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A B S T R A C T

Purpose
High-dose interferon (IFN) for 1 year (HDI) is the US Food and Drug Administration–approved
adjuvant therapy for patients with high-risk melanoma. Efforts to modify IFN dose and schedule
have not improved efficacy. We sought to determine whether a shorter course of biochemo-
therapy would be more effective.

Patients and Methods
S0008 (S0008: Chemotherapy Plus Biological Therapy in Treating Patients With Melanoma) was an
Intergroup phase III trial that enrolled high-risk patients (stage IIIA-N2a through IIIC-N3), randomly
assigning them to receive either HDI or biochemotherapy consisting of dacarbazine, cisplatin,
vinblastine, interleukin-2, IFN alfa-2b (IFN-�-2b) and granulocyte colony-stimulating factor given
every 21 days for three cycles. Coprimary end points were relapse-free survival (RFS) and overall
survival (OS).

Results
In all, 432 patients were enrolled. Grade 3 and 4 adverse events occurred in 57% and 7% of HDI
patients and 36% and 40% of biochemotherapy patients, respectively. At a median follow-up of
7.2 years, biochemotherapy improved RFS (hazard ratio [HR], 0.75; 95% CI, 0.58 to 0.97; P �
.015), with a median RFS of 4.0 years (95% CI, 1.9 years to not reached [NR]) versus 1.9 years for
HDI (95% CI, 1.2 to 2.8 years) and a 5-year RFS of 48% versus 39%. Median OS was not different
(HR, 0.98; 95% CI, 0.74 to 1.31; P � .55), with a median OS of 9.9 years (95% CI, 4.62 years to
NR) for biochemotherapy versus 6.7 years (95% CI, 4.5 years to NR) for HDI and a 5-year OS of
56% for both arms.

Conclusion
Biochemotherapy is a shorter, alternative adjuvant treatment for patients with high-risk melanoma
that provides statistically significant improvement in RFS but no difference in OS and more toxicity
compared with HDI.

J Clin Oncol 32:3771-3778. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Melanoma remains a highly curable malignancy
when identified early. However, 20% to 30% of pa-
tients with T2 or thicker primary melanoma will be
found to have regional lymph node involvement

(American Joint Committee on Cancer stage III),
which is associated with at least a 30% risk of subse-
quent distant metastasis and death.1 Adjuvant inter-
feron (IFN) has been evaluated in multiple phase III
trials in an attempt to delay or prevent subsequent
metastasis and death. High-dose IFN (HDI) for 1
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year has been used in the treatment or control arm in three phase III
US Intergroup trials (Eastern Cooperative Oncology Group; E-1684,
E-1690, E-1694) for patients with high-risk primary T4 melanomas or
regional nodal involvement.2-4 HDI was associated with relapse-free
survival (RFS) benefit in each study. Overall survival (OS) benefit was
seen in E-1684 and E-1694 but not in E-1690.

Numerous additional phase III trials have been completed that
compared observation with IFN for patients with high-risk melanoma
by using different IFN doses, schedules, and durations in an attempt to
identify a similar or greater benefit than the standard 1-year HDI
regimen. Several meta-analyses of those trials have been published,
demonstrating consistent RFS benefit and modest OS benefit for the
use of IFN compared with observation.5-7 To date, no trials have
demonstrated that any regimen has a greater benefit than HDI in
terms of either RFS or OS. Efforts to add other antineoplastic agents to
IFN to enhance treatment effectiveness have been difficult because of
the toxicity and duration of IFN therapy.

