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A B S T R A C T

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.

ª 2011 Published by Elsevier B.V. on behalf of Federation of European Biochemical Societies.
1. Introduction factor to select patients benefitting treatment is therefore
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
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Various systemic treatment regimens occasionally cured

patients withwidespreadmetastatic, but only DTIC is aworld-

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 a (IFN) or of IL-2 alone or of the combination
juif, France.
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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 the linkbetween tumor immunityandautoimmunity

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 enteringAJCC stage IV frompatients remaining

in AJCC stages I, II or III (Deichmann et al., 2004).

Findeisenet al. showedthat serumamyloidA (SAA)andCRP

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 IVmelanoma,which could later be identified as SAA. Inuni-

variate analysis SAA and CRP were prognostic marker in 276

stage I-IIImelanomapatients ( p¼ .04 andp¼ .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 IeIV 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 ¼ .01) and stage IV ( p < .0001).

Stam et al. previously assessed the effects of interferon a2b

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

baseline levels.Werecentlyextendedtheanalysis inorder toex-

plore the association of ferritin and CRP changes over timewith

clinical responseto IFNtherapy.Ferritin levels inthe IFN-treated

patients were increased from end of induction and remained

highduring 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 patientswithmetastatic 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 IVmelanomapatients reported similar results forpatients

treated with IL-2-based immunotherapy (Schmidt et al., 2005).

In univariate analyses, elevated neutrophil counts ( p < .001)

andelevatedmonocytecounts ( p< .001)were identifiedasprog-

nostic factors. Entering elevated neutrophils (or monocytes) in

a multivariate analysis comparable results were found

( p ¼ .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 elevatedneu-

trophils count was an independent prognostic factor for re-

duced overall survival (HR ¼ 1.5; p ¼ .02), and a high leukocyte

count was an independent prognostic factor of both reduced

overall survival (HR ¼ 1.7; p < .001) and reduced progression-

free survival (HR ¼ 1.5; p ¼ .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 2e5 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

correlatedwith 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/mL (high ALC) versus <1000 cells/mL (low ALC). At

baseline there was a borderline significant trend toward

improved overall survival for the high ALC group ( p ¼ .06),

http://dx.doi.org/10.1016/j.molonc.2011.01.004
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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/mL do not benefit from ipilimu-

mab treatment and could be spared of further toxicity.
5. Autoimmunity

5.1. IL-2

Hypothyroidismwas 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 weremore 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 dysfunctionwith 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 ¼ .04). Median

time to onset of vitiligo was 35 days (ranging 24e202 days).

When time to occurrence of vitiligowas taken into account, us-

ing itasatime-dependentcovariate,vitiligowasnotasignificant

predictor of survival (HR: 0.55, p ¼ .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

treatedwith lowdose interferon (LDI), alsoshowedacorrelation

with autoimmunity and a significantly better RFS ( p ¼ .05) and

a trend toward improved OS ( p ¼ .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

neededtobeelucidated.Subsequently,astudyperformedbythe

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).

Theanalysiswasperformed ina subsetofpatientsparticipating

intheEORTC18952ortheNordic IFNtrial (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-

lipinantibodies, however,nodifference inRFSbetweenpatients

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 armof 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 ¼ 0.37,

p < .001 and Nordic IFN, HR ¼ 0.49, p ¼ .002). When treating

antibody status as a time-dependent variable, no strong associ-

ationwithRFSwasfound.Furthermore, results fromacompara-

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 tocorrect forguarantee-timebiasandtherefore theob-

servation that autoimmunity is beneficial in patients treated

with LDI isdifficult to interpreter (Satzger et al., 2007).Moreover,

conflictingdatawere reportedwhencorrectionwasmade, auto-

immunity remained a strong independent prognosticmarker in

theGogas’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 theEORTC/NordicMelanomagroupcollaboration,ma-

