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ABSTRACT

Outcome in melanoma patients with advanced disease is poor and systemic treatment
seems to benefit only a subset of patients. Predictive markers identifying these patients
are currently not available. Early studies showed an association of immune-related side ef-
fects such as vitiligo and autoimmune thyroiditis with response to IL-2 or IFNa treatment.
However, conflicting data have been reported as well, mentioning the effect of a higher rate
of immune-related toxicities during prolonged administration of the drug in responders.
The review discusses the prognostic significance of autoimmunity during various forms
of immunotherapy and stresses the importance of correcting for guarantee-time bias. In
addition, other immune-related factors which have been associated with melanoma prog-
nosis such as, CRP, white blood cell count, absolute lymphocyte count and human leuko-
cyte antigen will be reviewed as well. A better understanding of the immune system and
the host-tumor interactions should ultimately lead to more effective treatment. A major
challenge expected to be addressed in future is proving ways to uncouple tumor immunity
from autoimmunity.

© 2011 Published by Elsevier B.V. on behalf of Federation of European Biochemical Societies.

1. Introduction

factor to select patients benefitting treatment is therefore
beneficial.

Current prognostic biomarkers based on the conventional
American Joint Committee on Cancer (AJCC) staging system
(TNM) include Breslow tumor thickness, presence of ulcera-
tion and extent of nodal involvement for primary cutaneous
melanoma, and furthermore, site of distant metastases and
serum lactate dehydrogenase (LDH) in metastatic melanoma
(Balch et al., 2009). In melanoma, prognostic markers are
needed to subdivide traditional tumor stages into subsets of
patients behaving differently in order to achieve personalized
treatment. Since systemic treatment is still disappointing for
the overall patient group, the identification of a predictive

Various systemic treatment regimens occasionally cured
patients with widespread metastatic, but only DTIC is a world-
wide approved therapy (Eggermont and Kirkwood, 2004;
Eggermont and Schadendorf, 2009). Also, fotemustine is ap-
proved in some countries, due to the observation that it pro-
longed time to occurrence of brain metastases (Avril et al,,
2004). Cytokine-based therapy with IL-2, based on its ability
to produce durable responses, is approved for patients with
metastatic melanoma in the USA but not in Europe, (Atkins
et al,, 1999). Twenty-one phase III trials evaluating the addi-
tion of interferon o (IFN) or of IL-2 alone or of the combination
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of IL-2 and IFN to mono or combination chemotherapy,
showed improved response rates, at the cost of significant
toxicity, but failed to provide proof for survival benefit
(Eggermont and Schadendorf, 2009). Strikingly, combining
chemotherapy with immunotherapy has not been very suc-
cessful either. However recently, a relevant prolongation of
survival was demonstrated with ipilimumab in patients with
metastatic melanoma (Hodi et al., 2010).

Interestingly, the phenomenon of autoimmunity observed
during various forms of immunotherapy, IL-2, IFN and anti-
CTLA-4 therapy, has been linked to treatment response
(Atkins et al., 1988; Gogas et al., 2006; Phan et al., 2001). To un-
derstand thelink between tumor immunity and autoimmunity
in melanoma and to explore its implication on prognosis and
treatment outcome remains a challenge (Ramirez-Montagut
et al., 2003). Here we review several immune-related factors
which have been associated with melanoma prognosis,
thereby focusing on the potential predictive value of these fac-
tors in patients receiving immunotherapy.

2. C-Reactive protein

High serum levels of C-reactive protein (CRP) were associated
with shortened survival in metastatic melanoma and resis-
tance to treatment with interleukin-2 (Tartour et al., 1996,
1994). It is a serum marker, which could discriminate mela-
noma patients entering AJCC stage IV from patients remaining
in AJCC stages [, II or III (Deichmann et al., 2004).

Findeisen et al. showed that serum amyloid A (SAA) and CRP
combined were also useful prognostic markers in early-stage
melanoma (Findeisen et al., 2009). Serum mass spectrometry
revealed a peak at m/z 11.680 differentiating between stage I
en IV melanoma, which could later be identified as SAA. In uni-
variate analysis SAA and CRP were prognostic marker in 276
stage I-Ill melanoma patients ( p =.04 and p = .006 respectively)
and in 103 stage IV patients (both p < .0001). Multivariate anal-
ysis including the well-known prognostic markers and the se-
rum markers; S100b, CRP, LDH and SAA, revealed sex, stage,
tumor load as well as S100b, CRP, and SAA as prognostic
markers in stage -1V disease with an interaction between
CRP and SAA. A significant prognostic discrimination was
found for the combination of these two markers in stage I-III
(p=.01) and stage IV (p < .0001).

Stam et al. previously assessed the effects of interferon «2b
on the acute-phase response in a small subset of stage IIb/III
melanoma patients participating in the EORTC 18952 trial
(Stam et al., 2002). They found significant increases in ferritin
levels and less pronounced decreases in CRP levels at end of in-
duction and at 6 months in the treated group as compared to
baselinelevels. Werecently extended the analysis in order to ex-
plore the association of ferritin and CRP changes over time with
clinical response to IFN therapy. Ferritin levelsin the IFN-treated
patients were increased from end of induction and remained
high during the treatment period. CRP levels varied slightly dur-
ing the course of the study but no significant differences be-
tween treated and untreated patients were observed. Some
patients in the IFN group had decreased CRP levels at end of in-
duction. However, none of these changes were predictive for
treatment response in patients receiving IFN (submitted data).

