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Randomized, Multicenter, Phase III Trial of Heptaplatin 
1-hour Infusion and 5-Fluorouracil Combination
Chemotherapy Comparing with Cisplatin and 
5-Fluorouracil Combination Chemotherapy in Patients with
Advanced Gastric Cancer  

Cancer Res Treat. 2009;41(1):12-18

Purpose
Heptaplatin (Sunpla) is a cisplatin derivative. A phase IIb trial using heptaplatin resulted in a
34% response rate with mild nephrotoxicity. We conducted a randomized phase III trial of
heptaplatin plus 5-FU compared with cisplatin plus 5-FU in patients with advanced gastric
cancer. 

Materials and Methods
One hundred seventy-four patients (heptaplatin, n=88; cisplatin, n=86) from 13 centers were
enrolled. The eligibility criteria were as follows: patients with pathologically-proven
adenocarcinoma, chemonaive patients, or patients who had received only single adjuvant
chemotherapy, and who had a measurable or evaluable lesion. On day 1, heptaplatin (400
mg/m2) or cisplatin (60 mg/m2) was given over 1 hour with 5-FU (1 gm/m2) on days 1�5 every 4
weeks. 

Results
At the time of survival analysis, the median overall survival was 7.3 months in the 5-FU +
heptaplatin (FH) arm and 7.9 months in the 5-FU + cisplatin (FP) arm (p=0.24). Of the FH
patients, 34.2% (complete response [CR], 1.3%; partial response [PR], 32.9%) experienced a
confirmed objective response compared with 35.9% (CR 0%, PR 35.9%) of FP patients
(p=0.78). The median-time-to-progression was 2.5 months in the FH arm and 2.3 months in the
FP arm. The incidence of neutropenia was higher with FP (28%) than with FH (16%; p=0.06);
grade 3�4 nausea and vomiting were more frequent in the FP than in the FH arm (p=0.01 and
p=0.05, respectively). The incidence of increased proteinuria and creatininemia was higher
with FH than with FP; however, there was no statistical difference. There were no treatment-
related deaths.

Conclusion
Heptaplatin showed similar effects to cisplatin when combined with 5-FU in advanced gastric
cancer patients with tolerable toxicities.
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Combination chemotherapy, Advanced gastric cancer,
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I n t r o d u c t i o n

Despite the reduction in the incidence of gastric cancer in most
areas of the world, gastric cancer remains the second leading cause
of cancer deaths worldwide (1,2). In Korea, surgery is still the most
effective treatment for gastric cancer and good survival can be
achieved if the tumor is resectable. In contrast, unresectable,
advanced, or recurrent gastric cancer has a poor prognosis and
chemotherapy is the most important treatment for prolongation of
survival. To date, combination chemotherapy with 5-fluorouracil (5-
FU) and cisplatin has been used most widely for such cases. This
two-drug regimen has a superior response rate in comparison with
single agent 5-FU. Indeed, the combination regimen has response
rates ranging from 10% to 35%, and median survival times from 6
�8 months, with approximately 10% of patients surviving 2�4
years (3,4).

Even though many oncologists agree with the effectiveness of
cisplatin against gastric carcinoma, there are two major problems
with this agent. First, cancer cells show primary or acquired
resistance to cisplatin (5). Second, significant side effects are
observed, such as severe nausea and vomiting, nephrotoxicity, and
neurotoxicity (6).

To overcome these drawbacks of cisplatin, extensive efforts have
been made to develop new cisplatin analogs with equivalent or
greater antitumor activity and lower toxicity (7,8). Among the
cisplatin analogs, carboplatin has reduced renal and gastrointestinal
toxicities as compared with cisplatin (9) however, carboplatin has 
no enhanced therapeutic efficacy over cisplatin and has not
circumvented the acquired resistance to cisplatin due to its cross-
resistance (10). Heptaplatin (cis-malonatol, {[4R, 5R]-4, 5 bis
caminomethyl}-2 – isopropyl- 1, 3-dioxolane platinum [II], SKI-
2053R, Sunpla�; SK Chemicals, Korea) is a new platinum
derivative. In vitro studies have shown that heptaplatin has high
antitumor activity against various cancer cell lines (11-13). A phase
II study showed that this agent has a response rate of 17% as a
single agent and a response rate of 21% in combination with 5-FU 
in advanced gastric cancer (14,15).

The purpose of this clinical trial was to determine the difference
between 5-FU + heptaplatin (FH) and 5-FU + cisplatin (FP)
regimens in terms of efficacy and toxicity in the treatment of
advanced gastric cancer.

