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Abstract
Interferon-a is possibly the most controversial adjuvant therapy for
any solid tumor, and multiple trials involving varying doses, routes,
schedules, and formulations of interferon-a have increased the con-
fusion. Clinicians are left in a quandary, because high-dose inter-
feron-a-2b (HDI) remains the only FDA-approved adjuvant therapy
for high-risk melanoma. Of the three prospective randomized tri-
als involving high-dose interferon-a-2b, all show a significant im-
provement in disease-free survival and two show a significant
improvement in overall survival. Despite this strong evidence, data
from studies involving alternate doses, concerns regarding cost and
toxicity, and the promise of future therapies have led opponents of
interferon to overlook these results. Based on the available clinical
evidence, however, high-dose interferon should be offered as stan-
dard care for patients with high-risk, resected melanoma. Informed
patients who have elected to forego interferon and patients with
lower risk lesions can be offered participation in clinical trials with
a no-treatment control arm. (JNCCN 2004;2:61–68).

After surgical therapy for patients with high-risk
melanoma, the outlook is not promising. Patients with
thick primary lesions (T4N0M0, American Joint Cancer
Committee [AJCC] stage IIB) have a risk of recurrence
after surgery of approximately 60%, and those with re-
gional nodal metastases (T1-4N1M0, AJCC stage III)
have a 75% risk.1 Unfortunately, chemotherapy has lim-
ited efficacy against melanoma and currently plays no

role in the adjuvant setting.2 Because melanoma is sus-
ceptible to immunologic attack by the host, tremendous
interest has been expressed in a variety of immunother-
apies, including nonspecific immunostimulants, vaccines,
and systemic cytokines. However, many of these ap-
proaches failed to show significant clinical impact, and
the practitioner was left with few options in treating high-
risk melanoma patients with adjuvant therapy. One ex-
ception to this, however, has been the use of adjuvant
interferon-a (IFN-a).

Although the precise mechanism of action remains
poorly understood, IFN-a has multiple antitumor effects.
These include a direct antiproliferative effect, anti-an-
giogenesis, the enhancement of natural-killer (NK) cell
activity, and the up-regulation of tumor antigens and hu-
man leukocyte antigen (HLA) class I and class II anti-
gens.3,4 Initial phase II clinical studies with IFN-a in
metastatic melanoma showed response rates in the 10%
to 20% range.5,6 These response rates were not high
enough to lead to routine use in the treatment of metasta-
tic melanoma; however, observations that patients with
small tumors and nonvisceral disease were more likely to
respond suggested that use of IFN-a may show a greater
impact in patients with micrometastases. This prompted
multiple clinical trials exploring the use of IFN-a as an
adjuvant therapy for melanoma in patients at high risk of
recurrence.

In 1995 and based on the earliest of these trials,
the adjuvant use of high-dose IFN-a was approved by
the United States Food and Drug Administration
(FDA). Adjuvant interferon became “standard of care,”
and its use was widely adopted in the community.
However, the results of subsequent trials have not been
as clear-cut, and the debate over adjuvant interferon has
intensified. This article discusses the arguments sup-
porting adjuvant interferon for the treatment of
melanoma.



Adjuvant High-Dose Interferon 
Improves Overall Survival
Improving overall survival is the ultimate goal for any
adjuvant therapy, albeit not the only goal. In melanoma,
researchers have substantial reason to believe that pa-
tients accept adjuvant therapies with considerable tox-
icity even in the absence of an overall survival benefit.
Nonetheless, uncertainty about the effect of adjuvant
interferon on overall survival is the most frequently
cited criticism of interferon.7,8 Critics generally cite a re-
cent systematic review9 and a meta-analysis10 that ques-
tion a survival benefit, overlooking a meta-analysis and
reviews that conclude the opposite.11,12

Important clinical differences among the adjuvant
interferon trials could lead to different conclusions about
the impact of therapy on overall survival. The most im-
portant differences are eligible patient population, trial
size, number of study arms (more study arms lead to de-
creased statistical power for the same overall number of
patients entered), potential for crossover from the con-
trol group to the study treatment on relapse, and dose
and schedule of the study treatment. Efforts to com-
bine all trials without attention to these important dif-

ferences may yield a statistically valid, but not a clini-
cally correct result. Defining the question precisely is im-
perative when discussing the clinical use of adjuvant
interferon and interpreting data for and against.

