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Dear Colleague,
This series of Melanoma Care Options was designed to provide expert interpretation of recent and 
emerging information on melanoma research. Issue 1 focused on the pathogenesis and predictors of 
prognosis, while Issue 2 explored advances in staging and surgical techniques in patients with pigmented 
lesions. This issue highlights new fi ndings related to adjuvant and systemic therapies.

High-risk or advanced melanoma cannot always be successfully managed by surgery alone. Patients 
with stage II/III disease remain at risk of disease recurrence according to tumor microstage and sentinel 
lymph node fi ndings as summarized in Issue 2 (available at www.MelanomaCare.org). The 10-year 
survival rates range from 15% to 64%, and the prognosis for patients with metastatic (stage IV) disease 
is more ominous.1 Currently, there is only 1 FDA-approved systemic adjuvant therapy for high-risk 
melanoma—high-dose interferon (IFN) alfa-2b. This therapy is associated with signifi cant improvements 
in disease-free survival, but considerable toxicity. Systemic treatment options are also lacking for patients 
with metastatic disease. The 2 FDA-approved therapies—dacarbazine and interleukin-2—have response 
rates of 7% to 16%, but have never been shown in phase 3 trials to prolong overall survival.2

Given this situation, there is intense interest in identifying additional therapeutic options for 
patients with high-risk or advanced melanoma. For adjuvant therapy, the major focus is on exploiting 
the confi rmed activity of IFN alfa-2b, including efforts to decrease toxicity, improve effi cacy, and more 
precisely target patients most likely to benefi t from therapy. For systemic therapy, new options such as 
agents that disrupt signal transduction pathways of progression are needed. The roles of patient support 
and symptom management are reviewed, as these represent key facets to successful completion of 
adjuvant therapy. 

The fi ndings presented here provide clinicians with information that may be useful in current 
treatment decisions and that provides a preview of possible future therapies. We hope this series 
provides you with a background to evaluate these issues and stimulate discussion concerning the optimal 
management of melanoma. We welcome your remarks and encourage you to participate in other 
Melanoma Care Coalition programs available at www.MelanomaCare.org.

Sincerely,

John M. Kirkwood, MD
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ADJUVANT INTERFERON ALFA-2B 
THERAPY FOR HIGH-RISK MELANOMA: 
NEW FORMULATIONS AND REGIMENS

By John M. Kirkwood, MD

Interpreting Developments in Melanoma Treatment

Although adjuvant therapy is an area of intense 
research for melanoma, treatment with high-dose 
IFN alfa-2b remains the only available US Food 
and Drug Administration (FDA)-approved op-
tion for patients with high-risk operable mela-
noma.2 IFN alfa-2a, a closely-related compound, 
has also been studied in patients with malignant 
melanoma.3 IFN alfa-2a and IFN alfa-2b are be-
lieved to have comparable effects. IFN alfa-2a is 
approved for treatment of melanoma outside the 
United States, but not within the United States. 
 New studies of IFN alfa in melanoma have 
focused on evaluating regimens that may offer 
improved tolerability or antitumor activity, in-
cluding regimens testing lower doses for longer in-
tervals of treatment, or higher dosages for shorter 
durations. A pegylated form of IFN alfa-2b (PEG-
IFN alfa-2b) has also been tested in patients with 
operable node-metastatic melanoma. Other stud-
ies are attempting to identify prognostic biomark-
ers and the subsets of patients most likely to ben-
efi t from IFN alfa-2b therapy. All of these studies 
share the common goal of elucidating how best to 
exploit the therapeutic activity of IFN alfa-2b in 
patients with high-risk melanoma.

High-Dose IFN Alfa-2b as Adjuvant Therapy 
in Patients with Melanoma
The FDA-approved high-dose IFN alfa-2b regi-
men consists of an induction phase, in which 
IFN is administered intravenously (IV) at a dose 
of 20 million international units (MU)/m2 5 
times a week on consecutive days for 4 weeks, 
followed by a maintenance phase, in which IFN 
alfa-2b is administered subcutaneously (SC) at a 
dose of 10 MU/m2 3 times a week for 48 weeks.4 
 High-dose IFN alfa-2b regimens were as-
sessed in 3 Eastern Cooperative Oncology 
Group (ECOG) trials in patients with high-risk 
melanoma defi ned as primary invasion >4 mm 
Breslow thickness or associated with regional 
lymph node metastasis.5-7 All 3 trials found 
that adjuvant therapy with high-dose IFN alfa-
2b signifi cantly improved disease-free survival 
(DFS) compared with observation (E1684 and 
E1690)5,6 or GMK (antiganglioside) vaccine 
(E1694).7 A statistically signifi cant improve-
ment in overall survival (OS) was observed in 

2 of the trials (E1684 and E1694).5,7 In the third 
trial (E1690), patients who experienced disease 
recurrence during observation were allowed to 
receive high-dose IFN alfa-2b as salvage thera-
py.6 The median OS of patients was longer than 
expected, and it is possible that the salvage arm 
served to confound the effect of IFN alfa-2b on 
OS.6 In the ECOG and ECOG-led intergroup 
trials, high-dose IFN alfa-2b therapy was associ-
ated with signifi cant adverse events, including 
fl u-like symptoms, myelosuppression, hepato-
toxicity, and neuropsychiatric symptoms. With 
appropriate support and dose modifi cations, 
most patients (>90%) were able to tolerate a full 
year of high-dose IFN alfa-2b therapy.8

 Data from these and other trials involving 
IFN alfa-2a/b were included in an individual 
patient data meta-analysis of 6,067 patients con-
ducted by Ives, Wheatley, and the relevant clini-
cal trial leadership on behalf of the International 
Malignant Melanoma Collaborative Group.9 In 
this analysis, adjuvant IFN alfa-2a/b therapy was 
found to be associated with a signifi cant increase 
in DFS and OS compared with no IFN alfa-2a/b 
therapy; the absolute benefi t in survival was about 
3% at 5 years, considering all trials of either type 
of IFN at any dosage or duration. Dose and dura-
tion of IFN alfa therapy could not be demonstrat-
ed to have a signifi cant effect upon outcome, in 
contrast to the earlier meta-analysis of published 
trials of Wheatley and colleagues, in which there 
was a trend to dose-response correlation.10 There 
was no evidence of differences in response on the 
basis of clinical characteristics such as Breslow 
thickness or disease stage. However, patients with 
ulcerated primary melanoma were found to have 
signifi cantly longer DFS and OS durations than 
patients with nonulcerated tumors.9

 On the basis of these studies, it can be con-
cluded that adjuvant therapy with IFN alfa-2b has 
a favorable although modest effect on patient out-
comes. Patient preference surveys have indicated 
that many patients are willing to accept IFN alfa-
2b–associated side effects to realize an improve-
ment in DFS, even if no signifi cant impact upon 
OS is achieved.11 Such fi ndings have encouraged 
ongoing investigations into IFN alfa-2b regimens 
with improved activity or less toxicity. 
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Low-Dose IFN Alfa Therapy
Clinical data. Data concerning patient re-
sponse to low-dose IFN alfa-2a/b adjuvant 
therapy are inconsistent: some studies have 
shown improvements in DFS, whereas 
others have not.12 The individual patient 
data analysis by Wheatley and colleagues 
identifi ed an IFN-associated benefi t that 
could not strictly be correlated with dosage 
and duration, suggesting that lower-dose 
regimens might have the potential to im-
prove patient outcomes.9 In contrast, data 
from E1690, the only head-to-head phase 3 
trial that allows comparison of the benefi ts 
of high-dose and low-dose IFN alfa-2b,13 
suggest that low-dose IFN alfa-2b was not 
associated with durable or signifi cant ben-
efi ts in high-risk melanoma patients. E1690 
randomized patients with stage IIB or III 
melanoma to observation or treatment 
with high-dose IFN alfa-2b or low-dose 
IFN alfa-2b (3 MU/day, 3 times weekly for 
2 years). While high-dose IFN alfa-2b sig-
nifi cantly and durably prolonged DFS, the 
low-dose regimen was not associated with 
signifi cant or durable improvements in DFS 
or OS compared with observation.6

 The Cooperative Working Group of 
the German Cancer Society and German 
Dermatology Society (DeCOG) has spon-
sored several trials investigating lower dose 
IFN alfa-2a/b regimens. In a study of clini-
cally node-negative patients with interme-
diate- to high-risk melanoma, SC low-dose 
IFN alfa-2b plus interleukin (IL)-2 for 48 
weeks did not show a benefi t in DFS or 
OS compared with observation.14 A more 
recent study found that SC low-dose IFN 
alfa-2a (3 MU 3 times weekly) for 2 years 
signifi cantly improved both DFS and OS 
in patients with regional lymph node in-
volvement. For reasons that are not clear, 
the addition of dacarbazine to this regimen 
appeared to abrogate the favorable effect of 
IFN therapy.15 This trial is not consistent 
with other study results, and must be inter-
preted with caution until confi rmed.
 Intermediate-dose regimens of IFN alfa-
2b (10 MU 5 days per week for 4 weeks fol-
lowed by either 10 MU 3 times weekly for 
a year or 5 MU 3 times weekly for 2 years) 
have also been evaluated in patients with 
stage IIB/III melanoma.16 Neither of these 
regimens was found to result in signifi cant 
improvements in DFS or OS compared 
with observation. A borderline effect was 
observed in patients with stage IIB disease, 
although the authors did not consider this 
worthy of further pursuit.16

 While these new studies have added 
to the knowledge base concerning IFN alfa 
therapy, the sometimes confl icting data are 
diffi cult to apply to clinical practice, except 
in the case of the E1684 high-dose regimen 
approved by the US FDA. Studies that have 
identifi ed a favorable effect of lower-dose 
IFN alfa-2b regimens upon relapse-free 
survival (RFS) have not generally been 
followed to the mature interval of 7 years, 
where the results of the pivotal E1684 regi-
men5,7 were fi rst reported. Since most subse-
quent trials have included lower-risk groups 
of patients in whom the interval to relapse is 
more prolonged, the maturity of these trials 
would optimally be even greater—but the 
results have often been reported at a median 
follow-up of less than 5 years. In addition, 
the variability of risk groups and specifi c pa-
tient populations (eg, disease stage groups) 
and the variability of treatment regimens 
(some of which have extended to 2-5 years), 
need to be considered. Further research will 
be required to determine the optimal use of 
low-dose IFN alfa regimens. 