Interleukin-2 (IL-2) has been identified as an effective treatment
for patients with stage IV melanoma and, when administered at high
doses, it is associated with durable complete remissions in approxi-
mately 6% to 10% of patients in collected phase II studies.8 The
standard US Food and Drug Administration–approved schedule and
dose of IL-2 has been difficult to administer outside of selected tertiary
care centers that have considerable experience in its use. Numerous
phase II studies in the late 1980s and early 1990s demonstrated the
feasibility of combining IL-2 with available chemotherapy agents in
both inpatient and outpatient regimens in what was subsequently
referred to as IL-2–based biochemotherapy. The majority of bioche-
motherapy regimens evaluated also included low-dose IFN.9-13 By the
late 1990s, meta-analysis of more than 7,000 patients who had stage IV
melanoma and were in phase II studies demonstrated the highest
response rates and response durations for biochemotherapy regimens
in which chemotherapy (usually including cisplatin and dacarbazine
DTIC was combined with IL-2 and IFN.14

Legha et al15,16 evaluated biochemotherapy combining cisplatin,
vinblastine, and dacarbazine chemotherapy with IL-2 and IFN, which
seemed promising with high response rates and response durability.
Modifications to reduce toxicity were developed by McDermott et al17

and were assessed in a cooperative group setting in patients with
unresectable stage III or IV melanoma but they were not superior to
chemotherapy alone.18 Biochemotherapy was compared with HDI in
the adjuvant setting by using a regimen that could be completed in 9
weeks as opposed to 1 year of HDI treatment or up to 5 years for
pegylated IFN adjuvant therapy.19 Patients with stage IIIA-N2a and
above were included as an appropriate risk group for a treatment
regimen with potentially greater toxicity and benefit.

PATIENTS AND METHODS

Patient Eligibility

Eligible patients had histologically proven melanoma of cutaneous ori-
gin or from an unknown primary (mucosal and uveal primaries were ex-
cluded) and were stage IIIA-N2a through stage IIIC-N3, which included any
one of the following: an ulcerated cutaneous primary with one or more tumor-
positive sentinel lymph nodes, a nonulcerated cutaneous primary with two or
more tumor-positive sentinel lymph nodes, any cutaneous primary (or an
unknown primary) presenting with regional lymph node macrometastasis,
any cutaneous primary (or an unknown primary) with satellite or in-transit

metastasis with or without regional lymph node involvement, or any cutane-
ous primary with regional nodal recurrence. Gross or microscopic extracap-
sular extension of nodal tumor was allowed. Patients were eligible at the time of
initial diagnosis of the primary disease or on subsequent regional nodal or
in-transit recurrence. Tissue confirmation by hematoxylin and eosin–stained
slides was required. Patients with multiple regional nodal basins involved were
eligible. Patients must have been registered within 56 days of lymphadenec-
tomy and/or resection of satellite or in-transit metastasis.

Patients must have undergone wide excision of the cutaneous pri-
mary with pathologically negative margins and a complete regional lymph-
adenectomy and could have no clinical, radiologic, or pathologic evidence
of residual or metastatic melanoma. Patients were not permitted to have
received prior radiation therapy, chemotherapy, or immunotherapy with
IFN or IL-2 for any type of cancer. No planned concomitant therapy,
including radiotherapy, was allowed.

Patients must have been 10 years of age or older at the time of registra-
tion, with a Zubrod performance status of 0 or 1 and adequate hepatic, renal,
and hematologic function assessed by laboratory parameters. A chest x-ray or
computed tomography scan of the chest that was negative for metastasis was
required within 4 weeks of the definitive surgery. Patients with a history of
cardiac or pulmonary disease and all patients older than age 50 years were
required to pass a cardiac stress test and to demonstrate adequate pulmo-
nary function (forced expiratory volume at one second of � 2.0 L or 75%
of predicted volume). Patients must have been willing and able to discon-
tinue all antihypertensive medications if they were randomly assigned to
biochemotherapy.

Pregnant or nursing women were excluded, and all men and women of
reproductive age were required to use an effective contraceptive method. A
negative pregnancy test within 14 days of the start of treatment was required
for all women of reproductive age. No prior malignancies were allowed except
adequately treated basal cell or squamous cell skin cancers, in situ cervical
cancer, adequately treated stage I or II cancers from which the patient was in
complete remission, or any other cancer from which the patient was disease
free for 5 years or more. All patients provided informed written consent.

Patient stratification was performed on the basis of the number of
involved nodes (one to three versus four or more, including matted nodes
or satellite/in-transit metastasis with no lymph node involvement), the
degree of lymph node involvement (micrometastasis or none [satellite/in-
transit metastasis only] v macrometastasis), and ulceration of the primary
tumor (yes v no v unknown).