Although multiple trials studied IFN-a in the ad-
juvant setting, these trials included different doses,
routes, and schedules, as well as two different types of
recombinant interferon; IFN-a-2a (Roferon-A,
Hoffman-LaRoche, Nutley, NJ) and IFN-a-2b (Intron-
A, Schering-Plough, Kenilworth, NJ). Six trials have
been performed using IFN-a-2a, none of which have
shown a survival benefit (Table 1). Although the two
IFN-a-2 subtypes are very similar in structure, they
are not of identical efficacy. Neutralizing antibodies
have been seen in 25% to 30% of patients treated with
IFN-a-2a but less than 3% of patients treated with
IFN-a-2b.22,23 The development of neutralizing anti-
bodies has been associated with a loss of response and
may explain the relative lack of clinical efficacy of
IFN-a-2a.24

In addition to different IFN subtypes, trials in-
volving adjuvant IFN-a have involved both low-
dose and high-dose regimens. The low-dose IFN-a
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Table 1  Trials Not Involving High Dose IFN-a-2b
Author Year # Pts. Arms IFN Schedule F/U (yr) Results

Trials involving Interferon a-2a

Cascinelli et al.13 1994 444 IFN-a vs Obs 3 MU SC 3´/wk ´ 3 yr 7.3 DFS NSD
OS NSD

Creagan et al.14 1995 262 IFN-a vs Obs 20 MU/m2 IM 3 ́ /wk ´ 3mo 6.1 DFS NSD
OS NSD

Pehamberger et al.15 1998 311 IFN-a vs. Obs 3 MU SC qd ´ 3wk then 3.4 DFSa

3 MU SC 3´/wk ´ 1 yr OS NSD

Grob et al.16 1998 489 IFN-a vs. Obs 3 MU SC 3´/wk ´ 18mos 5.0 DFSb

OS NSD

Hancock et al.17 2001 654 IFN-a vs Obs 3 MU SC 3´/wk ´ 2 yr 1.3 DFS NSD
OS NSD

Kleeberg et al.18 2001 830 IFN-a vs IFNg 1 MU SC QOD ´ 1 yr 5.5 DFS NSD
vs Iscador vs Obs OS NSD

Trials involving Interferon a-2b (low or intermediate dose)

Cameron et al.19 2001 96 IFN-a vs Obs 3 MU SC 3´/wk ´ 6mo 6.5 DFS NSD
OS NSD

Kirkwood et al.20 2000 642 IFN-a vs Obs 3 MU SC 3´/wk ´ 2yr 4.3 DFS NSD
OS NSD

Eggermont et al.21 2002 1418 1 yr IFN-a vs. 10 MU SC 5/7d ´ 4wk 1.6 DFSc

2 yr IFN-a vs. then 10 MU SC 3´/wk ́ OSd

Obs 1 yr or 5 MU SC 3/wk ́
2 yr

aP = .02, bP = .04, cP = .01, dNot reported.



regimen consists of 2 to 3 MU administered two to
three times per week for anywhere from one to three
years. Although early results suggested some effec-
tiveness to the low-dose regimens,13,25 re-analysis and
additional trials have shown no benefit to survival
and inconsistent or transient effects on relapse-free
survival.26,27 A shorter-duration regimen of 20 MU/m2

administered intramuscularly three times per week for
three months also failed to result in an overall sur-
vival benefit.14 Table 1 summarizes the non-high dose
interferon trials. Low or intermediate doses of inter-
feron never have shown any durable impact on over-
all survival and have not been approved or even
advocated for routine clinical use in high-risk
melanoma patients.