3. White blood cell count

Initially in patients with metastatic renal cell carcinoma receiv-
ing immunotherapy with IL-2 or IFN, baseline elevated neutro-
phil counts in peripheral blood were associated with poor
survival (Negrier et al.,, 2002). A study by Schmidt et al. in 321
stage IV melanoma patients reported similar results for patients
treated with IL-2-based immunotherapy (Schmidt et al., 2005).
In univariate analyses, elevated neutrophil counts (p < .001)
and elevated monocyte counts ( p < .001) were identified as prog-
nostic factors. Entering elevated neutrophils (or monocytes) in
a multivariate analysis comparable results were found
(p = .02). A validation study in stage IV melanoma patients ac-
crued to the EORTC 18952 biochemotherapy trial confirmed
these findings (Schmidt et al., 2007). Pretreatment elevated neu-
trophils count was an independent prognostic factor for re-
duced overall survival (HR = 1.5; p = .02), and a high leukocyte
count was an independent prognostic factor of both reduced
overall survival (HR = 1.7; p < .001) and reduced progression-
free survival (HR = 1.5; p = .008).

Recently six cases of paraneoplastic granulocytosis were
described in a series of 626 patients with metastatic mela-
noma (Davis et al., 2010). These patients were found to have
unexplained leukocytosis with neutrophilia. After extensive
work-up for infectious disease, serum granulocyte colony-
stimulating factor (G-CSF) level was determined and was ab-
normally elevated in all patients. The degree of leukocytosis
directly correlated to the level of serum G-CSF. In three pa-
tients the onset of paraneoplastic granulocytosis did not occur
with the appearance of metastatic melanoma but at later
point in the course of the disease. It is unknown whether
G-CSF-secreting melanoma tumors are indicative for a more
aggressive tumor phenotype or whether these tumors re-
spond differently to therapy.

4. Absolute lymphocyte count

An early report by Bernengo et al. already provided evidence that
melanoma patients with normal lymphocyte counts had a better
prognosis compared to those with reduced lymphocyte counts
(Bernengo et al., 1983). Furthermore, in patients with metastatic
melanoma receiving IL-2, absolute lymphocyte count immedi-
ately after therapy was significantly higher in responders com-
pared with non-responders (Phan et al., 2001). Moreover a higher
change in lymphocyte count, as compared to baseline value,
was documented in responders. Generally, rebound lymphocyto-
sis peaked 2—5 days after cessation of IL-2. A positive association
between lymphocyte count and response was also reported by
some others (Rosenberg et al., 1998; West et al., 1987).

Recently, in 51 patients with advanced melanoma who
were treated with ipilimumab 10 mg/kg, clinical benefit was
correlated with absolute lymphocyte count (Ku et al.). Patients
underwent laboratory testing before each ipilimumab admin-
istration. In order to correlate absolute lymphocyte count
(ALC) to outcome, patients were stratified based on a cutoff
of >1000/pL (high ALC) versus <1000 cells/uL (low ALC). At
baseline there was a borderline significant trend toward
improved overall survival for the high ALC group (p = .06),
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which remained after correction for LDH. After the first ipili-
mumab dose, patients with high ALC had a significantly im-
proved overall survival (p < .01), however this association
was most pronounced after the second dose of ipilimumab,
with a median overall survival of 11.9 months versus 1.4
months and p < .0001. Similar results were found when cor-
rected for LDH. Although this study comprised a relatively
small number of patients and no detailed multivariate analy-
sis was performed, the results might have strong implications
in future trials and clinical practice. These data suggest that
patients with ALC <1000 cells/uL do not benefit from ipilimu-
mab treatment and could be spared of further toxicity.

5. Autoimmunity
5.1. IL-2

Hypothyroidism was the first described autoimmune phenom-
enon associated with a favorable tumor response after treat-
ment with IL-2 and lymphokine-activated killer cells (Atkins
et al., 1988). Tumor regression occurred in five out of seven
(71%) patients with laboratory evidence of hypothyroidism in
contrast to 5 of the 27 euthyroid patients (19%). Similar observa-
tions were reported by others, yet these studies involved a lim-
ited set of patients (Scalzo et al., 1990; Weijl et al., 1993). Also,
Rosenburg et al. described the strong correlation between the
occurrence of vitiligo in patients with metastatic melanoma
and response to IL-2 therapy (Rosenberg and White, 1996). The
occurrence of vitiligo and thyroid dysfunction was evaluated
by Phan and colleagues in 372 patients receiving IL-2 treatment
(Phan et al., 2001). Responders were more likely to develop thy-
roid dysfunction and vitiligo. The authors limited their evalua-
tion to the presence of thyroid dysfunction and or vitiligo by
day 60 in order to correct for the possible confounding factor
that long-term immunologic side effects were due to prolonged
IL-2 administration. This could occur in responders since they
continued on therapy. Thyroid dysfunction was not associated
with treatment response anymore, which is in agreement
with two previous studies showing the association of a higher
incidence of thyroid dysfunction with prolonged IL-2 treatment
but no relation with clinical response (Krouse et al., 1995; Kruit
et al,, 1993). Since it takes time to develop vitiligo, it is difficult
to differentiate between a true association with treatment re-
sponse and the appearance of vitiligo as a result of prolonged
IL-2 treatment (in responders). A similar study by Boasberg
et al. demonstrated in a multivariate analysis that vitiligo was
predictive for improved survival (HR: 0.50, p = .04). Median
time to onset of vitiligo was 35 days (ranging 24—202 days).
When time to occurrence of vitiligo was taken into account, us-
ingitasatime-dependentcovariate, vitiligo was nota significant
predictor of survival (HR: 0.55, p = .09) (Boasberg et al., 2006).

