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Abstract Over the last few years, several newly

developed immune-based cancer therapies have been

shown to induce clinical responses in significant numbers

of patients. As a result, there is a need to identify

immune biomarkers capable of predicting clinical

response. If there were laboratory parameters that could

define patients with improved disease outcomes after

immunomodulation, product development would accel-

erate, optimization of existing immune-based treatments

would be facilitated and patient selection for specific

interventions might be optimized. Although there are no

validated cancer immunologic biomarkers that are pre-

dictive of clinical response currently in widespread use,

there is much published literature that has informed

investigators as to which markers may be the most

promising. Population-based studies of endogenous tumor

immune infiltrates and gene expression analyses have

identified specific cell populations and phenotypes of

immune cells that are most likely to mediate anti-tumor

immunity. Further, clinical trials of cancer vaccines and

other cancer directed immunotherapy have identified

candidate immunologic biomarkers that are statistically

associated with beneficial clinical outcomes after

immune-based cancer therapies. Biomarkers that measure

the magnitude of the Type I immune response generated

with immune therapy, epitope spreading, and autoim-

munity are readily detected in the peripheral blood and,

in clinical trials of cancer immunotherapy, have been

associated with response to treatment.
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ADCC Antibody-dependent cell-mediated

cytotoxicity

APC Antigen-presenting cells

CI Confidence interval

CTLA-4 Cytotoxic T-lymphocyte antigen 4

DFS Disease-free survival

DTH Delayed type hypersensitivity

GM-CSF Granulocyte macrophage colony

stimulating factor

HER2 HER-2/neu

HPV Human papilloma virus

HR Hazard ratio

IFN Interferon

IL Interleukin

KLH Keyhole limpet hemocyanin

NCI National Cancer Institute

NK Natural killer

OS Overall survival

PDL Programmed death ligand

PSA Prostate-specific antigen

RR Relative risk

SNP Single nucleotide polymorphisms

TGF Transforming growth factor
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Introduction

Over the last year, a variety of immune-based approaches

for cancer therapy have demonstrated statistically signifi-

cant therapeutic efficacy in randomized Phase III clinical

trials. In 2010, the first therapeutic cancer vaccine was

approved for widespread use in the United States. In a

double-blind, placebo-controlled Phase III trial, random-

izing 512 patients with metastatic prostate cancer to receive

a vaccine targeting prostatic acid phosphatase (sipuleucel-

T) or a placebo, antigen-specific vaccination resulted in a

22% reduction in the risk of death in treated patients

compared to controls (P = 0.03, CI 0.61–0.98). A survival

benefit of a median of 4.1 months was significant even

after adjusting for those patients who received docetaxel

after study completion (P = 0.03) [1]. A Phase III trial of

ipilimumab, an anti-cytotoxic T-lymphocyte antigen 4

(CTLA-4) monoclonal antibody, evaluated 676 HLA-A2

positive metastatic melanoma patients who were random-

ized 3:1:1 to receive ipilimumab and a melanoma antigen-

specific vaccine, ipilimumab without vaccination and

vaccination alone. Both arms containing ipilimumab,

whether or not given with a vaccine, demonstrated superior

median overall survival (OS) (P \ 0.01) when compared

with the vaccine alone arm [2]. The addition of a vaccine

did not further enhance the therapeutic efficacy of ipi-

limumab (P = 0.76). Similar to the vaccine trial cited

above, the survival benefit was approximately 4 months in

these pre-treated patients. Finally, immunotherapy has

been found to be beneficial in the treatment of neuroblas-

toma. Two hundred twenty-six patients with high-risk

neuroblastoma, who achieved at least a partial response to

initial therapy and stem cell transplant, were randomized to

receive isoretinoin alone or isoretinoin administered with

immune therapy consisting of a monoclonal antibody tar-

geting GD2, a disialoganglioside which has been shown to

be a tumor antigen, GM-CSF, and IL-2. The immuno-

therapy arm had both a superior disease-free (DFS)

(P = 0.01) and overall survival (P = 0.02) when assessed

at an interim analysis with a median follow-up of just over

2 years [3].