M a t e r i a l s  a n d  M e t h o d s  

1 Patient selection

This study was approved by the institutional review boards of the
individual centers selected for this study. Written informed consent
was obtained from all patients prior to the initiation of therapy. The
study was designed to enroll patients with unresectable,

pathologically-proven, locally advanced and/or metastatic
adenocarcinoma of the stomach. Other eligibility criteria included
the presence of measurable or evaluable disease, age between 20
and 70 years, ECOG 0-2, prior adjuvant chemotherapy without
cisplatin if completed 30 days before randomization, surgery 2
weeks or longer before randomization, life expectancy ≥ 3 months,
adequate biological parameters (i.e., WBC count > 4,000/mm3;
platelet count > 100,000/mm3; aspartate aminotransferase [AST]
and alanine aminotransferase [ALT] ≤ 2.0× the institutional upper
limits of normal [ULN]; bilirubin ≤ 2.0 mg/dl; creatinine ≤ 1.2
mg/dl; and creatinine clearance ≥ 60 ml/min), and no serious
cardiopulmonary co-morbidity that could impair participation in the
study. Exclusion criteria included prior systemic chemotherapy,
pregnancy or lactation, uncontrolled infection, chronic debilitating
disease, metastasis to the central nervous system, psychiatric
disorders, prior treatment with platinum derivatives, and
hypersensitivity to cisplatin, carboplatin, other platinum derivatives,
or mannitol.

2 Study treatments

Patients randomized to the treatment arm (FH) received
heptaplatin (400 mg/m2) as an l-hour continuous infusion on day 1,
followed by 5-FU (1,000 mg/m2/day) as a 12-hour continuous
infusion on days 1�5 every 4 weeks. In the control arm (FP),
patients received cisplatin (60 mg/m2) as an l-hour infusion on day 1,
followed by 5-FU (1,000 mg/m2/day) as a 12-hour continuous
infusion on days 1�5 every 4 weeks. Treatment was administered
until disease progression, unacceptable toxicity, or withdrawal of
consent.

All patients received antiemetic prophylaxis with intravenous
ondansetron, and pre- and post-hydration. Granulocyte colony-
stimulating factor was recommended for febrile neutropenia,
neutropenic infection, or grade 3�4 nentropenia.

A dose reduction was made on the basis of the worst toxicity
observed during the previous cycle. In cases of grade 3�4
neutropenia, thrombocytopenia, mucositis, and hepatotoxicity, the
subsequent cycle was administered after recovery with a 25%
reduction of the platinum and 5-FU. Also, a 50% reduction of the
platinum was made when the creatinine clearance ranged between
40 and 60 ml/min. Chemotherapy cycles were delayed up to 2
weeks for recovery from neutropenia ≥ grade 2 or any episodes of
thrombocytopenia or mucositis. Patients were disenrolled from the
study if they failed to recover after a 2-week delay, needed more
than a two dose reduction, or had a creatinine level ≥ 2.5 mg/dl.

3 Pretreatment evaluation and follow-up studies

A medical history was obtained and a physical examination was
performed prior to enrollment. An ECG, chest x-ray, and biological
analyses (CBC count; serum creatinine, creatinine clearance,
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bilirubin, AST, ALT; alkaline phosphatase, Ca++, Mg++, PO4
-, Na+,

K+, Cl-; urine analysis) were performed within the 2-week period
before the initiation of treatment. Assessment of target lesions by
computed tomography (CT) was performed within 14 days of the
start of treatment. During the treatment period, a blood count,
evaluation of toxicity, and a physical examination were performed
before each cycle of chemotherapy. Assessment of target lesions
was made by the same imaging method every two cycles of
chemotherapy, as defined by WHO criteria (22); objective responses
were confirmed by imaging 1 month after completion of each 2nd

cycle by the participating investigators.
At the end of every two cycles, each patient’s response was

assigned to one of the following categories: complete response
(CR), partial response (PR), stable disease (SD), progressive disease
(PD), early progression, and death from any cause. Time-to-
progression (TTP) was calculated from the first treatment infusion
to the first objective evidence of disease progression, as assessed by
CT scan. Overall survival (OS) was measured from initial treatment
until death. 

The National Cancer Institute-Common Toxicity Criteria (NCI-
CTC), version 2.0, was used for adverse event reporting. Toxicity
was evaluated prior to each cycle. The maximum grade for each
type of toxicity was recorded for each patient and the frequency
tables were used to determine toxicity patterns. If a patient’s toxicity
persisted after the termination of chemotherapy, the patient was
followed-up until full recovery from the toxicity. If feasible, patients
were followed-up every 3 months after treatment until death. 