5.2. IFN

Gogas et al. were the first to evaluate prognostic significance of
autoimmune antibodies and or clinical signs of autoimmunity
(vitiligo) in melanoma patients treated with adjuvant high
dose interferon (HDI) (Gogas et al., 2006). Antithyroglobulin, an-
tinuclear or anticardiolipin antibodies were detected in 24

percent of the patients, and only 3 patients (2%) developed viti-
ligo without the occurrence of autoantibodies. Autoimmunity
during treatment was associated with a significantly improved
relapse-free and overall survival. Another study in patients
treated with low dose interferon (LDI), also showed a correlation
with autoimmunity and a significantly better RFS (p = .05) and
a trend toward improved OS (p = .07) (Satzger et al., 2007). The
results of abovementioned trials appeared promising, however,
both studies analyzed the effects of autoimmunity on outcome
in patients receiving IFN treatment, no observation group was
evaluated. Therefore, the predictive value of autoimmunity still
needed tobe elucidated. Subsequently, a study performed by the
EORTC and the Nordic melanoma group described the associa-
tion of autoantibodies in patients receiving intermediate doses
of interferon or no treatment with RFS (Bouwhuis et al., 2009).
The analysis was performed in a subset of patients participating
inthe EORTC 18952 or the Nordic IFN trial (Eggermontetal., 2005;
Hansson et al.,, 2007). At baseline, 33% of the patients in the
EORTC 18952 and 35% of the patients in the Nordic IFN study
tested positive for antithyroglobulin, antinuclear or anticardio-
lipin antibodies, however, no difference in RFS between patients
with or without preexisting autoantibodies was observed. Dur-
ing follow-up, autoantibodies were more frequently detected
in patients receiving interferon as compared to untreated pa-
tients, 36% (EORTC 18952) and 39% (Nordic IFN) versus 26%
and 14% respectively in the observation arm of both trials. Sero-
conversion in IFN-treated patients correlated with improved
outcome if a Cox model (model 1) in which antibody status
was time independent was used (EORTC 18952, HR = 0.37,
p < .001 and Nordic IFN, HR = 0.49, p = .002). When treating
antibody status as a time-dependent variable, no strong associ-
ation with RFS was found. Furthermore, results from a compara-
ble side study from the ECOG 2696 trial were in agreement with
the previous study (Stuckert et al., 2007).

Guarantee-time bias is an important confounder when ana-
lyzing the prognostic value of any potential biomarker in serial
measurements and should be taken into account (Anderson
et al.,, 1983; Kalbfleisch and Prentice, 2002). Satzger et al. did
not perform landmark analyses or time-dependent Cox model
analyses to correct for guarantee-time bias and therefore the ob-
servation that autoimmunity is beneficial in patients treated
with LDIis difficult to interpreter (Satzger et al., 2007). Moreover,
conflicting data were reported when correction was made, auto-
immunity remained a strongindependent prognostic marker in
the Gogas’s study but it lost significance in the side studies from
the EORTC 18952, Nordic IFN and ECOG 2696 trials (Bouwhuis
et al.,, 2009; Gogas et al., 2006; Stuckert et al., 2007). Although
the same enzyme-linked immunosorbent assays (Quanta Lite,
Inova Diagnostics) and titers were used in the studies by Gogas
etal. and the EORTC/Nordic Melanoma group collaboration, ma-
jor differences were found for the occurrence of autoantibodies
at baseline. 33% and 35% of the patients from the EORTC 18952
study and from the Nordic IFN trial respectively had preexisting
autoantibodies, against 1.5% reported by Gogas etal. This seems
very low since antinuclear antibodies for instance are com-
monly detected in healthy persons, with reported prevalences
ranging 4—35%, and prevalences up to 40% in cancer patients
(Imran et al., 2003; Shovman et al., 2005; Solans-Laque et al,,
2004; Tan et al., 1997). The higher seroconversion rate in the
EORTC 18952 and Nordic IFN trials as compared with Gogas’s
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study and the ECOG 2696 trial, could be explained by a longer
treatment duration in the EORTC 18952 and Nordic IFN trial
and a longer sampling period in these trials. Interestingly, the
median time to seroconversion was only 3 months in the study
by Gogasetal. compared to 6—12 monthsin the trialsreported by
the EORTC/Nordic melanoma group. A possible explanation for
this difference could be the fact that the induction treatment
comprised a higher dosage and was delivered intravenously
(vs. subcutaneously) in the study by Gogas et al. Maybe only clin-
ical manifestations of autoimmunity resemble “true autoimmu-
nity” and should be used to identify possible treatment
responders. This seems less likely since autoimmune diseases
are often preceded and/or accompanied by the occurrence of au-
toantibodies. Also, from the 52/200 (26%) of the IFN-treated pa-
tients with signs of autoimmunity in the study of Gogas, only
three (2%) patients had clinical manifestations of autoimmunity
(vitiligo) without autoantibodies. Therefore, using autoanti-
bodies as an index of immune response seems reasonable.

Recently the association of autoimmune antibodies in pa-
tients receiving long-term (5 years) treatment with pegylated
(PEG)-IFN or no treatment (observation) and prognosis, was de-
scribed in patients accrued to the EORTC 18991 trial (Bouwhuis
et al.). Results were comparable, a correlation with improved
outcome (in all patients) according to the (biased) Cox model,
yet upon correction for guarantee-time bias using the time-
dependent Cox models, the occurrence of autoantibodies lost
significance. The effect of seroconversion on outcome in obser-
vation patients or PEG-IFN treated patients separately were
similar, suggesting that seroconversion is also not a predictive
serological marker for treatment outcome.

