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Objective: A generic cisplatin formulation has replaced the brand-name formulation since
November 2003 in our hospital. We retrospectively assessed the renal toxicity caused by the
brand-name and generic cisplatin formulations.

Methods: The medical records of patients with thoracic malignancy who were treated at our
hospital between November 2000 and April 2008 were reviewed. In total, 1296 eligible
patients received 80 mg/m? of cisplatin: 499 patients were treated with the brand-name cis-
platin formulation before November 2003 (Group 1) and 797 patients were treated with the
generic formulation after November 2003 (Group 2). We compared the maximum serum cre-
atinine level after chemotherapy in the two groups.

Results: The patient characteristics, including age, sex and performance status, and pre-
treatment serum creatinine levels were well balanced between the two groups. More
patients received four cycles of chemotherapy in Group 2 (P < 0.0001). The median
(range) of the maximum serum creatinine levels during all the chemotherapy cycles were
1.1 (0.5—-4.1) mg/di and 1.1 (0.5—4.4) mg/dl in Groups 1 and 2, respectively (P = 0.0237).
The incidence of grade 0 serum creatinine elevations decreased from 47% to 39%, while
that of grade 1 serum creatinine elevations increased from 32% to 41% (P = 0.0094). The
incidence rates of grade 2 or 3 serum creatinine elevations were similar (21 vs. 20%).
The time to serum creatinine elevation was also similar in Groups 1 and 2 (P=0.161).
Conclusion: Although grade 1 maximum serum creatinine level was more common in the
generic cisplatin formulation group, this was attributed to the larger number of patients
receiving four cycles of chemotherapy in this group.
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INTRODUCTION

Cisplatin-based chemotherapy is curative for testicular cancer
and is active against gynecologic, gastrointestinal, genito-
urinary, head and neck, and lung cancers as well as other
malignant diseases. Carboplatin has the same range of
clinical activity as cisplatin but is less nephrotoxic and less

emetogenic. Therefore, carboplatin has essentially replaced
cisplatin for the treatment of ovarian cancer, lung cancer and
a range of other malignancies (1). In some diseases, such as
germ cell tumors (2), head and neck cancer (3), and
non-small-cell lung cancer (4,5), however, cisplatin is more
effective clinically in terms of the response rate and survival.
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Cisplatin can cause dose-dependent renal toxicity. Large
infusion amounts are needed to prevent cisplatin-induced
renal toxicity. Patients are usually prehydrated and posthy-
drated with at least 2 1 of IV fluid to maintain good urine
flow. Risk factors for cisplatin nephrotoxicity include the
dose and frequency of administration and the cumulative
dose of cisplatin, older age, female sex, smoking and hypoal-
buminemia (6).

Generic drugs are believed to be bioequivalent to brand-name
drugs in terms of dosage form, safety, quality, performance and
intended use. They are usually sold at substantial discounts from
the branded price. The spread of generic drugs relieves the fi-
nancial burden of patients’ and improves the financial affairs of
medical insurance providers (7). Recently, a retrospective ana-
lysis from the National Cancer Center Hospital (NCCH) in
Tokyo, Japan, demonstrated that renal toxicity was more severe
in patients treated with a generic cisplatin formulation than in
those treated with the brand-name formulation, especially
among male patients (8). To validate these findings, we con-
ducted the same analysis in another patient cohort from the
NCCH East, since the same generic cisplatin formulation had
been introduced at our hospital, replacing the brand-name for-
mulation, in November 2003.

PATIENTS AND METHODS

Patients were retrospectively selected for this study according
to the following criteria, which were identical to those used in
the previous analysis (8): (i) a histological or cytological diag-
nosis of thoracic malignancy; (ii) no prior chemotherapy; (iii)
chemotherapy with a regimen that included 80 mg/m?® of cis-
platin; and (iv) receiving treatment as an inpatient at the
NCCH East between November 2000 and April 2008. During
this period the brand-name cisplatin formulation was adminis-
tered between November 2000 and October 2003, and
CISPLATIN for LV. infusion (MARUKO), a generic cisplatin
formulation, was administered thereafter. Patients with an ab-
normally elevated serum creatinine (CRN) level prior to the
initiation of chemotherapy were excluded from this study.
Serum CRN was measured using an enzymatic assay through-
out the study period. The upper limit of normal for serum
CRN was 1.1 mg/dl for men and 0.9 mg/dl for women.

After 750 ml of intravenous infusion fluids, cisplatin
(80 mg/m?) and 300 ml of fluids were intravenously infused
over a 60-min period on day 1 in combination with other
chemotherapeutic agents, followed by 40 g of mannitol and
1450 ml of hydration. A total of 2500 ml of hydration fluids,
which consisted of 1000 ml of normal saline and 1500 ml of
hypotonic crystalloid solution (Solita-T3®), were infused at
a rate of 300 ml/h. Twenty milligrams of furosemide was
intravenously administered at the end of hydration. One
thousand milliliters of intravenous infusion fluids were admi-
nistered on days 2 and 3 and 500 ml was administered on
days 4 and 5 at a rate of 300 ml/h. Antiemetic prophylaxis
consisted of a SHT3 antagonist and 16 mg of dexamethasone
on day 1, followed by 8 mg of dexamethasone on days 2 and
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3 and 4 mg on days 4 and 5. This sequence of administration
was consistently maintained during the study period.

