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Systemic Therapy for Unresectable Metastatic Melanoma:
Impact of Biochemotherapy on Long-Term Survival

Agop Y. Bedikian, Marcella M. Johnson, Carla L. Warneke, Susan McIntyre,
Nicholas Papadopoulos, Wen-Jen Hwu, Kevin Kim, and Patrick Hwu
The University of Texas M. D. Anderson Cancer Center, Houston, Texas, USA

The impact of systemic therapy on survival of patients with
metastatic melanoma is uncertain. This retrospective analysis
aimed to compare the response rates and survival of patients
without prior therapy with cisplatin, vinblastine, dacarbazine and
interleukin (IL)-2 who were treated with biochemotherapy (con-
taining these drugs plus interferon-α) with those of patients who
received combination chemotherapy with and without interferon-
α (chemotherapy ± IFN). Records for 616 chemo-naı̈ve patients
with unresectable metastatic melanoma who were treated on eight
Phase II/III clinical trials between 1987 and 2001 were combined
and reviewed The database included patients with melanoma of
the skin (497 cases), unknown primary melanoma (83 cases), mu-
cosal melanoma (21 cases), and uveal melanoma (15 cases). Two
hundred sixty-four patients received biochemotherapy, and 352 re-
ceived chemotherapy ± IFN. The overall response rate (complete
and partial) of patients treated with biochemotherapy was 52%
(138/264) compared with 35% (122/352) among patients treated
with chemotherapy ± IFN regimens. The median survival times for
patients in the biochemotherapy and chemotherapy ± IFN groups
were 12.2 mo (95% CI: 10.9, 13.5) and 9.1 mo (95% CI: 8.1, 10.4), re-
spectively (p < 0.0001). Five-year overall survival rates of patients
treated with biochemotherapy and chemotherapy ± IFN were 17%
and 7% (p = 0.0004), respectively. Ten-year overall survival rates
were 15% and 5% (p = 0.0001), respectively. We conclude from
these studies that patients benefited more from biochemotherapy
than other regimens.

Keywords Melanoma, chemotherapy, biochemotherapy, interleukin-
2, survival

INTRODUCTION
The optimum therapy for metastatic melanoma remains un-

certain. Dacarbazine (DTIC) alone or in multi-drug combina-
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tions has been extensively evaluated for efficacy as measured by
the response rates and survival (Del Prete et al., 1984; Ahmann
et al., 1989; Legha et al., 1989; Anderson et al., 1995; Mid-
dleton et al., 2000; Lotze et al., 2001; Millard et al., 2004).
Prospectively-randomized Phase III clinical trials have failed to
confirm the superiority of multi-drug chemotherapy regimens
over dacarbazine alone (Buzaid et al., 1993; Chapman et al.,
1999). Compelling evidence suggests that immune cells play
an important role in the control of malignancy and that, in pa-
tients with metastatic cancer, the immune system is suppressed
by growing tumor.

Active immunotherapy for cancer aims at eliciting an immune
reaction that will eliminate or slow down the growth or spread of
cancer. The advent of recombinant cytokines such as interferon-
α (IFNα) and interleukin-2 (IL-2) has provided a more selec-
tive means for stimulating the immune system. Therapy with
high-dose bolus IL-2 (600,000 IU/kg body weight, given as an
intravenous [IV] bolus every 8 hr) as approved by the United
States Food and Drug Administration (USFDA) has resulted in
prolongation of disease-free survival and modest response rate
of 15% in patients with metastatic melanoma.

During the past 15 years, we have evaluated the efficacy of cis-
platin (C), vinblastine (V), dacarbazine (D), interferon, and IL-2
(biochemotherapy) combination against metastatic melanoma.
The rationale for combining these drugs includes: (a) the capac-
ity of interferon to activate host defense mechanisms through
NK cells and macrophages, and up-regulation of HLA and tumor
antigen expression; (b) the activation and proliferation of cyto-
toxic killer lymphocytes (LAK cells) by IL-2; and, (c) induction
of widespread anti-tumor immune response by tumor cells killed
by chemotherapeutic agents through release of DNA-binding
nuclear protein that binds to toll-like receptor 4 on dendritic
cells (Zitvogel et al., 2008).