5.3. Anti-CTLA-4

Cytotoxic T lymphocyte antigen-4 (CTLA-4) is an important in-
hibitor of T cell activation (Greenwald et al., 2005; Teft et al.,
2006). Blocking CTLA-4 with neutralizing antibodies, ipilimu-
mab or tremelimumab, is therefore a promising approach to
augment antitumor immune responses. Treatment with ipili-
mumab hasbeen more extensively investigated, showing objec-
tive response rates ranging from 5% to 17% (Attia et al., 2005;
Downey et al., 2007; Hersh et al.,; Hodi et al., 2010; O’Day et al.,
2010,; Weber et al., 2009; Wolchok et al., 2010). Attia et al. were
the first to describe the correlation of severe autoimmune side
effects such as dermatitis and colitis in 56 stage IV melanoma
patients, with clinical response to ipilimumab (Attia et al,
2005). Five of the 14 patients with immune-related adverse
events (irAEs) exhibited a clinical response, whereas only 2 of
the 42 patients without autoimmune side effects responded
(p = .008). This association has also been reported by others
(Downey et al., 2007; Weber et al., 2008). A recent study by Wol-
chok et al. elicited a dose-dependent effect of ipilimumab on ef-
ficacy and safety in patients with advanced melanoma
(Wolchok et al., 2010). Best overall response rate (the proportion
of patients with a complete or partial response, according to
modified WHO criteria), was 11.1% for 10 mg/kg (n = 72), 4.2%
for 3 mg/kg (n = 72), and 0% for 0.3 mg/kg (n = 73). IrAEs of grade
3—4 arose in none of the patients in the 0.3 mg/kg group, in 5 pa-
tients of the 3 mg/kg group and in 18 patients of the 10 mg/kg
group. The most common grade 3—4 adverse events were gas-
trointestinal immune-related events and generally managed

successfully with steroids. This study, however, did not explore
the association between the occurrence of irAEs and clinical re-
sponse. Another study reported for patients receiving ipilimu-
mab (10 mg/kg) that patients suffering grade 3—4 irAEs at week
24 had a significantly higher clinical response rate as compared
to those with grade < 2 irAEs (p < .01) (Ku et al.). Improved
overall survival was shown by Hodi et al. in a large phase III
study in metastatic melanoma for patients receiving ipilimu-
mab (3 mg/kg) plus glycoprotein 100 (gp100) peptide vaccine
compared to patients treated with gp100 alone (HR = 0.68,
P < .001) (Hodi et al., 2010). The frequency of grade 3 or 4 irAEs
was 10—15% in the ipilimumab group and 3% in the gp100 alone
group, all occurring during the induction and reinduction pe-
riods. Among the 94 patients who survived for 2 years many ex-
perienced residual effects such as vitiligo (n = 12) and endocrine
immune-related adverse events requiring hormone-replace-
ment therapy (n = 8).

Tremelimumab is a newer agent which is generally tolerable
and has demonstrated antitumor activity (Camacho et al., 2009;
Kirkwood etal., 2010). Although ipilimumab and tremelimumab
have not been compared directly, it seems that response rates
with tremelimumab are lower, which might be explained by
suboptimal dosing. Notably is the fact that these patients also
developed less immune-related toxicities as compared to ipili-
mumab treated patients. The only evidence for a correlation be-
tween treatment response and irAEs in 30 patients receiving
tremelimumab (p = .05) was found by Reuben et al. (Reuben
et al,, 2006). Five patients suffered from grade 3 diarrhea and 1
patient from grade 3 dermatitis but no grade 4 adverse events
were observed. Amore recent trial evaluating efficacy and safety
in patient treated with tremelimumab, 15 mg/kg, every 90 days,
reported an objective response rate of 6.6%, with all responses
being durable (Kirkwood et al., 2010). Grade 3—4 adverse events
included diarrhea (11%), fatigue (2%) and colitis (4%). Further-
more, Camacho et al. showed for the tremelimumab 15 mg/kg
arm a treatment-related adverse event rate of 13% including; di-
arrhea, rash, pruritus, fatigue and nausea, and a serious adverse
event rate of 9% (Camacho et al,, 2009). Rates for immune-re-
lated adverse events were not mentioned. It might be possible
that if tremelimumab dosing would be intensified, the number
ofimmune-related adverse eventrates and the clinical response
rates could be increased.

6. Is it possible to uncouple tumor immunity and
autoimmunity?

The immunologic concepts behind concomitant tumor immu-
nity and autoimmunity are complex (Ramirez-Montagut et al.,
2003; Uchi et al., 2006). Although tumor immunity and autoim-
munity use similar mechanisms, uncoupling is possible (Turk
et al., 2002). Various mechanisms have been described (Bowne
etal., 1999; Hara et al., 1995; Trcka et al., 2002). Results from a vac-
cination (AdhDCT) study in mice suggested that tumor immunity
and autoimmunity could be separated by modulating the STAT4/
STATS signaling axis (Zhang et al., 2009). In Stat4-deficient mice
Th1 development and IFNy production are impaired while Th2
functions are intact. On the contrary, Stat6-deficient T cells can-
not differentiate into IL-4 producing Th2 cells but develop into
IFNy producing Th1 cells. Vaccination in Stat6-deficient mice,
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resulted in antitumor immunity and the occurrence of autoim-
munity (vitiligo). However, after depletion of CD8+ T cells, tumor
protection was lost but occurrence of vitiligo was not affected, in-
dicating that tumor immunity was dependent upon STAT6 sig-
naling. The opposite was observed in Stat4-deficient mice
following depletion of CD8+ T cells. The mice did not develop vit-
iligo yet antitumor immunity was preserved. Similar studies are
wanted for other agents like IL-2, IFN and anti-CTLA-4.

7. Human leukocyte antigen

Serological typing for human leukocyte antigen (HLA) class I
and class II antigen expression has previously shown to be as-
sociated with melanoma prognosis and treatment response.