4 Study design and statistical analysis

An intention-to-treat analysis was used and included all patients
who satisfied the inclusion and exclusion criteria, and voluntarily
signed the informed consent form. The primary endpoint of this
phase III study was to detect an equivalent OS for the FH treatment
arm compared to the FP control arm. The secondary endpoints were
the response rate, the duration of response, and the TTP. These
parameters were analyzed after at least 2 cycles in patients with an
objective response, or after 1 cycle in patients with progressive
disease. The safety analysis was done in all patients receiving at
least 1 cycle. The sample size was calculated to ensure that the study
had a power of 90% to prove the equivalence in OS of 37 weeks for
FP based on the previous study with a two-sided 5% significance
level using an unadjusted log-rank test; 81 patients in each arm were
needed.

Randomization was carried out by a central coordinator, and
stratification was applied according to performance status (0, 1, and
2), prior surgery (yes vs. no), and prior chemotherapy (yes vs. no).
Patients were randomized to either the FH or FP arms according to
the block randomization generated by a SAS program. Log-rank
tests and Kaplan-Meier estimations were performed for the analysis
of both TTP and OS. Objective responses were calculated with 95%
confidence intervals (CIs). When suitable, x2 or Fisher’s exact test

were used to compare qualitative data. Differences were assumed to
be significant when p<0.05. No interim analysis was performed.

R e s u l t s

One hundred eighty-four patients from 13 centers were enrolled
in this study between July 2000 and January 2004. Of the 184
patients, 174 patients (88 in the FH arm and 86 in the FP arm) were
considered evaluable. Ten patients (4 in the FH arm and 6 in the FP
arm) were disenrolled due to consent withdrawn (5), protocol
violations (4), and disease progression before treatment (1). Patient
characteristics were well-balanced between both arms (Table 1).
The median age was 53 years (range, 23�70 years), and the ECOG
0�1 category was well-distributed (93% in the FH arm and 94% in
the FP arm). Almost all patients had metastatic disease at
randomization (97% in the FP arm and 93% in the FP arm). Only
8.6% of patients had prior chemotherapy (9.1% in the FH arm and
8.1% in the FP arm).

Table 1. Demographic characteristics of patients

66 (75%)
22 (25%)

53.5±11.0
23, 69

36 (41)
46 (52)
5 (7)

3 (3.4%)
84 (95.5%)

20 (22.7%)
68 (77.3%)

8 (9.1%)
80 (90.9%)

1 (1.1%)
87 (98.9%)

62 (72%)
24 (28%)

53.5±10.3
24, 70

30 (35)
51 (59)
4 (6)

4 (4.7%)
79 (91.9%)

18 (20.9%)
68 (79.1%)

7 (8.1%)
79 (91.9%)

0 (0)
86 (100%)

0.66§

0.97‖

0.69¶

0.33¶

0.77§

0.82‖

1.00¶

Male
Female

Mean±SD
(Range)

0
1
2

3
4

Yes
No

Yes
No

Yes
No

Sex

Age

ECOG PS�

Stage

Operation

Chemothevapy

Radiothevapy

FH*
(N=88)

FP†

(N=86)

%  of  patients

p-value

*5-FU + heptaplatin, †5-FU + cisplatin, �eastern cooperative oncology group

performance status, §p-value by chi-square, ‖p-value by t tests, ¶p-value by Fisher’s

exact test. 
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1 Outcomes

The tumor response rate was evaluated by the investigators. The
median number of cycles was 3 for the FH arm and 4 for the FP
arm. On the intent-to-treatment analysis, 34.2% (CR, 1.3%; PR,
32.9%) had a confirmed objective response in the FH patients,
compared with 35.9% (CR, 0%; PR, 35.9%) in the FP patients
(p=0.78; Table 2). The median OS was 7.3 months (95% CI,
6.0~8.6 months) in the FH arm and 7.9 months (95% CI, 6.8~9.0
months) in the FP arm; there was no significant difference between
the treatment arms (p=0.24; Fig. 1). The median TTP was 2.5
months (range, 0.7�6.1 months) in the FH arm and 2.3 months
(range, 0.6�5.3 months) in the FP arm (Fig. 2). The median
response duration was 4.7 months (range, 3.7�5.7 months) in the
FH arm and 3.8 months (range, 2.9�5.3 months) in the FP arm
(Table 3).

Table 2. Response rates of patients

CR 1 (1.3) 0 (0)
PR 26 (33.3) 28 (35.9)
SD 29 (37.2) 28 (35.9)
PD 22 (28.2) 22 (28.2)

Response rate 34.6% 35.9%

FH*
(N=78)

FP�

(N=78)

N (%) N (%)

*5-FU + heptaplatin, �5-FU + cisplatin.