We observed that biochemotherapy (combination of IL-2,
interferon, and CVD chemotherapy regimen) is associated with
better response rates and survival duration than other multi-drug
regimens (Richards et al., 1992; Khayat et al., 1993; Atkins
et al., 1994; Legha et al., 1996, 1998; Thompson et al., 1997;
Johnston et al., 1998; O’Day et al., 1999; Flaherty et al., 2001;
Hauschild et al., 2001; Atzpodien et al., 2002; Keilholz et al.,
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2005). However, the prospectively-randomized Phase III trials
failed to firmly establish the superiority of IL-2-based regimens
over chemotherapy (Rosenberg et al., 1999; Hauschild et al.,
2001; Atzpodien et al., 2002; Eton et al., 2002; Atkins et al.,
2003). In this retrospective study, we reviewed our 15-year ex-
perience with biochemotherapy and other regimens we used
to treat patients with metastatic melanoma, and compared the
outcomes.

PATIENTS, MATERIALS, AND METHODS

Review Methods
We reviewed the database of consecutive clinical trials con-

ducted at M. D. Anderson Cancer Center between 1987 and
2001 used for therapy of chemo-naı̈ve patients with unresectable
metastatic melanoma. The eligibility criteria of patients for the
eight studies were similar in terms of eligibility requirements
including a normal CBC and normal liver, renal, and cardiac
functions and presence of measurable metastases and a Zubrod
performance status (PS) 0–2. Only the Phase III clinical trial
comparing CVD to biochemotherapy we completed 6 yr ago al-
lowed patients with a PS of 3 that were excluded in the Phase II
studies. Patients with symptomatic brain metastases were ineli-
gible and those treated with IL-2 were required to be off steroid
therapy. Baseline evaluation included history taking, physical
examination, electrocardiography, and laboratory studies. Scans
of the brain, chest, and abdomen were obtained in all patients.
Selected patients receiving biochemotherapy had exercise thal-
lium scan, cardiac scan or cardiac ultrasound to rule out marked
myocardial dysfunction.

Trials and Regimens
The CVD regimen trial (Study 1) was the basis for the sub-

sequent clinical trials (Legha et al., 1989). In this trial, cisplatin
was given intravenously (IV) at a dose of 20 mg/m2/d on Days
2–5; vinblastine was administered IV at a dose of 1.6 mg/m2/d
on Days 1–5; and DTIC was given IV on Day 1 at a dose of 800
mg/m2. The courses were administered every 3 wk. In the next
study (Study 2), IFN-α was added to the CVD chemotherapy
(Legha et al., 1993). In addition, half the patients received Ta-
moxifen at 20 mg orally twice a day based on randomization. In
the next study, vinblastine was replaced with paclitaxel (Taxol),
yielding the CTD regimen (Papadopoulos et al., 2003). These
three regimens did not include IL-2; thus, they are included in
the “chemotherapy ± IFN” regimens (Table 1).

Since 1989, we conducted five biochemotherapy trials with
regimens that contained CVD, IFN-α, and IL-2 in different doses
and schedules (Table 1). In these trials, the cisplatin and DTIC
doses were kept the same as those in the CVD regimen, and
the dose of vinblastine was reduced. The biotherapy (BIO) con-
sisted of IL-2 at the equivalent dose of 9 MU/m2 by continuous
IV infusion over 24 hr for 4 consecutive days and IFN-α (ei-
ther Roferon [Roche, Basel, Switzerland] or Intron A [Schering-
Plough Oncology, Kenilworth, NJ]) at a dose of 5 MU/m2 sub-

TABLE 1
Description of studies included in meta-analysis

Patients
Treatment

group
Study

number
Treatment regimen
(year completed) n (%)