The only clinically indicated adjuvant treatment
for high-risk melanoma is high-dose IFN-a-2b (HDI).
This regimen involves an “induction” phase of IFN-
a-2b 20 MU/m2 intravenously five days a week for
four weeks followed by a “maintenance” phase of 10
MU/m2 subcutaneously three days a week for the re-
mainder of a year. Three trials have studied HDI, two
with an observation arm and one comparing HDI to
a vaccine (Table 2).

The most mature study of adjuvant interferon is
ECOG 1684, performed by Kirkwood et al.28 Patients
randomized to the treatment group had a significant
improvement in disease-free and overall survival com-
pared with the control group. High-dose IFN-a-2b
therapy for one year increased the median relapse-free
survival by nine months (1.72 years for IFN-a-2b pa-
tients vs. 0.98 years for observation patients) and pro-
duced a 42% improvement in the five-year relapse-free
survival rate (37% for IFN-a-2b patients vs. 26% for
observation patients). In addition, IFN-a-2b therapy
significantly increased median survival by one year
and produced a 24% improvement in the five-year
survival rate (46% for IFN-a-2b patients vs. 37% for

observation patients). The FDA approved IFN-a-2b
for the adjuvant treatment of high-risk melanoma
based on these results.

To verify the findings of E1684, an ECOG-coor-
dinated Intergroup trial was initiated that could not
only reaffirm the overall benefit of adjuvant IFN-a, but
allow a more precise appraisal of the benefit of ther-
apy in the group of patients with thick, node-nega-
tive melanomas. E1690 compared high-dose IFN-a-2b
and a two-year low-dose IFN-a-2b regimen with ob-
servation after complete resection of all known dis-
ease.20 Results of this trial confirmed the disease-free
survival advantage for high-dose IFN-a seen in E1684
but not the survival advantage.

The failure of E1690 to verify the findings of E1684
intensified the interferon debate. Advocates of adju-
vant interferon therapy point out that this discrep-
ancy is probably the result of differences in eligibility
criteria and, more importantly, the subsequent avail-
ability of post-relapse IFN-a-2b crossover therapy in
the E1690 trial but not in E1684. These crossover data
have not been convincingly established and must be
considered an unproven hypothesis.

With evident differences between E1684 and
E1690, the importance of a third prospective ran-
domized trial involving high-dose interferon is mag-
nified. This trial was designed after the results of E1684
were known, but before E1690 was analyzed.
Intergroup E1694 compared one year of high-dose
IFN-a-2b with two years of a promising melanoma
vaccine; no observation arm was used because adjuvant
interferon was considered the standard for high-risk pa-
tients desiring adjuvant therapy. For the investiga-
tional arm, a vaccine derived from the ganglioside
GM2 was used. A pilot randomized trial suggested a
disease-free survival benefit in patients treated with pu-
rified GM2 plus BCG compared with those treated
with BCG alone after resection of stage III disease.30
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Table 2  Adjuvant Trials Involving High Dose IFN-a-2b
Med

Author Year # Pts. Arms IFN Schedule F/U (yr) Results

Kirkwood et al.28 1996 280 IFN-a vs Obs HDI 6.9 DFS (P = .004)

OS (P = .046)

Kirkwood et al.20 2000 642 IFN-a vs Obs HDI 4.3 DFS (P = .05)

OS NSD

Kirkwood et al.29 2001 880 IFN-a vs. Vaccine HDI 1.3 DFS (P = .0015)

OS (P = .009)



Notwithstanding the prior promising data regarding
the GM2 vaccine, in May 2000, the E1694 trial’s in-
dependent Data Safety Monitoring Committee
concluded that the high-dose interferon arm was as-
sociated with significantly improved relapse-free and
overall survival, and mandated that the study be ter-
minated early and the results disclosed.29

