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Background

Immunotherapy for advanced melanoma induces serologic and clinical manifesta-
tions of autoimmunity. We assessed the prognostic significance of autoimmunity 
in patients with stage IIB, IIC, or III melanoma who were treated with high-dose 
adjuvant interferon alfa-2b.

Methods

We enrolled 200 patients in a substudy of a larger, ongoing randomized trial. Blood 
was obtained before the initiation of intravenous interferon therapy, after 1 month 
of therapy, and at 3, 6, 9, and 12 months. Serum was tested for antithyroid, anti-
nuclear, anti-DNA, and anticardiolipin autoantibodies, and patients were examined 
for vitiligo.

Results

The median duration of follow-up was 45.6 months. Relapse occurred in 115 patients, 
and 82 patients died. The median relapse-free survival was 28.0 months, and the 
median overall survival was 58.7 months. Autoantibodies and clinical manifesta-
tions of autoimmunity were detected in 52 patients (26 percent). The median relapse-
free survival was 16.0 months among patients without autoimmunity (108 of 148 
had a relapse) and was not reached among patients with autoimmunity (7 of 52 had 
a relapse). The median survival was 37.6 months among patients without autoim-
munity (80 of 148 died) and was not reached among patients with autoimmunity 
(2 of 52 died). In univariate and multivariate regression analyses, autoimmunity 
was an independent prognostic marker for improved relapse-free survival and over-
all survival (P<0.001).

Conclusions

The appearance of autoantibodies or clinical manifestations of autoimmunity dur-
ing treatment with interferon alfa-2b is associated with statistically significant im-
provements in relapse-free survival and overall survival in patients with melanoma.
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A djuvant therapy with interferon 
alfa-2b (after surgery for deep primary or 
regionally metastatic melanoma) has clini-

cally significant benefits for patients with mela-
noma who are at high risk for relapse or death. 
Patients with American Joint Committee on Cancer 
(AJCC) stage IIB, IIC, or III melanoma have risks 
of relapse and death exceeding 40 percent at five 
years and are candidates for interferon alfa-2b 
therapy.1 Several large cooperative-group trials 
have evaluated adjuvant therapy with high-dose 
interferon alfa-2b in patients at high risk and have 
consistently demonstrated statistically significant 
prolongation of relapse-free survival with adjuvant 
therapy as compared with observation.2-4 Two of 
these trials also demonstrated a statistically sig-
nificant improvement in overall survival,2,4 al-
though a pooled analysis of four Eastern Coopera-
tive Oncology Group and intergroup trials did not 
show a survival benefit.5 The treatment tested in 
these trials consisted of an intravenous induction 
phase at the maximum tolerated dose (20 million 
international units [IU] per square meter of body-
surface area per day) 5 days per week for the initial 
4 weeks, followed by subcutaneous therapy at a 
dose of 10 million IU per square meter of body-
surface area three times per week for 11 months. 
Analyses of the relapse-free and overall survival 
curves from the initial trial (EST 1684) revealed 
early separation between the group assigned to 
high-dose interferon alfa-2b and the group assigned 
to observation.2 Therefore, the one-month intra-
venous induction phase of the regimen may be 
necessary and sufficient to reduce the risk of re-
currence, and several prospective trials designed to 
test this hypothesis are ongoing.

Acceptance of treatment with high-dose inter-
feron alfa-2b by physicians and patients has been 
limited because of its toxicity and cost as well 
as evidence suggesting that only a subgroup of 
patients benefit from it. Most patients have fa-
tigue, fever, arthralgias, anorexia, and toxic he-
patic effects; some have severe depression. A bet-
ter understanding of the mechanism of action 
of interferon alfa-2b and identification of predic-
tive markers that would permit selection of pa-
tients most likely to benefit would therefore be 
beneficial.