Study Design and Treatments

The patients were randomly assigned 1:1 between the two treatments
arms by the Southwest Oncology Group Statistical Center on the basis of
stratification factors (Fig 1). Patients in arm A received high-dose IFN alfa-2b
(IFN-�-2b) 20 MU/m2 per day intravenously (IV) 5 days per week for 4 weeks
followed by 10 MU/m2 subcutaneously three times per week for 48 weeks. The
use of corticosteroids and other immunosuppressive medications during
treatment was not permitted.

Patients in arm B received biochemotherapy consisting of cisplatin 20
mg/m2 administered as a 30-minute infusion on days 1 through 4, vinblastine
1.2 mg/m2 IV push immediately after cisplatin on days 1 through 4, dacarba-
zine 800 mg/m2 administered IV over 1 hour on day 1 only after vinblastine,
IL-2 at 9 MU/m2 administered as a 96-hour continuous IV infusion on days 1
through 4, and IFN-�-2b at 5 MU/m2 administered on days 1 through 5; the
dosing regimen continued on an outpatient basis on days 8, 10, and 12.
Patients were admitted to the hospital for the first 5 days of each treatment
cycle. Treatment was repeated every 21 days for a total of three cycles.

Biochemotherapy patients discontinued antihypertensive therapy 24
hours before the beginning of each treatment cycle. A triple-lumen catheter
was placed at the beginning of each treatment cycle and removed at the time of
discharge. Patients received either cephalexin or ciprofloxacin 250 mg orally
twice per day on days 1 through 17 of each treatment cycle. Patients were
prehydrated before each cisplatin dose with 1,000 mL of dextrose 5% (D5)
half- normal saline with 8 meq/L of MgSO4 given over 3 hours once per day
and then maintained on D5 half-normal saline with 20 meq/L of KCl at 100 mL
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per hour. Granulocyte colony-stimulating factor 5 �g/kg per day subcutane-
ously was administered on days 7 through 16 (or until absolute neutrophil
count exceeded 10,000/dL). Aggressive antiemetic therapy (ondansetron 32
mg IV or equivalent) was administered every day during therapy and was
continued for several days after discharge in patients with persistent nausea or
vomiting. Steroids were not permitted. Acetaminophen, ranitidine, and
naproxen were provided prophylactically, and antipruritics, antidiarrheals,
and anxiolytics were administered as needed.

Dose Modification

Dose modifications were defined on the basis of adverse events, by using
the National Cancer Institute Common Toxicity Criteria.

IFN arm. Separate dose modification schemes were defined for
weeks 1 to 4 and weeks 5 to 52. A patient requiring dose modifications
during the first 4 weeks started week 5 treatment at full dose. Grade 2
anemia, arrhythmia, intractable nausea, vomiting or diarrhea, increased

creatinine, grade 4 neutropenia, and any nonhematologic grade 3 toxicity
required that IFN be held until a return to the institutional norms. IFN was
resumed at a 33% dose reduction for the first interruption for toxicity and
at a 66% reduction for the second interruption for toxicity. Dose re-
escalation was not permitted. A third interruption for toxicity required
removal of the patient from study treatment.

Biochemotherapy arm. Patients developing grade 3 toxicity while receiv-
ing inpatient therapy (days 1 through 5) had treatment held until toxicity
returned to grade 2 or lower. Therapy was then restarted at full doses of
chemotherapy and at a 50% dose reduction for both IL-2 and IFN. If a portion
of an IL-2 infusion or a dose of IFN was held, it was not re-administered. All
dose reductions were permanent. If grade 3 or 4 toxicity developed despite a
50% dose reduction of IL-2 and IFN, no further IL-2 or IFN was administered
in that or subsequent treatment cycles. If any grade 3 toxicity occurred during
week 2 of any cycle, the IFN was held for the remainder of that cycle. Subse-
quent IFN was administered at full dose. Exceptions to this approach included

High-dose interferon
   Received treatment
   Did not receive treatment
      Refused
      Elevated ALT

