8 weeks after surgery. The study was designed as a prospective,

single-center, Phase II study. The primary endpoint was the completion rate of chemother-

apy; secondary endpoints were two-year relapse-free survival (RFS) and safety. The expected

completion rate was 80%, with a 50% lower limit.

Results: Of 21 enrolled patients, 18 (85.7%) were CDDP-unfit owing to age (≥75 years old

[n=11, 52.4%]) or mild renal impairment (n=7, 33.3%). Nineteen of the 21 enrolled patients

were assigned to the intervention. The most common grade 3 or 4 adverse events were

neutropenia (n=15, 78.9%) and anemia (n=3, 15.8%). The completion rate for the four cycles

was 63.2% (95% CI, 38.4–83.7). Two-year RFS was 56.8% (95% CI, 29.7–76.9).

Conclusion: The completion rate for CBDCA plus nab-PTX as adjuvant chemotherapy for

CDDP-unfit NSCLC patients did not reach treatment feasibility. Further dose modifications

may be required in future studies.
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Introduction
Lung cancer is the leading cause of cancer death worldwide.1 Even if completely

resected in early stages, lung cancer recurrence is not uncommon. According to the

Japanese nationwide registry of cases of resected lung cancer, the 5-year survival

rates by pathological stage in the seventh edition of the TNM classification were

64.1% for stage IIA, 56.1% for stage IIB, and 47.9% for stage IIIA.2 Adjuvant

chemotherapy has the potential to improve survival rates. A Lung Adjuvant

Cisplatin Evaluation (LACE) study showed a 5-year survival benefit of 5.4%
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with cisplatin (CDDP)-based adjuvant chemotherapy, and

5-year survival showed an 8.9% improvement with CDDP

plus vinorelbine as an adjuvant chemotherapy.3 CDDP-

based adjuvant chemotherapy is the standard treatment

regimen for patients with completely resected stage II or

III non-small cell lung cancer (NSCLC). However, accord-

ing to a LACE study, the completion rate for CDDP plus

vinorelbine adjuvant chemotherapy was only 67%.4

Additionally, CDDP can elicit severe toxic effects, includ-

ing renal damage, frequent emetic toxicity, and neurotoxi-

city, and requires large fluid loads to protect the kidney.

Consequently, CDDP is unsuitable for patients with

comorbidities or elderly patients.5

Carboplatin (CBDCA) has been proposed as a feasible

alternative to CDDP for these patients. CBDCA has sig-

nificantly less toxicity, including reduced nausea and

vomiting, and can be administered to patients with mild

renal impairment.6 In a meta-analysis of patients with

advanced NSCLC, CBDCA and CDDP showed a similar

survival advantage; however, chemotherapy with CDDP

plus a third-generation drug was associated with longer

survival compared with CBDCA plus a third-generation

agent in a subgroup analysis, and the CDDP-based regi-

men had a higher objective response rate when compared

with that of CBDCA.6 The Cancer and Leukemia Group

B (CALGB) 963 trial investigated adjuvant chemotherapy

for stage IB NSCLC, and showed that CBDCA plus pacli-

taxel (PTX) produced a survival benefit in patients pre-

senting with tumors larger than 4 cm in diameter, although

no overall survival benefit was indicated.7 CALGB 963 is

the only large study to show the efficacy of adjuvant

chemotherapy with CBDCA plus a third-generation drug,

and no large clinical trial to date has shown a survival

benefit for patients with completely resected stage II and

III NSCLC using a CBDCA-based chemotherapy regimen.

Nanoparticle albumin-bound (nab)-PTX is a 130-nm

albumin-bound formulation of paclitaxel that can reach

the tumor microenvironment more efficiently than solvent-

based (sb)-PTX.8 A large multicenter international rando-

mized Phase III trial in patients with advanced NSCLC

(CA 031) showed that CBDCA (area under the concentra-

tion-time curve [AUC]=6 mg/mL/min, on day 1) plus nab-

PTX (100 mg/m2, on days 1, 8, 15) administered every 3

weeks produced a significantly higher overall response

rate, as well as a 10% improvement in overall survival,

than sb-PTX.9 Moreover, nab-PTX also showed signifi-

cantly less neuropathy, neutropenia, arthralgia, and myal-

gia than sb-PTX. Based on these findings, CBDCA plus

nab-PTX would be expected to have similar efficacy and

more safety as adjuvant chemotherapy for NSCLC patients

than CDDP-based adjuvant therapies.