Insights into Molecular Mechanisms of 
High-Dose Versus Low-Dose Therapy
IFNs exert their effects in part through 
the Janus-activated kinase (JAK)/signal 
transducers and activators of transcrip-
tion (STAT) pathway. Signals transmitted 
through this pathway impact both tumor 
progression and immunomodulation.13 Mi-
croarray expression profi les have found that 
IFN-stimulated gene expression is altered 
in patients with melanoma compared with 
healthy controls; one of the most signifi cant 
defects has been the activation and phos-
phorylation of STAT1 in response to IFN 
alfa-2b. Defects in IFN-associated STAT1 
signaling could be overcome by stimulation 
of cells with high concentrations of IFN alfa-
2b analogous to ambient serum levels that 
can be achieved only through IV adminis-
tration of high-dose IFN alfa-2b therapy.17 
 A trial in which high-dose IFN alfa-2b 
was utilized as neoadjuvant therapy (before 
surgical resection) allowed Wang and associ-
ates and Moschos and colleagues to conduct 
in-depth analyses of the in vivo effects of this 
therapy.18-20 Wang and associates obtained 
tissue samples from patients before and af-
ter 20 doses of high-dose IFN alfa-2b.18 IFN 
alfa-2b increased the expression of phospho-
rylated STAT1 (pSTAT1) and decreased the 
constitutive expression of phosphorylated 
STAT3 (pSTAT3) and total STAT3 lev-
els in the regional lymph node metastases 

of treated patients who participated in this 
novel trial. Higher pretreatment ratios of 
pSTAT1:pSTAT3 were signifi cantly associ-
ated with improved outcome.18 A subsequent 
study from the same group found that high-
dose IFN alfa-2b therapy and low-dose IFN 
alfa-2b had different effects upon STAT1 
and STAT3 in the melanocytic elements of 
atypical nevi, which are nonobligate precur-
sors of melanoma.18,19 These data suggest 
that key signaling pathways, including the 
mitogen activated protein kinase (MAPK) 
pathway, are altered in malignant cells.18,19 
Finally, the work of Moschos and colleagues 
argues that IFN acts as an immunotherapy 
to drive tumor infi ltration by host dendritic 
cells and T cells, perhaps as a consequence 
of the profound inhibition of the constitu-
tively activated STAT3 system, which may 
operate as a mechanism of tumor induction 
of host tolerance during melanoma progres-
sion.20 Of interest, studies of a range of mark-
ers designed to test whether there were any 
signs of antiangiogenic or proapoptotic ef-
fects underlying the neoadjuvant benefi ts of 
high-dose IFN alfa-2b disclosed no fi ndings 
consistent with either of these effects.
 IFN-associated changes in immuno-
logic parameters have also been reported. 
In an analysis of patient subsets participat-
ing in E1690, dose-dependent increases in 
human leukocyte antigen DR expression 
and decreases in intercellular adhesion 
molecule-1 (ICAM-1) expression were ob-
served.21 In addition, patients treated with 
high-dose IFN alfa-2b showed changes in 
natural killer and T-cell functions before 
those who received low-dose therapy.21 
 It thus appears likely that the differ-
ences in the effects of IFN administered at 
different dosages for different intervals may 
ultimately be understood in terms of the im-
pact of these pleiotropic agents upon both 
the signaling pathways of melanoma cells 
and of host immune elements responding 
to melanoma. The differing clinical effi cacy 
reported with varying doses of IFN alfa-2b 
may refl ect important changes associated 
with tumor progression, both in molecular 
mechanisms of the tumor and of the host 
immunological system. These studies may 
help researchers identify patients who will 
benefi t from therapy on the basis of pre-
treatment markers or markers that change 
early in the course of therapy. In addition, 
such data may help explain the mechanism 
of action of high-dose IFN alfa-2b and sug-
gest additional targets or strategies for opti-
mizing adjuvant therapy.
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Duration and Timing of IFN Alfa Therapy
Longer courses of IFN therapy have the po-
tential to allow sustained modulation of the 
mechanisms that drive tumor progression, 
including angiogenesis, and immunomodula-
tion. Hauschild and colleagues compared an 
18-month course of low-dose SC IFN alfa-2a 
(3 MU 3 times weekly) with 60 months of 
treatment with the same regimen in patients 
with node-negative, high-risk melanoma (pri-
mary melanoma with a thickness ≥1.5 mm).22 
The 60-month treatment regimen did not 
improve 5-year outcomes and was associated 
with signifi cantly more treatment discontinu-
ations than the 18-month regimen.22 
 Shorter durations of IFN alfa-2b have 
also been assessed, as these regimens could 
potentially reduce IFN-associated toxici-
ties and enhance treatment convenience 
and compliance. The Hellenic Coopera-
tive Oncology Group compared a nonstan-
dard induction plus maintenance regimen, 
consisting of 4 weeks of induction (IV IFN 
alfa-2b 15 MU/m2 5 days per week, 75% of 
the E1684 regimen) followed by 48 weeks 
of maintenance (fl at dose of 10 MU SC 3 
times weekly, whereas E1684 dosage was 10 
MU/m2), versus the lower-dose induction 
regimen alone in 364 patients with stage 
IIB/III melanoma.23 The Hellenic Group 
regimen therefore compared a 1-year regimen 
attenuated by approximately 25% to 33% 
with the modifi ed induction regimen alone.13

 The Hellenic Group study was designed 
to detect noninferiority of the 1-month regi-
men, but as there was no control observa-
tion group, it cannot be determined what 
the level of antitumor activity for either of 
these regimens actually was. The study was 
relatively small, and underpowered to detect 
smaller differences of 7.5% or less, which 
most investigators would now consider rel-
evant. In fact, the biostatistical design of 
this study would have declared no difference 
between the 2 treatment arms if a difference 
of up to 15% were found between the treat-
ment arms (eg, if the 1-month treatment had 
resulted in 35% RFS and the 1-year regimen 
had resulted in 50% RFS).23 
 At a median follow-up of 63 months, 
the median RFS was 27.9 months in patients 
treated with the 1-year regimen and 24.1 
months in patients treated with the 1-month 
regimen, a difference that was not statistically 
signifi cant (P=.90). Similarly, the difference 
in median OS was not statistically signifi cant 
(65.3 months for 1 year of treatment vs 64.4 
months for induction alone; P=.49).23 Hep-
atotoxicity, nausea/vomiting, alopecia, and 

psychiatric disorders occurred at signifi cantly 
higher frequencies in the 1-year treatment 
group, as would be expected. 
 Although the authors concluded that 
the 1-month modifi ed IFN alfa-2b induction 
regimen was not inferior to the modifi ed 
1-year regimen,23 the data from this study 
are diffi cult to interpret. In addition to using 
a different dosage regimen than the ECOG 
trials, the generous noninferiority criteria 
and the relatively small study population 
make it impossible to know what the actual 
benefi t of the 1-month regimen actually was, 
since we have no controlled data regarding 
the effi cacy of the 1-month or 1-year modi-
fi ed treatment regimens that were studied. If 
the noninferiority parameter had been set at 
9% or less, noninferiority criteria would not 
have been met.23 It may thus be more rea-
sonable to conclude that RFS rates with this 
unconventional induction-only regimen are 
not 15% higher than RFS rates with the un-
conventional induction plus maintenance 
regimen. Until we have data that suggest 
what the actual level of therapeutic ben-
efi t from 1 month of induction therapy is, 
clinicians should be extremely cautious in 
adopting truncated regimens of induction-
only IFN alfa-2b therapy for the treatment 
of patients with high-risk melanoma. 
 The impacts of induction therapy were 
also assessed in a recent DeCOG trial.24 Pa-
tients were randomized to low-dose treat-
ment with IFN alfa-2b with or without an 
induction phase (10 MU/m2). Preliminary 
data from this trial suggest that DFS and 
OS rates were similar for the 2 regimens.24

