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Background

Immunotherapy for advanced melanoma induces serologic and clinical manifestations 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, antinuclear, 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 manifestations of autoimmunity were detected in 52 patients (26 percent). The median relapsefree 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 autoimmunity (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 overall survival (P<0.001).
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Conclusions

The appearance of autoantibodies or clinical manifestations of autoimmunity during treatment with interferon alfa-2b is associated with statistically significant improvements in relapse-free survival and overall survival in patients with melanoma.
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djuvant therapy with interferon
alfa-2b (after surgery for deep primary or
regionally metastatic melanoma) has clinically significant benefits for patients with melanoma 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 significant improvement in overall survival,2,4 although a pooled analysis of four Eastern Cooperative 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 bodysurface 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 bodysurface 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 intravenous induction phase of the regimen may be
necessary and sufficient to reduce the risk of recurrence, and several prospective trials designed to
test this hypothesis are ongoing.
Acceptance of treatment with high-dose interferon 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 fatigue, fever, arthralgias, anorexia, and toxic hepatic effects; some have severe depression. A better understanding of the mechanism of action
of interferon alfa-2b and identification of predictive markers that would permit selection of patients most likely to benefit would therefore be
beneficial.
All immunotherapies that confer a survival benefit in patients with advanced melanoma induce
the collateral appearance of autoimmunity. Hypothyroidism, hyperthyroidism,6-10 the antiphospholipid-antibody syndrome,11 and vitiligo10,12 have
710
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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 factor in patients with melanoma even before the
advent of interleukin-2 therapy.13-15 Increased levels of autoantibodies, including antithyroid antibodies (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 prospective evaluation of the incidence of autoantibody detection and clinically apparent autoimmune disorders in patients with melanoma who
received adjuvant therapy with high-dose interferon alfa-2b. The patients included in this analysis
were a subgroup of patients enrolled in an ongoing, randomized, phase 3 trial being conducted
by the Hellenic Cooperative Oncology Group to
evaluate intravenous induction therapy with interferon 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 prospective, multicenter, randomized, phase 3 trial
conducted at 13 institutions by the Hellenic Cooperative Oncology Group. In this trial, 364 patients
with histologically documented AJCC stage IIB,
IIC, or III primary cutaneous melanoma were enrolled 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 lymphadenectomy. All patients were randomly assigned to receive protocol-directed treatment within 2 months
after the initial surgery or within 1.5 months after lymph-node dissection. We gave interferon
alfa-2b according to a modification of the EST
1684 regimen.22 Patients in one group received induction therapy with interferon alfa-2b (15 million
IU per square meter per day, intravenously, five
days per week for four weeks) followed by observation. Patients in a second 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. The primary end
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points for the core protocol were relapse-free survival 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 collaborating centers. This substudy had separate institutional 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 followup 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 autoantibody testing. Blood samples were obtained before
treatment, after 1 month of intravenous interferon
alfa-2b therapy, and at 3, 6, 9, and 12 months. Patients who tested positive for autoantibodies or
who had evidence of vitiligo-like skin depigmentation before the initiation of treatment were not
included in the analysis.
Patients were followed prospectively for clinical outcome with the use of standardized testing.
Clinical staging consisted of medical history taking, physical examinations, blood-cell counts, blood
biochemical analyses at three-month intervals,
and chest radiography and liver ultrasonography
at six-month intervals.
Serologic Assays

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 occurred. 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 autoantibodies or presentation with a clinical manifestation 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 distributions.24 The simultaneous prognostic effect
of various factors was determined in a multivariate analysis with use of the Cox proportional-hazards model (forward selection of variables). Landmark analysis at 3 and 12 months was performed
for relapse-free and overall survival according to
autoimmune status. Autoimmune status was included in the models as a time-dependent variable. Other covariates in the univariate and multivariate models included age (<52 years vs. ≥52
years), interferon alfa-2b treatment group (induction 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.