As a group, these recent studies are notable, not only for

the significant clinical benefit associated with cancer

immune therapy, but also for the diversity of the potential

mechanisms of action of the agents. The first agent, sipu-

leucel-T, was designed to stimulate antigen-specific

effectors, T cells, targeting the tumor. Ipilimumab modu-

lates T cell function by both enhancing T effector cell

function and blocking T cell regulatory function via liga-

tion of CTLA-4 expressed on both those cell types [4]. The

combination immunotherapy regimen in the neuroblastoma

study was aiming to stimulate antibody-dependent cell-

mediated cytotoxicity (ADCC) via antibody binding, and

triggering of innate immune system cells recruited by GM-

CSF and IL-2. IL-2 may serve to generate further prolif-

eration of NK cells enhancing ADCC as well as increasing

the activity of anti-tumor T cells primed by tumor-associ-

ated antigen-presenting cells (APC) [3]. The diversity in

mechanism is matched by the diversity of the responding

patient populations. Human malignancies as varied as

prostate cancer, melanoma, and neuroblastoma responded

significantly to immune-based therapy. Further, the ages of

the patients in these studies ranged from children less than

18 months to patients greater than 65 years old. These data

would indicate that cancer immune therapy has the

potential for significant clinical impact across multiple

human malignancies.

The ability to conduct randomized clinical trials of

cancer immune-based therapies that result in well-matched

patient populations that have either derived a clinical

benefit from treatment or not now sets the stage for the

potential validation of immunologic biomarkers which may

be associated with clinical response. The identification of

assays, interrogating specific immune responses, would not

only result in a greater understanding of the mechanisms of

action of these complex agents, but will also allow rapid

optimization of more effective regimens if the endpoint of

such optimization studies could be a validated immune

biomarker. The challenge is to determine which biomark-

ers, of the many highly quantitative immune assessments

available, have the greatest potential to be explored as

correlates to clinical response. The ideal immunologic

biomarker would be one that can (1) be measured easily

from bodily fluids, such as blood, (2) was quantitative

allowing for stratification of patients based on magnitude

of response and allowed some qualitative assessment of the

response, and (3) reflected the mechanism of action of the

agent studied or the direct effect of immunity on cancer,

i.e. tissue destruction (Fig. 1). Although assessment of the

tumor itself may be the best source of markers which

predict disease outcome as discussed below, often tumor

sites are inaccessible for sampling for the purpose of

clinical trials. Moreover, many immune-based therapies are

being tested in the adjuvant setting where malignant tissue

may not be available after the patient has been optimally

treated. There are indicators in the published literature that

blood-based immunologic biomarkers which predict clini-

cal response can be developed. This review focuses on the

identification of immunologic markers that may predict

response to immune-based therapy or are modulated during

the course of treatment. There is evidence that markers

present prior to the initiation of immunotherapy could

serve to predict clinical response to treatment, e.g. SNP or

tumor expression of specific receptors/cell populations.
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Evaluation of cancer induced immunity provides

a foundation for defining the elements of an effective

anti-tumor immune response

Over the last several years, there have been a series of

population-based studies, evaluating large numbers of

cancer tissues, assessing the clinical importance of tissue-

based immunologic biomarkers. These studies, for the most

part, have examined cancer gene signatures, tumor infil-

trating cell populations, and markers directly expressed on

or in cancer and stromal cells as immunologic predictors of

improved prognosis.

Gene expression profiling of cancer has determined that

many human malignancies express an ‘‘immunologic sig-

nature,’’ which is associated with improved prognosis.

Breast cancer was one of the first malignancies to exploit

the use of any gene classifier for clinical decision making

[5]. Since then, there have been multiple reports of gene

signatures associated with breast cancer prognosis. A

recent analysis evaluated the predictive performance of 9

gene expression signatures across 7 large breast cancer data

sets, assessing greater than 1,000 patients [6]. The inves-

tigators identified a core group of gene modules that were

common across all sets; apoptosis, proliferation, focal

adhesion, RNA splicing and immunity. A composite sig-

nature of the immune and RNA splicing modules was the

predictive of improved survival (related to breast cancer)

and lack of metastasis (P \ 0.001). Moreover, the com-

bined signature was validated as an independent predictor

of improved prognosis by multivariate analysis in selected

data sets. Even within specific molecular subtypes such as

HER-2/neu (HER2) positive breast cancer, expression of

immune response-associated genes will identify a further

subset of patients with marked survival benefit [7]. Alter-

natively, downregulation of 7 genes (C1QA, IGLC2, LY9,

TNFRSF17, SPP1, XCL2, and HLA-F) associated with

immunity was shown to be predictive of an increase in the

development of distant metastasis in estrogen receptor

negative tumors, P = 0.009, HR 2.02, CI: 1.2–3.4 [8].