(n = 203)
   (n = 195)

   (n = 8)
(n = 7)
(n = 1)

Unknown (n = 2)*

Maintenance (n = 184)

Week 5 of maintenance
(9 weeks on treatment; n = 167)

Induction
   Discontinued
      Adverse events
      Relapse of disease
      Dead
   Completed

(n = 195)
   (n = 9)
   (n = 5)

(n = 3)
(n = 1)

(n = 186)

End of maintenance (1 year on treatment)
   Completed
   Discontinued
   Adverse events
   Relapse of disease
   Refusal unrelated to toxicity
   Other, not specified

(n = 88)
   (n = 79)
   (n = 29)

(n = 42)
(n = 1)
(n = 7)

Discontinued
   Adverse events
   Relapse of disease
   Other, not specified

(n = 17)
   (n = 5)

   (n = 10)
(n = 2)

Completed
Discontinued
   Adverse events
   Refusal unrelated to toxicity
   Relapse of disease
   Other, not specified

(n = 159)
   (n = 33)
   (n = 29)

(n = 2)
(n = 1)
(n = 1)

Biochemotherapy
   Received treatment
   Unknown, lost to follow-up 
   Did not receive treatment
      Refused
      Physician decision
      Seizure
      Relapse of disease

(n = 199)
   (n = 192)

   (n = 1)
(n = 6)
(n = 2)
(n = 1)
(n = 1)
(n = 2)

Excluded
   Did not meet inclusion criteria
   Declined to participate

(n = 30)
(n = 29)
(n = 1)

Assessed for eligibility
(N = 432)

Randomly assigned
(n = 402)

Fig 1. CONSORT diagram. (*) These
patients remained in follow-up but treat-
ment status after induction not reported.
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the management of hypotension, nephrotoxicity, hematologic toxicity, nausea
and vomiting, and neurotoxicity (Appendix Tables A1 and A2, online only).

Statistical Methods

OS was defined as time from study registration to death, with patients last
known to be alive censored at date of last contact. RFS was defined as time from
registration until the first observation of recurrent disease or death as a result of
any cause, with patients last known to be alive without recurrence censored at
date of last contact. Survival after relapse was measured from the date of first
recurrence until death as a result of any cause, with patients last known to be
alive censored at date of last contact.

OS and RFS were coprimary end points. OS was used for sample size and
power estimation. On the basis of historical data, the 5-year survival rate for the
control arm was assumed to be approximately 40%. The design called for 410
eligible patients enrolled over 3 years with an additional 3 years of follow-up to
observe approximately 113 deaths on the control arm, assuming exponential
survival distributions. With these assumptions, the power to detect a survival
increase was approximately 91% and 80% if the true hazard ratios (HRs) were
1.53 and 1.42, respectively.

Fisher’s exact test was used to assess differences in categorical variables
between the arms. OS and RFS were estimated by using the Kaplan-Meier

method. Cox models were used for multivariable regression modeling of OS
and RFS.

RESULTS

Study Population

Between September 2000 and November 2007, 432 patients reg-
istered for this study. Of those patients, 212 were randomly assigned to
HDI and 220 to biochemotherapy. Twenty-nine patients were
deemed ineligible (nine HDI and 20 biochemotherapy), and one
patient withdrew consent immediately after registration, leaving 203
eligible patients in the HDI arm and 199 in the biochemotherapy arm.
Reasons for ineligibility included incorrect stage (n � 19), inadequate
surgery (n � 7), not having melanoma (n � 2), and having a mucosal
primary (n � 1).

Patient demographics and clinical characteristics were well bal-
anced between the arms. Table 1 outlines those features for both
groups. The median age was 47 years, 70% of patients were male, 96%

Table 2. Treatment Summary

Variable

HDI (n � 203) Biochemotherapy (n � 199)

PNo. % No. %

Completed therapy 88 43 159 80 � .001
Relapse 55 27 2 1 � .001
Adverse effects 39 19 29 15 .23
Other or unknown reason 12 6 5 2 .14
Refused assigned therapy 8 4 4 2 .38
Lost to follow-up 1 1 0 0 1

Abbreviation: HDI, high-dose interferon.