An early report by Lee et al. suggested that the risk of mel-
anoma incidence or progression could be influenced by HLA-
DQB1%0301 (Lee et al., 1994). Stage I/Il melanoma patients
with positive HLA-DQB1*0301 status were at an increased
risk of developing recurrent disease compared to stage-
matched patients lacking this allele (Lee et al., 1996). Also
HLA-DRB1*1101 was associated with disease recurrence in pa-
tients with localized melanoma (Lee et al., 2002). Clinical re-
sponse in patients with metastatic melanoma receiving IL-2
was described for patients expressing HLA-DQ1 (Rubin et al.,
1995). Another report in a larger set of patients could not con-
firm this beneficial effect of HLA-DQ1, instead, demonstrated
an association of homozygosity of HLA-DR and tolerance to
IL-2 treatment (Marincola et al., 1995). In a small study of 32
melanoma patients Scheibenbogen et al. reported an associa-
tion between HLA-B44 and HLA-Cw7 and response to IL-2,
however in a later analysis of 54 patients, the same authors
did not find an association between HLA-B44 and response, while
HLA-Cw7 remained marginally correlated (Scheibenbogen et al.,
1994). Recently, HLA typing in 284 high-risk melanoma patients
receiving high-dose adjuvant interferon revealed that the 55 pa-
tients expressing HLA-Cw*06 had a better relapse-free and over-
all survival compared to the 229 patients with a negative HLA-
Cw*06 status (Gogas et al., 2010). When controlling for disease
stage in a multivariate analysis, the p-values for the association
of HLA-Cw*06 with RFS and OS were 0.02 and 0.04 respectively.

Abovementioned studies provide evidence that human leu-
kocyte antigen is associated with melanoma prognosis and
treatment response, however many contradicting reports have
been published. Especially the older studies included only a lim-
ited set of patients and validation in a larger set of patients often
failed to confirm the previous findings. Results could be different
since patients of various ethnic backgrounds have been ana-
lyzed. Also, HLA typing techniques have been improved over
the years. Moreover, one should keep in mind that in these
kind of analyses multiple testing should be corrected for. Larger
studies are needed to clarify the role of HLA in melanoma prog-
nosis. Ideally, both treated and untreated patients are analyzed
to assess its potential predictive value as well.

8. Conclusions

After years of evaluating different prognostic markers in mel-
anoma we still have not found a marker predicting response

to immunotherapy. Since the overall treatment results are
disappointing it is necessary to identify patient populations
benefitting a certain treatment. With promising new drugs
such as ipilimumab it is essential that we continue this
search. Although the appearance of autoimmune related tox-
icities were described to be associated with response to ipili-
mumab, this association should be confirmed by upcoming
phase III trials.

The advances in basic understanding of the immune sys-
tem and the host-tumor interactions should ultimately lead
to more effective and tailor-made treatment. Immunotherapy
is associated with considerable toxicity therefore one of the
future’s challenges will be to induce more potent tumor im-
munity balancing autoimmune side effects.

REFERENCES

Anderson, J.R., Cain, K.C., Gelber, R.D., 1983. Analysis of survival
by tumor response. J. Clin. Oncol. 1, 710-719.

Atkins, M.B., Mier, J.W., Parkinson, D.R., Gould, J.A.,

Berkman, E.M., Kaplan, M.M., 1988. Hypothyroidism after
treatment with interleukin-2 and lymphokine-activated killer
cells. N. Engl. J. Med. 318, 1557—1563.

Atkins, M.B., Lotze, M.T., Dutcher, ].P., Fisher, R.I,, Weiss, G., Margolin, K.,
et al,, 1999. High-dose recombinant interleukin 2 therapy for
patients with metastatic melanoma: analysis of 270 patients treated
between 1985 and 1993. J. Clin. Oncol. 17, 2105—2116.

Attia, P., Phan, G.Q., Maker, A.V., Robinson, M.R., Quezado, M.M.,
Yang, J.C., et al,, 2005. Autoimmunity correlates with tumor
regression in patients with metastatic melanoma treated with
anti-cytotoxic T-lymphocyte antigen-4. J. Clin. Oncol. 23,
6043—6053.

Avril, M.F., Aamdal, S., Grob, J.J., Hauschild, A., Mohr, P.,
Bonerandi, JJ., et al., 2004. Fotemustine compared with
dacarbazine in patients with disseminated malignant
melanoma: a phase III study. J. Clin. Oncol. 22, 1118—1125.

Balch, C.M., Gershenwald, J.E., Soong, S.J., Thompson, J.F.,
Atkins, M.B., Byrd, D.R., et al., 2009. Final version of 2009 AJCC
melanoma staging and classification. J. Clin. Oncol. 27,
6199—-6206.

Bernengo, M.G,, Lisa, F., Meregalli, M., De Matteis, A., Zina, G.,
1983. The prognostic value of T-lymphocyte levels in
malignant melanoma. A five-year follow-up. Cancer 52,
1841-1848.

Boasberg, P.D., Hoon, D.S., Piro, L.D., Martin, M.A., Fujimoto, A.,
Kristedja, T.S., et al., 2006. Enhanced survival associated with
vitiligo expression during maintenance biotherapy for
metastatic melanoma. J. Invest. Dermatol. 126, 2658—2663.

Bouwhuis, M.G., Suciu, S., Testori, A., Kruit, W.H., Sales, F., Patel, P.,
etal, Phaselll trial comparing adjuvant treatment with pegylated
interferon Alfa-2b versus observation: prognostic significance of
autoantibodies—EORTC 18991. J. Clin. Oncol. 28, 2460—2466.