The patients’ baseline characteristics including age, sex, per-
formance status (PS), pretreatment CRN level (CRNp.),
chemotherapy regimen, number of chemotherapy cycles and
maximum CRN level (CRN,,,) during the first cycle and
during all chemotherapy cycles were retrospectively obtained
from the patients’ medical records. The median CRN,,x and
the Common Toxicity Criteria-Adverse Event (CTC-AE
version 3.0) grades of the CRN,,,, were compared in patients
treated with the brand-name cisplatin formulation (Group 1)
and those treated with the generic formulation (Group 2). The
time to serum CRN elevation was defined as the interval
between the start of chemotherapy and the development of
serum CRN elevation grade 1 or worse. Patients who did not
develop serum CRN elevation grade 1 or worse were censored
at the end of the cisplatin-based chemotherapy. The time to
serum CRN elevation was estimated using the Kaplan—Meier
analysis method (9) and was compared between groups using
a log-rank test. Mann—Whitney tests were used to evaluate
continuous variables and x* tests were used for categorical
variables. Multivariate analyses were performed using Cox
proportional hazards models to determine the risk factors for
the time until serum CRN elevation. Group 1 or 2 and the
presence of significant risk factors in the univariate analyses
were evaluated using a multivariate analysis. All the reported
P values were two-sided. GraphPad InStat version 3.10 for
Windows (GraphPad Software, San Diego, USA) and PASW
Statistics 18 for Windows (SPSS Inc., Chicago, USA) were
used for the statistical analyses. The present study was
approved by an institutional review board.

RESULTS

Out of 1341 patients assessed for eligibility in this study,
1310 patients met the inclusion criteria; 31 patients were
subsequently excluded because of an abnormal CRN,,.. level.
An additional 14 patients were excluded because they were
treated with the brand-name cisplatin formulation during the
first cycle of chemotherapy but received the generic formula-
tion in subsequent cycles. Therefore, a total of 1296 patients
were eligible for this analysis. In total, 499 patients were
treated with the brand-name cisplatin formulation (Group 1)
and 797 patients were treated with the generic formulation
(Group 2) (Fig. 1). The patient characteristics are shown in
Table 1. The median age was 63 years (range 27—81 years),
and the female patients accounted for 23% of all the
patients. No statistical differences in sex, age, PS or CRN,
were observed between the two groups. The most common
chemotherapy regimen was cisplatin plus vinorelbine;
however, this regimen was less frequently used in Group 2,
whereas cisplatin plus gemcitabine was more frequently
used. The median number of chemotherapy cycles was three
in both groups, but more patients received four cycles of
chemotherapy in Group 2 (Fig. 2).
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Figure 1. Diagram of the study. CRN,., pretreatment serum creatinine
level.

Table 1. Patient characteristics

Group 1? Group 2° P value
(n = 499), N (%) (n="797), N (%)
Sex
Male 392 (79) 611 (77) 0.4532
Female 107 (21) 186 (23)
Age (years)
Median (range) 62 (28-78) 63 (27-81) 0.7368
Performance status
0-1 486 (97) 788 (99) 0.0744
2-3 13(3) 9 ()
Pretreatment serum creatinine level
Median (range) 0.7 (0.4-1.1) 0.7 (0.4-1.1) 0.1742
Regimen of chemotherapy
CDDP + VNR 356 (71) 447 (56) <0.0001
CDDP + ETP 57 (12) 121 (15)
CDDP + GEM 36 (7) 149 (19)
CDDP -+ others 50 (10) 80 (10)
Number of cycles
1 53 (11) 72 (9) <0.0001
2 187 (37) 184 (23)
3 136 (27) 241 (30)
4 114 (23) 294 (37)
5 3(D) 1(0)
6 6 (1) 5
Median (range) 3 (1-6) 3 (1-6) <0.0001

CDDP, cisplatin; VNR, vinorelbine; GEM, gemcitabine; others included
irinotecan, docetaxel, vinorelbine + mitomycin C, paclitaxel and S-1.
“Patients treated with the brand-name cisplatin formulation.
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Figure 2. Number of chemotherapy cycles in 499 patients treated with the
brand-name cisplatin formulation (Group 1) and 797 patients treated with
the generic formulation (Group 2).

The median (range) CRN,,,x levels during the first cycle
of chemotherapy were 1.0 (0.5—4.1) mg/dl and 1.0 (0.6—4.2)
mg/dl in the male patients in Groups 1 and 2, respectively
(P = 0.0378), whereas they were 0.7 (0.5—1.8) mg/dl and
0.7 (0.4—1.9) mg/dl in the female patients in Groups 1 and
2, respectively (P =0.3949). The CTC-AE grade for
CRNpax during the first cycle was not statistically different
between Groups 1 and 2 in both male (P = 0.6732) and
female patients (P = 0.9518) (Table 2).

The median (range) CRN . levels during all the chemo-
therapy cycles were 1.1 (0.5—4.1) mg/dl and 1.1 (0.5—4.4)
mg/dl in all the patients in Groups 1 and 2, respectively (P =
0.0237). The median (range) CRN ., levels during all the
cycles of chemotherapy were 1.2 (0.5-4.1) mg/dl and 1.2
(0.6—4.4) mg/dl in the male patients in Groups 1 and 2, re-
spectively (P = 0.0029), whereas they were 0.8 (0.5-2.6)
mg/dl and 0.9 (0.5—2.2) mg/dl in the female patients in
Groups 1 and 2, respectively (P = 0.3745). The CTC-AE
grade for CRNp,, during all the cycles was statistically differ-
ent between Groups 1 and 2 in the male patients (P =
0.0431). Grade 0 CRN,,,, decreased from 49% to 42%,
whereas grade 1 CRNp,., increased from 32% to 41%
between the male patients in Groups 1 and 2. An identical
tendency was observed in the female patients. Grade 0
CRNpax decreased from 39% to 31%, whereas grade 1
CRN,,,.x increased from 31% to 41% between the female
patients in Groups 1 and 2 (P = 0.1455). In all the patients,
grade 0 CRN,,,x decreased from 47% to 39% and grade 1
CRNpn.x increased from 32% to 41% between Groups 1 and 2
(P =0.0094). Grade 2 or 3 CRN,,,,x was not different
between Groups 1 and 2 in both the male and female patients
(Table 3). The time to serum CRN elevation was not statistic-
ally different between Groups 1 and 2 (P = 0.161) (Fig. 3).
A male sex or an age of 71 years or older was significantly
associated with a shorter time to a serum CRN elevation
grade 1 or worse in a univariate analysis (Table 4).