Blood samples were tested by enzyme-linked immunosorbent assays (Quanta Lite, Inova Diagnostics) for antinuclear antibodies (a positive result
was defined as a titer of ≥1:40), anti-DNA antibodies (a positive result was defined as a titer of
≥1:40), antithyroglobulin antibodies (a positive
result was defined as a titer of ≥1:100), antimicrosomal antibodies (a positive result was defined
as a titer of ≥1:100), and anticardiolipin antibodies (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 tested for antibodies against extractable nuclear antigens. 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
R e sult s
nmol per liter]), and triiodothyronine (normal
range, 0.8 to 1.8 ng per milliliter [1.2 to 2.8 nmol Patients
Blood samples were obtained from 203 patients;
per liter]) levels were also measured.
3 had autoantibodies at baseline and were excluded
Statistical Analysis
from the study. Table 1 shows the baseline charThe primary end points for all the patients were acteristics of the remaining 200 patients. Of these,
relapse-free survival and overall survival from 96 were randomly assigned to intravenous inducn engl j med 354;7

www.nejm.org

february 16, 2006

Downloaded from www.nejm.org by DOUGLAS GOSSMAN MD on February 23, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

711

The

n e w e ng l a n d j o u r na l

tion therapy only and 104 to intravenous induction therapy plus 48 weeks of subcutaneous therapy. 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
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of the skin lesion, the disease was restaged according 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. Staging 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)*

Age — yr

Characteristic

Value (N = 200)*

Clark level — no. (%)

Median

52.7

Range

19.4–73.6

Treatment group — no. (%)†
96 (48)

Extended therapy

104 (52)

Sex — no. (%)
104 (52)

Female

96 (48)

Site of primary tumor — no. (%)
Head

42 (21)

IV or V

138 (69)

Unknown

Induction therapy

Male

II or III

34 (17)

Limbs

88 (44)

Trunk

67 (34)

20 (10)

Lymph-node involvement — no. (%)
No

55 (28)

Yes

138 (69)

Unknown

7 (4)

Vascular invasion — no. (%)
No

111 (56)

Yes

58 (29)

Unknown

31 (16)

Ulceration — no. (%)

Mucosa

4 (2)

No

39 (20)

Unknown

7 (4)

Yes

130 (65)

AJCC stage — no. (%)‡

Unknown

II unspecified

4 (2)

IIB

6 (3)

31 (16)

Regression — no. (%)
No

117 (59)

IIC

45 (23)

Yes

52 (26)

III unspecified

22 (11)

Unknown

31 (16)

IIIA

20 (10)

IIIB

63 (32)

Superficial spreading melanoma

94 (47)

IIIC

33 (17)

Nodular melanoma

53 (27)

Not otherwise specified

11 (6)

Unknown

7 (4)

Breslow thickness — no. (%)
0–2.0 mm
2.1–4.0 mm

Histology — no. (%)

Mucosal melanoma

4 (2)

30 (15)

Acral lentiginous melanoma

10 (5)

47 (24)

Lentigo maligna melanoma

5 (3)

>4.0 mm

107 (54)

Unknown

16 (8)

Other

7 (4)

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, 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.
‡ 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-therapy group and 29 in the extended-therapy group,
P = 0.63); multiple manifestations of autoimmunity developed in 16 patients (8 percent) (1 and
15, respectively). Antithyroid antibodies were detected in 43 patients (22 percent) (16 in the induction-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-therapy group and 6 in the extended-therapy group),
and 19 patients (2 and 17, respectively) had other
clinical manifestations attributed to autoimmunity. 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 autoantibodies 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 between 3 and 12 months after the initiation of
interferon alfa-2b treatment. The time to the development of autoantibodies or autoimmune
manifestations did not differ between the treatment 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 autoantibodies or clinical manifestations of autoimmunity developed had had a recurrence. In contrast,
108 of the 148 patients (73 percent) with no evidence of autoimmunity had had a relapse. Figure
1A shows Kaplan–Meier estimates of relapse-free
survival. Median relapse-free survival among patients 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)

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)

With autoantibodies

* 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.
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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 Autoantibodies or Clinical Manifestations of Autoimmunity.