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

HDI (n � 203) Biochemotherapy (n � 199)

PNo. % No. %

Age, years
Median 48 46 .58
Range 12-73 10-74

Sex
Male 141 69 141 71 .83
Female 62 31 58 29

Race/ethnicity
White 195 96 190 95 .64
Other 8 4 10 5

No. of nodes
One to three or S/IT only 154 76 151 76 1.00
Four or more or one or more with S/IT 49 24 48 24

Nodal involvement
Micro only� 86 43 88 44 .84
Any macro† 117 57 111 56

Ulceration
Yes 84 41 82 41 .89
No 66 34 69 35
Unknown 53 25 48 24

Abbreviations: HDI, high-dose interferon; S/IT, satellite/in-transit metastasis.
�Micro, lymph node micrometastasis.
†Macro, lymph node macrometastasis.
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were white, and 76% had one to three tumors with lymph node
involvement or satellite/in-transit metastases without lymph node
involvement. A majority of the enrolled patients (57%) had macro-
scopic nodal involvement at presentation, and 41% had documented
ulceration of their primary lesion. There were no significant differ-
ences between the two arms on any of these factors.

Treatment Characteristics

All eligible patients were included in the treatment assessments.
Table 2 summarizes treatment information. Eight patients (4%) in the
HDI arm and four patients (2%) in the biochemotherapy arm refused
their assigned treatment. One additional patient assigned to the
biochemotherapy arm was lost to follow-up, and it is unknown
whether or not that patient received any protocol treatment. In the
HDI arm, 88 patients (43%) completed 52 weeks of therapy compared
with 159 patients (80%) in the biochemotherapy arm who completed
9 weeks of therapy (P � .001). Relapse of disease accounted for 55
patients (27%) not completing the HDI regimen compared with two
patients (1%) who relapsed during biochemotherapy (P � .001).
Thirty-nine patients (19%) in the HDI arm stopped treatment be-
cause of adverse effects compared with 29 patients (15%) in the
biochemotherapy arm (P � .23). Other or unknown reasons for
stopping treatment occurred in 13 patients (6%) in the HDI arm and
five patients (2%) in the biochemotherapy arm.

Toxicity

Toxicity was assessed for 193 patients in the HDI arm and 185
in the biochemotherapy arm. Grade 3 or higher toxicity was seen in
64% of the patients (grade 3, 57%; grade 4, 7%) in the HDI arm and
in 76% of the patients (grade 3, 36%; grade 4, 40%) in the bioche-
motherapy arm. The most common toxicities varied by arm (Table
3) and included neurologic, psychiatric, and hepatic toxicity with
HDI and hematologic, GI, and metabolic toxicity as well as hypo-
tension with biochemotherapy. There was one treatment-related
death in each arm. In the HDI arm, one patient was found apneic at
home after the end of week 2. One patient in the biochemotherapy
arm also died at home of unknown causes after the completion of 9
weeks of treatment.

Efficacy

The efficacy analysis was updated with a cutoff date of February 7,
2013. The median follow-up of patients on study was 7.2 years. There
were 98 deaths in the HDI arm and 91 deaths in the biochemotherapy
arm. There were 129 RFS events (relapse or death) in the HDI arm and
107 RFS events in the biochemotherapy arm.

Table 3. Toxicity by Treatment Arm

Toxicity
HDI (%)

(n � 193)
Biochemotherapy (%)

(n � 185) P

Grade 4�

Hematologic
Leukopenia 1 13 � .01
Neutropenia 4 26 � .01
Thrombocytopenia 0 14 � .01

Grade 3 to 4†
Gastrointestinal

Anorexia 1 5 .01
Nausea 5 28 � .01
Vomiting 5 20 .01

Neurologic/psychological
Depression 7 2 .03
Headache 5 3 .42
Fatigue/lethargy 20 11 .05

Metabolic
Hypocalcemia 0 8 � .01

Dermatologic
Rash 2 5 .11

Hepatic
Increased aspartate
aminotransferase 9 4 .02
Increased alanine
aminotransferase 16 4 � .01