A multivariate analysis showed that a female sex [hazard
ratio (HR): 1.528, 95% confidence interval (CI): 1.296—
1.803] and an age of 71 years or older (HR: 1.362, 95% CI:
1.127—-1.645) were significant risk factors for the time to
serum CRN elevation. Group 2 was not a significant risk



Table 2. Serum creatinine levels and toxicity grades during the first cycle
of chemotherapy
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Table 3. Serum creatinine levels and toxicity grades during all cycles of
chemotherapy

Group 17 (n = 499), Group 2° (n = 797), P value Group 1% (n = 499), Group 2° (n = 797), P value
N (%) N (%) N (%) N (%)
Median (range) Median (range)
Total 0.9 (0.5—4.1) 0.9 (0.4-4.2) 0.1269 Total 1.1 (0.5-4.1) 1.1 (0.5-4.4) 0.0237
Male 1.0 (0.5-4.1) 1.0 (0.6—4.2) 0.0378 Male 1.2 (0.5-4.1) 1.2 (0.6—4.4) 0.0029
Female 0.7 (0.5-1.8) 0.7 (0.4-1.9) 0.3949 Female 0.8 (0.5-2.6) 0.9 (0.5-2.2) 0.3745
CTC-AE grade CTC-AE grade
Total Total
0 339 (68) 514 (64) 0.6244 0 236 (47) 314 (39) 0.0094
1 123 (24) 218 (27) 1 159 (32) 326 (41)
2 34 (7) 61 (8) 2 100 (20) 150 (19)
3 3(1) 4(1) 3 4(1) 7(1)
Male Male
0 282 (72) 418 (68) 0.6732 0 194 (49) 256 (42) 0.0431
1 83 (21 147 (24) 1 126 (32) 249 (41)
2 24 (6) 42 (7) 2 69 (18) 100 (16)
3 3D 4(1) 3 3(1) 6 (1)
Female Female
0 57 (53) 96 (52) 0.9518 0 42 (39) 58 31) 0.1455
1 40 (38) 71 (38) 1 33 31) 77 (41)
2 10 (9) 19 (10) 2 31(29) 50 (27)
3 1) 7(Q1)
CTC-AE, Common Toxicity Criteria-Adverse Event Ver. 3.0.
:,g:g:g:z t;zzizg ::vvﬁﬁ ;hz;rzﬁg—?:rﬁilf;mflaﬁon. zPatients treated wi_th the brand-ngme f:isplatin foxfmulaﬁon
Patients treated with a generic cisplatin formulation.
factor for the time to serum CRN elevation (HR: 1.096, 95%
CIL: 0.943—1.276) (Table 5).
100 +
DISCUSSION
A previous retrospective analysis from the NCCH in Tokyo, 75
Japan, dgmonstrated that a grgde 2 or 3 CRN,,., was g p——
observed in 9.4% of the male patients treated with the brand- % " wetiroup 2.
name cisplatin formulation and 20.9% of the male patients ;Eg
treated with a generic formulation identical to that used in a P=0.161
our study during all the chemotherapy cycles (P < 0.001) 25
(8). In our study, grade 2 or 3 CRN,,,, was observed in 19
and 17% of the male patients of the two groups, respectively. 0 i ; .
Three thousand milliliters on day 1 and 2000 ml of intraven- 0 50 100 150 200

ous infusion fluids on days 2—5 were administered at the
NCCH, with identical antiemetic prophylaxis of a SHT3 an-
tagonist and dexamethasone and 40 g of mannitol on day
1. However, 2,500 ml of intravenous infusion fluids on day
1, 1000 ml on days 2 and 3, and 500 ml on days 4 and 5
were administered in our hospital. The median age of
patients was 60 years in the NCCH study and 63 years in
this study. The reason why our study could not confirm a

Time (days)

Figure 3. Kaplan—Meier curves for time to serum creatinine elevation. The
patients in Group 1 were treated with the brand-name cisplatin formulation,
while the patients in Group 2 were treated with the generic formulation. The
probability means the percentage of patients who did not develop elevation
of the serum creatinine level. Patients who did not develop serum creatinine
elevation grade 1 or worse were censored at the end of the cisplatin-based
chemotherapy. Therefore, these Kaplan—Meier curves reveal when serum
creatinine elevated after the initiation of cisplatin-based chemotherapy.



394 Brand-name versus generic cisplatin

Table 4. Time to serum creatinine elevation grade 1 or worse (univariate
analysis)

Median time to serum 95% confidence P value
creatinine elevation (days)  interval
Gender
Male 60 53.7-66.3 <0.001
Female 29 21.5-36.5
Age
<70 years old 56 49.9-62.1 0.003
>71 years old 34 19.4-48.6
Cisplatin group
Group 1 56 46.1—65.9 0.161
Group 2 50 42.0-58.0

Patients in Group 1 were treated with the brand-name cisplatin formulation,
whereas patients in Group 2 were treated with a generic cisplatin
formulation.

Table 5. Multivariate analysis of risk factors associated with time to serum
creatinine elevation.

Variable Hazard ratio 95% confidence interval P-value
Female sex 1.528 1.296-1.803 <0.001
Age >71 years old 1.362 1.127-1.645 0.001
Group 2 1.096 0.943-1.276 0.229

Patients in Group 2 were treated with a generic cisplatin formulation.

high frequency of grade 2—3 CRN,,,,« in the generic cisplatin
formulation group is unknown. Although grade 1 CRN,ax
was more common in the generic cisplatin formulation
group, this was attributed to the larger number of patients re-
ceiving four cycles of chemotherapy in this group. A multi-
variate analysis also demonstrated that the generic cisplatin
formulation group was not a statistically significant risk
factor associated with the time to serum CRN elevation. We
concluded that the generic cisplatin formulation did not in-
crease renal toxicity compared with the brand-name cisplatin
formulation.