To investigate the feasibility of utilizing CBDCA plus

nab-PTX as adjuvant chemotherapy for patients with com-

pletely resected stage II or III NSCLC, we conducted

a phase II study of CBDCA (AUC=5 mg/mL/min,

on day 1) plus nab-PTX (100 mg/m2, on days 1, 8, 15)

administered every 4 weeks. In the CA 031 trial, CBDCA

(AUC=6 mg/mL/min) was administered on day 1 and nab-

PTX (100 mg/m2) on days 1, 8, and 15 every 3 weeks, and

dose reductions and delays in nab-PTX administration

were frequently observed because of toxicities.9 In the

present study, therefore, we reduced the CBDCA dose to

AUC=5 mg/mL/min, and extended the interval between

every cycle to 4 weeks.

Materials and Methods
Patients and Treatment
Patients over 20 years of age with completely resected

stage II to IIIA NSCLC were enrolled. Additional inclu-

sion criteria were an Eastern Cooperative Oncology Group

(ECOG) performance status (PS) of 0–1, patients who

were judged unsuitable to receive the CDDP-based regi-

men or did not want to receive the CDDP-based regimen

as adjuvant chemotherapy, and adequate kidney (level of

serum creatinine ≤1.5 mg/dL), liver, and bone marrow

function. We set no upper age limit on enrolment.

Surgery have completed 4–8 weeks before enrollment.

Patients were excluded who had infectious diseases,

fever, other malignancy, peripheral neuropathy and severe

comorbidities such as cardiac diseases, uncontrolled dia-

betes mellitus. Pregnant and lactating women were also

excluded. patients were administered four cycles of

CBDCA (AUC=5 mg/mL/min, on day 1) and nab-PTX

(100 mg/m2, on days 1, 8, and 15) as postoperative adju-

vant chemotherapy every 4 weeks within 8 weeks after

surgery. Chemotherapy was stopped if tumor recurrence

was detected or the following discontinuation criteria were

met: 1) the next cycle was delayed for more than 28

days; 2) occurrence of drug-induced pneumonitis grade 2

or worse; 3) detection of grade 4 or worse nonhematologic

toxicities; and 4) deterioration of the patient’s condition

due to severe toxicity or worsening comorbidities.

This study was approved by the ethics committee of

Kobe University (250029) and was conducted in accor-

dance with the Helsinki declaration. All patients provided
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written informed consent before enrollment. This study is

registered in the University Medical Hospital Information

Network in Japan (UMIN000011910). https://upload.umin.

ac.jp/cgi-ope bin/ctr/ctr.cgi?function=brows&action=brow

s&type=summary&recptno=R000013609&language=J

Assessment of Patients
Pathological stages were determined based on the seventh

edition of the Union for International Cancer Control Manual

of Clinical Oncology.10 Toxicities were assessed according to

the National Cancer Institute Common Terminology Criteria

for Adverse Events, version 4.0 (http://ctep.cancer. gov/

reporting/ctc.html).

After completion or discontinuation of the study regi-

men, all the patients were followed up until death or the

cut-off date (July 2019). All the patients underwent

a physical examination, laboratory tests, and chest x-ray

every 3 months, and chest and abdominal computed tomo-

graphy (CT) was performed every 6 months. Other tests

were performed if necessary. Chest and abdominal CT,

brain magnetic resonance imaging or brain CT, and 18F-

FDG-PET were performed 2 years after registration.

Statistical Analyses
The studywas designed as a prospective, single-center, phase

II trial. The primary endpoint was to evaluate the completion

rate of four cycles of CBDCA plus nab-PTX as adjuvant

chemotherapy for CDDP-unfit NSCLC patients, while the

secondary endpoints were to evaluate two-year relapse-free

survival (RFS) and safety. The sample size was calculated

assuming an 80% completion rate with a lower limit of 50%,

with the alpha level set at 0.05 (both-sided) and detection

power of 80%. The minimum sample size was calculated as

19, and was set at 21 assuming a 10% exclusion or dropout

rate. Relapse-free survival was analyzed using the Kaplan–

Meier method to estimate the median points with 95% con-

fidential intervals (CIs). All statistical analyses were per-

formed using EZR version 1.38 (Saitama Medical Center,

Jichi Medical University, Saitama, Japan), a graphical user

interface for R (version 3.3.2; R Foundation for Statistical

Computing, Vienna, Austria).11

Results
A total of 21 patients were enrolled in this study from

January 2014 to January 2019. Two patients were excluded

before intervention because one experienced a recurrence

and the other presented with new ground glass opacities

before starting therapy. Therefore, 19 patients were assigned

to the intervention (Figure 1). The baseline characteristics of

the intention-to-treat patients are shown in Table 1. The

median age was 73 years (range, 53–83). Five patients

(23.8%) were at stage IIA, 3 (14.3%) at stage IIB, and 13

(61.9%) at stage IIIA. The histopathological subtypes

included 14 (66.7%) adenocarcinomas and 6 (28.6%) squa-

mous cell carcinomas.