interval, 12.5 to 19.3), whereas the median relapsefree 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 significant association between absence of recurrence
and the development of autoantibodies or autoimmune manifestations (or both) as a time-varying covariate (P<0.001), between recurrence and
vascular invasion (P<0.001), and between recurrence and regional lymph-node involvement (P =
0.02) (Table 3). Patients with regional lymph-node
involvement or vascular invasion at baseline had
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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 explain 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 percent) 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 overall 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 autoimmunity (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 presence of autoimmunity as a time-varying covariate
(P<0.001), between death and regional lymphnode 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-varying covariate, the only statistically significant, independent prognostic factors for relapse-free and
overall survival were manifestations of autoimmunity and regional lymph-node involvement. The
effect of treatment group and the corresponding
interactions were not significant. The development of autoimmunity correlated with longer relapse-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 percent 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 percent confidence interval, 1.29 to 4.31; P = 0.005).
Landmark analyses at 3 and 12 months (Table
4) showed a persistently strong association between autoimmune manifestations and both relapse-free survival and overall survival (P<0.001
for both). Of note, by 12 months, all 52 patients
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Table 3. Univariate Cox Regression Models of Relapse-free Survival and Overall Survival.*
Variable
Rate
no. of events/
no. of patients

Relapse-free Survival

Overall Survival

Median Duration
(95% CI)

Rate

Median Duration
(95% CI)

no. of events/
no. of patients

mo

P Value†

mo

Age (yr)

0.71

0.71

<52

59/98

31.3 (14.3–48.3)

44/98

63.3 (41.6–85.0)

≥52

56/102

28.0 (17.9–38.0)

38/102

58.7 (NE)

Group‡

0.94

0.82

Induction therapy

54/96

24.0 (6.4–41.7)

39/96

58.7 (40.0–77.5)

Extended therapy

61/104

32.9 (21.2–44.6)

43/104

63.3 (39.5–87.2)

Sex

1.00
Male

61/104

28.0 (13.8–42.1)

Female

54/96

27.7 (13.3–42.1)

Breslow thickness (mm)
0–2.0

0.58
45/104

57.0 (34.9–79.2)

37/96

58.7 (40.5–76.9)

0.33
16/30

18.6 (NE)

2.1–4.0

31/47

>4.0

59/107

0.90
11/30

80.8 (NE)

23.7 (8.0–39.5)

21/47

43.8 (NE)

35.7 (20.4–51.0)

43/107

58.7 (40.0–77.5)

Clark level

0.22

II or III

19/42

IV or V

83/138

NR (NE)
26.1 (14.2–38.1)

Vascular invasion

0.12
13/42

80.8 (NE)

60/138

47.9 (27.7–68.2)

<0.001

No

54/111

43.8 (27.3–60.3)

Yes

42/58

16.0 (8.7–23.2)

Ulceration

0.02
39/111

80.8 (51.6–110.0)

29/58

37.6 (18.1–57.1)

0.61

No

22/39

35.7 (11.1–60.3)

Yes

74/130

32.9 (19.1–46.7)

Regression

0.48
17/39

57.0 (31.7–82.3)

51/130

64.6 (45.8–83.3)

0.39

0.77

No

69/117

23.8 (9.2–38.4)

49/117

Yes

27/52

36.6 (18.9–54.3)

19/52

NR (NE)

No

25/55

51.1 (37.7–64.8)

13/55

NR (NE)

Yes

84/138

19.0 (12.5–25.4)

63/138

48.6 (31.5–65.7)

No

108/148

16.0 (12.5–19.3)

80/148

37.6 (28.9–46.3)

Yes

7/52

Lymph-node involvement

63.6 (45.3–81.4)

0.02

Autoimmunity

0.01

<0.001§

NR (NE)

P Value†

<0.001§

2/52

NR (NE)

* CI denotes confidence interval, NE not evaluable, and NR not reached.
† P values were calculated with the use of the Wald test.
‡ 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.
§ The P value is for autoimmunity status as a time-varying covariate.
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with autoimmunity were alive, and 48 of them
had not had a relapse.

<0.001

<0.001

P Value†

The

716

0.02 (<0.01–0.15)
NR (NE)

29.4 (23.1–35.7)
64/127

NR (NE)
2/34

21.6 (14.4–28.8)

n engl j med 354;7

* CI denotes confidence interval, NR not reached, and NE not evaluable.
† P values were calculated with the use of the Wald test.