 The scheduling of IFN alfa-2b therapy 
could also potentially be modifi ed to im-
prove effi cacy or tolerability. A phase 3 trial 
sponsored by DeCOG is comparing con-
ventional high-dose IFN alfa-2b therapy to 
high-dose pulsed IFN alfa-2b (3 induction 
cycles of 20 MU 5 days per week for 4 weeks 
every 4 months for a period of 12 months). 
An interim analysis of this trial found that 
both regimens had similar effi cacy, but that 
the pulsed regimen was better tolerated.25 

PEG-IFN Alfa-2b as Adjuvant Therapy 
for Melanoma
The pharmacokinetic properties of PEG-IFN 
alfa-2b allow weekly, self-administered, SC 
treatment, improving convenience by avoid-
ing any high-dose component requiring of-
fi ce visits. Eggermont and colleagues recently 
published data from a phase 3 trial in 1,256 
patients with resected stage III melanoma.26 
The trial was undertaken based on preclini-

cal murine data that suggested antiangiogenic 
effects of IFN alfa-2b would be optimal with 
a prolonged regimen employing lower dos-
ages that could be sustained in vivo. Patients 
were randomized to either observation or 
treatment with PEG-IFN alfa-2b at 6 µg/kg 
per week for 8 weeks followed by 3 µg/kg per 
week for an intended duration of 5 years. At 
a median follow-up of 3.8 years, the PEG-IFN 
alfa-2b group had a 4-year RFS rate of 45.6% 
compared with 38.9% in the observation 
group (P=.01). The difference in OS between 
the 2 groups was not signifi cant. PEG-IFN 
alfa-2b showed the greatest activity in pa-
tients with microscopic nodal disease, desig-
nated by European Organisation for Research 
and Treatment of Cancer (EORTC) as N1.26 
In patients with N1 disease, RFS was sig-
nifi cantly improved in the PEG-IFN alfa-2b 
group compared with the observation group 
(57.7% vs 45.4%; P=.016). 
 In contrast, patients with clinically pal-
pable lymph node involvement (designated 
by EORTC as N2) had no benefi t from this 
regimen, and similar RFS rates were noted in 
the PEG-IFN alfa-2b and observation arms 
(36.3% vs 33.9%).26 Ulceration of the pri-
mary tumor correlated with therapy benefi t. 
Patients with both N1 microscopic nodal 
involvement and ulceration of the primary 
tumor receiving PEG-IFN alfa-2b had a low-
er risk of recurrence, distant metastasis, and 
death than those in the observation group. 
Improvement of outcome was not seen in 
N1 patients with nonulcerated primary tu-
mors. These results indicate that PEG-IFN 
alfa-2b improves RFS in patients with stage 
III melanoma, and the subset analyses dem-
onstrate that this RFS benefi t is confi ned to 
patients with microscopic nodal involve-
ment and ulcerated primary tumors.26

 These data may pose new opportuni-
ties for patients with resectable melanoma 
and for physicians who care for them—but 
they raise concerns regarding how they will 
be incorporated into current practice. First, 
the data as published are not adequately 
mature—results were reported at a median 
follow-up of 3.8 years compared with 5 years 
for the stipulated treatment (76% of the 
treatment interval). No IFN trials in the 
literature have been adequately interpreted 
until 2 or more years following the conclu-
sion of therapy—and while the median in-
terval of therapy was little over 1 year, the 
analysis of benefi t among patients more than 
2 years off therapy is needed. Second, the 
patients who appear to be the only benefi -
ciaries of this proposed regimen of prolonged 
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therapy are those who have the lowest risk of 
relapse and mortality—and who would have 
been predicted from the 6th Edition of the 
American Joint Committee on Cancer stag-
ing system for cutaneous melanoma to have 
a 65% RFS at 5 years.1 Thus, this therapy 
would be administered to patients whose 
likelihood of relapse without therapy is less 
than 40%, and a focus upon this group of 
patients would lead to treatment of patients 
more often than not who had been cured by 
their initial surgery. 
 Adverse events occurring in the PEG-
IFN alfa-2b–treated patients were similar to 
those observed with conventional IFN alfa-
2b therapy, including fatigue, hepatotoxicity, 
and depression.26 During the study, 31% of pa-
tients in the PEG-IFN alfa-2b arm discontin-
ued treatment due to toxicity26—a frequency 
of treatment discontinuation that exceeds 
the frequency observed in the initial and all 
subsequent trials of high-dose IFN (E1684, 
26%; E1690, 13%; E1694, 10%).5-7 While 
the intended duration of PEG-IFN alfa-2b 
therapy was 5 years, the actual median length 
of treatment was only slightly longer than 12 
months, so we cannot make fi rm conclusions 
about the long-term effects of this modality 
in half of the subjects.26 A comparison of ad-
verse events in melanoma patients receiving 
SC PEG-IFN alfa-2b at a dose of 100 µg per 
week or SC IFN alfa-2b at a dose of 3 MU 
3 times weekly found that the tolerability of 
these 2 regimens was comparable, although 
leukopenia and granulocytopenia were more 
common in the PEG-IFN alfa-2b group.27

Predicting Response to IFN Alfa-2b 
Therapy: Patient Characteristics and 
Prognostic Biomarkers
As mentioned, ulceration of the primary 
tumor has been identifi ed as a favorable 
predictive factor in patients treated with 
conventional IFN alfa-2a/b therapy stud-
ied previously9 and with PEG-IFN alfa-2b 
as more recently studied by EORTC.26 On 
the basis of these fi ndings, the EORTC has 
planned a randomized phase 3 clinical trial 
of PEG-IFN alfa-2b in patients with stage 
III disease and an ulcerated primary mela-
noma <1 mm in thickness.28 An earlier 
disease stage (IIB or N1) may also be as-
sociated with an improved response to IFN 
alfa-2b and PEG-IFN alfa-2b.16,26 If these 
observations are confi rmed, ulceration and 
extent of nodal involvement could poten-
tially focus future therapy upon these pa-
tients, who may be more likely to respond 
to IFN alfa-2b therapy.
 One of the most promising predic-
tors of a favorable response to IFN alfa-2b 
therapy is the induction of clinical and se-
rological fi ndings of autoimmunity during 
therapy. Gogas and colleagues evaluated 
autoimmune responses, as indicated by au-
toantibodies and clinical manifestations of 
autoimmunity such as vitiligo and hypothy-
roidism, in 200 patients receiving adjuvant 
IFN alfa-2b therapy.29 Overall, 26% of pa-
tients developed autoantibodies or mani-
festations of autoimmunity during therapy; 
the most common sign of autoimmunity 
was antithyroid antibodies, seen in 22% of 

patients. Autoimmunity was found to be a 
signifi cant independent prognostic marker 
for improved RFS and OS (P<.001). Pa-
tients with signs of autoimmunity showed 
prolonged RFS and OS compared with pa-
tients without autoimmunity (Figure 1).29 
At a median follow-up of 45.6 months, the 
median survival of patients without signs of 
autoimmunity was 37.6 months, while the 
median survival had not been reached in 
patients with the development of autoim-
munity during therapy.29 
 A subsequent report with a median 
follow-up of 72 months confi rmed and 
extended these fi ndings: median survival 
was 37 months in patients without autoim-
munity and had still not been reached in 
patients with autoimmunity.30 The median 
DFS in patients without autoimmunity was 
16 months compared with 115 months for 
patients with autoimmunity.30 These data 
have also been corroborated in analyses of 
high-dose IFN as studied in the US Inter-
group trial E1694,31 and strongly support 
the importance of the evaluation of signs of 
autoimmunity as a prognostic factor in pa-
tients receiving adjuvant therapy with IFN 
alfa-2b. Curiously, studies of the EORTC 
within trials of lower dosages of IFN with-
out an induction IV therapy component 
have failed to demonstrate the develop-
ment of autoimmunity with treatment in 
EORTC 18952.32

 A recent report from our laboratory 
highlighted the measurement of levels of 
serum protein S100B as a potential prog-

Figure 1. Kaplan-Meier Estimates of (A) RFS and (B) OS Among Patients With or Without Autoantibodies or 
Clinical Manifestations of Autoimmunity

Reprinted with permission from Gogas H et al. N Engl J Med. 2006;354:709-718.29 Copyright © 2006 Massachusetts Medical Society. All rights reserved.
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nostic risk factor for patients with high-risk, 
surgically resected melanoma. We found 
that high baseline or increasing S100B lev-
els were associated with an increased risk of 
relapse and death.33 This fi nding may allow 
us to refi ne the selection of patients most 
likely to benefi t from adjuvant therapy.
 Multiplex immunobead assays have 
more recently been used to assess serum cy-
tokine and chemokine profi les in patients 
treated with IFN alfa-2b.34 Patients with 
resected melanoma were found to have sig-
nifi cantly higher serum concentrations of 
6 proinfl ammatory and angiogenic factors, 
including IL-1 alfa, IL-1 beta, IL-6, IL-8, 
tumor necrosis factor (TNF) alfa, and vas-
cular endothelial growth factor (VEGF). 
IFN alfa-2b therapy resulted in signifi cant 
decreases in growth stimulatory factors 
such as VEGF, epidermal growth factor, and 
hepatocyte growth factor. High pretreat-
ment levels of proinfl ammatory cytokines 
(including IL-1 alfa, IL-1 beta, IL-6, and 
TNF alfa) and the chemokines MIP 1 alfa 
and MIP 1 beta were signifi cantly associ-
ated with longer DFS in patients receiving 
adjuvant IFN alfa-2b treatment.34 These 
cytokines may thus provide a means for pre-
dicting response to IFN alfa-2b therapy in 

patients with advanced melanoma. These 
studies are being expanded with other high-
throughput serum protein array techniques 
amenable to the quantitative assessment of 
larger numbers of receptors and ligands. 