Twelve patients completed the four cycles of adjuvant

chemotherapy, representing a completion rate of 63.2%

(95% CI, 38.4–83.7). First-step dose reduction was

required in 6 patients (31.6%) owing to the occurrence of

grade 3 neutropenia (n=5) and the physicians’ discretion

(n=1). Nab-PTX administration on days 8 and 15 was

skipped in 1 of 57 cycles and 41 of 57 cycles (71.9%),

respectively. The most frequent causes for skipping admin-

istration were grade 3 or 4 neutropenia. For nab-PTX, the

median cumulative dose was 685 mg/m2, and the median

dose intensity was 46 mg/m2/week. For CBDCA, the

median cumulative dose was 941 mg/m2, and the median

dose intensity was 59 mg/m2/week. The relative dose

intensity was 61.0% (range 8.3–100.0) for nab-PTX and

89.1% (range 25.0–114.3) for CBDCA (Table 2). The

reasons for early discontinuation of chemotherapy before

completion of four cycles were febrile neutropenia (n=2),

patient requiring a two-step dose reduction due to neutro-

penia (n=1), empyema (n=1), drug-induced pneumonitis

(n=1), renal failure (n=1), diarrhea (n=1), and patient

refusal due to fatigue (n=1). The treatment adverse events

are summarized in Table 3. The most common grade 3 or 4

adverse event was neutropenia (n=15, 78.9%), followed by

anemia (n=3, 15.8%). Febrile neutropenia, grade 3 pneu-

monitis, and grade 1 peripheral sensory neuropathy were

Patients assigned (N=21)
key inclusion criteria
- age over 20 

performance status 0-1
completely resected stage II to IIIA NSCLC
unfit for CDDP or 
patient’s preference for non-CDDP regimen

Patients received intervention (n=19)

Patients excluded (n=2)
Disease recurrence (n=1)
Interstitial pneumonitis (n=1)  

Figure 1 CONSORT flow chart of the study.
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observed in 10.5%, 5.3%, and 31.6% of the 19 patients,

respectively.

All 19 patients who had intervention were followed up,

and the two-year RFS was 56.8% (95% CI, 29.7–76.9).

The median follow-up time was 33.4 months (range,

5.4–66.1 months). The RFS curve is shown in Figure 2.

Discussion
In the present study, the completion rate for CBDCA plus

nab-PTX as adjuvant chemotherapy for CDDP-unfit

NSCLC patients did not reach the assumed lower limit

for treatment feasibility. The completion rate for the pre-

sent study was similar to that previously reported for

CDDP-based adjuvant chemotherapy (63.2% vs 57%).4

Only one other study has evaluated the feasibility of

utilizing CBDCA plus nab-PTX as adjuvant chemotherapy

for completely resected NSCLC.12 Here, the authors

reported a completion rate of 75.9% for adjuvant che-

motherapy with 3-week cycles of nab-PTX (100 mg/m2)

on days 1 and 8, followed by CBDCA (AUC=6 mg/mL/

min) on day 1,12 with a median relative dose intensity of

82% for nab-PTX and 78% for CBDCA. Several reasons

could help explain the lower completion rate of the present

study. First, the patients in our study were older, with

a median age of 73 years, compared to 69 years for the

Table 2 Dose Delivery

Nab-Paclitaxel Carboplatin

Cumulative dose (mg/m2),

median [range]

685 [100–1200] 941 [194–1192]

Dose intensity (mg/m2/week),

median [range]

46 [6–75] 59 [12–80]

Relative dose intensity (%),

median [range]

61.0 [8.3–100.0] 89.1 [25.0–114.3]

Table 1 Patient Characteristics

N (%)

Age (median [range]) 73 (53–83)

Gender

Male 15 (71.4)

Female 6 (28.6)

ECOG performance status

0 13 (61.9)

1 8 (38.1)

Histology

Adenocarcinoma 14 (66.7)

Squamous cell carcinoma 6 (28.6)

Adenosquamous 1 (4.8)

Surgical procedure

Lobectomy 21 (100)

Pathological stage

IIA 5 (23.8)

IIB 3 (14.3)

IIIA 13 (61.9)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Table 3 Common Treatment-Related Adverse Events

All Grades Grade 3–4

n (%) n (%)

Neutropenia 17 (89.4) 15 (78.9)

Anemia 15 (78.9) 3 (15.8)

Thrombocytopenia 10 (52.6) 0 (0)

Febrile neutropenia 2 (10.5) 2 (10.5)

AST increased 7 (36.8) 0 (0)

ALT increased 11 (57.9) 0 (0)

Increased creatinine 10 (52.6) 0 (0)

Alopecia 13 (68.4) 0 (0)

Fatigue 11 (57.9) 0 (0)

Decreased appetite 12 (63.1) 0 (0)

Nausea 6 (31.6) 0 (0)

Sensory neuropathy 6 (31.6) 0 (0)

Diarrhea 2 (10.5) 1 (5.3)

Arthralgia 2 (10.5) 0 (0)

Pneumonitis 1 (5.3) 1 (5.3)

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase.