All immunotherapies that confer a survival ben-
efit in patients with advanced melanoma induce 
the collateral appearance of autoimmunity. Hypo-
thyroidism, hyperthyroidism,6-10 the antiphospho-
lipid-antibody syndrome,11 and vitiligo10,12 have 

been cited as early correlates of benefit from 
high-dose interleukin-2. Indeed, the appearance 
of paraneoplastic and presumably autoimmune 
vitiligo was considered a favorable prognostic fac-
tor in patients with melanoma even before the 
advent of interleukin-2 therapy.13-15 Increased lev-
els of autoantibodies, including antithyroid anti-
bodies (microsomal antigens and thyroglobulin) 
and antinuclear, anti-DNA, antiplatelet, and anti–
islet-cell antibodies, all of which may persist for 
several months, have been well documented in 
patients receiving interferon alfa for hematologic 
cancers or chronic viral hepatitis.16-21

In this report we present the results of a pro-
spective evaluation of the incidence of autoanti-
body detection and clinically apparent autoim-
mune disorders in patients with melanoma who 
received adjuvant therapy with high-dose interfer-
on alfa-2b. The patients included in this analysis 
were a subgroup of patients enrolled in an ongo-
ing, randomized, phase 3 trial being conducted 
by the Hellenic Cooperative Oncology Group to 
evaluate intravenous induction therapy with inter-
feron alfa-2b for 4 weeks as compared with the 
same regimen followed by 11 months of adjuvant 
interferon alfa-2b therapy.

Me thods

Patients

Participants were enrolled in trial 13A/98, a pro-
spective, multicenter, randomized, phase 3 trial 
conducted at 13 institutions by the Hellenic Co-
operative Oncology Group. In this trial, 364 patients 
with histologically documented AJCC stage IIB, 
IIC, or III primary cutaneous melanoma were en-
rolled between 1998 and 2004. Stage was defined 
pathologically by sentinel-lymph-node dissection. 
Any patient with a positive sentinel lymph node 
was required to undergo complete lymphadenec-
tomy. All patients were randomly assigned to re-
ceive protocol-directed treatment within 2 months 
after the initial surgery or within 1.5 months af-
ter lymph-node dissection. We gave interferon 
alfa-2b according to a modification of the EST 
1684 regimen.22 Patients in one group received in-
duction therapy with interferon alfa-2b (15 million 
IU per square meter per day, intravenously, five 
days per week for four weeks) followed by obser-
vation. Patients in a second group received the same 
induction dose for 4 weeks, followed by subcuta-
neous therapy (10 million IU per day thrice week-
ly) for an additional 48 weeks. The primary end 
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points for the core protocol were relapse-free sur-
vival and overall survival.

The autoimmunity substudy reported here was 
conducted prospectively at a single institution 
(the First Department of Medicine, University of 
Athens) but included 15 patients from two collabo-
rating centers. This substudy had separate in-
stitutional review board approval, and patients 
provided written informed consent. Blood samples 
for the evaluation of autoantibodies were drawn 
at the same time as samples for standard follow-
up tests. The first 10 ml of blood collected was used 
for standard biochemical analyses and blood-cell 
counts; the second 10 ml was used for autoanti-
body testing. Blood samples were obtained before 
treatment, after 1 month of intravenous interferon 
alfa-2b therapy, and at 3, 6, 9, and 12 months. Pa-
tients who tested positive for autoantibodies or 
who had evidence of vitiligo-like skin depigmen-
tation before the initiation of treatment were not 
included in the analysis.

Patients were followed prospectively for clini-
cal outcome with the use of standardized testing. 
Clinical staging consisted of medical history tak-
ing, physical examinations, blood-cell counts, blood 
biochemical analyses at three-month intervals, 
and chest radiography and liver ultrasonography 
at six-month intervals.

Serologic Assays

Blood samples were tested by enzyme-linked im-
munosorbent assays (Quanta Lite, Inova Diagnos-
tics) for antinuclear antibodies (a positive result 
was defined as a titer of ≥1:40), anti-DNA anti-
bodies (a positive result was defined as a titer of 
≥1:40), antithyroglobulin antibodies (a positive 
result was defined as a titer of ≥1:100), antimicro-
somal antibodies (a positive result was defined 
as a titer of ≥1:100), and anticardiolipin antibod-
ies (IgM and IgG; a positive result was defined 
as a titer of ≥1:100). When a blood sample was 
positive for antinuclear antibodies, it was also test-
ed for antibodies against extractable nuclear anti-
gens. Thyroid-stimulating hormone (normal range, 
0.34 to 3.5 IU per milliliter), thyroxine (normal 
range, 4.5 to 13.0 μg per deciliter [57.9 to 167.3 
nmol per liter]), and triiodothyronine (normal 
range, 0.8 to 1.8 ng per milliliter [1.2 to 2.8 nmol 
per liter]) levels were also measured.