Bouwhuis, M.G., Suciu, S., Collette, S., Aamdal, S., Kruit, W.H.,
Bastholt, L., et al., 2009. Autoimmune antibodies and
recurrence-free interval in melanoma patients treated with
adjuvant interferon. J. Natl. Cancer Inst. 101, 869—877.

Bowne, W.B., Srinivasan, R., Wolchok, J.D., Hawkins, W.G.,
Blachere, N.E., Dyall, R., et al.,, 1999. Coupling and uncoupling
of tumor immunity and autoimmunity. J. Exp. Med. 190,
1717-1722.

Camacho, L.H., Antonia, S., Sosman, J., Kirkwood, J.M.,
Gajewski, T.F., Redman, B., et al., 2009. Phase I/II trial of
tremelimumab in patients with metastatic melanoma. J. Clin.
Oncol. 27, 1075—1081.


http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004

188 MOLECULAR ONCOLOGY 5(2011) 183-189

Davis, J.L., Ripley, R.T., Frankel, T.L., Maric, I., Lozier, J.N,,
Rosenberg, S.A., 2010. Paraneoplastic granulocytosis in
metastatic melanoma. Melanoma Res. 20, 326—329.

Deichmann, M., Kahle, B., Moser, K., Wacker, J., Wust, K., 2004.
Diagnosing melanoma patients entering American Joint
Committee on cancer stage IV, C-reactive protein in serum
is superior to lactate dehydrogenase. Br. J. Cancer 91,
699-702.

Downey, S.G., Klapper, J.A., Smith, F.O., Yang, ].C., Sherry, R.M.,,
Royal, R.E,, et al., 2007. Prognostic factors related to clinical
response in patients with metastatic melanoma treated by
CTL-associated antigen-4 blockade. Clin. Cancer Res. 13,
6681—-6688.

Eggermont, A.M., Kirkwood, ].M., 2004. Re-evaluating the role of
dacarbazine in metastatic melanoma: what have we learned
in 30 years? Eur. J. Cancer 40, 1825—1836.

Eggermont, A.M., Schadendorf, D., 2009. Melanoma and
immunotherapy. Hematol. Oncol. Clin. North Am. 23,
547—-564,. ix—x.

Eggermont, A.M., Suciu, S., MacKie, R., Ruka, W., Testori, A.,
Kruit, W, et al., 2005. Post-surgery adjuvant therapy with
intermediate doses of interferon alfa 2b versus observation in
patients with stage IIb/III melanoma (EORTC 18952):
randomised controlled trial. Lancet 366, 1189—1196.

Findeisen, P., Zapatka, M., Peccerella, T., Matzk, H., Neumaier, M.,
Schadendorf, D., et al., 2009. Serum amyloid A as a prognostic
marker in melanoma identified by proteomic profiling. J. Clin.
Oncol. 27, 2199—-2208.

Gogas, H., Ioannovich, J., Dafni, U., Stavropoulou-Giokas, C.,
Frangia, K., Tsoutsos, D., et al., 2006. Prognostic significance of
autoimmunity during treatment of melanoma with interferon.
N. Engl. J. Med. 354, 709-718.

Gogas, H., Kirkwood, J.M., Falk, C.S., Dafni, U., Sondak, V.K.,
Tsoutsos, D., et al., 2010. Correlation of molecular human
leukocyte antigen typing and outcome in high-risk melanoma
patients receiving adjuvant interferon. Cancer 116, 4326—4333.

Greenwald, RJ., Freeman, G.J., Sharpe, A.H., 2005. The B7 family
revisited. Annu. Rev. Immunol. 23, 515—548.

Hansson, J., Aamdal, S., Bastholt, L., Hernberg, M., Nilsson, B.,
Stierner, U., et al., 2007. Results of the Nordic randomised
adjuvant trial of intermediate-dose interferon alfa-2b in high-
risk melanoma. Eur. J. Cancer 6 (Supplement 5), 4.

Hara, L., Takechi, Y., Houghton, A.N., 1995. Implicating a role for
immune recognition of self in tumor rejection: passive
immunization against the brown locus protein. J. Exp. Med.
182, 1609—1614.

Hersh, E.M., O'Day, S.J., Powderly, J., Khan, K.D., Pavlick, A.C.,
Cranmer, L.D. et al,, A phase II multicenter study of
ipilimumab with or without dacarbazine in chemotherapy-
naive patients with advanced melanoma. Invest. New Drugs.

Hodi, F.S., O'Day, S.J., McDermott, D.F., Weber, R.W., Sosman, J.A.,
Haanen, J.B., et al., 2010. Improved survival with ipilimumab in
patients with metastatic melanoma. N. Engl. J. Med. 363, 711-723.

Imran, A., Neelam, F., Tariq, M., 2003. Incidence of circulating
antinuclear antibodies in cancer patients. Indian J. Med. Sci.
57, 113—116.

Kalbfleisch, J.D., Prentice, R.L., 2002. The Survival Analysis of
Failure Time Data, second ed. Wiley Inter-Science, New-
Jersey.

Kirkwood, J.M., Lorigan, P., Hersey, P., Hauschild, A., Robert, C.,
McDermott, D., et al., 2010. Phase II trial of tremelimumab
(CP-675,206) in patients with advanced refractory or relapsed
melanoma. Clin. Cancer Res. 16, 1042—1048.

Krouse, R.S., Royal, R.E., Heywood, G., Weintraub, B.D.,

White, D.E., Steinberg, S.M., et al., 1995. Thyroid dysfunction
in 281 patients with metastatic melanoma or renal carcinoma
treated with interleukin-2 alone. J. Immunother Emphasis
Tumor Immunol. 18, 272—278.