The main objective of using generic drugs, rather than the
brand-name drugs, is cost savings (10). Generic drugs are
usually approved without clinical trials, although the same
high quality, strength, purity and stability as brand-name
drugs are required. Our study suggested that the generic cis-

“platin formulation did not increase renal toxicity, compared
with the brand-name formulation. This kind of survey is
needed for other generic drugs, especially anticancer drugs
that can cause severe or life-threatening toxicities. We
believe it is important to confirm the safety of generic drugs.
If possible, it is desirable to conduct clinical trials to

evaluate the safety and efficacy of generic drugs before ap-
proval. However, a large-scale clinical trial needs great cost
and is impracticable to conduct.

Magnesium was not included in the hydration fluid. Several
randomized trials have demonstrated that the addition of mag-
nesium is effective for reducing cisplatin-induced renal toxicity
(11,12). Grade 2—3 CRNy,, was observed in ~20% of
patients, which sounds still high. A four-arm cooperative study
in Japan demonstrated that the incidence of grade 2—3 serum
CRN elevation was 7—9% in the cisplatin-based chemotherapy
group (13). We analyzed consecutive patients who were treated
with cisplatin-based chemotherapy; therefore, more patients
who had co-morbidity and were ineligible for clinical trials
might have been included in this study, resulting in a higher in-
cidence of grade 2—3 serum CRN elevation than those in clin-
ical trials. To reduce cisplatin-induced renal toxicity, we have
added magnesium to the hydration fluid administered prior to
cisplatin since 2010. We plan to analyze whether preloading
with magnesium before chemotherapy can further reduce
cisplatin-induced renal toxicity.

Our retrospective analysis has several limitations. First,
other risk factors for cisplatin nephrotoxicity, such as
smoking status, pretreatment serum albumin level or the
co-administration of non-steroidal anti-inflammatory agents,
were not investigated. Secondly, aprepitant, which is a stand-
ard antiemetic agent nowadays (14), was approved in late
2009 in Japan. None of the patients in our study received
aprepitant. The introduction of aprepitant might reduce anor-
exia induced by cisplatin and might prevent dehydration and
renal dysfunction. Thirdly, the frequency of chemotherapy
delay, dose reduction or termination of chemotherapy due to
renal toxicity was not investigated. This information will be
helpful to understand the clinical impact of the renal toxicity.

In conclusion, the incidence of grade 2—3 CRN_,,, was
not higher in the generic cisplatin group, although the inci-
dence of grade 1 CRN.,, was higher. However, more
patients in the generic cisplatin formulation group received
four cycles of chemotherapy than in the brand-name cisplatin
group. The time to serum CRN elevation was not statistically
different between the two groups.

Acknowledgements

The authors thank Eriko Imai for her assistance in the prep-
aration of this manuscript.

Funding

This work was supported in part by a Grant-in-Aid for
Cancer Research from the Ministry of Health, Labour and

- Welfare, Japan.

Conflict of interest statement

None declared.



References

1.

Reed E. Cisplatin and its analogs. In: DeVita VT, Lawrence TS,
Rosenberg SA, editors. Cancer: Principles & Practice of Oncology. 8th
edn. Philadelphia: Wolters Kluwer Lippincott Williams & Wilkins
2008;419-26.

. Horwich A, Sleijfer DT, Fossa SD, et al. Randomized trial of

bleomycin, etoposide, and cisplatin compared with bleomycin,
etoposide, and carboplatin in  good-prognosis metastatic
nonseminomatous germ cell cancer: a Multiinstitutional Medical
Research Council/European Organization for Research and Treatment of
Cancer Trial. J Clin Oncol 1997;15:1844—52.

. De Andres L, Brunet J, Lopez-Pousa A, et al. Randomized trial of

neoadjuvant cisplatin and fluorouracil versus carboplatin and
fluorouracil in patients with stage IV-MO head and neck cancer. J Clin
Oncol 1995;13:1493-~500.

. Ardizzoni A, Boni L, Tiseo M, et al. Cisplatin- versus carboplatin-based

chemotherapy in first-line treatment of advanced non-small-cell lung
cancer: an individual patient data meta-analysis. J Nat! Cancer Inst
2007;99:847-57.

. Hotta K, Matsuo K, Ueoka H, et al. Meta-analysis of randomized

clinical trials comparing cisplatin to carboplatin in patients with
advanced non-small-cell lung cancer. J Clin Oncol 2004;22:3852—9.

. Miller RP, Tadagavadi RK, Ramesh G, Reeves WB. Mechanisms of

cisplatin nephrotoxicity. Toxins (Basel) 2010;2:2490—518.

10.

11.

12.

14.

Jpn J Clin Oncol 2013;43(4) 395

. Cornes P. The economic pressures for biosimilar drug use in cancer

medicine. Target Oncol 2012;7(Suppl. 1):57—67.

. Sekine I, Kubota K, Tamura Y, et al. Innovator and generic cisplatin

formulations: comparison of renal toxicity. Cancer Sci 2011;102:162—
5

. Kaplan EL, Meier P. Nonparametric estimation from incomplete

observations. J Am Stat Assoc 1958;53:457—81.

Haas JS, Phillips KA, Gerstenberger EP, Seger AC. Potential savings
from substituting generic drugs for brand-name drugs: medical
expenditure panel survey, 1997—2000. Ann Intern Med 2005;142:
891-7.