Statistical Analysis

The primary end points for all the patients were 
relapse-free survival and overall survival from 

the time of study entry. Relapse-free survival was 
calculated from the initiation of treatment to the 
date on which relapse was first documented or 
on which death without documented relapse oc-
curred. Follow-up data were updated on April 1, 
2005, and data from patients who had not had a 
relapse by that date were censored at the time of 
the last clinic visit. Overall survival was calculated 
from the initiation of treatment to the date of death 
or last contact. Development of autoimmunity 
was defined as either a positive test for autoanti-
bodies or presentation with a clinical manifes-
tation of autoimmunity in the 12-month period 
during which blood samples were analyzed for 
autoantibodies.

Univariate hazard ratios were calculated with 
95 percent confidence intervals with use of the 
Cox proportional-hazards model.23 Probabilities 
of relapse-free and overall survival were estimated 
by the Kaplan–Meier method, and the log-rank 
test or the Wald test from the corresponding Cox 
models was used to compare time-to-event dis-
tributions.24 The simultaneous prognostic effect 
of various factors was determined in a multivari-
ate analysis with use of the Cox proportional-haz-
ards model (forward selection of variables). Land-
mark analysis at 3 and 12 months was performed 
for relapse-free and overall survival according to 
autoimmune status. Autoimmune status was in-
cluded in the models as a time-dependent vari-
able. Other covariates in the univariate and multi-
variate models included age (<52 years vs. ≥52 
years), interferon alfa-2b treatment group (induc-
tion therapy only vs. extended therapy), sex (male 
vs. female), Breslow thickness (0 to 2.0 vs. 2.1 to 
4.0 vs. >4.0 mm), Clark level (II or III vs. IV or V), 
vascular invasion (yes vs. no), ulceration (yes vs. 
no), regression (yes vs. no), stage (IIB or IIC or 
unspecified II vs. III), and lymph-node involvement 
(yes vs. no). Fisher’s exact and chi-square tests 
were used to compare groups with or without 
autoantibodies or autoimmune manifestations. 
All reported P values are two-sided. No interim 
analyses were performed.

R esult s

Patients

Blood samples were obtained from 203 patients; 
3 had autoantibodies at baseline and were excluded 
from the study. Table 1 shows the baseline char-
acteristics of the remaining 200 patients. Of these, 
96 were randomly assigned to intravenous induc-
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tion therapy only and 104 to intravenous induc-
tion therapy plus 48 weeks of subcutaneous ther-
apy. The median age of the patients was 52.7 years 
(range, 19.4 to 73.6). At study entry, 55 patients 
(28 percent) had AJCC stage II disease, 138 (69 
percent) had stage III disease, and 7 (4 percent) 
had unknown lymph-node status. In all patients 
except the 7 with unknown lymph-node status 
and 26 with no information concerning ulceration 

of the skin lesion, the disease was restaged ac-
cording to the revised AJCC staging criteria.1

Patients were followed for a median of 45.6 
months (95 percent confidence interval, 39.5 to 
51.6); 115 patients (58 percent) had a recurrence, 
and 2 died without a documented recurrence. Stag-
ing workups in these two patients performed 
one month before death in one patient and two 
months before death in the other revealed no evi-

Table 1. Demographic and Baseline Characteristics of the Patients.

Characteristic Value (N = 200)* Characteristic Value (N = 200)*

Age — yr Clark level — no. (%)

Median 52.7 II or III 42 (21)

Range 19.4–73.6 IV or V 138 (69)

Treatment group — no. (%)† Unknown 20 (10)

Induction therapy 96 (48) Lymph-node involvement — no. (%)

Extended therapy 104 (52) No 55 (28)

Sex — no. (%) Yes 138 (69)

Male 104 (52) Unknown 7 (4)

Female 96 (48) Vascular invasion — no. (%)

Site of primary tumor — no. (%) No 111 (56)

Head 34 (17) Yes 58 (29)

Limbs 88 (44) Unknown 31 (16)

Trunk 67 (34) Ulceration — no. (%)

Mucosa 4 (2) No 39 (20)

Unknown 7 (4) Yes 130 (65)

AJCC stage — no. (%)‡ Unknown 31 (16)

II unspecified 4 (2) Regression — no. (%)

IIB 6 (3) No 117 (59)

IIC 45 (23) Yes 52 (26)