Kruit, W.H., Bolhuis, R.L., Goey, S.H., Jansen, R.L.,

Eggermont, A.M., Batchelor, D., et al., 1993. Interleukin-2-
induced thyroid dysfunction is correlated with treatment
duration but not with tumor response. J. Clin. Oncol. 11,
921-924.

Ku, G.Y., Yuan, J.,, Page, D.B., Schroeder, S.E., Panageas, K.S.,
Carvajal, R.D,, et al., Single-institution experience with
ipilimumab in advanced melanoma patients in the
compassionate use setting: lymphocyte count after 2 doses
correlates with survival. Cancer 116, 1767—1775.

Lee, J.E., Reveille, ].D., Ross, M.I,, Platsoucas, C.D., 1994. HLA-
DQB1*0301 association with increased cutaneous melanoma
risk. Int. J. Cancer 59, 510—513.

Lee, J.E.,, Lu, M., Mansfield, P.F., Platsoucas, C.D., Reveille, ].D.,
Ross, M.L,, 1996. Malignant melanoma: relationship of the
human leukocyte antigen class II gene DQB1%0301 to disease
recurrence in American Joint Committee on Cancer Stage I or
II. Cancer 78, 758—763.

Lee, J.E., Abdalla, J., Porter, G.A., Bradford, L., Grimm, E.A.,
Reveille, ]J.D., et al., 2002. Presence of the human leukocyte
antigen class II gene DRB1*1101 predicts interferon gamma
levels and disease recurrence in melanoma patients. Ann.
Surg. Oncol. 9, 587—593.

Marincola, F.M., Shamamian, P., Rivoltini, L., Salgaller, M.,
Cormier, J., Restifo, N.P., et al., 1995. HLA associations in the
antitumor response against malignant melanoma. J.
Immunother Emphasis Tumor Immunol. 18, 242—252.

Negrier, S., Escudier, B., Gomez, F., Douillard, J.Y., Ravaud, A.,
Chevreau, C., et al., 2002. Prognostic factors of survival and
rapid progression in 782 patients with metastatic renal
carcinomas treated by cytokines: a report from the Groupe
Francais d'Immunotherapie. Ann. Oncol. 13, 1460—1468.

O’Day, S.J., Maio, M., Chiarion-Sileni, V., Gajewski, T.F.,
Pehamberger, H., Bondarenko, I.N,, et al., 2010. Efficacy and
safety of ipilimumab monotherapy in patients with pretreated
advanced melanoma: a multicenter single-arm phase II study.
Ann. Oncol..

Phan, G.Q., Attia, P., Steinberg, S.M., White, D.E., Rosenberg, S.A.,
2001. Factors associated with response to high-dose
interleukin-2 in patients with metastatic melanoma. J. Clin.
Oncol. 19, 3477—3482.

Ramirez-Montagut, T., Turk, M.J.,, Wolchok, ].D., Guevara-
Patino, J.A., Houghton, A.N., 2003. Immunity to melanoma:
unraveling the relation of tumor immunity and
autoimmunity. Oncogene 22, 3180—3187.

Reuben, J.M,, Lee, B.N,, Li, C., Gomez-Navarro, J., Bozon, V.A.,
Parker, C.A., et al., 2006. Biologic and immunomodulatory
events after CTLA-4 blockade with ticilimumab in patients
with advanced malignant melanoma. Cancer 106,
2437-2444.

Rosenberg, S.A., White, D.E., 1996. Vitiligo in patients with
melanoma: normal tissue antigens can be targets for cancer
immunotherapy. J. Immunother Emphasis Tumor Immunol.
19, 81-84.

Rosenberg, S.A., Yang, J.C., White, D.E., Steinberg, S.M., 1998.
Durability of complete responses in patients with metastatic
cancer treated with high-dose interleukin-2: identification of
the antigens mediating response. Ann. Surg. 228, 307—319.

Rubin, J.T., Day, R., Duquesnoy, R., Simonis, B., Adams, S., Lee, J.,
et al., 1995. HLA-DQ1 is associated with clinical response and
survival of patients with melanoma who are treated with
interleukin-2. Ther. Immunol. 2, 1-6.

Satzger, 1., Meier, A., Schenck, F., Kapp, A., Hauschild, A.,
Gutzmer, R., 2007. Autoimmunity as a prognostic factor in
melanoma patients treated with adjuvant low-dose interferon
alpha. Int. J. Cancer 121, 2562—2566.

Scalzo, S., Gengaro, A., Boccoli, G., Masciulli, R., Giannella, G.,
Salvo, G., et al., 1990. Primary hypothyroidism associated with


http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004

MOLECULAR ONCOLOGY 5(2011) 183-189 189

interleukin-2 and interferon alpha-2 therapy of melanoma
and renal carcinoma. Eur. J. Cancer 26, 1152—1156.

Scheibenbogen, C., Keilholz, U., Mytilineos, J., Suciu, S.,
Manasterski, M., Hunstein, W., 1994. HLA class I alleles and
responsiveness of melanoma to immunotherapy with
interferon-alpha (IFN-alpha) and interleukin-2 (IL-2).
Melanoma Res. 4, 191-194.

Schmidt, H., Bastholt, L., Geertsen, P., Christensen, 1], Larsen, S.,
Gehl, J., et al., 2005. Elevated neutrophil and monocyte counts
in peripheral blood are associated with poor survival in
patients with metastatic melanoma: a prognostic model. Br. J.
Cancer 93, 273-278.

Schmidt, H., Suciu, S., Punt, C.J., Gore, M., Kruit, W., Patel, P., et al.,,
2007. Pretreatment levels of peripheral neutrophils and
leukocytes as independent predictors of overall survival in
patients with American Joint Committee on cancer Stage IV
Melanoma: results of the EORTC 18951 biochemotherapy trial.
J. Clin. Oncol. 25, 1562—1569.