Table 3. Time to event efficacy results

Over all 7.3 7.9 0.24
survival (6.0~8.6) (6.7~9.0)

Time to 2.5 2.3 0.65
progression (0.7~6.1) (0.6~5.3)

Response 4.7 3.8 0.28
duration (3.7~5.7) (2.9~5.3)

FH* FP�

p-valueMedian
months

(95% CI�)

Median
months

(95% CI�)

*5-FU + heptaplatin, �5-FU + cisplatin, �confidence interval

Fig. 1. Overall survival.

Fig. 2. Time to progression.

2 Safety

Six hundred twenty-four cycles were administered to 174
patients (313 cycles in the FH arm and 311 cycles in the FP arm).
Toxicity, as assessed according to the NCI-CTC criteria, was
generally mild, and hematologic and non-hematologic toxicities are
summarized in Table 2. Almost all patients received full doses of
both drugs. Dose intensities in the FH and FP arms were 97.9% and
99.2%, respectively.

Dose reductions were required in 6.4% and 3.9% of the patients
in the FH and FP arms, respectively (p=0.15). Chemotherapy
delays and/or discontinuations were necessary in < 20% of
chemotherapy cycles (12% in the FH arm and 19% in the FP arm;
p=0.02). The most common cause of delay was neutropenia.
Anemia was the most common hematologic toxicity in both arms
(32% in the FH arm and 30% in the FP arm). The incidence of
neutropenia was higher in the FP arm (30%) than in the FH arm
(16%; p=0.06). The incidence of grade 3�4 hematologic toxicities
did not differ between the arms. Nausea was the most common
non-hematologic toxicity in both arms (69% in the FH arm and
83% in the FP arm). Grade 3�4 nausea and vomiting were more
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Grade 1�4 (%) Grade 3�4 (%) Grade 1�4 (%) Grade 3�4 (%)

Hematological
Anemia 32 17 29 0
Leukkopenia 24 13 31 0

Neutropenia 16 8 30 0
Febrile neutropenia 1 1 2 2
Thrombocytopenia 9 0 8 0

Non-Hematological
Flu-Like Symptom

Lethargy 5 3 3 0
Gastrointestinal

Anorexia 40 8 40 14
Diarrhea 20 0 15 2
Nausea 69 8 83 29
Stomatitis/oral 18 5 17 12
Vomiting 36 2 40 12

Genitourinary
Creatinine 20 5 5 1
Proteinuria 18 1 7 1

Hepatic
AST 7 3 7 1
ALT 3 1 6 1
Bilirubin 6 5 1 1

Neurologic
Neurologic pain 3 0 1 0 
Headache 7 0 7 0

Skin
Skin change 1 2 0 0

frequent in the FP arm than in the FH arm (p=0.01 and p=0.05,
respectively). The incidences of proteinuria and increased creatinine
level were higher in the FH arm (18% and 15%, respectively) than
the FP arm (7% and 5%, respectively). However, the incidences of
grade 3�4 proteinuria and creatinine level increase were not
significantly different between the arms. The frequencies of non-
hematologic toxicities, such as neurotoxicity and hepatotoxicity,
were similar in both arms. One death occurred in a patient not
responding to therapy, but this death was deemed unrelated to
treatment (Table 4).

D i s c u s s i o n

Heptaplatin (Sunpla�) is a third generation anticancer platinum
complex that has a broader spectrum of anticancer activity,
insignificant nephrotoxicity at the optimal dose, and suitable
physicochemical properties, such as high solubility (11). Preclinical
studies on heptaplatin have shown that its antitumor effect on
various cancer cell lines was comparable with or superior to that of

cisplatin (17). Although cisplatin is one of the most potent
anticancer drugs for a variety of human cancers, undesirable effects,
such as severe nephrotoxicity, high emetogenicity, and
neurotoxicity, along with the development of drug resistance, have
limited its clinical usefulness (18,19).

Many combination chemotherapy regimens for the treatment of
advanced gastric cancer have been developed and have been
shown to have high response rates (20-22). However, a standard
chemotherapeutic regimen has not been established because there
have been no results from a randomized phase III trial showing a
survival benefit when compared with 5-FU alone. In the study of
Kim et al. study (3),which compared FP vs. 5-FU, adriamycin, and
mitomycin (FAM) vs. 5-FU, the FP group had a 51% objective
response rate and a trend to an increase in the median survival. For
all these reasons, FP is preferred as the reference regimen by many
clinicians.