4/48

46/83
No autoimmunity

Autoimmunity

NR (NE)
5/34
Autoimmunity

At 12 mo

NR (NE)

0.08 (0.03–0.22)

<0.001
0.15 (0.06–0.37)
20.8 (13.5–28.1)
96/152
No autoimmunity

At 3 mo

mo
no. of events/
no. of patients

2/52

0.07 (0.02–0.28)
<0.001

80/166

no. of events/
no. of patients

mo

40.8 (32.5–49.1)

Hazard Ratio
(95% CI)
P Value†
Rate

Hazard Ratio
(95% CI)
Median Duration
(95% CI)

Relapse-free Survival
Time Point and
Autoimmunity Status

Table 4. Landmark Analyses of Relapse-free and Overall Survival According to Autoimmunity Status.*

Rate

Median Duration
(95% CI)

Overall Survival

Dis cus sion
Autoimmune phenomena have been associated
with improved outcome in patients with cancer
in general, and in those with melanoma in particular,6-12,25 suggesting that a robust antitumor
immune response may prolong survival but can
also lead to autoimmunity. Notably, vitiligo-like
skin depigmentation was recognized more than
20 years ago in patients with melanoma, when
paraneoplastic depigmentation was reported to
be associated with prolonged survival apart from
any specific therapeutic intervention.13-15 However, to our knowledge, a prospective analysis of
autoantibodies or autoimmune manifestations in
patients with melanoma receiving adjuvant interferon alfa-2b therapy has not been reported.
In our study of 200 patients with high-risk
melanoma who received adjuvant high-dose interferon alfa-2b (intravenous induction therapy
for 4 weeks with or without 48 weeks of subcutaneous therapy), we found that the development
of autoantibodies or clinical manifestations of
autoimmunity occurred in about one quarter of
the patients and was associated with statistically
significant improvements in both relapse-free
survival and overall survival. This relation between
autoimmunity and outcome was demonstrated
in univariate and multivariate Cox proportionalhazards models and in an analysis of disease
stage (according to the current AJCC staging criteria) among patients with evidence of autoimmunity and those without it. The observed differences in clinical outcome are not attributable to
any other statistically significant differences between these groups. Models in which autoantibody formation was used as a time-dependent
variable yielded similar results.
Analysis of autoantibody formation and autoimmune manifestations according to treatment
group showed a trend toward more frequent development of autoimmunity among patients receiving interferon alfa-2b for one year than among
those receiving it for only four weeks. Although
the overall incidence of autoantibodies or autoimmune manifestations among patients receiving therapy for one year was only slightly higher
than that among the patients receiving only induction therapy (28 percent vs. 24 percent, respec-
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tively), the frequency of antinuclear antibodies,
anticardiolipin antibodies, clinical manifestations
of autoimmunity, and multiple manifestations of
autoimmunity was much higher in the group receiving therapy for one year. Antithyroid antibodies were the most frequently observed autoantibodies, occurring in 22 percent of the patients
(17 percent in the induction-therapy group and
26 percent in the extended-therapy group). Clinical evidence of hypothyroidism or thyrotoxicosis was found in approximately 6 percent of the
patients overall, a slightly lower fraction than
previously reported.26 Notably, hypothyroidism
developed in only two patients in the inductiontherapy group as compared with nine in the extended-therapy group, although the frequency of
antithyroid antibodies was only slightly higher
in the latter group. Risk factors for the development of thyroid dysfunction during interferon
alfa-2b therapy include administration of the cytokine at increased doses or for extended periods
of time, combination with other agents (especially interleukin-2), and female sex.27 Likewise,
in the current study, all the patients who had
clinical manifestations of rheumatologic illnesses
were among those receiving one year of treatment
with interferon alfa-2b.
The association between autoimmune phenomena and prolonged survival has been demonstrated
in recent studies of treatment of melanoma with
anti–cytotoxic T-lymphocyte antigen 4 (CTLA-4)
antibodies,28-31 which appear to block T-cell regulatory functions of the immune system and thereby
unleash a wide range of autoimmune reactions,

ranging from enteritis and hepatitis to thyroiditis,
hypophysitis, and dermatitis. In these studies,
the occurrence of autoimmune responses appeared
to be linked to antitumor responses. Although
the reported observations of autoimmune phenomena in retrospective series of patients treated with interleukin-2 or anti–CTLA-4 antibody
are compelling, they have not been validated in
prospective studies.
Our observations suggest opportunities to
guide and improve the therapeutic index of adjuvant high-dose interferon alfa-2b therapy. For example, it may be possible to use autoimmune responses as surrogate markers to evaluate new
treatments quickly. In conclusion, we have shown
that the appearance of autoantibodies and clinical signs of autoimmunity are strongly associated
with improved relapse-free and overall survival
in patients with melanoma who are receiving adjuvant therapy with high-dose interferon alfa-2b.
Serologic and clinical manifestations of autoimmunity are easily observed during the course of
adjuvant interferon alfa-2b therapy and may provide clinicians and investigators with useful surrogate markers for monitoring the activity of adjuvant interferon treatment in patients with stage
IIB, IIC, or III melanoma.
Supported by the National Tissue Typing Center and the Hellenic Cooperative Oncology Group.
No potential conflict of interest relevant to this article was reported.
This article is dedicated to the memory of Professor John Ioannovich.
We are indebted to Anastasia Gotzou for monitoring the study
and for data coordination; and to Martin Mihm, Jr., for reviewing
slides.