Chemotherapy ± 1 CVD (1989) 106 (30)
IFN (n = 352) 2 CVD + IFN±

Tamoxifen (1993)
108 (31)

4 CVD vs.
Biochemotherapy
(CVD) (2000)

92 (26)

3 CTD (2003) 46 (13)

Biochemotherapy
(n = 264)

7 Alternating
Biochemotherapy
(1996)

39 (15)

5 Sequential
Biochemotherapy
(1997)

62 (23.5)

6 Concurrent
Biochemotherapy
(1998)

53 (20)

4 CVD vs.
Biochemotherapy
(BIOCHEM)
(2000)

91 (34.5)

8 High-dose
Biochemotherapy
(2004)

19 (7)

cutaneously for 5 consecutive days starting on the first day of
IL-2 (provided initially by Roche [Basel, Switzerland] or Chiron
Biopharmaceuticals [Emeryville, CA], until it became commer-
cially available).

In the first biochemotherapy study (Study 4), the patients
were randomized to receive either two CVD courses over 6 wk
and then three courses of BIO over 6 wk or the same treatments
but in the reverse order; this regimen is referred to as alternating
biochemotherapy (Legha et al., 1996) (Figure 1). In the sequen-
tial biochemotherapy study (Study 5), single courses of BIO and
CVD were administered sequentially (Legha et al., 1997). Pa-
tients were randomized to receive therapy either with schedule A
(sequential CVD/BIO) or schedule B (sequential BIO/CVD). In
the next concurrent biochemotherapy study (Study 6), both BIO
and CVD were administered at the same time over 5 d (Legha
et al., 1998). Study 7 was a prospectively-randomized Phase
III clinical trial comparing CVD to sequential biochemotherapy
(Eton et al., 2002). The high-dose biochemotherapy trial (Study
8) was designed to determine the maximum tolerable dose of
each of the five drugs included in concurrent biochemotherapy
(Kim et al., 2004).

All patients received appropriate supportive care. Bio-
chemotherapy was given on an inpatient basis under close
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FIG. 1. Treatment Schema.

supervision as described in earlier publications (Legha et al.,
1996, 1998; Eton et al., 2002; Kim et al., 2004). The response
to treatment was assessed using the standard World Health Or-
ganization response criteria (WHO, 1979). These clinical trials
were approved by the Institutional Review Board at the M. D.
Anderson Cancer Center. The patients gave their informed writ-
ten consent to participate in these studies in accordance with
institutional and federal guidelines.

Statistical Analyses
Data of the eight successive Phase II/III clinical studies were

pooled by treatment regimen (biochemotherapy or chemother-
apy ± IFN) as detailed in Table 1. Patient or tumor characteris-
tics were summarized descriptively by treatment regimen using
summary statistics (median, range) for continuous variables or
frequency and percentage for categorical variables, as appli-
cable. Distributions of demographic and clinical characteristics
including response to treatment were compared between the two
treatment groups using chi-square tests. For continuous variables
such as age, Breslow thickness, and months from diagnosis to
study therapy, Wilcoxon rank-sums tests were performed.

Overall survival was computed as the number of months from
start of systemic therapy on the clinical trial to the date of death
for the patients who died or the date of last contact for pa-
tients still alive. Patients still alive at the last contact date were
censored. The Kaplan-Meier product limit method was used to
construct survival curves and estimate median survival with the
corresponding 95% confidence intervals (95% CI) (Kaplan and
Meier, 1958). Survival was compared between the two therapy

groups with the log-rank test (Mantel, 1966). In addition, for
each treatment group, the probability of surviving 5 and 10 years
as well as the corresponding standard errors were estimated us-
ing Kaplan-Meier methodology and compared between the two
treatment groups using a Z test.