Adjuvant IFN Alfa-2b Therapy: 
Looking Ahead
In multiple studies, adjuvant therapy with 
high-dose IFN alfa-2b has been associated 
with improvements in DFS and, in 2 studies 
of high-dose IFN,5,7 improvements in OS. 
Numerous phase 3 trials have demonstrated 
the benefi t of this regimen in relation to 
RFS, and it thus remains the gold standard 
for adjuvant therapy in melanoma. Never-
theless, the search for more effective and 
better tolerated therapies continues. 
 While lower-dose IFN alfa regimens 
have not demonstrated consistent and du-
rable activity, there may be a subset of pa-
tients who can derive benefi t from this form 
of treatment. The polar possibilities of low-
er dosages of therapy administered indefi -
nitely, and of short, high-intensity therapy 
are obvious. The EORTC effort to deliver 5 
years of therapy did not appear to infl uence 
survival, but has an impact upon relapse 
frequency in stage III disease, particularly 

among patients with ulcerated primary tu-
mors and microscopic nodal dissemination. 
What is the biology of this differential im-
pact at the nodal station and in the primary 
melanoma? Ulceration has been considered 
a pathological covariate of lymphovascular 
invasion.35 We need to understand the an-
giogeneic impact of this therapy to more in-
telligently interpret the results of this trial. 
 An initial study of adjuvant treatment 
with induction high-dose therapy regimen 
produced promising results and data from 
additional trials of permutations of this 
regimen are eagerly awaited. For at least 
this regimen, there is little to argue for an 
underlying mechanism of antiangiogenesis. 
Adjuvant therapy with PEG-IFN alfa-2b 
has also been shown to improve DFS, and 
was particularly benefi cial in patients with 
microscopic nodal involvement and an 
ulcerated primary tumor. Other potential 
prognostic factors for IFN alfa-2b response 
include autoimmunity, S100B, and specifi c 
cytokine profi les. As we become more profi -
cient in exploiting the therapeutic activity 
of IFN alfa-2b through more tolerable regi-
mens and improved patient selection, the 
benefi t:risk ratio of this therapy is likely to 
increase substantially. 

NEW FRONTIERS IN TARGETED THERAPIES 
FOR ADVANCED MELANOMA

By Keith T. Flaherty, MD
Despite decades of research, none of the 
chemotherapy, biochemotherapy, or vac-
cine regimens evaluated have consistently 
demonstrated a survival benefi t in patients 
with advanced metastatic melanoma.36

 Melanoma derives its malignant proper-
ties from genetic alterations that affect cell 
division, survival, and proliferation. The 
unraveling of the genetic map and stud-
ies of the molecular biology of melanoma 
have revealed several pathways involved in 
these events. In particular, melanoma cells 
have demonstrated the ability to co-opt 
signal transduction pathways to stimulate 
cell growth and proliferation and to avoid 
apoptosis (programmed cell death). Agents 
that block the activity of proteins involved 
in these dysregulated signaling pathways 
may thus have therapeutic potential for the 
treatment of melanoma. 

Potential Therapeutic Targets in 
Melanoma Cells
Three major signaling transduction path-
ways are believed critical to development of 
metastatic melanoma: the mitogen-activated 
protein kinase (MAPK) pathway, the phos-
phatidylinositol-3 kinase (PI3K) pathway, and 
the p53/retinoblastoma (RB) pathway. The 
MAPK and PI3K pathways are both activated 
by receptor tyrosine kinases on the cell surface, 
including the growth factor receptor c-KIT. 
Signals from these receptors are transmitted 
through members of the RAS superfamily, 
proteins that function as membrane-bound 
guanosine triphosphatases, to activate both the 
MAPK and PI3K pathways. In patients with 
melanoma, NRAS (neuroblastoma RAS viral 
[v-ras] oncogene homolog) is the RAS family 
member that is most frequently mutated.37

 The MAPK pathway involves BRAF, a 

serine/threonine kinase, MAPK/extracellular-
signal-related kinase (MEK), and extracellu-
lar-related kinase (ERK); phosphorylation of 
these proteins ultimately results in activation 
of transcription factors and stimulation of cell 
growth.38 The PI3K pathway acts through 
AKT and mammalian target of rapamycin 
(mTOR) and is primarily involved in cell 
survival. Phosphatase and tensin homolog 
(PTEN) is a negative regulator of this system.39 
The p53/RB signal transduction system, locat-
ed downstream of these other pathways, regu-
lates cell cycle progression.40 Alterations in the 
gene encoding p16 disrupts both the p53 and 
RB pathways.41 Mutations in the MAPK and 
PI3K pathways promote malignancy by allow-
ing unregulated cell proliferation, while mu-
tations in the p53/RB pathway abrogate the 
tumor suppressor activities of these proteins. 
 The importance of these pathways is 
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suggested by frequent mutations observed 
in key signaling proteins. Proto-oncogenes 
that are frequently the target of mutations 
in melanoma cells include BRAF (50% - 
70%), AKT (40% - 60%), and NRAS (15% 
- 25%). Mutations are also observed in tu-
mor suppressor genes, particularly, p16 (40% 
- 87%) and PTEN (5% - 40%).42 Melanoma 
cells with BRAF mutations generally do not 
have NRAS mutations, suggesting that ei-
ther one is suffi cient to activate the MAPK 
pathway. Similarly, NRAS and PTEN 
mutations seldom coincide; 1 mutation is 
presumably suffi cient to activate the PI3K 
pathway. In contrast, BRAF and PTEN mu-
tations, which affect different pathways, are 
frequently found together.43,44

 Different types of melanoma exhibit dis-
tinct melanoma mutation patterns. BRAF 
and NRAS mutations are highly prevalent 
in melanomas that occur in skin without 
chronic sun-induced damage (as determined 
by the absence of solar elastosis) and in acral 
melanomas, but are less common in skin 
with chronic sun-induced damage and in 
mucosal melanomas. In contrast, c-KIT mu-
tations are extremely common in melano-
mas occurring on mucosal and acral tissues 
and in skin with chronic sun-induced dam-
age, but are almost never observed in skin 
without chronic sun-induced damage.45

Progression of Melanoma. At the molecu-
lar level, melanoma involves a stepwise pro-
gression of genetic alterations (Figure 2). 

The initial step appears to involve the 
MAPK pathway. Mutations in BRAF can 
be identifi ed in approximately 70% to 80% 
of benign melanocytic nevi.46,47 However, 
the majority of these lesions remain benign, 
so it appears that activation of the MAPK 
pathway through BRAF mutation is neces-
sary, but not suffi cient, for malignant trans-
formation. Mutations in BRAF promote 
growth, but proliferation is blocked when 
cells are driven into senescence, an impor-
tant barrier to uncontrolled growth. 
 The next step in the progression to 
malignant melanoma is believed to involve 
disruption of the senescence barrier through 
alterations in the p53/RB pathway. In mel-
anocytic cells, this is most frequently accom-
plished through inactivation of p16, a tumor 
suppressor that interacts with cyclin-depen-
dent kinase 4 (CDK4). Genetic mutations 
in the locus encoding p16 are observed in 
about 30% of cases of inherited melanoma. 
The p53/RB pathway can also be disrupted 
by mutations in CDK4 that make the pro-
tein insensitive to p16-mediated inhibition. 
Although less common than p16 mutations, 
CDK4 mutations have been observed in 
both sporadic and familial melanoma.42 
 Another way to circumvent the senes-
cence barrier is through induction of mi-
crophthalmia-associated transcription factor 
(MITF). Amplifi cation of this gene is observed 
in some melanoma cell lines, and forced ex-
pression of MITF in melanocytes with a BRAF 

mutation results in transformation.48

 The fi nal step in the progression of 
melanoma appears to involve the PI3K 
pathway. Mutations in PTEN, a tumor sup-
pressor, play a major role in activation of 
the PI3K pathway. Phosphorylation of vari-
ous molecules by PI3K leads to activation of 
AKT; this process is negatively regulated by 
PTEN. When PTEN activity is lost, AKT 
becomes constitutively activated, allowing 
unchecked cellular proliferation.42

Targeting Signal Transduction Pathways
Our improved understanding of the signaling 
transduction pathways involved in the pro-
gression of melanocytes from benign lesions 
to malignant melanoma has suggested a num-
ber of potential molecular targets suitable for 
therapeutic intervention (Table 1). Many of 
the agents directed at these targets are in very 
early stages of development. Others, however, 
are in late-stage clinical trials, and some have 
been approved by the FDA for the treatment 
of other malignancies. In particular, sorafenib 
and temsirolimus have been approved for ad-
vanced renal cell carcinoma, and imatinib is 
approved for a number of different conditions, 
including gastrointestinal stromal tumor and 
certain types of leukemia.49-51