Bodnar L, Wcislo G, Gasowska-Bodnar A, et al. Renal protection with
magnesium subcarbonate and magnesium sulphate in patients with
epithelial ovarian cancer after cisplatin and paclitaxel chemotherapy: a
randomised phase II study. Eur J Cancer 2008;44:2608—14.

Willox JC, McAllister EJ, Sangster G, Kaye SB. Effects of magnesium
supplementation in testicular cancer patients receiving cis-platin: a
randomised trial. Br J Cancer 1986;54:19-23.

. Ohe Y, Ohashi Y, Kubota K, et al. Randomized phase III study of

cisplatin plus irinotecan versus carboplatin plus paclitaxel, cisplatin plus
gemcitabine, and cisplatin plus vinorelbine for advanced non-small-cell
Iung cancer: Four-Arm Cooperative Study in Japan. dnn Oncol
2007;18:317-23.

Basch E, Prestrud AA, Hesketh PJ, et al. Antiemetics: American
Society of Clinical Oncology clinical practice guideline update. J Clin
Oncol 2011;29:4189-98.



Clinical Study

Chemotherapy 2013;59:307-313
DOI: 10.1159/000356155

Chemotherapy

Received: July 18, 2013
Accepted after revision: October 3, 2013
Pubilished online; January 24, 2014

Efficacy and Safety of Platinum Combination
Chemotherapy Re-Challenge for Relapsed Patients
with Non-Small-Cell Lung Cancer after Postoperative
Adjuvant Chemotherapy of Cisplatin plus Vinorelbine

Hisao Imai? Takehito Shukuya®¢ Reiko Yoshino? Keiko Muraki¢ Keita Mori®

Akira Ono? Hiroaki Akamatsu?

Tetsuhiko Taira®

Hirotsugu Kenmotsu? Tateaki Naito?

Haruyasu Murakami® Yoshio Tomizawa® Toshiaki Takahashi® Kazuhisa Takahashi®

Ryusei Saito? Nobuyuki Yamamoto?®®

apjvision of Thoracic Oncology, and ?Clinical Trial Coordination Office, Shizuoka Cancer Center, Nagaizumi, Department of
Respiratory Medicine, School of Medicine, Juntendo University, Tokyo, 9Department of Respiratory Medicine, National Hospital
Organization Nishigunma Hospital, Shibukawa, and ¢Third Department of Internal Medicine, Wakayama Medical University,

Wakayama, Japan

Key Words
Non-small-cell lung cancer - Adjuvant chemotherapy -
Re-challenge - Platinum combination chemotherapy -
Recurrence

Abstract

Background: There is no standard therapy for relapsed pa-
tients who have received postoperative platinum-based ad-
juvant chemotherapy for resected non-small-cell lung can-
cer (NSCLC). We investigated the efficacy and safety of plati-
num combination chemotherapy re-challenge for such
patients. Methods: Medical records from 3 institutes from
April 2005 to July 2012 were retrospectively reviewed. Pa-
tients who underwent complete surgical resection were eli-
gible if they received postoperative adjuvant chemotherapy
consisting of cisplatin plus vinorelbine once and then re-
challenge with platinum combination chemotherapy. Re-
sults: Sixteen patients were enrolled in this study. After re-
challenge with platinum combination chemotherapy, we
observed an overall response rate of 31.2% (5/16) and a dis-
ease control rate of 81.2% (13/16). Median progression-free
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survival and overall survival from the start of the re-adminis-
tration of platinum combination chemotherapy were 6.5
and 28.0 months, respectively. Frequently observed severe
adverse events (zgrade 3) included neutropenia (31.2%),
thrombocytopenia (31.2%), leukopenia (12.5%) and hypona-
tremia (12.5%). Frequently observed non-hematological
toxicities (=grade 2) were anorexia (37.5%) and nausea
(37.5%). Conclusion: Re-challenge with platinum combina-
tion chemotherapy was effective and safe; therefore, this
therapy should be considered as a treatment option for re-
lapsed patients after postoperative cisplatin-based adjuvant
chemotherapy for resected NSCLC. ©201455. Karger AG, Basel

Introduction

Non-small-cell lung cancer (NSCLC) accounts for
approximately 80-85% of lung cancer cases, and the
5-year survival rate of lung cancer resection patients
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is reported to be approximately 60%. The postopera-
tive 5-year survival rate of stage II-IIIA NSCLC pa-
tients, in particular, is unsatisfactory at 30-60% [1]. The
most effective treatment for early-stage (I-I1IIA) NSCLC
is surgical resection. The efficacy of postoperative adju-
vant chemotherapy has been documented since 2004
[2, 3]. A meta-analysis conducted by the Lung Adjuvant
Cisplatin Evaluation (LACE) group, combining indi-
vidual patient data from 4,584 patients from 5 large ad-
juvant cisplatin (CDDP) chemotherapy trials (ALPI,
BLT, IALT, ANITA and JBR.10), was published in
2008 [4]. The LACE analysis confirmed that there was
a statistically significant benefit in overall survival
(OS) for patients treated with chemotherapy compared
with those receiving observation alone (HR, 0.89; 95%
CI, 0.82-0.96; p = 0.005), corresponding to an absolute
gain of 5.4% at 5 years. The benefits of chemotherapy
were confined to patients with resected stage II or III
NSCLC. Subgroup analysis of the LACE study indicated
that among the various drugs co-administered with
CDDP, only vinorelbine (VNR) significantly prolonged
survival (p = 0.04). Although the OS advantage at
5 years was 15 percentage points, recurrence was docu-
mented in 36.0% of patients treated with CDDP plus
VNR [3].