Of these three trials, two (E1684 and E1694)
showed statistically significant improvement in over-
all survival, and the third (E1690) did not. At face
value, assuming all three trials were equally valid, rec-
onciling such discordant results is possible. Clinical tri-
als are conducted in a manner that minimizes the
likelihood of a fallacious conclusion of efficacy where
none exists (called the alpha error), by setting the
threshold for accepting a positive result at the strin-
gent P = .05 level. This means that, by chance alone,
the likelihood of a clinical trial being positive when
no real difference exists is only one in 20. To achieve
this stringency, a compromise is made regarding the
likelihood of an erroneous conclusion of lack of effi-
cacy where efficacy actually exists (beta error): this is
routinely designed to be between one in ten and one
in five (10% to 20%). These numbers have particu-
lar importance when the results of multiple trials are
considered: the probability of two clinical trials to
both reach a positive conclusion at the P = .05 level
by chance alone is miniscule. Conversely, if a trial de-
signed with an 80% power to detect a significant dif-
ference (20% beta error) were repeated in the identical
patient population three times, the likelihood that
one trial would be negative when a difference actually
exists is high: 48.8% (probability of at least one false-
negative trial is 1 – (0.8 ´ 0.8 ´ 0.8) = 0.488). This
means that, by chance alone, at least one of three
identical trials of an active agent will be negative
nearly half the time. Of course, the three high-dose in-
terferon-a-2b trials were not exactly identical. The
E1690 trial was a three-arm trial and was clearly af-
fected to some degree by crossover from the observa-
tion arm to the study treatment on relapse and repeat
resection. Thus, we should be least surprised that it was
the E1690 trial that diverged in regard  to overall sur-
vival and more than usually reluctant to accept that
lone conclusion in the face of the other two positive
results.

Critics contend that the E1684 trial was the small-
est study and shows a loss of survival benefit with long-
term follow-up. Small size limits the ability to detect

a positive result, but doesn’t invalidate the positive
result after it occurs. A recent, unplanned long-term
analysis of the E1684 trial at 12.6 years median follow-
up (compared with the original analysis at 6.9 years me-
dian follow-up) did show persistence of the relapse-free
and survival differences between the interferon and ob-
servation arm, but only the relapse-free survival dif-
ference remained statistically significant.11 This “loss
of survival benefit” has been touted as evidence that
the effect of high-dose interferon was not a durable
one, but careful examination of the relapse-free sur-
vival curves after more than a decade of clinical fol-
low-up clearly demonstrate that is not the case.
Competing causes of mortality and smaller numbers
of patients followed beyond a decade are far more plau-
sible explanations, and there is no compelling reason
to consider that the long-term data in any way inval-
idates the originally published observations.

E1694 is in many ways the most clinically signif-
icant: it was the largest trial and incorporated patients
with sentinel lymph node biopsy-proven mi-
crometastases (who now constitute the majority of
patients considered as candidates for adjuvant inter-
feron outside the protocol setting). Opponents of in-
terferon argue that it did not incorporate an
observation control arm; in fact, high-dose interferon
was the control arm for a study that compared it to a
promising defined antigen vaccine. This trial was
stopped early by the independent ECOG Data Safety
and Monitoring Committee because of highly signif-
icant improvement in both relapse-free and overall
survival for patients on the interferon arm. Early clo-
sure of a trial is the strongest statistical evidence of
benefit possible in an experiment involving human
beings, so it is amazing how frequently this dramatic
event is actually dismissed as a negative (“if they’d
only waited longer, the results would be more valid”).
When a study is closed early, it is because independ-
ent monitors believe it is now unethical to continue
to withhold the more active arm from study patients,
so it stands to reason that the same therapy should
generally not be withheld from non-study patients
while longer follow-up is awaited! However, the ab-
sence of an observation arm raised the specter that it
wasn’t the benefit of interferon but the detrimental ef-
fect of the investigational vaccine that led to the early
closure, and this must be addressed.