 There is evidence, however, that block-
ing a single target or pathway may not be 
suffi cient to treat melanoma. In cell culture 
studies, agents that inhibited MEK slowed 
the growth of melanoma cell lines in the 

Figure 2. Progression of Melanocytic Lesions From Benign Moles to Malignant Melanoma

CDK2, cyclin-dependent kinase 2; CDK4, cyclin-dependent kinase 4; ERK, extracellular signal-related kinase; MEK, MAPK/ERK kinase; MITF, microphthalmia 
associated transcription factor; mTOR, mammalian target of rapamycin; PI3K, phosphatidylinositol-3 kinase; PTEN, phosphatase and tensin homolog; 
AKT, BRAF, CRAF, and RAS are proto-oncogenes whose names are derived from the viral oncogenes to which they are related.
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early stages of malignancy, but did not alter 
the growth of metastatic cell lines. Metastatic 
cell lines were also resistant to agents that tar-
geted the PI3K pathway. However, combined 
treatment with PI3K and MEK inhibitors 
resulted in inhibition of the growth and in-
vasion of the metastatic cell lines, suggesting 
that blockade of multiple signaling pathways 
will be required for therapeutic effi cacy.52 It 
should not be surprising, therefore, if single-
agent clinical trials show limited benefi t in 
patients with melanoma. Clinical trials with 
a combination of agents will probably be re-
quired to fully examine the potential of tar-
geted therapy in melanoma.
 It will also likely be important to design 
therapies based on genetic defects in the pa-
tient’s melanoma. For instance, patients with 
a BRAF mutation and deletion of PTEN 
would likely require therapy with agents that 
inhibit both the MAPK and PI3K pathways. 
Alternately, patients with a c-KIT mutation 
may benefi t most from a drug that inhibits 
c-KIT. Based on our current knowledge, we 
do not believe that “one size fi ts all.” Rather, 
each subgroup of patients is likely to require 
a unique combination of agents. The follow-
ing sections discuss some of the more prom-
ising drug candidates. 
c-KIT inhibitors. Imatinib is an oral drug that 
inhibits several kinases, including c-KIT. This 
agent has shown excellent activity in the treat-
ment of gastrointestinal stromal tumors, where 
c-kit mutations are very common.53 Preclinical 
studies with imatinib suggest that it can block 
activation of both the MAPK and PI3K path-
ways and that it is cytotoxic to mucosal mela-
noma cells in vitro that overexpress c-KIT.54 
Melanoma cell lines that co-overexpressed 
both c-KIT and CDK4 were also highly sensi-
tive to imatinib, suggesting that this subgroup 
of melanomas might be suitable to imatinib 
treatment.55 Phase 2 trials of imatinib in pa-
tients with melanoma who were unselected 
on the basis of c-kit mutation or amplifi cation 
have found effi cacy only in a small subset of 
patients with high c-KIT expression.56,57 Cur-
rent investigations in melanoma are focused 
on identifying c-kit mutations status prospec-
tively and enrolling only those patients into 
c-KIT inhibitor phase 2 trials.
MAPK pathway inhibitors. Sorafenib was 
originally selected as a c-RAF inhibitor,58 
but subsequent studies showed that it was 
also a potent inhibitor of receptor tyrosine 
kinases, including VEGF receptors.59 Be-
cause sorafenib blocks both angiogenesis 
and signals mediated through the RAF 
family, it has been the focus of a number 

of trials in patients with melanoma. 
 As a single agent, sorafenib had little 
antitumor activity in patients with advanced 
melanoma.60 Single-arm phase 1 and 2 trials 
of sorafenib in combination with conven-
tional chemotherapeutic agents (carbopla-
tin and paclitaxel or temozolomide) have 
produced more encouraging results.58,61 In 
the phase 1 study, the response rate was the 
same irrespective of whether the patients had 
a mutated or wild-type version of BRAF.61 A 
randomized phase 2 trial in which the com-
bination of sorafenib plus dacarbazine was 
compared with placebo plus dacarbazine in 
chemotherapy-naïve patients with advanced 
melanoma found that the sorafenib com-
bination showed a trend toward improving 
progression-free survival (PFS; 21.1 vs 11.7 
weeks; P=.068) and an improvement in ob-
jective response rate (24% vs 12%).62 
 Data from phase 2 trials of sorafenib in 
combination with chemotherapy were suf-
fi ciently encouraging to warrant initiation 
of phase 3 trials. In a randomized trial of 
carboplatin, paclitaxel, and sorafenib com-
pared with carboplatin, paclitaxel, and pla-
cebo in 270 chemotherapy-refractive patients 
with advanced melanoma, the addition of 
sorafenib did not signifi cantly improve PFS or 
OS.63 An ongoing phase 3 trial, E2603, will 
compare these regimens in 800 patients who 
have not received prior chemotherapy.58 The 
potential role of sorafenib in the treatment of 

metastatic melanoma thus remains unclear. 
 In addition to sorafenib, other BRAF 
inhibitors with greater selectivity are also 
being assessed. RAF-265 blocks RAF and 
VEGF receptor kinase activity and is a more 
potent inhibitor of MAPK phosphorylation 
than sorafenib. A phase 1 trial of RAF-265 in 
unresectable stage III or IV melanoma is cur-
rently recruiting patients. PLX4032 is a high-
ly selective small-molecule inhibitor of mu-
tant BRAF. In melanoma cell lines, PLX4032 
induces an apoptotic response, leading to cell 
death, but in those that harbor a BRAF mu-
tation. The therapeutic utility of this agent 
is currently being assessed in patients with 
advanced tumors, with a focus on melanoma. 
Both the RAF-265 and PLX4032 trials will 
include serial tumor biopsies in a subset of 
patients to ascertain whether the drugs effec-
tively block the activity of BRAF.37,64,65

 The therapeutic utility of MEK inhibi-
tors is also being explored in patients with 
melanoma. AZD6244 is selective inhibitor 
of MEK. Studies in cell cultures and animal 
models found that this agent induces cell 
cycle arrest. Combining it with docetaxel 
enhanced cell death and tumor regression 
observed with docetaxel alone.66 In an open-
label phase 2 trial, 200 chemotherapy-naïve 
patients with advanced melanoma were 
randomized to receive either temozolomide 
or AZD6244.67 No difference in PFS was ob-
served between the 2 treatment arms. Of the 

Table 1. Clinical Development of Therapeutic Agents Targeted at Molecules 
Involved in Melanoma Signaling Transduction Pathways

Target
Clinical Trial Phase

Phase 1 Phase 2 Phase 3

Receptor tyrosine kinase
c-KIT Imatinib
MAPK pathway
BRAF RAF-265

PLX4032
Sorafenib

MEK GSK1120212
PD0325901

AZD6244

PI3K pathway
mTOR AP23573

Temsirolimus
Everolimus

PI3K BEZ235
GDC0941
SF1126
XL147

AKT GSK690693
VQD-002

MAPK, mitogen-activated protein kinase; MEK, MAPK/extracellular signal-related kinase (ERK) kinase; 
mTOR, mammalian target of rapamycin; PI3K, phosphatidylinositol-3 kinase. c-KIT, AKT, and BRAF are 
proto-oncogenes whose names are derived from the viral oncogenes to which they are related.

For information on these and other clinical trials, see www.ClinicalTrials.gov.
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6 patients with a confi rmed partial response 
in the AZD6244 arm, 5 were positive for 
a BRAF mutation (a 12% response rate to 
AZD6244 in those whose tumors harbored a 
BRAF mutation).67 These data thus suggest 
that AZD6244 may have antitumor activity 
in select patients. MEK inhibitors in phase 1 
trials include PD0325901 and GSK1120212.
PI3K pathway inhibitors. The PI3K pathway 
provides additional targets for therapeu-
tic intervention, but the clinical utility of 
blocking this pathway in patients with mela-
noma has not yet been demonstrated. Two 
mTOR inhibitors that have shown effi cacy 
in other forms of malignancy, temsirolimus 
and everolimus, have produced disappoint-
ing results as single-agents in melanoma.53,68 
Several other agents targeting this pathway 
are at early stages of development.