Shovman, O., Gilburd, B., Barzilai, O., Shinar, E., Larida, B., Zandman-
Goddard, G., et al., 2005. Evaluation of the BioPlex 2200 ANA
screen: analysis of 510 healthy subjects: incidence of natural/
predictive autoantibodies. Ann. N. Y Acad. Sci. 1050, 380—388.

Solans-Laque, R., Perez-Bocanegra, C., Salud-Salvia, A., Fonollosa-
Pla, V., Rodrigo, M.J., Armadans, L., et al., 2004. Clinical
significance of antinuclear antibodies in malignant diseases:
association with rheumatic and connective tissue
paraneoplastic syndromes. Lupus 13, 159—-164.

Stam, T.C., Swaak, A.J., Kruit, W.H., Eggermont, A.M., 2002.
Regulation of ferritin: a specific role for interferon-alpha
(IFN-alpha)? The acute phase response in patients treated
with IFN-alpha-2b. Eur ] Clin Invest 32 (Suppl. 1), 79—-83.

Stuckert, J.J., Tarhini, A.A., Lee, S., Sander, C., Kirkwood, J.M.,
2007. Interferon alfa-induced autoimmunity and serum S100
levels as predictive and prognostic biomarkers in high-risk
melanoma in the ECOG-intergroup phase II trial E2696. J Clin
Oncol 25 (suppl), 8506.

Tan, E.M., Feltkamp, T.E., Smolen, J.S., Butcher, B., Dawkins, R.,
Fritzler, MJ., et al., 1997. Range of antinuclear antibodies in
"healthy" individuals. Arthritis Rheum. 40, 1601-1611.

Tartour, E., Dorval, T., Mosseri, V., Deneux, L., Mathiot, C.,
Brailly, H., et al., 1994. Serum interleukin 6 and C-reactive
protein levels correlate with resistance to IL-2 therapy and
poor survival in melanoma patients. Br. J. Cancer 69, 911-913.

Tartour, E., Blay, J.Y., Dorval, T., Escudier, B., Mosseri, V.,
Douillard, J.Y., et al., 1996. Predictors of clinical response to

interleukin-2—based immunotherapy in melanoma patients:
a French multiinstitutional study. J. Clin. Oncol. 14, 1697—1703.

Teft, W.A., Kirchhof, M.G., Madrenas, J., 2006. A molecular
perspective of CTLA-4 function. Annu. Rev. Immunol. 24,
65-97.

Trcka, J., Moroi, Y., Clynes, R.A., Goldberg, S.M., Bergtold, A.,
Perales, M.A., et al., 2002. Redundant and alternative roles for
activating Fc receptors and complement in an antibody-
dependent model of autoimmune vitiligo. Immunity 16,
861—868.

Turk, M.J.,, Wolchok, J.D., Guevara-Patino, J.A., Goldberg, S.M.,
Houghton, A.N., 2002. Multiple pathways to tumor immunity
and concomitant autoimmunity. Immunol. Rev. 188,
122-135.

Uchi, H., Stan, R., Turk, MJ., Engelhorn, M.E., Rizzuto, G.A.,
Goldberg, S.M., et al., 2006. Unraveling the complex relationship
between cancer immunity and autoimmunity: lessons from
melanoma and vitiligo. Adv. Immunol. 90, 215—241.

Weber, J.S., O’'Day, S., Urba, W., Powderly, J., Nichol, G., Yellin, M.,
et al., 2008. Phase I/II study of ipilimumab for patients with
metastatic melanoma. J. Clin. Oncol. 26, 5950—5956.

Weber, J., Thompson, J.A., Hamid, O., Minor, D., Amin, A., Ron, [,
et al., 2009. A randomized, double-blind, placebo-controlled,
phase II study comparing the tolerability and efficacy of
ipilimumab administered with or without prophylactic
budesonide in patients with unresectable stage III or IV
melanoma. Clin. Cancer Res. 15, 5591—5598.

Weijl, N.I, Van der Harst, D., Brand, A., Kooy, Y., Van
Luxemburg, S., Schroder, J., et al., 1993. Hypothyroidism
during immunotherapy with interleukin-2 is associated with
antithyroid antibodies and response to treatment. J. Clin.
Oncol. 11, 1376—1383.

West, W.H., Tauer, K.W., Yannellj, ].R., Marshall, G.D., Orr, D.W.,
Thurman, G.B.,, et al., 1987. Constant-infusion recombinant
interleukin-2 in adoptive immunotherapy of advanced cancer.
N. Engl. J. Med. 316, 898—905.

Wolchok, J.D., Neyns, B., Linette, G., Negrier, S., Lutzky, J.,
Thomas, L., et al., 2010. Ipilimumab monotherapy in patients
with pretreated advanced melanoma: a randomised, double-
blind, multicentre, phase 2, dose-ranging study. Lancet Oncol.
11, 155-164.

Zhang, S., Bernard, D., Khan, W.I., Kaplan, M.H., Bramson, J.L.,
Wan, Y., 2009. CD4+ T-cell-mediated anti-tumor immunity
can be uncoupled from autoimmunity via the STAT4/STAT6
signaling axis. Eur. J. Immunol. 39, 1252—1259.


http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004

	Immunologic functions as prognostic indicators in melanoma
	Introduction
	C-Reactive protein
	White blood cell count
	Absolute lymphocyte count
	Autoimmunity
	IL-2
	IFN
	Anti-CTLA-4

	Is it possible to uncouple tumor immunity and autoimmunity?
	Human leukocyte antigen
	Conclusions
	References