There is, in fact, little or no basis for considering
that the investigational GM2 ganglioside vaccine used
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in E1694 was potentially deadly, so this argument is dif-
ficult to accept. First, because there was an improve-
ment in both disease-free and overall survival, the
argument supposes that the vaccine not only led to in-
creased deaths, but increased deaths by melanoma.
The likelihood that vaccination with a ganglioside
antigen can result in a markedly increased risk of early
dissemination of and death from metastatic melanoma
is difficult to believe: preclinical testing and early
phase clinical trials noted no such hazardous effect. In
fact, there is credible evidence that anti-GM2 anti-
bodies, either spontaneous or vaccine-induced, are
protective against melanoma relapse, including evi-
dence from the E1694 trial itself. No credible de-
scriptions of antibody-induced exacerbations of any
form of human cancer exist. A previous, randomized
controlled phase III trial of the GM2 ganglioside given
with BCG actually showed a potential benefit, pro-
viding the rationale for conducting the trial in the
first place.30 The Europeans, who have frequently cited
the lack of proven overall survival benefit as a reason
not to accept high dose interferon, evidently don’t be-
lieve that this identical ganglioside vaccine is harm-
ful because they are using it in a large, randomized
trial in melanoma patients at lower risk of recurrence
and as of this writing, the EORTC Data Safety and
Monitoring Committee has not stopped that trial be-
cause of a detrimental effect of the vaccine. As it is
likely that the ganglioside vaccine is not harmful, and
may even be somewhat beneficial, then the results of
E1694 provide the strongest evidence to date that ad-
juvant high-dose interferon improves overall survival
in high-risk melanoma patients.

Adjuvant Interferon Clearly Prolongs
Disease-Free Survival
Even those who question the impact of high-dose in-
terferon on overall survival acknowledge its impact
on relapse-free survival.8,9 Although an improvement
in overall survival is the strongest evidence in favor
of adjuvant therapy, it is not the only one. Two stud-
ies of high-dose chemotherapy with autologous stem-
cell rescue, published in the New England Journal of
Medicine, reported improvements in relapse-free sur-
vival but not overall survival.31,32 The accompanying
editorial outlined reasons why relapse-free survival
improvement should be considered important and suf-
ficient to justify this extremely toxic and costly adju-

vant therapy in a disease (breast cancer) where there
are effective (albeit non-curative) therapies that clearly
prolong survival for patients who relapse after initial
surgical therapy.33 Prolongation of the relapse-free state
has even more significance when there are no thera-
pies capable of prolonging survival for the average pa-
tient, as is the case for metastatic melanoma. Most
importantly, our patients agree: the average patient
would accept a toxic adjuvant therapy if it were asso-
ciated with a reproducible 10% improvement in five-
year relapse-free survival in the absence of any
prolongation of overall survival.34 Based on the avail-
able meta-analysis10 and pooled analysis,11 the impact
of adjuvant interferon is between 24% and 30%, and
is reproducible (P = .0009 and P < 0.006, respectively).

The Benefit Justifies Toxicity and Cost
Several examples show adjuvant chemotherapy ac-
cepted as “standard treatment” despite controversial
or inconclusive evidence.35-37 So why is adjuvant cy-
totoxic chemotherapy often accepted easily, while
treatment shown to significantly improve disease-free
survival in three published randomized trials and over-
all survival in two still considered controversial? One
reason may be that interferon is a biologic therapy,
with which oncologists are less familiar than standard
cytotoxic chemotherapies. Additionally, the mecha-
nism of action of interferon on melanoma is not com-
pletely understood.

Another more likely reason is the level of care
necessary to successfully administer IFN-a-2b. Serious
side effects occur, including fatigue, flu-like symptoms
(malaise, fevers, chills, arthralgias), liver function ab-
normalities, neutropenia, nausea and vomiting, and
psychiatric symptoms such as depression and suicide.
Complete therapy takes a year, and careful attention
to dose reduction criteria and liberal use of intravenous
fluids, antiemetics, and antidepressants are necessary.
The successful administration of high-dose IFN-a-2b
adjuvant therapy often requires a committed team,
including oncologists, nurses, pharmacists, social work-
ers and psychiatrists/psychologists. However, these
toxicities appear to be justified by the potential ben-
efit. A quality-of-life-adjusted survival analysis
(Quality-Adjusted Time Without Symptoms and
Toxicity [Q-TWiST]),38 on the basis that quality of
life with toxicity during therapy was valued more
highly than quality of life with relapse found that the
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interferon group had significantly greater quality of
life adjusted time than did the observation group.
Clinically, the Q-TWiST data can be helpful in pro-
moting a discussion with patients regarding the rela-
tive risks and benefits of adjuvant interferon.

