Randomized Phase III Trial of Cisplatin, Epirubicin, Leucovorin, 5-Fluorouracil (PELF) Combination versus 5-fluorouracil Alone as Adjuvant Chemotherapy in Curative Resected Stage III Gastric Cancer
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Abstract
Purpose
The combination of cisplatin, epirubicin, leucovorin and 5-fluorouracil (PELF) administration, as adjuvant chemotherapy after curative resection for gastirc cancer, was compared with 5-fluorouracil (5-FU) administration alone. This paper reports the results of a prospective randomized comparison of the two regimens, PELF and 5-FU.

Methods
From August 1996 to July 1999, 54 patients were selected subsequent to being diagnosed with stage III cancer after a curative resection for gastric cancer. The patients were stratified according to stage IIIA/IIIB and subtotal/total gastrectomy, and then they were randomized into each treatment group, i.e. the PELF or 5-FU alone groups.

Results
54 assessable patients were enrolled in this study: 28 received PELF and 26 received 5-FU alone. 12 patients relapsed in each group and the median follow-up duration was 42 months (range: 10~77 months). The overall survival rate and disease-free survival rate (DFS) were not significantly different between two groups, (5-year survival of PELF vs. 5-FU: 57% vs. 64%, 5-year DFS: 54% vs. 51%). The PELF combination was more toxic in terms of anemia, anorexia, nausea and diarrhea than the 5-FU.

Conclusions
This study showed that the PELF combination, as an adjuvant therapy for gastric cancer after a curative resection, was a less effective treatment, and it had more toxic effects than the 5-FU.
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INTRODUCTION
The incidence and mortality of gastric cancer are high in Oriental countries, and it ranked as the number one cause of cancer incidence and the 2nd most common cause of cancer deaths among Koreans in 2001 (1). In Western countries, although the overall incidence of gastric cancer has decreased, the incidence of proximal gastric cancer has increased, however, the prognosis of this disease remains poor. The only curative treatment is surgical resection of all gross and microscopic diseases, and the disease recurs in locoregional, peritoneal and distant sites in 40% or more of cases, even after curative gastrectomy (2). The overall 5-year survival rate ranges from 10 to 40% (3).
Preoperative and postoperative therapies have been tried to improve the poor outcomes. For 3 meta-analyses, the odds ratio for death after adjuvant chemotherapy ranges from 0.72 to 0.88, and a slight survival benefit was observed (4~6). However, the survival rate of the widely used FAM (5-fluorouracil, adriamycin and mitomycin) regimen was not different from that of an operation alone (7).
Recently, an Italian group reported a response rate of 43% with the PELF (cisplatin, epirubicin, leucovorin and 5-fluorouracil) regimen for advanced gastric cancer (AGC) (8), and our previous phase II study showed the response rate of 47.4% (9). However, the toxicities of both studies were severe. Neri et al reported that the survival rate with the ELF (epirubicin, leucovorin and 5-fluorouracil) regimen as an adjuvant treatment was significantly higher than that of an operation (3-years survival rate: 25 vs. 13%) (10).
5-Fluorouracil (5-FU) showed a response rate of 20% in AGC (11). As an adjuvant therapy, Chou reported the survival rate of 5-FU alone was not different from that of an operation alone (12).
This study was planned to compare the efficacy of the PELF combination chemotherapy with that of 5-FU alone, as an adjuvant chemotherapy after the curative resection for stage III gastric cancer.

MATERIALS AND METHODS
1) Patients
The eligible patients were required to have stage III gastric cancer after curative resection, an ECOG performance status (PS) of 0 to 1 with an age from 18 to 65 years old. The patients had adequate bone marrow (WBC ≥4,000/mm3, hemoglobin ≥10.0 g/dL and platelet count of ≥100×109 cells/L), hepatic (serum transaminase ≤2.0 times the upper normal limit) and renal function (serum creatinine level ≤1.2 mg/dL or creatinine clearance ≥60 mL/min). No prior chemotherapy should have been given. The exclusion criteria included: a prior history of malignancies, with the exception of a basal cell carcinoma of the skin or a carcinoma in situ of the cervix, or an active infection or other serious underlying medical conditions. All patients signed their written informed consents and the institutional review board approved this study.