The efficacy of re-administration of cytotoxic antican-
cer drugs has been reported in patients with small-cell
lung cancer who respond to the initial treatment with the
same drugs [5]. Recently, it was reported that in NSCLC
patients who responded to an initial treatment of gefi-
tinib, the disease could be successfully controlled by re-
challenge with gefitinib [6, 7]. However, the efficacy and
safety of re-challenge with platinum for relapsed patients
receiving postoperative adjuvant chemotherapy of CDDP
plus VNR is unknown.

In the present study, we investigated the efficacy and
safety of re-challenge with platinum combination chemo-
therapy for relapsed patients who had received postop-
erative adjuvant chemotherapy of CDDP plus VNR for
resected NSCLC. Re-challenge with platinum-based che-
motherapy should be considered a treatment option for
relapsed NSCLC patients after postoperative CDDP-
based adjuvant chemotherapy.

Methods

Patients

The medical records of surgically resected NSCLC patients
treated with adjuvant chemotherapy of CDDP plus VNR at 3
institutes (Shizuoka Cancer Center, Juntendo University Hos-
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pital, and National Hospital Organization Nishigunma Hospi-
tal) between April 2005 and July 2012 were retrospectively
reviewed. Eligible patients were as follows: (1) patients with sur-
gically resected NSCLC who were treated with adjuvant chemo-
therapy of CDDP plus VNR and (2) patients who relapsed after
administration of adjuvant chemotherapy and received re-treat-
ment with platinum combination chemotherapy. In accordance
with the fundamental policy at our institutes, the inclusion of
patients undergoing adjuvant chemotherapy was based on the
following criteria: (1) age less than 75 years, (2) pathological
stage II-IITA and (3) performance status of 0 or 1. Each insti-
tute’s institutional review board independently approved this
study.

Treatment Methods

Postoperative adjuvant chemotherapy was administered as fol-
lows: 80 mg/m? CDDP on day 1 and 25 mg/m* VNR on days 1 and
8. This combination was repeated every 3 weeks, and each 3-week
treatment schedule was counted as 1 cycle. Treatment changes
such as dose reduction, dose skipping or dose delay were decided
by the physician. Treatment choice for re-challenge with plati-
num-based chemotherapy after recurrence was also decided by the
physician.

Response and Toxicity Evaluation

Radiographic tumor response was evaluated according to re-
sponse evaluation criteria in solid tumors, RECIST, version 1.1.
Tumor response was evaluated and classified as follows: complete
response (CR), disappearance of all target lesions; partial response
(PR), at least a 30% decrease in the sum of diameters of target le-
sions, with the baseline sum of diameters as the reference; progres-
sive disease (PD), at least a 20% increase in the sum of diameters
of target lesions, with the smallest sum during the study as refer-
ence (this included the baseline sum if that was the smallest during
the study), and stable disease (SD), neither sufficient shrinkage to
qualify for PR nor sufficient increase to qualify for PD, with the
smallest sum of diameters during the study as the reference. Che-
motherapy-related toxicities were graded according to the Nation-
al Cancer Institute Common Terminology Criteria version 4.0
(NCI-CTC v.4.0).

Statistical Analyses

Relapse-free survival (RFS) after surgical resection was clini-
cally evaluated using the Kaplan-Meier method to assess the time
to relapse or death. Progression-free survival (PES) and OS were
also evaluated using the Kaplan-Meier method. All p values were
reported as two sided, and values less than 0.05 were considered
statistically significant. Statistical analyses were performed using
GraphPad Prism version 5.0 software for Windows (GraphPad
Software, San Diego, Calif., USA).

Results

Patient Characteristics

Postoperative adjuvant chemotherapy of CDDP
plus VNR was received by 134 NSCLC patients, of
which 47 (35.1%) had relapsed. Of the 47 patients, 16
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Table 1. Patient characteristics at the time of recurrence (n = 16)

Gender

Male 11 (68.7)

Female 5(31.3)
Age, years

Median 63

Range 53-71
Postoperative stage

IIA 4(25)

1B 1(6.3)

A 11 (68.7)
Clinical stage at the time of recurrence

v 16 (100)
Histology

Adenocarcinoma 15(93.7)

Squamous cell carcinoma 1(6.3)
Operation

Lobectomy 15 (93.7)

Pneumonectomy 1(6.3)
Performance status

0 10 (62.5)

1 6 (37.5)
EGFR mutation status

Mutant 2(12.5)

Wild type 12 (75.0)

Unknown 2 (12.5)
RFS, days

Median 635.5

Range 98-2,338
Interval from the last dose of adjuvant

chemotherapy to the first dose of

chemotherapy at the time of recurrence, days

Median 583

Range 48-2,282

Values are presented as number with percentage in parenthe-
ses, unless otherwise indicated.

received platinum combination chemotherapy, 5 re-
ceived single-agent chemotherapy, 14 received epider-
mal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs), and 12 received other treatments in-
cluding best supportive care and radiotherapy alone.
EGFR-TKIs were administered to the patients harbor-
ing sensitive EGFR mutations. In this study, we focused
on 16 NSCLC patients using platinum combination
chemotherapy.

The characteristics of the patients are shown in table 1.
Of the patients, 68.7% were male and the median age was
63 years (range 53-71) at the time of recurrence. At sur-
gery, pathological stages ITA, IIB and IIIA were observed
in 25, 6.3 and 68.7% of patients, respectively. From the
histological perspective, adenocarcinoma and squamous

Platinum Combination Chemotherapy
Re-Challenge for Relapsed NSCLC

Table 2. Compliance with adjuvant chemotherapy of CDDP plus
VNR

; Paﬁen{s, n
Discontinued after cyle 1 12
Completed cycle 3 2
Completed cycle 4 13
Patients who completed more than 3 cycles  15/16 (93.7%)