Immune signatures of survival can be identified in both

‘‘immunogenic’’ and ‘‘non-immunogenic’’ tumors. Mela-

noma has long been known to be an immunogenic tumor

and is actively immunoedited during the course of the

disease [9]. Investigators have demonstrated that a signa-

ture highly enriched for immune response genes is asso-

ciated with an improved prognosis in multivariate analysis

(P = 0.02) [10]. Genes identified as prognostic included

MHC Class II, T cell activation-, innate immunity-, and

cytokine-related genes. A recent analysis of 44 patients

with metastatic melanoma also identified a similar gene

signature significantly associated with prolonged survival.

The signature included genes associated with MHC class

II, activated T cells, and other markers of innate and

adaptive immunity [11]. Non-small-cell lung cancer has

not been thought of as an immunogenic tumor. Investiga-

tors defined a 72 gene classifier that predicted relapse-free

survival in early stage on small-cell lung cancer patients

[12]. The gene signature was strongly enriched for immune

response-related genes—interferon, immunoglobulin, and

cytokine-associated genes. Multivariate analysis revealed

the gene classifier was an independent predictor of both OS

(HR 4.8, CI: 2.5–9.4) and relapse-free survival (HR 4.9, CI:

2.4–9.4) in these patients. Gene expression studies were

performed in colon cancer—another tumor that was never

previously thought to be ‘‘immunogenic’’. Investigators

also identified an immune signature that correlated with

prognosis [13]. Although only 75 patients were evaluated,

researchers discovered a cluster of genes associated with

Type I adaptive immunity and cytotoxic T cells that were

differentially regulated between patients with different

times to recurrence. The greater the number of upregulated

immune genes in the cluster, the less likely patients were to

relapse. The cluster included markers, such as, granzyme

B, T cell, and interferon-related genes.

Fig. 1 Characteristics of the

ideal immunologic biomarker.

Points in the arrow demonstrate

the progression of analysis from

analyte (bodily fluid) to assay

(quantitative/qualitative) to

outcome measurement which

would reflect mechanism
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The studies cited above are just a representation of the

number of published reports of immune response-related

gene signatures in a variety of cancers. Common themes

identified include expression of interferon-related genes

and Type I cytokine expression, upregulation of immune

recognition molecules, particularly MHC class II, and

activation of T cells. Indeed, the ability of T cells to

infiltrate into cancer tissues has, in and of itself, been

shown to be a beneficial prognostic marker.

It has long been known that T cells do infiltrate tumors;

however, reports were conflicted as to whether this infil-

tration indicated a good or poor prognosis. It was only after

investigators began to examine both the location of the

infiltrating T cells as well as their phenotype that important

observations concerning the type of T cell that could

impact cancer prognosis have emerged. A large study

performed, using the tumors of patients with ovarian can-

cer, demonstrated that T cells must penetrate the tumor

stroma (i.e. be intratumoral T cells) to benefit disease

outcome [14]. In a study of about 175 tumors derived from

patients with Stage III and IV disease, the 5-year survival

for those with intratumoral T cells was 38% compared to

4.5% of patients without T cells that penetrated the tumor.

Moreover, the presence of intratumoral T cells predicted

improved disease-free and overall survival (P \ 0.001)

[14]. Subsequently, the presence of intratumoral T cells has

been shown to be an independent predictor of improved

prognosis, as demonstrated in multivariate analyses, for

mesothelioma, colorectal cancer, melanoma, endometrial

carcinoma, bile duct carcinoma, renal cell cancers, and

esophageal carcinoma [15–22]. In many of these reports,

CD8? T cell infiltration appeared to be important for the

correlation to clinical benefit. Additional studies in colo-

rectal cancer demonstrated that a high density of CD8? and

infiltrating memory T cells was an independent predictor of

both overall and disease-free survival (P \ 0.001) when

compared with patient tumor samples that had a low den-

sity of infiltrating memory T cells, n = 336 samples [23].