Additional Therapeutic Strategies
Agents that inhibit angiogenesis have been 
successful in other solid malignancies (in-
cluding colorectal cancer), and are now be-
ing tested in patients with melanoma. Other 
strategies are designed to promote apoptosis 
or to overcome the abrogation of apoptosis 
observed in cancer cells.
Antiangiogenic agents. In addition to sorafe-
nib, several other antiangiogenic agents are 
being evaluated in patients with melanoma. 
Much attention has been focused on beva-
cizumab, a recombinant anti-VEGF human 
monoclonal antibody.53 As of December 2008, 
the National Institutes of Health-sponsored 
clinical trials web site, www.clinicaltrials.gov, 
listed 19 different trials of bevacizumab com-
bination regimens in patients with melanoma. 
Agents being tested in combination with bev-
acizumab include dacarbazine, carboplatin and 
paclitaxel, IFN alfa, and sorafenib.50 
 Axitinib, an oral VEGF receptor inhibi-

tor, is also being assessed. In a phase 2 trial in 
32 patients with metastatic melanoma, axit-
inib showed promising activity, particularly in 
patients who experienced elevated diastolic 
blood pressure during therapy, a pharmaco-
dynamic effect seen with VEGF signaling 
inhibitors.69 Other angiogenesis inhibitors in 
early stages of clinical development include 
sunitinib and TKI-258 (CHIR-258).50

Proapoptotic agents. Elesclomol is an agent 
that results in increased relative species in 
cancer cells. While the mechanism for this 
effect is unknown, this agent appears to en-
hance the cytotoxicity of several chemother-
apies. In a small phase 2 study of 81 patients 
with metastatic melanoma, elesclomol plus 
paclitaxel signifi cantly prolonged median 
PFS compared with paclitaxel alone (3.7 vs 
1.8 months; P=.035). The difference in me-
dian PFS was particularly striking in chemo-
therapy-naïve patients (8.3 vs 2.4 months, 
respectively).70 A subsequent report present-
ed 2-year follow-up data from this study.71 Al-
though survival data were likely confounded 
by the crossover from single-agent to combi-
nation therapy allowed, the elesclomol plus 
paclitaxel group still showed a trend toward 
improved median OS compared with pacli-
taxel alone (11.9 vs 7.8 months).71

 On the basis of data from this trial, a 
phase 3 multinational clinical trial of eles-
clomol plus paclitaxel versus paclitaxel alone 
was initiated and completed.71 Unfortunate-
ly, this trial was closed prematurely due to 
safety concerns regarding the combination 
therapy, and the promising phase 2 data ap-
pear not to have been borne out in the larger 
phase 3 study. This suggests that renewed at-
tention to larger phase 2 trials, in which the 
results may be more robust, is important.72

 Several agents in development target 
Bcl-2, an antiapoptotic protein that plays 

an important role in tumor cell survival.53 
Oblimersen, a Bcl-2 antisense oligonucle-
otide, binds to Bcl-2 mRNA, resulting in 
cleavage of the resulting double-stranded 
molecule by RNase H. Addition of oblim-
ersen to dacarbazine in chemotherapy-naïve 
patients with advanced melanoma resulted 
in signifi cant increases in PFS, complete 
responses, and durable responses compared 
with dacarbazine alone, although a signifi -
cant difference in OS was not observed.73 
However, in a subgroup analysis, a signifi -
cant improvement in overall survival (11.4 
vs 9.7 months; P=.02) was noted in patients 
whose baseline serum lactic dehydrogenase 
(LDH) was not elevated.73 A second phase 
3 trial comparing oblimersen and dacarba-
zine to dacarbazine alone in patients with an 
LDH ≤0.8 times the upper limit of normal 
(ULN) is ongoing. Two small molecular in-
hibitors of Bcl-2, ABT-265 and GX15-070, 
are currently in early development and may 
offer more potent Bcl-2 inhibition leading to 
greater enhancement of cytotoxic therapies.

Future Directions in Targeted Therapy 
for Melanoma
Our improved understanding of the molec-
ular pathways that underlie the progression 
of melanoma has revealed numerous poten-
tial therapeutic approaches. We now face 
the challenge of developing targeted thera-
pies directed at signaling pathways that are 
activated through mutations. Single-agent 
therapy is unlikely to be markedly successful, 
so there is also a pressing need to evaluate 
combination therapies, both with multiple 
targeted therapies and with targeted thera-
pies plus conventional chemotherapeutic 
agents. It is hoped that these approaches 
will result in effective treatment options for 
patients with metastatic melanoma. 

PREVENTING PITFALLS TO THERAPY: MANAGING ADVERSE 
EFFECTS AND IMPROVING PATIENT COMPLIANCE

By Rosemary Giuliano, ARNP, MSN
Surgical treatment results in high survival 
rates for patients with early stage melanoma 
and favorable histologic characteristics. 
However, patients with more advanced dis-
ease have a diminished prognosis. Choos-
ing the optimal treatment becomes more 
diffi cult with advanced disease, as avail-
able options are associated with modest 

improvements in outcomes and may have 
signifi cant side effects.2 Patients with ad-
vanced melanoma thus need considerable 
support in choosing a treatment plan and in 
coping with adverse effects during therapy. 
Appropriate management of side effects 
may also improve patient compliance and 
enhance long-term survival. 

Patient Empowerment
Surgery remains the mainstay of treatment for 
patients with advanced disease. Patients with 
stage IIB or IIC melanoma or with regional 
nodal disease (stage III) should also consider 
postsurgical adjuvant therapy. Active treat-
ment options recommended by the National 
Comprehensive Cancer Network consist of 
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IFN alfa and clinical trials.12 Clinical trials 
are an important opportunity for patients to 
receive promising therapies that are not yet 
approved by the FDA, including vaccines, 
biochemotherapy, targeted therapy, and im-
munotherapy. Nontherapeutic trials involve 
analyses of the genetics of melanoma or iden-
tifi cation of prognostic markers. Radiotherapy 
to the nodal basin is a possible option for 
patients with stage IIIC disease and multiple 
nodal involvement or extranodal extension.12

 The success of adjuvant therapy depends, 
in part, on the patient’s commitment and 
ability to complete treatment. When possible, 
the patient’s healthcare team should discuss 
possible supportive options, and give the pa-
tient choices when presenting the treatment 
plan. The primary choice is typically between 
standard of care and a clinical trial, although 
some patients may prefer observation only. 
Each choice has benefi ts and risks, and these 
should be thoroughly described. This ap-
proach empowers patients, thus improving 
their commitment to care.
 Knowledge plays an important role in 
helping patients make optimal decisions, in 
securing their compliance with therapy, and 
in decreasing their anxiety. The healthcare 
team should provide patients with an individ-
ualized care plan that includes a summary of 
all surgeries and therapies, including specifi c 
drug dosages. Patients who have completed 
their treatment regimen should be given a 
plan for ongoing care, with instructions on 
how they should monitor their health, guid-
ance on follow-up testing, future doctor visits, 
and potential long-term side effects of surger-
ies and/or drug therapy. During discussions 
with patients, it is important to assess the fam-
ily structure, since family members may play 
an active role in the overall care, and some 
treatment options may be diffi cult to complete 
without strong family/caregiver support.

Interferon Alfa-2b as Adjuvant Therapy 
for Melanoma
High-dose IFN alfa-2b is the only FDA-
approved adjuvant therapy for high-risk 
malignant melanoma. The approved treat-
ment regimen consists of a 4-week IV in-
duction phase followed by a 48-week SC 
maintenance phase.4 High-dose IFN alfa-
2b regimens are associated with signifi cant 
improvements in RFS; some trials have also 
found improvements in OS.74 Although sev-
eral studies have investigated the utility of 
low-dose IFN alfa regimens, to date these 
have not been consistently associated with 
clinical effi cacy.74

IFN alfa-2b-associated toxicities. While 
some toxicities associated with IFN alfa-2b 
therapy (Table 2)8,75 may occur throughout 
treatment (such as dermatologic reactions 
and laboratory abnormalities), others typi-
cally emerge on a fairly predictable time 
course (Figure 3).75 In particular, fl u-like 
symptoms are usually observed immediately 
following initiation of IFN therapy and di-
minish over time, while fatigue and symp-
toms of depression and anxiety generally 
appear later in the course of therapy.
Laboratory assessments. Because laboratory 
abnormalities are frequently found in patients 
receiving high-dose IFN alfa-2b, the FDA 
recommends the following regular tests: 

Standard hematologic tests, including • 
hemoglobin, complete and differential 
white blood cell counts, and platelet 
counts; and
Blood chemistry, including electrolytes, • 
liver function tests, and thyroid-stimu-
lating hormone.4

 Differential and white blood cell counts 
and liver function tests should be performed 
weekly during the induction phase and 
monthly during the maintenance phase.4

 Because drug-induced thyroid disor-
ders are a possible side-effect of IFN alfa-2b 
therapy, experts recommend that patients 
be tested for pre-existing thyroid conditions 
before therapy is initiated, and that tests for 
triiodothyronine (T3) and thyroxine (T4) 
and for thyroid autoantibodies be included 
in regular lab assessments. IFN alfa-2b ther-
apy has been associated with exacerbation of 
autoimmune endocrine diseases, and thyroid 
autoantibodies are detected in the majority 
of IFN alfa-2b-treated patients who develop 
thyroid disorders.75 IFN-induced thyroid 
disorders include hypothyroidism and hy-
perthyroidism.76 Many patients are clinically 
asymptomatic, however, with thyroid disor-
ders only revealed through lab testing.75

Dose modification schemes. In the ECOG 
clinical trials that established effi cacy of 
the high-dose IFN alfa-2b regimen, delays 
or dose reductions due to toxicity were re-
quired in 28% to 44% of patients during 
the induction phase and 36% to 52% of 
patients during the maintenance phase.8 
These trials used a 3-step dose modifi cation 
scheme: after the fi rst treatment interrup-
tion for toxicity, a 33% dose reduction was 
imposed; after the second treatment inter-
ruption, the dose was reduced by 66%; and 
after a third treatment interruption, the pa-
tient was removed from the study.6