2 The reason for discontinuation was prolonged myelosup-
pression.

Table 3. First-line chemotherapy at the time of recurrence

Chemotherakpy‘regime,ns =  Patients,n_

CBDCA + PEM + Bev
CBDCA + PEM

CDDP + PEM

CBDCA + PTX + Bev

CDDP + DTX

CDDP + GEM

CDDP + PEM + VEGFR-TKI

o RN W WU

CBDCA = Carboplatin; PEM = pemetrexed; PTX = paclitaxel;
DTX = docetaxel; GEM = gemcitabine; Bev = bevacizumab;
VEGFR-TKI = vascular endothelial growth factor receptor-tyro-
sine kinase inhibitor.

cell carcinoma were observed in 93.7 and 6.3% of patients,
respectively. Lobectomy was performed in 93.7% of pa-
tients, and 6.3% underwent a pneumonectomy. The me-
dian RES time was 635.5 days (range 98-2,338). The in-
terval from the last dose of adjuvant chemotherapy to the
first dose of chemotherapy at the time of recurrence was
583 days (range 48-2,282).

Compliance with Adjuvant Chemotherapy

Of the 16 patients treated with adjuvant chemothera-
Py, 15 (93.7%) patients completed more than 3 cycles of
CDDP plus VNR (table 2). The reason for discontinua-
tion of chemotherapy was toxicity (prolonged myelosup-
pression) in 1 patient.

First-Line Chemotherapy at the Time of Recurrence

The first-line chemotherapy regimens after progres-
sion to postoperative adjuvant chemotherapy are shown
in table 3. The most common first-line chemotherapy ad-
ministered was carboplatin and pemetrexed plus bevaci-
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Fig. 1. Kaplan-Meier curve of PES (a) and OS (b) from the start of re-administration of platinum combination

chemotherapy.

Table 4. Compliance with re-administration of platinum-based
chemotherapy

Patients who completed more than 3 cycles 12/16 (75.0)
The reasons for incomplete treatment

Progression 2/16 (12.5)

Toxicity 2/16 (12.5)
Number of treatment cycles®

Median 4

Range 2-6
Treatment-related death 0(0)

Values in parentheses are percentages.
4 Except for maintenance therapy.

Table 5. Patient response to re-administration of platinum-based
chemotherapy

CR,n 0

PR,n 5

SD,n 8

PD,n 3

Response rate, % 31.2

Disease control rate®, % 81.2
2CR+ PR+ SD.

zumab. CDDP- and carboplatin-based combination che-
motherapies were administered to 6 and 10 patients, re-
spectively. More than 3 cycles of platinum combination
chemotherapy were completed by 12 of 16 patients (75%;
table 4). The reasons for discontinuation of chemothera-

310 Chemotherapy 2013;59:307-313
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py were progression in 2 patients (12.5%) and toxicity in
2 patients (12.5%). The two toxicities observed were
thromboembolic event and prolonged myelosuppres-
sion, respectively. The median number of treatment cy-
cles was 4 cycles (range 2-6). No treatment-related deaths
were noted in this study.

Treatment Efficacy and Toxicity

Among the 16 patients, 5, 8 and 3 patients showed PR,
SD and PD, respectively (table 5). The response rate was
31.2%, and the disease control rate was 81.2%. Median
PES and OS from the beginning of the next platinum-
based combination chemotherapy were 6.5 and 28.0
months, respectively (fig. 1a, b). Patients were divided
into 2 groups on the basis of RFS: 5 patients experienced
REFS for <12 months, and 11 patients experienced RFS for
212 months. Among patients with RFS <12 months, 3
patients had PR and 2 had SD. Among patients with RES
212 months, 2 patients had PR, 6 had SD and 3 had PD.
Median PES was 5.8 months for patients with RFS <12
months, and 8.2 months for those with RFS 212 months
(log-rank p = 0.19; fig. 2a). Furthermore, the median OS
was 14.3 months for patients with RFS <12 months, and
42.0 months for those with RFS 212 months (log-rank p =
0.12; fig. 2b).

The incidence of toxicity upon re-challenge with plat-
inum combination chemotherapy after recurrence is
shown in table 6a and b. We observed neutropenia in
31.2% of patients (grade 3/4 toxicity), leukopenia in
12.5%, anemia in 6.2% and thrombocytopenia in 31.2%.
Febrile neutropenia was not observed. Frequently ob-
served non-hematological toxicities were grade 2 or
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Fig. 2. Kaplan-Meier curve of PES (a) and OS (b) from the start of re-administration of platinum combination

chemotherapy depending on RFS duration.

greater severe anorexia (37.5%) and nausea (37.5%).
Non-hematological toxicities were grade 3 or greater se-
vere hyponatremia (12.5%) and arthralgia (6.2%). No
grade 5 hematological or non-hematological toxicities
were observed.

Discussion

To our knowledge, this is the first study to evaluate the
efficacy and safety of re-challenging NSCLC patients with
platinum combination chemotherapy after surgery and
postoperative platinum-based adjuvant chemotherapy.
We found that platinum combination chemotherapy re-
treatment was effective and safe; therefore, this therapy
should be considered as a treatment option for NSCLC
patients who have relapsed after postoperative CDDP-
based adjuvant chemotherapy.

Although non-platinum-containing chemotherapy
regimens are used as alternatives, combinations of plati-
num and other anticancer agents, such as carboplatin
plus paclitaxel, CDDP plus gemcitabine, CDDP plus
pemetrexed, and carboplatin and paclitaxel plus bevaci-
zumab, are considered standard first-line chemotherapy
regimens for advanced NSCLC worldwide [8-10]. Since
no standard chemotherapy is provided after postopera-
tive adjuvant chemotherapy, we consider that platinum
combination chemotherapy is a treatment option for pa-
tients who have relapsed after postoperative first-line
platinum-based adjuvant chemotherapy. Indeed, various
platinum-based chemotherapy regimens are used in
practice (table 3).