2) Treatment plan
After curative resection, patients were stratified according to stage IIIA/ IIIB and the total gastrectomy/subtotal gastrectomy, and then they were randomized to 2 groups; PELF and 5-FU alone. Adjuvant chemotherapy was administered three weeks after the operation (Fig. 1).
[image: Fig. 1]
Fig. 1 The therapeutic plans in two groups by randomization.

The response rate to the PELF combination was promising, but the toxicity of PELF was severe in the clinical trials (8,9). The incidence of grade 3/4 neutropenia and treatment-associated infections were more than 10% and the incidence of gastrointestinal toxicity was high. In one randomized trial, the survival rate of the ELF adjuvant chemotherapy-received group was higher than that of operation alone (10).
Based on these clinical data, we planned that two cycles of the PELF regimen were to be followed by four cycles of the ELF regimen. The PELF regimen was as follows. Cisplatin 40 mg/m2 and epirubicin 30 mg/m2 were administered intravenously on days 1 and 5, and 5-FU 300 mg/m2 and leucovorin 20 mg/m2 were administered intravenously on days 1 to 4. This regimen was repeated every three weeks. Epirubicin 75 mg/m2 was administered intravenously on day 1 with the 5-FU 450 mg/m2 and leucovorin 20 mg/m2 on days 1 to 3. This regimen was also repeated every three weeks.
The 5-FU alone group was administered 5-FU 500 mg/m2 intravenously on days 1 to 4. This regimen was repeated every three weeks for six cycles.
According to the laboratory findings before each treatment cycle, the dose modification was planned as follows; 5-FU, epirubicin and leucovorin were resumed at 25% dose reduction for WBC of 3,000~3,999/mm3, and the drug regimen was delayed a week for WBC ≤2,999/mm3. Cisplatin was resumed at 50% dose reduction for creatinine levels of 1.6~2.4 mg/dL, and it was withheld for creatinine levels≥2.5 mg/dL.
The toxicities were graded according to the WHO Toxicity Criteria.

3) Assessment and evaluation
All patients underwent a medical history and physical examination. Assessments were conducted before enrollment to the study including CBC, renal and liver function tests, urinalysis, EKG, performance status evaluation, chest X-rays, radionuclide bone scan, abdominal ultrasound and abdominal CT.
Before each treatment course, toxicities and routine laboratory exam were evaluated. The creatinine clearance was measured in the cisplatin-administered patients prior to administration.
The follow-up evaluations done after the treatment included a laboratory exam, chest X-rays, abdominal ultrasound and stool occult blood, and these tests were repeated every 3 months for 2 years, and then every 6 months until 5 years. Gastroscopy was repeated every 2 years.

4) Histologic classification and immunohistochemical stain
The histological differentiation was classified as 2 types. One was the differentiated type, including papillary adenocarcinoma and tubular adenocarcinoma, and the other was the undifferentiated type, including poorly differentiated adenocarcinoma, mucinous adenocarcinoma and signet-ring cell adenocarcinoma. The histological type, according to Lauren's classification, was divided into the intestinal and diffuse types. All tissues were stained with VEGF (vascular endothelial growth factor) immunohistochemical stain, and we used polyclonal antibody (Biogenex, San Ramon, CA) for the analysis of prognostic factors.

5) Statistical analysis
The primary objective was to compare the 5-year disease-free survival rate (DFS) of the 2 regimens, PELF and 5-FU alone, as adjuvant chemotherapy. The difference of the 5-year DFS was 25% with the power of 0.90 at the one-sided significance level of 0.05. We planned to accrue 88 patients that we could evaluate per arm. The expected duration of the subject registration for the study was estimated to be about 2 years and interim analyses were planned. The follow-up was planned for 4 years after treatment.
The survival rates were estimated using the Kaplan-Meier method. The confidence intervals (CI) were constructed around the Kaplan-Meier estimates, using Greenwood's variance formula. The dose-intensity was calculated using the method of Hryniuk and Bush.
As for the prognostic factors, univariate and multivariate analyses for overall survival were estimated using log-rank and Cox regression tests. The prognostic factors of gastric cancer were analyzed with regard to performance status, gender, age, stage, Lauren's classification, degree of differentiation, expression of VEGF, operation method, chemotherapy regimen and the pattern of recurrence. The patients' characteristics and the side effects between the two groups were also analyzed through the use of k2-test and Fisher's exact test (SPSS software, version 9.0; SPSS Inc, Chicago, IL).