III unspecified 22 (11) Unknown 31 (16)

IIIA 20 (10) Histology — no. (%)

IIIB 63 (32) Superficial spreading melanoma 94 (47)

IIIC 33 (17) Nodular melanoma 53 (27)

Unknown 7 (4) Not otherwise specified 11 (6)

Breslow thickness — no. (%) Mucosal melanoma 4 (2)

0–2.0 mm 30 (15) Acral lentiginous melanoma 10 (5)

2.1–4.0 mm 47 (24) Lentigo maligna melanoma 5 (3)

>4.0 mm 107 (54) Other 7 (4)

Unknown 16 (8) Unknown 16 (8)

* Because of rounding, not all percentages total 100.
† Patients in the induction-therapy group received interferon alfa-2b (15 million IU per square meter of body-surface area per day, intrave-

nously, five days per week for four weeks) followed by observation. Patients in the extended-therapy group received the same induction dose 
for 4 weeks, followed by subcutaneous therapy (10 million IU per day thrice weekly) for an additional 48 weeks.

‡ AJCC denotes American Joint Committee on Cancer.
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dence of tumor recurrence. Median relapse-free 
survival for the entire population was 28.0 months 
(range, 0.3 to 84.7; 95 percent confidence interval, 
18.2 to 37.7). At last follow-up, 82 patients (41 
percent) had died. The median survival was 58.7 
months (range, 3.8 to 91.8; 95 percent confidence 
interval, 42.8 to 74.6).

Detection of Autoantibodies 
or Autoimmune Manifestations

As shown in Table 2, autoantibodies or clinical 
manifestations of autoimmunity were detected in 
52 patients (26 percent) (23 in the induction-thera-
py group and 29 in the extended-therapy group, 
P = 0.63); multiple manifestations of autoimmu-
nity developed in 16 patients (8 percent) (1 and 
15, respectively). Antithyroid antibodies were de-
tected in 43 patients (22 percent) (16 in the induc-
tion-therapy group and 27 in the extended-therapy 
group, P = 0.12). In general, autoantibodies were 
observed more frequently in the group of patients 
receiving therapy for one year. Vitiligo developed 
in 11 patients (6 percent) (5 in the induction-thera-
py group and 6 in the extended-therapy group), 
and 19 patients (2 and 17, respectively) had other 
clinical manifestations attributed to autoimmu-
nity. Of these 19, hypothyroidism developed in 
11 patients (2 in the induction-therapy group and 
9 in the extended-therapy group), thyrotoxicosis 
was found in 2, autoimmune thrombocytopenic 
purpura with antiplatelet antibodies occurred in 

1, and retinopathy was found in 1. In addition, two 
patients presented with myalgias and arthralgias, 
and signs and symptoms of rheumatoid arthritis 
developed in two other patients. In one patient 
with myalgias and arthralgias, tests for antinuclear 
antibodies and rheumatoid factor became positive, 
suggesting a systemic syndrome similar to lupus 
erythematosus.

The median time to the detection of auto-
antibodies after the start of interferon alfa-2b 
treatment was three months, and the median time 
to the development of clinical manifestations was 
nine months. The onset of vitiligo occurred be-
tween 3 and 12 months after the initiation of 
interferon alfa-2b treatment. The time to the de-
velopment of autoantibodies or autoimmune 
manifestations did not differ between the treat-
ment groups.

Clinical Outcome According to 
Autoimmunity

At a median follow-up of 45.6 months, only 7 of 
the 52 patients (13 percent) in whom autoanti-
bodies or clinical manifestations of autoimmu-
nity developed had had a recurrence. In contrast, 
108 of the 148 patients (73 percent) with no evi-
dence of autoimmunity had had a relapse. Figure 
1A shows Kaplan–Meier estimates of relapse-free 
survival. Median relapse-free survival among pa-
tients without evidence of autoimmunity was 16.0 
months (range, 0.3 to 74.3; 95 percent confidence 

Table 2. Autoantibodies or Manifestations of Autoimmunity in Patients Treated with Interferon Alfa-2b.*

Autoantibodies or Manifestations of Autoimmunity
All Patients

(N = 200)

Induction-Therapy 
Group

(N = 96)

Extended-Therapy 
Group

(N = 104)

no. of patients (%)

Autoantibodies or autoimmune disorders 52 (26) 23 (24) 29 (28)