Platinum Combination Chemotherapy
Re-Challenge for Relapsed NSCLC

Table 6. Incidence of toxicity upon re-challenge with platinum
combination chemotherapy after recurrence

a Hematologic adverse events

~ Grl1 Gr2 Gr3 Gr4 >Gr3,
Leukopenia 5 3 2 0 12.5
Neutropenia 1 4 4 1 31.2
Anemia 1 2 1 0 6.2
Thrombocytopenia 2 3 4 1 31.2

b Non-hematologic adverse events

f~:~~2Gr3,

Fatigue

Anorexia

Nausea

AST increased

ALT increased
Creatinine increased
Hyponatremia
Febrile neutropenia
Sensory neuropathy
Epistaxis
Thromboembolic event
Arthralgia
Hypertension

| MmO OO

12,5

6.2

OO OWN | ON WK Uk
O OOOONMNODODOOOO
[~2 BN eNeNeoReNoloBoReo -2

- O N O -

CTCAE version 4.0. ALT = Alanine aminotransferase; AST =
aspartate aminotransferase.
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The response rate and disease control rate in the pres-
ent study were identical to those for first-line chemother-
apy for NSCLC. Ohe et al. [11] reported that the response
rates in a Japanese large phase III trial for advanced
NSCLC were 31.0% for CDDP plus irinotecan, 32.4% for
carboplatin plus paclitaxel, 30.1% for CDDP plus gem-
citabine, and 33.1% for CDDP plus VNR. Although the
number of patients in our study was small, this study was
comparable to the first-line setting for metastatic NSCLC.
In addition, the present study analyzed PFS and OS for
patients re-treated with platinum combination chemo-
therapy. We found that the median PFS and OS from the
start of the second platinum-based combination chemo-
therapy were 6.5 months and 28.0 months, respectively.
The PFS in the present study was identical to that in a
previous study. For example, median time to progression
and OS were, respectively, 4.7 and 13.9 months for CDDP
plus irinotecan, 4.5 and 12.3 months for carboplatin plus
paclitaxel, 4.0 and 14.0 months for CDDP plus gem-
citabine, and 4.1 and 11.4 months for CDDP plus VNR
[11]. The OS is relatively greater in the present study than
in that reported by Ohe et al. [11], and the difference in
patient type may explain the improved OS observed in
our study. OS for postoperative relapsed patients is better
than OS for relapsed patients with non-operated ad-
vanced NSCLC [12].

To substantiate possible differences in the efficacy of
re-challenge in patients who relapsed within a short du-
ration (RFS <12 months) and long duration (RFS =12
months) after postoperative adjuvant chemotherapy,
we also evaluated these subgroups separately. There was
no significant difference between these 2 groups for PFS
and OS (fig. 2a, b). Median OS was 14.3 months for pa-
tients with RFS <12 months, and 42.0 months for those
with RFS 212 months. Although there was no signifi-
cant difference between these 2 groups in OS, patients
who relapsed after a longer duration following postop-
erative adjuvant chemotherapy tended to have a good
prognosis. We also analyzed patients by separating
them into groups by RES <6 months and RFS 26 months;
however, only 2 patients had RFS <6 months. Therefore,
these groups were excluded from further statistical
analysis.

The toxicity induced by platinum combination che-
motherapy re-challenge was in the range of the pub-
lished platinum combination chemotherapy data in a
first-line setting [9-11]. In a subset of approximately
12.5% of patients, treatment was terminated because of
toxicity. The discontinuation rates were comparable to
those in the first-line setting, and cumulative toxicity of
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platinum might have been absent. In particular, toxici-
ties such as hearing impairment, neurotoxicity, renal
dysfunction and allergic reactions caused by repeated
use of platinum combination chemotherapy re-chal-
lenge were not notable.

This study has several limitations. First, it was a ret-
rospective analysis and the toxicities may have been un-
derestimated. Reducing, skipping or delaying the
planned chemotherapy was based on the attending phy-
sician’s bias. Therefore, to minimize biases, all consecu-
tive patients treated within our institutes were included
in the analyses and the patients’ original charts were
thoroughly reviewed. Second, the sample size was small.
Although we should have been able to compare the plat-
inum combination chemotherapy group with a single-
agent chemotherapy group as a control, we were unable
to do this because of lack of a single-agent group (only
5 patients received single-agent chemotherapy). Al-
though erlotinib and docetaxel show similar efficacy for
second-line treatment, EGFR mutation might help to
predict outcome of erlotinib treatment [13]. Because OS
is significantly longer among the EGFR-mutant patients
treated with EGFR-TKIs [14], we cannot compare the
platinum combination chemotherapy group with the
EGFR-TKIs group as a control. Nonetheless, we con-
sider that the results of the present investigation are
worthwhile because cases of platinum combination che-
motherapy re-challenge after recurrence for patients
who received postoperative platinum-based adjuvant
chemotherapy are not frequent. Thus, the results of our
investigation might contribute to a better understand-
ing of the clinical benefit of platinum combination che-
motherapy re-challenge after recurrence.

Re-challenge with platinum-based chemotherapy
should be considered a treatment option for relapsed
NSCLC patients after postoperative CDDP-based adju-
vant chemotherapy. Considering that the present study
was retrospective and consisted of a relatively small num-
ber of patients, prospective studies in a large number of
patients are warranted to assess the effect of platinum
combination chemotherapy re-challenge.
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Gefinitib/Placebo : 1.21(0.84, 1.73)

Log rank : P=0.301

Median (95% CI)
—Placebo : not Reached (5.1, inf.)
—Gefitinib : 5.0(4.3, inf.)
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Log rank : P=0.160
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—Gefitinib : 3.7 (2.6, inf.)

6 Overall survival by EGFR mutation status and treatment
A : Wild tipe, B : Sensitizing mutation (3L#09 & 0 5 A E)
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