jor differenceswere found for the occurrence of autoantibodies

at baseline. 33% and 35% of the patients from the EORTC 18952

study and from theNordic IFN trial respectively had preexisting

autoantibodies, against 1.5%reportedbyGogasetal. This seems

very low since antinuclear antibodies for instance are com-

monly detected in healthy persons, with reported prevalences

ranging 4e35%, 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

http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004
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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 3months in the study

byGogasetal. comparedto6e12monthsinthetrialsreportedby

the EORTC/Nordicmelanoma 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 thestudybyGogasetal.Maybeonlyclin-

icalmanifestationsofautoimmunityresemble“trueautoimmu-

nity” and should be used to identify possible treatment

responders. This seems less likely since autoimmune diseases

areoftenprecededand/oraccompaniedby theoccurrenceofau-

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%)patientshadclinicalmanifestationsofautoimmunity

(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-

mumabhasbeenmoreextensively investigated, showingobjec-

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 ¼ .008). This association has also been reported by others

(Downey et al., 2007; Weber et al., 2008). A recent study byWol-

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 ¼ 72), 4.2%

for 3mg/kg (n¼ 72), and 0% for 0.3mg/kg (n¼ 73). IrAEs of grade

3e4 arose innoneof thepatients in the 0.3mg/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 3e4 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 3e4 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 ¼ 0.68,

P < .001) (Hodi et al., 2010). The frequency of grade 3 or 4 irAEs

was 10e15% in the ipilimumab group and 3% in the gp100 alone

group, all occurring during the induction and reinduction pe-

riods. Among the 94 patientswho survived for 2 yearsmany ex-

perienced residual effects such as vitiligo (n¼ 12) and endocrine

immune-related adverse events requiring hormone-replace-

ment therapy (n ¼ 8).

Tremelimumab is a newer agentwhich is generally tolerable

and has demonstrated antitumor activity (Camacho et al., 2009;

Kirkwoodetal., 2010).Although ipilimumaband 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 correlationbe-

tween treatment response and irAEs in 30 patients receiving

tremelimumab ( p ¼ .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

wereobserved.Amorerecent trial evaluatingefficacyandsafety

in patient treatedwith tremelimumab, 15mg/kg, every 90 days,

reported an objective response rate of 6.6%, with all responses

being durable (Kirkwood et al., 2010). Grade 3e4 adverse events

included diarrhea (11%), fatigue (2%) and colitis (4%). Further-

more, Camacho et al. showed for the tremelimumab 15 mg/kg

arma treatment-related adverse event rate of 13% including; di-

arrhea, rash, pruritus, fatigueandnausea, anda seriousadverse

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

of immune-relatedadverseevent ratesandtheclinical 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

et al., 1999;Haraet al., 1995;Trckaet al., 2002).Results fromavac-

cination (AdhDCT)study inmicesuggested that tumor immunity

andautoimmunitycouldbeseparatedbymodulating theSTAT4/

STAT6 signaling axis (Zhang et al., 2009). In Stat4-deficient mice

Th1 development and IFNg 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

IFNg producing Th1 cells. Vaccination in Stat6-deficient mice,

http://dx.doi.org/10.1016/j.molonc.2011.01.004
http://dx.doi.org/10.1016/j.molonc.2011.01.004
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resulted in antitumor immunity and the occurrence of autoim-

munity (vitiligo). However, after depletion of CD8þTcells, tumor

protectionwas lostbutoccurrenceof vitiligowasnotaffected, in-

dicating that tumor immunity was dependent upon STAT6 sig-

naling. The opposite was observed in Stat4-deficient mice

followingdepletionofCD8þTcells. Themicedidnotdevelopvit-

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/II 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

didnot findanassociation betweenHLA-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

beenpublished. Especially theolder studies includedonlya lim-

ited set of patients andvalidation ina larger set of patients often

failedtoconfirmthepreviousfindings.Resultscouldbedifferent

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 analysesmultiple testing should be corrected for. Larger

studies are needed to clarify the role of HLA inmelanoma 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.
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