Infiltrating T cells that regulate immune responses to

self may adversely impact outcome, most likely by limiting

the Type I immunity (as indicated by the gene signatures),

which drives proliferation and function of infiltrating

CD8? and memory T cells. Indeed, tumor infiltrating T

regulatory cells are associated with decreased survival in

many diseases. In a study of 237 invasive breast cancer

specimens, the presence of a high number of infiltrating T

regulatory cells was associated with a higher risk of relapse

in estrogen receptor positive breast cancers than in similar

patients whose tumors had lower numbers of these infil-

trating cells (P = 0.005) [24]. Moreover, the loss of T

regulatory cell infiltrate and an increase in intratumoral

CD8? T cells with neoadjuvant chemotherapy were inde-

pendent predictors of the development of pathologic

complete remission at the time of breast resection [25]. In

contrast to infiltrating Type I T cells, infiltrating FOXP3?

T regulatory cells have been associated with a poorer

prognosis across multiple tumor types including non-small-

cell lung cancer, gastric cancer, and renal cell carcinoma to

name but a few tumors [26–28]. Of note, there have been

studies evaluating the role of infiltrating FOXP3? T regu-

latory cells that have demonstrated a correlation with a

favorable prognosis, particularly in lymphoma and colo-

rectal cancer [29, 30].

Finally, immune regulatory pathways that enhance or

limit the generation of a productive immune response are

operative in human malignancies. Potentially, one of the

most important is the programmed death-1 (PD-1/B7-H1)

pathway, which inhibits T cell activation. Several studies

have demonstrated that upregulation of B7-H1 on the

surface of tumor cells is correlated with a poor outcome.

For example, the presence of tumor-associated B7-H1 in

uroepithelial cancers was a more significant prognostic

indicator than standard tumor grading systems [31]. In

another study, elevated tumor-associated B7-H1 was an

independent predictor of increased risk of disease pro-

gression and increased risk of death in patients with renal

cell carcinoma [32]. Examples of other tumor expressed

immune molecules that are independently associated with a

poor prognosis are downregulation of MHC class I, and

intratumoral TGF-b expression [33–35].

In summary, these multiple studies indicate that the

selected patients, representing most human malignancies,

develop a tumor-associated immune response. Further evi-

dence suggests that a type I environment, if generated in the

tumor, will result in the activation and proliferation of T cells,

which are, most likely, the major mediators of anti-tumor

immunity. Moreover, if negative regulation of the resultant

tumor-associated immune response is not contained, sup-

pressive forces in the tumor microenvironment will overcome

the anti-tumor T cell response. The studies described above

have focused on delineating important prognostic immune

biomarkers in cancer tissue; whether those same biomarkers

measured in the blood of cancer patients will be predictive is

not known. Much effort has been placed on developing assays

that will quantitate Type I T cell immunity in the peripheral

blood generated in the context of clinical trials of cancer

immunotherapy. Now, that several forms of cancer immu-

notherapy are achieving measureable clinical benefit, perhaps

blood-based immune biomarkers that are predictors of clinical

benefit can be defined (Fig. 1).

Immunologic biomarkers associated with clinical

response after immune therapy

Studies described above underscore the importance of the

development of a Type I adaptive immune response as a
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positive prognosticator. Type I CD4? T cells secrete

interferon gamma (IFN-c) and support the development of

antigen-specific CD8? T cells, which are directly linked to

tumor cell death [36]. One of the most common methods to

assess Type I adaptive immunity is the measurement of

tumor-specific immune responses by IFN-c ELISPOT.