References
1. Balch CM, Soong SJ, Gershenwald JE,

et al. Prognostic factors analysis of 17,600
melanoma patients: validation of the American Joint Committee on Cancer melanoma
staging system. J Clin Oncol 2001;19:362234.
2. Kirkwood JM, Strawderman MH, Ernstoff MS, Smith TJ, Borden EC, Blum RH.
Interferon alfa-2b adjuvant therapy of highrisk resected cutaneous melanoma: the
Eastern Cooperative Oncology Group Trial
EST 1684. J Clin Oncol 1996;14:7-17.
3. Kirkwood JM, Ibrahim JG, Sondak VK,
et al. High- and low-dose interferon alfa2b in high-risk melanoma: first analysis
of intergroup trial E1690/S9111/C9190.
J Clin Oncol 2000;18:2444-58.
4. Kirkwood JM, Ibrahim JG, Sosman
JA, et al. High-dose interferon alfa-2b significantly prolongs relapse-free and overall survival compared with the GM2-KLH/

QS-21 vaccine in patients with resected
stage IIB-III melanoma: results of intergroup trial E1694/S9512/C509801. J Clin
Oncol 2001;19:2370-80.
5. Kirkwood JM, Manola J, Ibrahim J, et
al. A pooled analysis of Eastern Cooperative Oncology Group and intergroup trials
of adjuvant high-dose interferon for melanoma. Clin Cancer Res 2004;10:1670-7.
6. Atkins MB, Mier JW, Parkinson DR,
Gould JA, Berkman EM, Kaplan MM. Hypothyroidism after treatment with interleukin-2 and lymphokine-activated killer
cells. N Engl J Med 1988;318:1557-63.
7. Weijl NI, Van Der Harst D, Brand A, et
al. Hypothyroidism during immunotherapy with interleukin-2 is associated with
antithyroid antibodies and response to
treatment. J Clin Oncol 1993;11:1376-83.
8. Scalzo S, Gengaro A, Boccoli G, et al.
Primary hypothyroidism associated with

n engl j med 354;7

www.nejm.org

interleukin-2 and interferon alpha-2 therapy of melanoma and renal carcinoma. Eur
J Cancer 1990;26:1152-6.
9. Krouse RS, Royal RE, Heywood G, et
al. Thyroid dysfunction in 281 patients
with metastatic melanoma or renal carcinoma treated with interleukin-2 alone.
J Immunother Emphasis Tumor Immunol
1995;18:272-8.
10. Phan GQ, Attia P, Steinberg SM, White
DE, Rosenberg SA. Factors associated
with response to high-dose interleukin-2
in patients with metastatic melanoma.
J Clin Oncol 2001;19:3477-82.
11. Becker JC, Winkler B, Klingert S,
Brocker EB. Antiphospholipid syndrome
associated with immunotherapy for patients with melanoma. Cancer 1994;73:
1621-4.
12. Rosenberg SA, White DE. Vitiligo in
patients with melanoma: normal tissue

february 16, 2006

Downloaded from www.nejm.org by DOUGLAS GOSSMAN MD on February 23, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