Cardiovascular
Hypotension 0 9 � .01

Abbreviation: HDI, high-dose interferon.
�Percentage of patients experiencing a maximum of grade 4 toxicity when it

occurred � 5% of the time in either arm.
†Percentage of patients experiencing a maximum of either grade 3 or 4

toxicity when it occurred � 5% of the time in either arm.
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The median RFS for HDI patients was 1.9 years, and for bioche-
motherapy patients, it was 4.0 years (HR, 0.75; 95% CI, 0.58 to 0.97;
two-sided P � .029; Fig 2). The 5-year RFS for the HDI arm was 39%
(95% CI, 32% to 46%), and for the biochemotherapy arm, it was 48%
(95% CI, 41% to 55%). The forest plot for patient characteristics and
tumor stratification factors is presented in Figure 3. In that analysis,
biochemotherapy patients who were female, had one to three positive
nodes or satellite/in-transit metastases without nodal involvement, or
had macroscopic nodal presentation had significantly improved RFS
compared with HDI patients.

The median OS for HDI patients was 6.7 years, and for bioche-
motherapy patients, it was 9.9 years (HR, 0.98; 95% CI, 0.74 to 1.31;
two-sided P � .55; Fig 2). The 5-year OS for both arms was 56% (95%
CI, 49% to 63% for both). There is no subset for which there was a
statistically significant OS benefit for one treatment arm compared
with the other (Fig 3). Appendix Table A1 and Table A2 summarize
results from multivariable regression models for OS and RFS, with
similar results for the forest plot and univariable analysis.

DISCUSSION

The results of Intergroup studies E-1684, E-1690, and E-16942-4

established HDI as the adjuvant therapy standard of care for pa-
tients with high-risk melanoma. Additional phase III trials have
evaluated modifications to the dose, schedule, and/or duration of
IFN administration without improving the outcomes.20-22 To the
best of our knowledge, this randomized trial is the first to compare
a multiagent regimen against HDI in patients with high-risk mel-
anoma and the first to demonstrate a statistically significant RFS
benefit for any treatment regimen over HDI. The 25% relative
improvement in RFS for biochemotherapy corresponded to a 9%
absolute increase in freedom from relapse at 5 years. The median
RFS of 4 years represents a value not previously observed in any
adjuvant therapy trial for patients with high-risk melanoma. Of
note, however, there was no corresponding improvement in OS for
the biochemotherapy arm, and even with continued follow-up, it
seems unlikely that a significant difference will emerge. Subset
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feron; HR, hazard ratio; macro, lymph
node macrometastasis; micro, lymph
node micrometastasis.
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analysis (Fig 3) does not identify a group that has a particular
OS benefit.

The toxicity of treatment differed substantially by treatment arm
because of the specific adverse effects of the drugs involved as well as
the time on treatment (9 weeks for biochemotherapy and 52 weeks for
HDI). There was more grade 4 toxicity associated with biochemo-
therapy than with HDI (40% v 7%), but grade 3 and 4 toxicity com-
bined was similar: 76% for biochemotherapy versus 64% for HDI. The
majority of toxicity associated with biochemotherapy was hemato-
logic and was of short duration. Discontinuation of treatment because
of adverse effects is an equally important assessment of toxicity and
perhaps a more legitimate measure when comparing two different
treatment programs. The rate for discontinuation because of tox-
icity was 19% for HDI and 15% for biochemotherapy, a nonsignif-
icant difference.

It has been 30 years since the first HDI adjuvant melanoma
cooperative group trial began. Other doses, schedules, combinations,
and durations of IFN have failed to improve on that important ad-
vance. This study is the first to demonstrate an improvement in RFS
compared with HDI. Toxicities for biochemotherapy and HDI are
different but comparable in magnitude, particularly when discontin-
uation for toxicity is considered. The lack of an OS difference may be
attributable to greater efficacy of salvage therapies in the HDI arm as
well as differences in the location and timing of first relapses (data not
shown). Because this trial did not involve a no-treatment arm, we
cannot assess whether OS for both arms differed from what might
have been achieved with surgery alone.