Patients must receive the information they need
to decide if the potential benefits of interferon justify
the risks, and physicians should present all information
in a balanced, objective fashion, as with other routinely
used adjuvant therapies. Patients strongly averse to the
side effects of IFN-a, particularly those who perceive
their risk of recurrence to be low, often decide against
interferon treatment and seek alternatives in clinical tri-
als or chose to forgo adjuvant therapy altogether.

Another aspect affecting the use of interferon is
the cost. Cost-effectiveness of high-dose IFN-a-2b for
patients with high-risk resected melanoma was as-
sessed based on the results of the original E1684 trial.
The cost of a year of IFN-a-2b was estimated to be
just under $29,000. This is comparable to other rec-
ognized medical therapies.39,40 A cost-effectiveness
analysis of adjuvant interferon in Spain, also based on
the E1684 data, also showed its use to be within lim-
its established in health economics and comparable
with other interventions with acceptable cost-effec-
tiveness.41 Nonetheless, cost considerations appear 
to be a major impediment to the use of high-dose
interferon in some parts of the world.42,43

No Other Effective Adjuvant Therapies
Are Available
Patients who have just undergone surgical treatment
for thick primary melanomas (>4 mm) or melanoma
metastatic to the regional lymph nodes are facing a
high likelihood of relapse. After unresectable distant
metastases develop, median survival is as little as nine
months. The use of adjuvant cytotoxic chemother-
apy has never been established to reduce this risk and
is not a current option outside of a clinical trial set-
ting. Although adjuvant interferon is not the ideal
therapy, the only alternative other than clinical trials
is “watch and wait.”

Many who argue against interferon point toward
melanoma vaccines as holding promise to improve
disease-free and overall survival with minimal toxic-
ity. However, the promise of melanoma vaccines has
been touted for decades without any established clin-
ical benefit. To date, no large prospective randomized

trial has shown an improvement in overall survival
associated with vaccine therapies. Many questions
regarding vaccines remain unanswered, and none are
ready for off-protocol use. Several approaches to vac-
cine therapy also are presently in clinical trials.44-48 To
discover the potential benefits of vaccines, informed
patients with high-risk melanoma who are not inter-
ested in interferon should be encouraged to participate
in clinical vaccine trials. However, many patients
either do not want to participate in randomized trials or
are not able to participate in trials primarily accruing
at major academic institutions.

Conclusions
Based on currently available clinical evidence, can
we consider high-dose interferon standard care for pa-
tients with high-risk, resected melanoma? Yes. Too
many clinical trials show improved relapse-free sur-
vival to deny the fact that high-dose IFN-a-2b alters
the natural history of high-risk melanoma. Unless one
believes that the ganglioside vaccine may have a detri-
mental effect, E1694 should be accepted as a clinical
trial that documents a significant impact of high-dose
IFN-a-2b on overall survival, confirming the findings
of E1684. It is then impossible not to conclude that
adjuvant therapy with high-dose IFN-a-2b is poten-
tially beneficial and should be routinely offered to
healthy melanoma patients at high-risk of relapse.
Clinical trials continue to be essential to our efforts to
make further progress in the treatment of this diffi-
cult and refractory disease, and patient participation
in clinical trials must be encouraged. Clinical trials of
high-risk patients desiring adjuvant therapy should
offer high-dose interferon as the control arm; informed
patients who have elected to forego interferon can be
offered participation in trials with a no-treatment con-
trol. Outside the clinical trial setting, patients who
want adjuvant therapy should receive high-dose in-
terferon from a dedicated and qualified health care
team who can deliver this therapy with the fewest
possible side effects.
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