RESULTS
1) Patient characteristics
Sixty-one patients were enrolled and treated between August 1996 and July 1999. We had planned to enroll a total of 176 patients, however, the toxicity of the PELF regimen was very severe, i.e., grade 2/3 anemia was 64% and the incidence of gastrointestinal toxicity among non-hematologic toxicities was very high. Therefore, we performed the interim analysis for the fifty-four evaluable patients. These patients were followed up until March 2003. Four of the thirty-two patients in the PELF group dropped out after 1 cycle. The reasons for dropping out were refusal of treatment for 3 patients and the loss to follow up for 1 patient, respectively. Three out of the twenty-nine patients in the 5-FU alone group dropped out. The reasons of dropout were refusal of treatment and loss to follow up after 2 cycles for 1 patient each, and there was a confirmed tumor recurrence before the start of the adjuvant chemotherapy in the third.
The characteristics of the 54 eligible patients are listed in Table 1. The median age was 52 years, ranging from 31 to 66 years. Twenty-seven (50%) patients were male. The characteristics of both groups were not statistically different, with the exception of the performance status. The performance status of grade 0 was significantly different between the PELF and 5-FU groups (42%: 88%, p=0.011).
Table 1 Patient characteristics
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2) Chemotherapy treatment
A total of 56 cycles of the PELF regimen were administered, with a median of two cycles, ranging from 1 to 2 cycles. A total of 112 cycles of the ELF regimen were administered, with a median of four cycles, ranging from 1 to 4 cycles. A total of 156 cycles of the 5-FU regimen were administered, with a median of six cycles, ranging from 3 to 6 cycles. The mean dose-intensity (DI) of the PELF regimen was 19.9 mg/m2/wk (74.7% of planned dose) for cisplatin, 15.1 mg/m2/wk (75.5% of planned dose) for epirubicin, 302.5 mg/m2/wk (75.6% of planned dose) for 5-FU and 20.4 mg/m2/wk (76.6% of planned dose) for leucovorin. The mean dose-intensity (DI) of the ELF regimen was 19.4 mg/m2/wk (77.6% of planned dose) for epirubicin, 340.0 mg/m2/wk (75.5% of planned dose) for 5-FU and 15.4 mg/m2/wk (76.8% of planned dose) for leucovorin. The mean dose-intensity (DI) of 5-FU alone group was 522.1 mg/m2/wk (78.3% of planned dose).

3) Overall survival and Disease-free survival
The median follow-up duration was 42 months, ranging from 10 to 77 months. Fig. 2 showed the overall survival of all the patients. The 5-year survival rate (5 YS) between the PELF and 5-FU groups was not different (56.7% vs. 63.8%, p=0.726) (Fig. 3). The disease-free survival rate (DFS) was not different between the two groups (p=0.855) (Fig. 4). The 2- and 5-year DFS of the PELF were 62.5% and 53.8%. Those of 5-FU groups were 65.0% and 51.2%, respectively.
[image: Fig. 2]
Fig. 2 Overall survival of all patients.

[image: Fig. 3]
Fig. 3 Overall survival according to PELF and 5-FU group.

[image: Fig. 4]
Fig. 4 Disease-free survival according to PELF and 5-FU group.

Recurrences of tumor in the PELF and 5-FU groups occurred in twelve patients each. The recurrence rate of both groups was not different (p=0.512). The patterns of recurrence in PELF were 8 patients (67%) had a locoregional and peritoneal metastasis and 4 patients (33%) had a distant metastasis. In the 5-FU groups, the patterns of recurrence were 58% and 42%, respectively.

4) Toxicities
The hematological toxicities of the PELF group were more severe than those of the 5-FU group (Table 2). The grade 3 anemia of the PELF group occurred in 5 (18%) of the 28 patients, and the severe anemia that occurred along with the other hematological toxicities of the PELF group was greater than that of the 5-FU group (p=0.003). Grade 3 or 4 neutropenia and thrombocytopenia only occurred in the PELF group.
Table 2 Hematologic toxicity

[image: Table 2]*cisplatin, epirubicin, leucovorin, 5-fluorouracil, †5-fluorouracil