On the basis of the results of this Intergroup randomized trial,
biochemotherapy may be considered an alternative for the adjuvant
therapy in high-risk melanoma in appropriately selected patients by
physicians at centers experienced in the use of this regimen. The results
provide evidence that drugs with different mechanisms of action can
be safely combined to delay disease recurrence in the adjuvant setting.
Many promising new drugs and combinations have emerged in recent
years. Anti-CTLA4 and anti-PD-1 antibodies,23-26 and targeted mu-
tant BRAF and MEK inhibitors27,28 have demonstrated significant
value in the management of patients with metastatic melanoma.
Combinations of these drugs are in development and may allow us to
selectively replace less effective components of this biochemotherapy
regimen with more effective ones. This regimen provides timely infor-

mation as new drugs enter this field and a foundation on which those
future efforts can proceed.
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■ ■ ■

GLOSSARY TERMS

CTLA4 (CD152): receptor on activated T cells that binds B7
molecules with a higher affinity than CD28, downregulating
T-cell responses by inhibiting CD28 signaling.

dacarbazine DTIC: an alkylating agent that is used com-
monly for the treatment of melanoma, Hodgkin lymphoma, and
soft-tissue sarcomas.

IFN-�-2b (interferon alfa-2b): recombinant interferon
alfa that is commercially prepared from a bacterial fermentation
of E. coli bearing an expression vector containing the interferon
alfa-2b (IFN-�-2b) gene from human leukocytes.

interleukin-2 (IL-2): a cytokine that stimulates proliferation of
activated T cells and, at high doses, is used as antitumor therapy in met-
astatic renal cell carcinoma.

MEK (MAPK-ERK kinase): a protein kinase activated by c-Raf
through phosphorylation of specific serine residues. Activation of ERK
by activated MEK may lead to translocation of ERK to the nucleus, re-
sulting in the activation of specific transcription factors.

PD-1: programmed cell death protein 1 (CD279), a receptor expressed
on the surface of activated T, B, and NK cells that negatively regulates
immune responses, including autoimmune and antitumor responses.
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Appendix

Table A1. Multivariable Analysis, Overall Survival End Point

Covariate HR 95% CI P

Biochemotherapy (ref., HDI) 0.99 0.75 to 1.32 .96
Age 45 years or older (ref., age younger than 45 years) 1.09 0.81 to 1.46 .56
Male (ref., female) 1.04 0.75 to 1.43 .83
Nodal involvement: any macro (ref., only micro)� 1.59 1.15 to 2.19 .005
No. of nodes: four or one with S/IT (ref., one to three or S/IT only) 1.64 1.17 to 2.27 .004
No ulceration (ref., ulceration) 0.59 0.42 to 0.83 .003
Ulceration unknown (ref., ulceration)† 0.51 0.34 to 0.75 � .001

Abbreviations: HDI, high-dose interferon; HR, hazard ratio; ref., reference; S/IT, satellite/in-transit metastasis.
�Macro, lymph node macrometastasis; micro, lymph node micrometastasis.
†Unknown ulceration includes unknown primary.

Table A2. Multivariable Analysis, Relapse-Free Survival End Point

Covariate HR 95% CI P

Biochemotherapy (ref., HDI) 0.75 0.58 to 0.97 .03
Age 45 years or older (ref., age younger than 45 years) 1.00 0.77 to 1.30 1.00
Male (ref., female) 1.21 0.90 to 1.62 .21
Nodal involvement: any macro (ref., only micro)� 1.56 1.16 to 2.09 .003
No. of nodes: four or one with S/IT (ref., one to three or S/IT only) 1.54 1.14 to 2.09 .006
No ulceration (ref., ulceration) 0.58 0.43 to 0.79 � .001
Ulceration unknown (ref., ulceration)† 0.49 0.35 to 0.70 � .001

Abbreviations: HDI, high-dose interferon; HR, hazard ratio; ref., reference; S/IT, satellite/in-transit metastasis.
�Macro, lymph node macrometastasis; micro, lymph node micrometastasis.
†Unknown ulceration includes unknown primary.
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