Cox proportional-hazards regression analysis was performed
to calculate hazard ratios and 95% confidence intervals for de-
mographic and clinical characteristics as well as treatment regi-
men (Cox, 1972). Initially, univariate models were fit to evaluate
the predictive effect of each factor alone. Then, factors associ-
ated with survival at p ≤ 0.10 were included in a multivariate
model. Using a step-wise backward selection procedure, indi-
vidual variables were subsequently removed from the model to
determine the most parsimonious model. All reported p-values
are two-sided, and p-values less than 0.05 were considered sta-
tistically significant.

RESULTS
A total of 616 patients with a histologically-confirmed di-

agnosis of malignant melanoma with inoperable Stage III/IV
disease were registered on eight successive Phase II/III clini-
cal studies. Patients had cutaneous malignant melanoma (497
cases), mucosal melanoma (21 cases), uveal melanoma (15
cases) and unknown primary melanoma (83 cases). The survival
of patients treated with regimens chemotherapy ± IFN group
was not statistically significantly different than those treated
with CVD (p = 0.56). Similarly, there was no statistically sig-
nificant survival difference between various biochemotherapy
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regimens (p = 0.58). The characteristics of the patients in
the biochemotherapy group were compared with those of the
chemotherapy ± IFN group. The two groups were similar in
terms of gender, site of primary tumor, Breslow thickness,
baseline serum lactate dehydrogenase (LDH) level, number
of metastatic sites, and disease stage (M1a, b, or c). Patients
undergoing biochemotherapy were significantly younger (me-
dian, 46 years; range, 18–70 years) than patients treated with
chemotherapy ± IFN (median, 50 years; range, 18–78 years)
(p < 0.0001). Patients who received biochemotherapy had a
baseline Zubrod performance status (PS) less than 2 signifi-
cantly more often than patients treated with chemotherapy± IFN
(92% vs. 84%) (p < 0.003). In addition, more patients treated
with chemotherapy ± IFN had abnormal baseline albumin levels
compared to those who received biochemotherapy (14% vs. 7%;
p < 0.003). However, more patients treated with chemotherapy
± IFN were free of brain metastasis compared to those who
received biochemotherapy (93% vs. 88%; p = 0.016).

The overall response rate (complete + partial) of patients
treated with biochemotherapy was about 52% compared with
35% among patients treated with chemotherapy ± IFN regimens
(Figures 2 and 3). Specifically, the complete and partial response
rates were higher in biochemotherapy groups compared with
chemotherapy ± IFN groups (13% vs. 5%) and (40% vs. 30%),
respectively. In both therapy groups, 26% of the patients had
stable disease.

The median survival times for patients in the biochemother-
apy and chemotherapy ± IFN groups were 12.2 mo (95%
CI: 10.9, 13.5) and 9.1 mo (95% CI: 8.1, 10.4), respectively
(p < 0.0001) (Figure 4). The 5-yr survival rates for patients in
biochemotherapy and chemotherapy ± IFN groups were 17%
(95% CI: 12%, 22%) and 7% (95% CI: 5%, 10%), respectively
(p = 0.0004). The 10-yr survival rates for biochemotherapy

FIG. 2. Survival of patients (pts) treated with chemotherapy ± IFN by re-
sponse. CR = complete response, PR = partial response, SD = stable disease,
PD = progressive disease

FIG. 3. Survival of patients (pts) treated with BioChemoRx by response. CR
= complete response, PR = partial response, SD = stable disease, PD = pro-
gressive disease.

and chemotherapy ± IFN groups were 15% (95% CI: 11%,
20%) and 5% (95% CI: 3%, 8%), respectively (p = 0.0001).
Furthermore, patients who responded to biochemotherapy sur-
vived longer (p = 0.0489) than did patients who responded to
chemotherapy ± IFN (Table 2, Figure 5).