Among the non-hematological toxicities, nausea/vomiting, stomatitis, diarrhea, peripheral neuropathy and alopecia were analyzed (Table 3). In the PELF group, there was grade 3/4 nausea/vomiting in 7 patients (25%), grade 3 stomatitis in 1 patient (4%) and alopecia in 24 (86%) of the 28 patients. These non-hematological toxicities in the PELF group were significantly higher than those in the 5-FU group.
Table 3 Non-hematologic toxicity
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5) Prognostic factors
For a univariate analysis for overall survival, the performance status, gender, age, stage, Lauren's classification, histological differentiation, VEGF expression, operation type, chemotherapy regimen and the pattern of recurrence were analyzed. There was no significant variable found (Table 4). In the multivariate analysis for overall survival, the Lauren's classification and histological differentiation were found to be independent factors (Table 5).
Table 4 Univariate analysis of prognostic factors
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Table 5 Multivariate analysis of prognostic factors
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DISCUSSION
Gastric cancer is a chemo-sensitive tumor. 40% of patients diagnosed with gastric cancer are inoperable at the time of diagnosis (13), and 30~40% of those curative resected patients experience recurrence of tumor (14). These are the patients that are suitable for chemotherapy. Since the 1980s and early 1990s, a survival benefit was observed with the use of adjuvant chemotherapy for advanced gastric cancer (15). The hazard ratio for death from four meta-analyses ranged from 0.72 to 0.88, and adjuvant chemotherapy for gastric cancer tended to improve the survival (4~6). However, the efficacy of adjuvant chemotherapy still remains controversial (7,10,16~18). Many phase III trials have been performed using heterogeneous groups, including variable stages and different operative methods, and with no stratification of prognostic factors (3,10,16,17,19~21).
This study was planned to compare the efficacy between two regimens after curative resected stage III gastric cancer with D2 dissection. The result of this study showed that there was no significant difference in the 5-year survival rates (57% vs. 64%, p=0.726) and 5-year DFS (54% vs. 51%, p=0.855) between the PELF and 5-FU alone groups. The performance status among the patients' characteristics was significant different between the two groups. However, we enrolled performance status of 0 to 1, and no difference in the survival according to the performance status was shown. The difference in the performance status had little effect in the analysis of the survival rates between the two groups. There were no differences in overall survival (p=0.805) and DFS (p=0.796) for the performance status of 0 between the two groups. The survival rates of both groups were higher than those of previous reports.
PELF combination chemotherapy has shown high response rates of 43% to 47% in phase II and III trials for advanced gastric cancer (8). In the phase II study, the hematological toxicities observed were grade 3/4 leukopenia and associated infections in 11% and 13%, respectively. Grade 3/4 nausea/vomiting and diarrhea were observed of 13% and 8%, respectively. In the phase III study, nausea/vomiting, stomatitis and diarrhea were observed to be higher than in the control group (p<0.05) In this study, grade 3 anemia of the PELF group was 18% (p=0.003). Grade 3/4 leukopenia and grade 3 thrombocytopenia were only observed in the PELF group. Grade 3/4 nausea/vomiting and stomatitis of the PELF group were higher than for the 5-FU group (p<0.05).
The principal prognostic factors of gastric cancer are the TNM staging, with the depth of the tumor invasion, the number of involved lymph nodes and distant metastasis, as well as the Lauren's classification, differentiation and tumor markers. In this study, the TNM staging, operation type (tumor location, subtotal or total gastrectomy), Lauren's classification, differentiation, VEGF expression, chemotherapy regimen and the pattern of recurrence were analyzed as the prognostic factors. In the multivariate analysis for overall survival, the Lauren's classification and differentiation were found to be the independent prognostic factors. The survival for patients with the intestinal tumor type has been shown to be better than that of the diffuse type (p=0.020). The survival of the differentiated group has been shown to be better than that of the undifferentiated group (p=0.028). According to the analysis of prognostic factors, these subtypes should be more aggressively treated.

CONCLUSION
The overall and disease-free survival rate were not significantly different between the two groups (5YS for PELF vs. 5-FU alone: 57% vs. 64%, 5-year DFS: 54% vs. 51%). The PELF combination treatment was more toxic in terms of anemia, anorexia, nausea, stomatitis and diarrhea, than the 5-FU treatment alone. This study showed that the PELF combination treatment, as an adjuvant therapy for gastric cancer after curative resection, was less effective but had more toxic side effects than the 5-FU treatment alone. In the future, the use of new chemotherapeutic agents along with irinotecan, capecitabine, paclitaxel and docetaxel should be tried as adjuvant chemotherapy regimens (22~25).
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