Antithyroid antibodies 43 (22) 16 (17) 27 (26)

Antinuclear antibodies 12 (6) 2 (2) 10 (10)

Anticardiolipin antibodies 10 (5) 2 (2) 8 (8)

Vitiligo 11 (6) 5 (5) 6 (6)

Clinical manifestations 19 (10) 2 (2) 17 (16)

With autoantibodies 16 (8) 2 (2) 14 (13)

Without autoantibodies (vitiligo) 3 (2) 1 (1) 2 (2)

Multiple manifestations of autoimmunity 16 (8) 1 (1) 15 (14)

* Patients in the induction-therapy group received interferon alfa-2b (15 million IU per square meter of body-surface area 
per day, intravenously, five days per week for four weeks) followed by observation. Patients in the extended-therapy 
group received the same induction dose for 4 weeks, followed by subcutaneous therapy (10 million IU per day thrice 
weekly) for an additional 48 weeks.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 9, 2008 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;7 www.nejm.org february 16, 2006714

interval, 12.5 to 19.3), whereas the median relapse-
free survival was not reached during follow-up 
among patients in whom autoimmunity developed 
(range, 3.5 to 84.7 months). A univariate analysis 
of relapse-free survival showed a statistically sig-
nificant association between absence of recurrence 
and the development of autoantibodies or auto-
immune manifestations (or both) as a time-vary-
ing covariate (P<0.001), between recurrence and 
vascular invasion (P<0.001), and between recur-
rence and regional lymph-node involvement (P =  
0.02) (Table 3). Patients with regional lymph-node 
involvement or vascular invasion at baseline had 

a shorter median relapse-free survival. Analysis 
of disease stage among patients with evidence 
of autoimmunity and those without evidence of 
autoimmunity showed no statistically significant 
differences between these groups that could ex-
plain the observed differences in clinical outcome 
(P = 0.46 by the two-sided Pearson chi-square test).

At last follow-up, only 2 of 52 patients (4 per-
cent) in whom autoantibodies were detected or 
who had manifestations of autoimmunity had 
died. In contrast, 80 of 148 patients (54 percent) 
who had no evidence of autoimmunity had died. 
Figure 1B shows Kaplan–Meier estimates of over-
all survival. The median overall survival among 
patients who did not have autoimmunity was 37.6 
months (range, 3.8 to 74.3; 95 percent confidence 
interval, 28.9 to 46.3), whereas the median survival 
was not reached among patients with autoim-
munity (range, 12.2 to 91.8 months). In findings 
similar to those in the evaluation of relapse-free 
survival, univariate analysis showed a significant 
association between overall survival and the pres-
ence of autoimmunity as a time-varying covariate 
(P<0.001), between death and regional lymph-
node involvement (P = 0.01), and between death and 
vascular invasion (P = 0.02). Patients with regional 
lymph-node involvement and vascular invasion at 
baseline had the shortest median overall survival.

In the multivariate analysis, with the use of a 
Cox model adjusted according to treatment group 
and with autoantibody expression as a time-vary-
ing covariate, the only statistically significant, in-
dependent prognostic factors for relapse-free and 
overall survival were manifestations of autoim-
munity and regional lymph-node involvement. The 
effect of treatment group and the corresponding 
interactions were not significant. The develop-
ment of autoimmunity correlated with longer re-
lapse-free survival (hazard ratio, 0.12; 95 percent 
confidence interval, 0.05 to 0.25; P<0.001) and 
longer overall survival (hazard ratio, 0.02; 95 per-
cent confidence interval, <0.01 to 0.15; P<0.001). 
Lymph-node involvement correlated with shorter 
relapse-free survival (hazard ratio, 1.87; 95 percent 
confidence interval, 1.20 to 2.93; P = 0.007) and 
shorter overall survival (hazard ratio, 2.36; 95 per-
cent confidence interval, 1.29 to 4.31; P = 0.005).

Landmark analyses at 3 and 12 months (Table 
4) showed a persistently strong association be-
tween autoimmune manifestations and both re-
lapse-free survival and overall survival (P<0.001 
for both). Of note, by 12 months, all 52 patients 
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Figure 1. Kaplan–Meier Estimates of Relapse-free Survival (Panel A) 
and Overall Survival (Panel B) among Patients with or without Auto-
antibodies or Clinical Manifestations of Autoimmunity.
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