Specifically, the 5-yr survival rate of responders to
biochemotherapy was significantly better (p = 0.0026) than that
of patients in the chemotherapy ± IFN group (26% [95% CI:
19%, 34%] vs. 12% [95% CI: 7%, 18%], respectively). The same

FIG. 4. Comparison of survival of patients (pts) by therapy and response.
CR = complete response, PR = partial response, SD = stable disease, PD =
progressive disease.
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TABLE 2
Comparison of *survival (months) by therapy group for responders, non-responders, and overall

Therapy

Biochemotherapy Chemotherapy+IFN

95% CI 95% CI

Response Median Lower Upper Median Lower Upper

Difference by
Therapy Log-Rank

Test P-Value

CR+PR 16.3 14.3 20.1 15.0 12.5 21.5 0.0489
SD+PD 9.1 7.8 10.5 7.1 6.3 8.0 0.0644
Total 12.2 10.9 13.5 9.1 8.1 10.4 <0.0001

∗Survival is from Start of Therapy to Death or last follow.

trend continued for 10-yr survival (23% [95% CI: 16%, 30%]
vs. 9% [95% CI: 4%, 15%] p = 0.0019, respectively). The 10-
yr survival rate of the patients who had complete response with
biochemotherapy was significantly higher (p < 0.05) than that
of those who responded to chemotherapy ± IFN.

Multivariate Cox proportional hazards regression analysis
identified treatment with chemotherapy ± IFN was significantly
associated with shorter survival (Hazard Ratio [HR] 1.37; 95%
CI: 1.14, 1.63; p = 0.0006), as was older age (HR 1.01; 95%
CI 1.00, 1.01; p = 0.0424), a performance status of 2 or 3 (HR
2.08; 95% CI: 1.58, 2.75; p < 0.0001), abnormal baseline albu-
min level at start of systemic therapy (HR 1.44; 95% CI: 1.10,
1.89; p = 0.0085), abnormal baseline LDH level (HR 1.52; 95%
CI: 1.26, 1.83; p < 0.0001), and one or more visceral metastasis
sites. Compared to patients with no visceral metastatic sites (un-
resectable Stage III/M1a), patients with one visceral metastatic
site had a HR of 1.51 (95%CI: 1.19, 1.91; p = 0.0006), patients
with two metastatic visceral sites had a HR of 1.80 (95%CI:

FIG. 5. Comparison of survival by therapy.

1.38, 2.34; p < 0.0001), and patients with three or more vis-
ceral metastatic sites had a HR of 2.57 (95% CI: 1.88, 3.50;
p < 0.0001).

DISCUSSION
This retrospective study found that biochemotherapy was

superior to chemotherapy ± IFN for metastatic melanoma.
Biochemotherapy elicited responses in about 52% of patients,
with a median survival of 12.2 mo, which are statistically su-
perior to the 35% response rate and 9.1 mo median survival
obtained in patients treated with chemotherapy ± IFN. More im-
portant, the 5-yr and 10-yr overall survival rates of patients who
received biochemotherapy were statistically superior to those
observed in patients treated with chemotherapy ± IFN.

The proportion of patients alive more than 5 yr from day of
start of biochemotherapy is similar to that reported with high-
dose bolus IL-2 (Ahmann et al., 1989; Rosenberg et al., 1994;
Atkins et al., 1999) Patients who received biochemotherapy had
complete remissions twice as often as that described for high-
dose bolus IL-2 (12.5% vs. 6%) (Ahmann et al., 1989; Rosenberg
et al., 1994). Since biochemotherapy includes significantly lower
dose of IL-2, patients tolerate it better than high-dose bolus IL-
2, which is usually given in specialized units. The contribution
of biotherapy including IL-2 to the efficacy of biochemotherapy
has been evaluated in several Phase III trials. These trials varied
in sample size, choice of chemotherapy regimen, dose sched-
ule of IL-2, and choice of control arm (Khayat et al., 1993;
Johnston et al., 1998; Rosenberg et al., 1999; Hauschild et al.,
2001; Atzpodien et al., 2002; Eton et al., 2002; Atkins et al.,
2003; Keilholz et al., 2005).