717

AUTOIMMUNITY DURING INTERFERON ALFA-2 b THER APY

antigens can be targets for cancer immunotherapy. J Immunother Emphasis Tumor
Immunol 1996;19:81-4.
13. Nordlund JJ, Kirkwood JM, Forget BM,
Milton G, Albert DM, Lerner AB. Vitiligo
in patients with metastatic melanoma:
a good prognostic sign. J Am Acad Dermatol 1983;9:689-96.
14. Bystryn JC, Rigel D, Friedman RJ,
Kopf A. Prognostic significance of hypopigmentation in malignant melanoma.
Arch Dermatol 1987;123:1053-5.
15. Schallreuter KU, Levenig C, Berger J.
Vitiligo and cutaneous melanoma: a case
study. Dermatologica 1991;183:239-45.
16. Okanoue T, Sakamoto S, Itoh Y, et al.
Side effects of high-dose interferon therapy for chronic hepatitis C. J Hepatol 1996;
25:283-91.
17. Deutsch M, Dourakis S, Manesis EK,
et al. Thyroid abnormalities in chronic
viral hepatitis and their relationship to
interferon alfa therapy. Hepatology 1997;
26:206-10.
18. Vallisa D, Cavanna L, Berte R, Merli F,
Ghisoni F, Buscarini L. Autoimmune thyroid dysfunctions in hematologic malignancies treated with alpha-interferon. Acta
Haematol 1995;93:31-5.
19. Kalkner KM, Ronnblom L, Karlsson
Parra AK, Bengtsson M, Olsson Y, Oberg K.
Antibodies against double-stranded DNA

and development of polymyositis during
treatment with interferon. QJM 1998;91:
393-9.
20. Wesche B, Jaeckel E, Trantwein C, et
al. Induction of autoantibodies to the adrenal cortex and pancreatic islet cells by
interferon alpha therapy for chronic hepatitis C. Gut 2001;48:378-83.
21. Zuffa E, Vianelli N, Martinelli G, Tazzari P, Cavo M, Tura S. Autoimmune mediated thrombocytopenia associated with
the use of interferon-alpha in chronic myeloid leukaemia. Haematologica 1996;81:
533-5.
22. Gogas H, Pectasides D, Bafaloukos D,
et al. Adjuvant biotherapy with high dose
interferon in high-risk melanoma patients
(preliminary results). Proc Am Soc Clin
Oncol 2000;19:575a. abstract.
23. Cox DR. Regression models and lifetables. J R Stat Soc [B] 1972;34:187-220.
24. Kaplan EL, Meier P. Nonparametric
estimation from incomplete observations.
J Am Stat Assoc 1958;53:457-81.
25. Franzke A, Peest D, Probst-Kepper M,
et al. Autoimmunity resulting from cytokine treatment predicts long-term survival in patients with metastatic renal cell
cancer. J Clin Oncol 1999;17:529-33. [Erratum, J Clin Oncol 1999;17:1330.]
26. Kirkwood JM, Bender C, Agarwala S,
et al. Mechanisms and management of

toxicities associated with high-dose interferon alfa-2b therapy. J Clin Oncol 2002;
20:3703-18.
27. Koh LK, Greenspan FS, Yeo PP. Interferon-alpha induced thyroid dysfunction:
three clinical presentations and a review
of the literature. Thyroid 1997;7:891-6.
28. Phan GQ, Yang JC, Sherry RM, et al.
Cancer regression and autoimmunity induced by cytotoxic T lymphocyte-associated antigen 4 blockade in patients with
metastatic melanoma. Proc Natl Acad Sci
U S A 2003;100:8372-7.
29. Sanderson K, Scotland R, Lee P, et al.
Autoimmunity in a phase I trial of a fully
human anti-cytotoxic T-lymphocyte antigen-4 monoclonal antibody with multiple
melanoma peptides and Montanide ISA
51 for patients with resected stages III
and IV melanoma. J Clin Oncol 2005;23:
741-50.
30. Dranoff G. CTLA-4 blockade: unveiling immune regulation. J Clin Oncol 2005;
23:662-4.
31. Ribas A, Bozon VA, Lopez-Berestein
G, et al. Phase 1 trial of monthly doses of
the human anti-CTLA4 monoclonal antibody CP-675, 206 in patients with advanced melanoma. Proc Am Soc Clin Oncol 2005;23:716s. abstract.
Copyright © 2006 Massachusetts Medical Society.

PERSONAL ARCHIVES IN THE JOURNAL ONLINE

Individual subscribers can store articles and searches using a feature
on the Journal’s Web site (www.nejm.org) called “Personal Archive.”
Each article and search result links to this feature. Users can create
personal folders and move articles into them for convenient retrieval later.

718

n engl j med 354;7

www.nejm.org

february 16, 2006

Downloaded from www.nejm.org by DOUGLAS GOSSMAN MD on February 23, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