Kim et al (14). reported a clinical phase II trial involving SK-
2053R as a single agent in the treatment of patients with advanced
gastric adenocarcinoma. The response rate was 17% and the median
duration of response was 7.2 months. Patients tolerated the
treatment without significant toxicity (14). After these results,

Table 4. Treatment-related adverse events or laboratory abnomalities according to treatment received

FH (N=88) FP (N=86)
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combination chemotherapy with 5-FU and heptaplatin as first-line
treatment in patients with advanced gastric cancer was administered
(15). This study, based on a continuous infusion of 5-FU with
heptaplatin, demonstrated a response rate of 21% and a median PFS
and OS of 1.9 and 6.2 months, respectively. However, because 36%
of the patients were not assessable for response in the study, their
results were not sufficient to lead to a verifiable conclusion
regarding efficacy and toxicity. Thus, The Korean Cancer Study
Group (KCSC) initiated the current randomized phase III study for
comparison between FH and FP regimens in patients with advanced
gastric cancer. 

In the current study, the median OS was 7.3 months in the FH
arm and 7.9 months in the FP arm. On the intent-to-treatment
analysis, 34.2% of the FH patients showed an objective response
compared with 35.9% of the FP patients. The median TTP was 2.5
months in the FH arm and 2.3 months in the FP arm.

The FP arm in the present trial yielded results comparable with
another phase III trial of cisplatin combined with 5-FU (4), which
supports the conclusion that FH is comparable to FP in this
treatment setting based on the consistently similar efficacy results.
Nevertheless, the significance of a longer TTP in the other study is
difficult to compare with the current study due to the higher
incidence of esophageal or esophagogastric disease (43%) and the
proportion of locally advanced disease (37%) in other study (i.e.,
nearly all patients had gastric adenocarcinoma and metastatic
disease at randomization [97% in the FH arm and 93% in the FP
arm]). 

The efficacy of anticancer drugs may depend on the schedule of
administration as well as the delivered dose. Most anticancer agents,
if not all, can efficiently kill tumor cells when in an active phase of
the cell cycle. In general, solid tumors are composed mostly of cells
that are in the quiescent phase. It is therefore conceivable that
prolonged infusion of a cytotoxic agent allows better drug exposure
to tumor cells, which subsequently enter the cell cycle, as opposed
to short-term infusional treatment, which allows only a small
proportion of cells in an active phase of the cycle at the point to be
affected. Since the protein-unbound fraction exerts the anticancer
effects of platinum-based anticancer drug, exposure of more tumor
cells to an adequate level of the free drug by extension of the
exposure time could theoretically produce a great cell kill (23). The
peak levels of ultrafiltrable platinum from SKI-2053R measured
after a 24-hour infusion were only about 12-fold lower than those
obtained following a 1-hour infusion. It is very promising that a
steady state for a relatively high level of free platinum is maintained

during long-term (12- and 24-hours) infusion shortly after the start
of the infusion (1�3 hours). Since free platinum is the major
component possessing antitumor activity in platinum-based
anticancer drugs (24), the prolonged steady state achieved for free
platinum from SKI-2053R could allow more tumor cells in the
active phase of the cell cycle to be exposed to the drug in vivo.

Overall, the FH arm displayed a similar safety profile with the FP,
characterized by no treatment-related deaths and a low rate of
discontinuations due to toxicity. The incidence of neutropenia was
higher with the FP than with the FH, yet the incidence of grade 3�4
hematologic toxicity did not differ between the two arms. Nausea
was the most common non-hematologic toxicity in both arms.
Grade 3�4 nausea and vomiting were more frequent in the FP arm
than the FH arm. Ahn et al.(25) reported nephrotoxicity of
heptaplatin in a randomized comparison with cisplatin in advanced
gastric cancer. The 24-hour proteinuria on day 5 was markedly
increased in the heptaplatin arm than the cisplatin arm, and the
creatinine clearance showed a greater decrease in the heptaplatin
arm than the cisplatin arm. The differences in these parameters
between the two arms were statistically significant throughout the
subsequent cycles. In the current study, the incidence of proteinuria
was higher with the FH than with the FP, however, the incidence of
grade 3�4 proteinuria and creatinine level increase were not
significantly different in both arms. Further efforts to detect and
minimize the nephrotoxicity of heptaplatin are clearly warranted.

C o n c l u s i o n

Heptaplatin showed similar effects to cisplatin when combined
with 5-FU in advanced gastric cancer patients with tolerable
toxicities. Based on the results of the pharmacologic and
pharmacokinetic findings of SKI-2053R, the therapeutic efficacy of
SKI-2053R given by continuous long-term infusion should be
investigated in future clinical studies.
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