Several recent studies, in a number of tumor types, have

reported an association with immune responses measured

by ELISPOT and improved clinical outcome after immune

modulation. A clinical trial of a multi-peptide melanoma

antigen targeting vaccine, enrolling 51 patients, demon-

strated that individuals who developed a T cell response to

immunizing antigen had a greater probability of a longer

disease-free survival than patients who did not develop

such immunity (P = 0.041) [37]. Another multi-peptide

vaccine trial in melanoma, assessing 73 patients (of 120

enrolled) who had both ELISPOT and clinical data avail-

able, demonstrated that 34% of patients developed immu-

nity to immunizing antigen. Patients with induced tumor-

specific immune responses had a longer OS, 21.3 versus

10.8 months, P = 0.033, than non-immune responders

[38]. Immune response was marginally significant

(P = 0.073) as a predictor of survival after adjusting for

other prognostic factors. A vaccine targeting prostate-spe-

cific antigen (PSA) was evaluated in 32 patients with

metastatic chemotherapy-naı̈ve prostate cancer and dem-

onstrated that the magnitude of the induced immune

response may be a better predictor of clinical response than

the generation of detectable immunity. Investigators

showed a trend in OS benefit for those patients who had

sixfold or greater difference in the magnitude of the PSA-

specific ELISPOT response from pre- to post-vaccination

compared to those who showed a lesser rise (P = 0.055)

[39]. Of note, there was no difference in the induction or

magnitude of PSA antibody-specific immunity between

short-term and long-term survivors. A similar trend was

noted in breast cancer patients who were immunized with a

vaccine targeting HER2 [40]. In this study, although the

generation of immunity was not associated with OS benefit,

the magnitude of immunity (greater vs. less than the

median response) was higher in patients with longer sur-

vival (P = 0.08). Moreover, a higher magnitude of epitope

spreading as assessed by IFN-c ELISPOT also trended

toward improved survival (P = 0.09). Many of the patients

in this trial had elevated TGF-b serum levels at study ini-

tiation. Significant declines in TGF-b serum levels were

associated with significant increases in the magnitude of

intramolecular epitope spreading (P = 0.0003, r = 0.614).

A clinical trial recently reported immunizing patients with

colorectal cancer with an autologous tumor lysate vaccine

and demonstrated the development of a tumor-specific

IFN-c ELISPOT response predicted those patients with

longer recurrence-free survival (63% at 5 years) when

compared to patients who did not develop immunity (18%

at 5 years), P = 0.037 [41]. Notably, patients were given a

control immunization with KLH, and there was no signif-

icant difference in KLH-induced immunity between

groups. One of the most direct associations of Type I

immunity as measured by ELISPOT and disease response

was reported in a clinical trial of a HPV peptide-based

vaccine for vulvar intraepithelial neoplasia [42]. The

patients who developed a complete response with total

resolution of disease during and after active immunization

demonstrated a higher number of IFN-c antigen-specific T

cells than those who did not achieve a complete response

(P = 0.001). These studies as well as several others dem-

onstrate that the development of high magnitude Type 1

immune responses, both CD4? and CD8?, may be a pre-

dictor of clinical outcome. Of note, although statistically

significant, none of the above reports assessed the markers

in multivariate analysis documenting the response as an

independent predictor of prognosis. Along with the mag-

nitude, the breadth of the immune response elicited may be

a predictor of disease outcome as assessed by the devel-

opment of epitope spreading (discussed below).

Similar to the population-based studies described above,

the generation of a T cell memory response after immune-

based cancer therapy has also been shown to be predictive

of clinical outcome. Delayed type hypersensitivity

response (DTH) has long been used as a measure of antigen

recall or memory and has been shown to directly correlate

with peripheral blood antigen-specific T cell responses

[43]. Over a decade ago, DTH responses were shown to

correlate with OS in studies of autologous tumor cell lysate

vaccines in melanoma. In an evaluation of 81 patients

injected with such a vaccine, both induration (P \ 0.0001)

and erythema (P = 0.0004) correlated strongly with sur-

vival benefit when the vaccine without adjuvant was used

for skin testing [44]. DTH is commonly used as an immune

assessment for cancer vaccines that are composed of whole

tumors or tumor lysates. In these preparations, specific

antigens are often unknown; thus, DTH via the vaccine

preparation will evaluate the entire antigenic repertoire.