 The dose adjustment scheme recom-

mended by the FDA has 2 steps: a 50% dose 
reduction is suggested if specifi c granulo-
cyte cell counts (>250 but <500 cells/mm3) 
or liver toxicity (serum glutamic pyruvate 
transaminase [SGPT] or serum glutamic 
oxaloacetic transaminase [SGOT] from 
5-10× ULN) criteria are met.4 IFN alfa-2b 
should be permanently discontinued if tox-
icity does not abate after withholding the 
drug, severe adverse reactions recur, granu-
locyte counts fall below 250 cells/mm3, or if 
SGPT/SGOT levels exceed 10× ULN.4

Managing Treatment-Associated Toxicities
Most melanoma patients are willing to toler-
ate severe toxicity for a 10% improvement in 
5-year DFS and to tolerate mild-to-moderate 
toxicity for a 4% improvement in 5-year DFS 
associated with IFN alfa-2b therapy.11 Com-
bining these data on relative values with 
outcome data from 2 of the ECOG adjuvant 
IFN alfa-2b clinical trials, Kilbridge and as-
sociates reported that most patients in these 
trials experienced an increase in quality of 
life (QOL)-adjusted survival and that the 
benefi t was statistically signifi cant in 16%.77 
These QOL data further support the use of 
adjuvant IFN alfa-2b therapy in high-risk 
melanoma patients beyond improved DFS.
 With appropriate symptom management, 
most patients can successfully complete a full 
52-week course of IFN alfa-2b therapy.78 In 
the ECOG clinical trials, an improved under-
standing of IFN alfa-2b-associated toxicities 
and more effective management helped reduce 
toxicity-related discontinuation rates from 
26% in the fi rst trial to 10% in the third.75 
 A multidisciplinary team approach—in-
cluding primary care physicians, surgical and 
medical oncologists, nurses, the pharmacist, 
and a psychiatrist when appropriate—en-
sures patient safety and optimal symptom 

Table 2. Toxicities Associated 
With IFN Alfa-2b

Acute (early) toxicities
Flu-like symptoms
Laboratory abnormalities
Dermatologic reactions

Chronic (late) toxicities
Fatigue
Anorexia
Depression
Laboratory abnormalities
Autoimmunity
Dermatologic reactions
Sexual dysfunction

Data from Kirkwood J et al8 and Hauschild A et al.75
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management. Involvement of the pharma-
cist is particularly important when the pa-
tient is taking multiple drugs for comorbid 
conditions. The nurse can play a key role in 
assisting with the coordination of care, thus 
enabling improved quality of care, enhanced 
communication, and reduced patient loss to 
follow-up or discontinuation of therapy.
Flu-like symptoms. Appropriate management 
strategies include alterations in the timing of 
therapy, use of over-the-counter or prescrip-
tion medications, and attention to proper 
fl uid intake. Since fl u-like symptoms gener-
ally last from 1 to 12 hours after treatment 
administration, tolerability may improve 
with evening administration of IFN alfa-2b 
accompanied by prophylactic analgesics and 
antipyretics as necessary.8,75 We usually rec-
ommend prophylactic oral acetaminophen 
(1 g, 3-4 times daily), but liver function tests 
should be closely monitored. If elevated liver 
enzymes are observed, acetaminophen should 
be discontinued and the patient switched to 
oral ibuprofen (400 mg, 3 times daily). At our 
institution, we have found that oral diphenhy-
dramine (25 mg) given prior to infusion helps 
reduce fl u-like symptoms, but care should be 
taken to ensure the patient has no plans to 
drive. If nausea and vomiting are a problem, 
an antiemetic such as chlorpromazine or 
metoclopramide may be useful. A warm room 
and warm blankets may help the patient cope 
with severe chills. Oral meperidine at a dose 
of 25 mg is an option for severe rigors.8

 Hydration is a key component in the 
successful management of fl u-like symptoms. 
Fever and vomiting may cause dehydration, 
which can exacerbate other symptoms. In a 
recent study of high-risk melanoma patients 

who received high-dose IFN alfa-2b adju-
vant therapy, those with a daily fl uid intake 
≥1.5 L were signifi cantly more likely to 
complete the 1-year treatment course than 
those with a lower fl uid intake.78 Appropri-
ate beverage choice should be discussed, 
with a reminder that coffee, tea, soda, and 
alcoholic beverages may actually increase 
dehydration. The daily fl uid requirement 
(in ounces) is easily calculated by dividing 
the patient’s weight (in pounds) by 2. We 
recommend that daily nondiuretic fl uid in-
take exceed 2 L. If necessary, IV hydration 
can be used in patients with decreased oral 
fl uid intake.8

Hepatotoxicity. As with many drugs, IFN 
alfa-2b can cause liver injury. While rare, 
drug-associated hepatic injuries can be severe: 
more than 75% of idiosyncratic liver injuries 
caused by drugs result in liver transplantation 
or death. Overall, drug-induced liver toxicity 
accounts for more than 50% of cases of acute 
liver failure in the United States.79

 To help avoid IFN alfa-2b-associated 
hepatotoxicity, it is important to identify 
comorbidities and potential drug interac-
tions. The aid of a pharmacist should be 
enlisted in recognizing possible drug inter-
actions. Conditions that may predispose to 
liver damage include pre-existing renal or 
liver disease, infection with hepatitis C or 
human immunodefi ciency virus, malnutri-
tion, obesity, alcohol use, or diabetes.79-81

Fatigue. Almost all (96%) patients treated 
with high-dose IFN alfa-2b experience 
fatigue—the most common dose-limiting 
chronic toxicity. While the mechanism is 
unclear, IFN alfa-2b may cause fatigue by 
inducing the release of nitric oxide and cy-

tokines such as IL-1, IL-2, IL-6, and TNF 
alfa. These substances can affect endocrine 
cells and alter the hypothalamic-pituitary-
adrenal axis, potentially causing fatigue.8

 Fatigue associated with IFN alfa-2b 
treatment may further compound cancer-
related fatigue from other causes (including 
direct effects of the malignancy, comorbid 
medical conditions, additional symptoms 
such as chronic pain, and psychosocial 
factors such as anxiety and depression).82 
Fatigue has a signifi cant impact on QOL 
and may increase in intensity during IFN 
alfa-2b maintenance therapy.75 Effective 
management may therefore help patients 
complete the course of therapy. 
 The fi rst step in evaluating fatigue is to 
examine the patient for other possible causes, 
including anemia, poor nutrition, depression, 
and hypothyroidism.75 If fatigue persists after 
other causes have been addressed, behavior-
al interventions should be implemented. Pa-
tients should be counseled on energy conser-
vation and the need to prioritize important 
activities for times when their energy level is 
high. Regular light exercise has been shown 
to alleviate fatigue in cancer patients. Intel-
lectual stimulation may also help combat fa-
tigue. Patients should keep in close contact 
with their family members and friends and 
remain involved in their regular activities 
as much as possible.8 At our institution, we 
have observed that evening administration 
of IFN alfa-2b helps reduce fatigue. We also 
recommend that our patients add refresh-
ing, restful activities to their routine, such 
as reading, listening to relaxing music, medi-
tating, and taking warm baths.
 If behavioral interventions are not ade-
quate, pharmacologic therapies may be useful. 
Methylphenidate in combination with light 
aerobic exercise was found to improve fa-
tigue in melanoma patients treated with IFN 
alfa-2b in a small, uncontrolled study.83 Other 
possibilities include the antiemetic agent 
granisetron and antidepressants.75 The use of 
corticosteroids is controversial as the immu-
nosuppressive effects could potentially reduce 
therapeutic immune-mediated effects of IFN 
alfa-2b. Another hormonal agent, megestrol 
acetate, improves appetite but may increase 
the risk of venous thrombosis and pulmonary 
thromboembolism in patients with melano-
ma who have anorexia and weight loss while 
undergoing high-dose IFN alfa-2b therapy.8,75

 Treatment of fatigue requires accurate 
diagnosis and measurement. A number of fa-
tigue assessment tools are available.84 Some 
QOL instruments, including the Profi le of 

Figure 3. Typical Time Course of Adverse Events Associated With IFN Alfa-2b

From Hauschild A et al. Cancer. 2008;112:982-994.75 Copyright © 2008 American Cancer Society. 
Reproduced with permission of John Wiley & Sons, Inc.
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Mood States and Functional Assessment of 
Cancer Therapy, contain subscales that as-
sess fatigue. These tools allow fatigue to be 
tracked over time and can assess the effi cacy 
of interventions designed to reduce fatigue.
Mood disorders. A range of neuropsychi-
atric adverse effects have been observed in 
patients treated with IFN alfa-2b, including 
depressive symptoms, an acute confusional 
state, and manic symptoms.85 Appropriate 
screening for prior psychiatric disorders and 
early expectant behavioral and pharmaco-
logical interventions for patients with early 
signs of depression or other affective disor-
ders on treatment may help reduce the oc-
currence of more signifi cant signs.
 Depression, the most common mood 
disorder associated with IFN, affects 40% to 
45% of patients with malignant melanoma 
undergoing high-dose IFN alfa-2b adjuvant 
therapy.8,86,87 While depression is gener-
ally common in patients with cancer, stud-
ies suggest that IFN alfa therapy increases 
the likelihood of developing depressive 
symptoms.8,85 The presence of depression or 
anxiety disorders near the time of treatment 
initiation is an important risk factor for the 
development of depression during IFN alfa-
2b therapy. However, a past history of de-
pression or psychiatric disorders does not ap-
pear to increase the risk of depression during 
treatment. Other risk factors for depression 
include the dose and duration of IFN alfa-2b 
therapy and lack of social support.85