Pr
ob

ab
ilit

y
of

 re
la

ps
e

19 13 10 4 1 1
Number at risk

RFS duration (months)

1.0

0.8

0.6

0.4

0.2

0.0
0 10 20 30 40 50

Figure 2 Kaplan–Meier curve of recurrence-free survival (RFS) of patients receiv-

ing assigned intervention.
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previous study. Second, patients who were judged unsui-

table to receive the CDDP-based regimen were assigned to

the current study. Most of these patients (n=18, 85.7%)

were unfit for CDDP owing to age (over 75 years old

[n=11, 52.4%]) or mild renal impairment (n=7, 33.3%).

Moreover, there were more PS 1 patients in our study than

in the previous study (38.1% vs 10.3%). Although age in

itself is not a contraindication to a CDDP-based regimen,

frailer patients, or those with an increased number and/or

severity of comorbidities, may have been included in our

study than in the previous trial. To date, no prospective

randomized studies of adjuvant chemotherapy for elderly

patients have been carried out. A few retrospective or post

hoc analyses of prospective studies have indicated that

adjuvant chemotherapy for elderly patients may be feasi-

ble, and may also produce a significant survival benefit,

although older patients received a lower dose intensity

than younger ones.13,14 However, the proportion of very

elderly patients in these studies was very small, and these

eligible patients may have had fewer comorbidities than

that normally observed in regular clinical practice, so

caution is needed to judge adaptation of adjuvant che-

motherapy to elderly patients. Pooled analysis of the

LACE study showed that patients with better PS gained

more benefit from adjuvant chemotherapy, and administra-

tion of a CDDP-based adjuvant chemotherapy regimen

was harmful to PS 2 patients.13

In this study, the treatment schedule and dose were

modified compared with those of the CA 031 regimen. In

the CA 031 study, the dose intensity of nab-PTX was

82 mg/m2/week, and that of CBDCA 166 mg/m2/week.9

In the present study, dose delivery was significantly lower

than that of CA 031. In a study for elderly patients with

advanced NSCLC, CBDCA (AUC=6 mg/mL/min) was

administered on day 1, and nab-PTX (75 mg/m2, lower

than in our study) was administered on days 1, 8, 15 every

4 weeks.15 The nab-PTX dose intensity was similar to that

of the present study (45 mg/m2/week vs 46 mg/m2/week);

however, the completion rate was not provided for that

study. Further treatment schedule and dose modifications

may be needed for adjuvant chemotherapy settings.

In the present study, hematologic adverse events were

frequent, although grade 3 or 4 sensory neuropathy was not

observed. Although the toxicity profile was similar to that

found in the CA 031 study, the frequency of grade 3 or 4

neutropenia was higher in the present study (78.9% vs 47%).

The reason may be that the median age of patients in the

present study were older than that of CA 031 study (73 years

vs 60 years)9 and 33% of patients in this study had mild renal

impairment. And surgery may influence patient’s conditions.

This findings indicates that dose modification for adjuvant

chemotherapy is needed for elderly patients because of the

severe hematologic toxicity elicited with our regimen.

The two-year RFS in this study was similar to that

recorded in a recent study of CDDP-based adjuvant che-

motherapy (56.8% vs 62%).16 The regimen used in the

present study might be effective; however, the dose intensity

was lower than for the standard CBDCA plus nab-PTX

regimen currently used for advanced NSCLC, and 5-year

survival data are required to properly evaluate its efficacy.

The present study had some limitations. First, the sam-

ple size was relatively small. Nonetheless, it was large

enough to evaluate the feasibility of adjuvant chemother-

apy as a phase II study. Second, selection bias may have

occurred because another CDDP-based adjuvant che-

motherapy study was being conducted in our institution

in the same period. Therefore, most of our patients were

unfit for a CDDP-based regimen. However, such patient

status is similar to that seen in regular clinical practice,

where CDDP-fit patients are usually administered CDDP

plus vinorelbine, the standard adjuvant chemotherapy regi-

men. Therefore, the present study reflects adjuvant che-

motherapy settings in regular clinical practice. Although

the anticipated tolerability was not achieved in our study,

the feasibility of using adjuvant chemotherapy with

CBDCA plus nab-PTX has previously been reported.12

Consequently, a phase III clinical trial comparing the

efficacy of CBDCA plus nab-PTX with that of a CDDP-

based regimen as adjuvant chemotherapy is warranted if

the regimen can be rendered safer and less toxic.

Conclusions
This regimen of CBDCA plus nab-PTX as adjuvant che-

motherapy for CDDP-unfit NSCLC patients was not toler-

able. Dose and schedule modification may be required in

future studies.

Data Sharing Statement
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be made publicly available.
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