Similar to the studies cited above for ELISPOT, evaluation

of memory as assessed by DTH has shown some utility as a

prognostic biomarker for cancer immunotherapy in a wide

variety of malignancies. A phase I evaluation of a GM-CSF

secreting pancreatic cell-based vaccine revealed that the

development of DTH was associated with those patients

who demonstrated increased disease-free survival com-

pared to those patients who did not develop such a reaction

[45]. More recently, in a study of 50 patients with Stage III

and IV melanoma, injected with dendritic cell vaccine

pulsed with tumor lysate, DTH-positive patients showed a

greater OS (33 months) when compared with DTH-nega-

tive patients (11 months), P = 0.0014 [46]. Moreover,
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DTH-positive patients showed a significant decrease in

TGF-b-producing FOXP3? regulatory T cells when com-

pared to DTH-negative patients (P \ 0.0001). This finding,

along with the study cited above that related elevated Th1

immunity to decreased serum TGF-b levels, suggests that

vaccine induced immune responses are modulating the

tumor microenvironment to support further evolution of

immunity. Finally, DTH responses after peptide-based

immunization have correlated with clinical outcome in

melanoma. After immunization with gp100 and tyrosinase

peptide-loaded dendritic cells, investigators observed a

direct correlation of the ability to detect vaccine induced T

cells in the DTH biopsy site and favorable clinical outcome

(P = 0.0012) [47]. Assays such as ELISPOT and DTH

may potentially be assessing the effect of the vaccine or its

potency in inducing immunity. However, these methods

may not necessarily be directly related to an anti-tumor

response (Fig. 2). There are immune biomarkers that may

be more directly related to the mechanism by which

treatment results in clinical response.

What biomarker would be reflective of high levels of

Type I T cells homing to the tumor microenvironment and

inducing changes which would support evolving immu-

nity? The immunosuppressive environment of the tumor

does not support cross-priming, which is necessary for

tumor immune recognition [36]. Trafficking T cells

secreting IFN-c could activate local tumor APC, restore

key functions and upregulate immune accessory molecules,

which would enhance cross-priming. Thus, the measure-

ment of the restoration of effective cross-priming may be

an immune biomarker more closely related to the anti-

tumor response induced by active immunomodulation.

Effective cross-priming could be assessed by the devel-

opment of epitope spreading. The development of epitope

spreading after a cancer vaccine, for example, is measured

by the generation of new immunity to antigens not present

in the vaccine formulation. Recent studies have suggested

that epitope spreading is associated with improved out-

comes after the administration of a cancer vaccine. In both

melanoma and metastatic renal cell carcinoma, epitope

spreading appeared to be a biomarker of clinical response

albeit in a limited number of patients [48, 49]. One of the

first studies to observe the generation of epitope spreading

after vaccination (HER2-specific vaccination in breast

cancer patients) recently reported immunologic biomarker

data related to survival [50]. Fifty-two Stage III and IV

patients had been vaccinated and 21 individuals were

determined to be living at a median follow-up time of

112 months. Clinical parameters and several immune bio-

markers were evaluated in multivariate analyses for the

ability to predict survivors. The number of chemotherapy

regimens prior to vaccination (HR 5.7 [CI 95%, 1.5–23]

P = 0.001), and the development of epitope spreading

after vaccination (HR 0.34 [CI 95%, 0.12–1.0]; P = 0.05)

were independent predictors of OS. The median OS for

subjects (n = 33) who developed epitope spreading was

84 months versus 25 months for the 16 subjects who did

not develop epitope spreading [51]. Epitope spreading is a

common phenomenon in autoimmune disease and is the

basis of continuing pathologic tissue destruction.

Fig. 2 Immunologic biomarkers may measure a variety of biologic

responses. Shown are examples of three immune biomarkers reported

in clinical trials of cancer immune therapy (boxes at top of panel). A

cancer vaccine may induce the biologic response of stimulating T

cells (blue circles), a demonstration of the potency of the vaccine

which was designed to elicit adaptive immunity. The T cells may then

traffic to tumor, secreting Type I cytokines, activating APC and

stimulating cross-priming (yellow starbursts), inducing epitope

spreading the mechanism by which tissue destruction occurs (red
lightning bolts). Tissue destruction results in the generation of

autoantibodies, which may directly reflect tumor cell death
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Identification of tumor antigens for the screening of epitope

spreading can be achieved in many ways such as analyzing

for the presence of new responses using ‘‘omics’’ tech-

niques i.e. SEREX, proteomics, or screening of peptide

libraries, as well as prospectively identifying antigens

commonly expressed in a cancer type and evaluating for

the development of new immunity. Theoretically, the

development of autoimmunity could be an important

immunologic biomarker demonstrating tissue destruction

induced by effective cross-priming and epitope spreading

(Fig. 2).