 Because of the risk posed by comorbid 
neuropsychiatric conditions, a psychiatric 
history should be obtained from each patient 
prior to IFN alfa-2b therapy, and patients 
should be closely evaluated for depressive 
symptoms during therapy. Specifi c questions 
concerning neuropsychiatric symptoms can 
be incorporated into routine evaluations or 
clinicians can utilize depression evaluation 
tools, such as the Beck Depression Inventory 
or the Minnesota Multiphasic Personality 
inventory, before treatment initiation and 
every 4 to 6 weeks during treatment. 
 Both prophylactic and symptomatic treat-
ment of IFN alfa-2b-associated depression ap-
pear to be successful in reducing depressive 
symptoms.85 The prophylactic use of parox-
etine was assessed in a double-blind, placebo-
controlled trial of patients with malignant 
melanoma treated with high-dose IFN alfa-2b 
adjuvant therapy.86 Patients were randomized 
to receive either placebo (n = 20) or parox-
etine (n = 18) beginning 2 weeks before IFN 
alfa-2b therapy and continuing for the fi rst 
12 weeks of therapy. The paroxetine-treated 

group had a signifi cantly lower incidence of 
depression than the placebo group (11% vs 
45%; P=.04). In addition, there were fewer dis-
continuations due to severe depression in the 
paroxetine group (1 patient) compared with 
the placebo group (7 patients).86 A subsequent 
analysis of data from these studies found that 
in addition to depressive symptoms, anxiety, 
cognitive dysfunction, and pain were reduced 
in patients receiving paroxetine.88

 These data indicate that pretreatment 
with paroxetine successfully reduces depres-
sion in patients receiving high-dose IFN 
alfa-2b therapy. However, because approxi-
mately half of patients undergoing IFN alfa-
2b treatment do not experience depression, 
prophylactic therapy would expose many 
patients to unnecessary drugs. Symptomatic 
therapy with paroxetine or citalopram has 
been shown to be successful in patients with 
chronic hepatitis C receiving treatment 
with IFN alfa and ribavirin.85,89 However, 
similar studies have not been conducted in 
patients with melanoma undergoing high-
dose IFN alfa-2b therapy. Ocular toxicity has 
been reported in patients receiving selective 
serotonin-reuptake inhibitors in addition to 
IFN alfa,90 and may be increased above the 
retinal toxicity that has been reported with 
IFN alfa-2b alone, so the possibility of this 
rare side effect should be considered. Due to 
its appetite stimulation, and sedative effects 
beyond antidepressant effects, mirtazepine 
may also be useful for supportive manage-
ment of patients receiving IFN alfa-2b.
 High-dose IFN alfa therapy has also 
been associated with an acute confusional 
state marked by disorientation, psychomotor 
retardation, lethargy, and psychotic symp-
toms. This state usually develops rapidly and 
generally resolves upon discontinuation of 
treatment. Case reports and small studies 
suggest that atypical antipsychotics such as 
olanzapine may be useful in the treatment of 
IFN alfa-induced confusional states.75,85

 On rare occasions, mania has been re-
ported in IFN alfa-2b-treated patients, typi-
cally in response to changes in IFN alfa-2b 
therapy (including dose reductions) or dur-
ing treatment with antidepressants.8,75 Man-
ic symptoms may occur in conjunction with 
depression, irritability, and anxiety. One 
study found that gabapentin was an effective 
mood stabilizer in melanoma patients treat-
ed with adjuvant IFN alfa-2b and reduced 
both mania and anxiety symptoms.91

Cognitive dysfunction. Some patients under-
going cancer therapy experience cognitive 
dysfunction, popularly referred to as “chemo-

brain,” marked by forgetfulness, absentmind-
edness, and an inability to focus on various 
tasks. The impact on cognitive function ap-
pears to be related to the type of cancer and 
the specifi c chemotherapeutic agents used. 
Cancer therapies may be associated with neu-
rotoxicity, anemia, cytokine induction, al-
tered hormonal status, and vascular injury, all 
of which may affect cognitive function. Psy-
chosocial factors including the stress induced 
by a cancer diagnosis, anxiety, and depression 
may also contribute to cognitive changes.92

 Some studies have documented changes 
in cognitive function in patients treated with 
IFN alfa.93,94 Most involved patients with re-
nal cell carcinoma, often in combination with 
other agents such as IL-2 or dexamethasone.93 
A study of patients with chronic hepatitis B 
or C who received 12 weeks of low-dose IFN 
alfa therapy found that treatment was associ-
ated with signifi cant cognitive impairment.94 
Cognitive functions have not been well-
studied in patients receiving high-dose IFN 
alfa adjuvant therapy. Capuron and associates 
noted signifi cant increases in cognitive im-
pairment within 8 weeks of the initiation of 
high-dose IFN alfa-2b therapy in patients with 
metastatic melanoma, while no changes were 
observed in patients receiving prophylactic 
paroxetine.88 Another study of high-dose ad-
juvant IFN alfa-2b therapy in 6 patients with 
melanoma did not detect signifi cant changes 
in cognitive function during the fi rst 3 months 
of therapy, but did note deterioration in atten-
tion and mental fl exibility over time.95

 Dexmethylphenidate may be another 
treatment option for patients who experience 
signifi cant cognitive symptoms during IFN al-
fa-2b therapy. In a placebo-controlled study of 
patients with breast or ovarian cancer treated 
with 4 or more cycles of cytotoxic chemother-
apy, dexmethylphenidate was signifi cantly 
more effective than placebo in improving 
fatigue and memory.96 However, this observa-
tion has not been confi rmed in patients re-
ceiving high-dose IFN alfa-2b therapy.

Conclusions
Most of the major side effects of IFN alfa-2b 
therapy can be successfully managed with 
proper support. Careful baseline assessments 
may help identify patients at high-risk for ad-
verse events, and frequent monitoring helps 
detect any toxicities at an early stage. Proper 
support and aggressive management of side-
effects by a multidisciplinary team may help 
patients complete the full course of treatment 
and potentially experience the benefi ts asso-
ciated with high-dose IFN alfa-2b therapy.
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1. At the molecular level, high-dose IFN alfa-2 therapy:
A. Results in dephosphorylation of JAK
B. Induces expression of phosphorylated STAT1
C. Has the same effects on lymphoid and melanoma cells
D. Does not cause detectable changes

2. In a recent study by the Hellenic Cooperative Oncology Group 
that compared conventional high-dose IFN alfa-2b therapy 
(induction plus maintenance) to the induction phase only:
A. The induction phase only was associated with reduced 

survival compared with conventional therapy
B. Conventional therapy was associated with reduced survival 

compared with the induction phase only
C. The induction phase only was associated with similar survival 

outcomes but better tolerability than conventional therapy
D. The induction phase was associated with similar survival 

outcomes but worse tolerability than conventional therapy

3. Which of the following is NOT a favorable prognostic factor in 
patients treated with IFN alfa?
A. High baseline S100B levels
B. Ulceration of the primary tumor
C. Earlier disease stage
D. High pretreatment levels of proinflammatory cytokines

4. Members of the RAS family transmit signals from receptor 
tyrosine kinases that:
A. Directly activate the p53/RB pathway
B. Activate the MAPK pathway, but not the PI3K pathway 
C. Activate the PI3K pathway, but not the MAPK pathway
D. Activate both the MAPK and PI3K pathways

5. BRAF mutations:
A. Are observed only in mucosal melanoma
B. Are common in benign melanocytic nevi
C. Are always associated with malignancy
D. Act to block cellular growth

6. Therapeutic agents that target molecules involved in signal 
transduction pathways in patients with melanoma:
A. Are likely to be successful as single agents
B. Should not be combined with conventional 

chemotherapeutic agents
C. Are mostly in phase 3 clinical trials
D. Will probably need to be used in treatment regimens 

tailored to genetic defects in the patient’s melanoma

7. Therapeutic strategies being tested in metastatic melanoma 
include:
A. Inhibition of the MAPK pathway
B. Inhibition of angiogenesis
C. Induction of apoptosis
D. All of the above

8. Which of the following IFN alfa-2b-associated side effects 
usually occurs early in the course of therapy?
A. Flu-like symptoms
B. Depression
C. Fatigue
D. Anorexia

9. The most common dose-limiting chronic toxicity of IFN alfa-2b 
therapy is:
A. Cognitive dysfunction
B. Sexual dysfunction
C. Fatigue
D. Depression

10. Risk factors for the development of depression in patients 
treated with IFN alfa-2b do NOT include:
A. Depression or anxiety disorders near the time of therapy 

initiation
B. Lack of social support
C. Dose and duration of IFN alfa-2b therapy
D. A history of depression 
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