In three prospectively randomized trials, patients received
BCDT (dacarbazine, cisplatin, carmustine, tamoxifen [BCDT])
regimen with or without IL-2, the response rates and survival
duration of the patients treated with either regimen were similar
(Johnston et al., 1998; Hauschild et al., 2001; Keilholz et al.,
2005). Keilholz et al. (2005) reported on a Phase III trial involv-
ing 362 patients with metastatic melanoma who were random-
ized to receive the dacarbazine, cisplatin, and IFNα combination
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alone or with IL-2 (Atzpodien et al., 2002). The response and
the median survivals of the patients in each group were similar.
Rosenberg et al. (1999) prospectively randomized 102 chemo-
naı̈ve patients with metastatic melanoma to receive chemother-
apy, including cisplatin, dacarbazine, and tamoxifen, or this
same chemotherapy regimen followed by IFNα2b and IV bolus
IL-2. Although the response rate to immunochemo-therapy was
better than that to chemotherapy (44% vs. 27%, respectively; p
= 0.071), there was a survival advantage in favor of chemother-
apy alone (15.8 mo vs. 10.7 mo; p = 0.052). Information on the
dose intensity and treatments the patients received after having
tumor progression on this trial was not provided.

We reported the result of a prospectively randomized Phase
III trial of 190 patients with metastatic melanoma that com-
pared the efficacy of CVD or a sequential biochemotherapy
(Rosenberg, et al., 1999). Biochemotherapy was superior to
CVD therapy in response rate (48% vs. 25%; p = 0.001), time
to treatment failure (median, 4.9 mo vs. 2.4 mo; p = 0.007),
and overall survival (median, 12.2 mo vs. 9.1 mo, p < 0.0001)
(Eton et al., 2002). Atkins et al. (2003) reported on the results
of a similar Phase III study that included 405 patients and com-
pared CVD (201 patients) to concurrent biochemotherapy (204
patients). They showed the absence of significant difference in
response rates (11% vs. 17%) and median survivals (8.7 mo
vs. 8.4 mo) between CVD and biochemotherapy, respectively.
Information about the dose intensity of the therapies was not
provided.

The patients who receive biochemotherapy regimen experi-
ence a wide range of side-effects that reflected the combined
toxicity of the chemotherapy combination and the biotherapy.
The most frequent toxicities seen in most patients were those
related to the interferon and IL-2, including asthenia that mani-
fested as severe arthralgia/myalgia, anemia, fever, chills, nausea,
and vomiting which are managed with symptomatic treatment.
Hematological toxicities in the form of anemia, thrombocytope-
nia, and neutropenia are quite common. The dose-limiting tox-
icity is neutropenia that may be associated with fever and at
times complicated with infection from central venous access
line and sepsis. Symptomatic rash with macular eruption, cov-
ering a major part of the body surface area, facial and pedal
edema and respiratory difficulty occur during IL-2 treatment.
IL-2 related capillary leak syndrome causes hypotension, tran-
sient renal insufficiency that required management with plasma
expanders and vasopressors (Legha et al., 1997).

Despite the limitations of a retrospective review, we cannot
ignore the presence of complete responses and long-term sur-
vival benefit from biochemotherapy in this study. Biochemother-
apy, as delivered in our institution, has consistently given bet-
ter results than regimens not containing IL-2. Only a large
prospectively-randomized study comparing biochemotherapy,
chemotherapy, and/or high-dose IL-2 could settle the superior-
ity of one regimen over the others. However, such a study is
prohibitive and impractical because it will require extensive re-
sources in terms of patients, effort, time, and follow-up to answer

the question related to impact of therapy on long-term survival.
In view of the suboptimal results of these treatments for the ma-
jority of patients, a better understanding of the mechanisms of
action for these IL-2-based therapies could identify approaches
that can enhance the efficacy of these treatments. In conclusion,
patients treated with biochemotherapy can have long-term sur-
vival similar to that previously reported for high-dose IL-2.
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