Autoimmunity may be the ultimate indicator of an anti-

tumor response

There has long been an association of the development of

autoimmunity with clinically effective cancer immuno-

therapy and or tumor regression. A recent prospective

observational study enrolled almost 3,000 patients with

melanoma to determine clinical parameters that correlated

with favorable outcome [52]. Approximately 3% of

patients developed vitiligo during the time of observation.

In multivariate analysis, the development of vitiligo was an

independent predictor of longer time to metastatic disease

[Stage III (RR = 4.6)] and longer OS [Stage III

(P = 0.03)/IV (P = 0.006)] when compared to those

patients who did not develop vitiligo.

In 2001, the NCI Surgical Branch evaluated the labo-

ratory parameters and clinical characteristics of 374

patients who were consecutively treated with IL-2 to

determine whether any predictors of treatment response

could be identified [53]. The overall response rate was

about 15%, and favorable response was related to a greater

number of doses of IL-2 received (P \ 0.01), skin as the

site of metastatic disease (P \ 0.01), high lymphocyte

counts after therapy (P \ 0.01) and the development of

autoimmune disease. Indeed, patients who developed thy-

roid dysfunction (P = 0.01) and/or vitiligo (P \ 0.01)

after IL-2 treatment were more likely to have an increased

survival.

Treatment with anti-CTLA-4 monoclonal antibodies

have also been shown to induce autoimmunity, which

predicts clinical response. Again, the NCI Surgery Branch

reported autoimmune phenomenon in 198 metastatic mel-

anoma or renal cell carcinoma patients treated with ipi-

limumab [54]. Multiple autoimmune syndromes were

noted including enterocolitis. While the response rate in the

entire population was 14%, the response rate in the mela-

noma patients with enterocolitis was 36% compared to

those who did not develop colitis at 11% (P = 0.0065).

Similarly, the response rate in the renal cell cancer patients

who developed colitis was 35% compared to 2% for those

who did not develop colitis (P = 0.0016).

The development of autoimmunity has been shown to be

an independent predictor of OS in patients with melanoma

treated with interferon therapy [55]. In a study of 200

patients with Stage II/III melanoma, 26% developed either

clinical or subclinical autoimmunity (evident only by

serology). Indeed, the majority of patients developed only

chemical evidence of autoimmunity. Only 13% of patients

with any evidence of autoimmunity experienced a recur-

rence of their disease when compared with 73% of patients

who had no evidence of autoimmune disease. In multi-

variate analysis the development of autoimmunity corre-

lated with longer relapse-free survival (P \ 0.001) as well

as OS (P \ 0.001). Although these data could not be val-

idated in other similar studies, the observation that the

majority of patients with ‘‘autoimmunity’’ had only sero-

logic evidence of autoimmunity without clinical manifes-

tations calls to question the validity of the evaluation of

treatment induced autoimmunity after cancer immuno-

therapy (Fig. 2) [56]. Perhaps the common assays used to

assess autoimmunity underestimate the true rate of

incidences.

The studies cited above evaluated only a limited number

of classic disease-associated autoantibodies. However,

more recent data suggest that a larger repertoire of auto-

antibodies that could reflect response to treatment may

exist. Using high-throughput screening methods for the

identification of serum autoantibodies developing after

treatment, investigators identified a panel of autoantibodies

that were associated with survival in melanoma patients

receiving a whole cell autologous melanoma vaccine [57].

Many of these antibodies were directed to proteins

involved in tumor cell growth. Similarly, autoantibodies to

a panel of 20 proteins were identified and associated with

the development of melanoma associated retinopathy [58].

Tissue destruction mediated by CD8? T cells will result in

the generation of a multitude of self-directed antibodies

reflecting such destruction. An expanded autoantibody

panel may better identify patients experiencing subclinical

autoimmunity after cancer immune-based therapy (Fig. 3).

Moreover, it has often been observed that the measurement

of T cells in the peripheral blood may not directly correlate

with the activity of T cells taking place at the site of the

tumor [59]. Once antibodies are elicited, they are generated

at high levels in the blood and will persist over an extended

time facilitating detection.

Conclusions

Studies cited above suggest that there are several immune-

based biomarkers that are worthy of exploration as corre-

lates to an anti-tumor response in clinical trials of cancer

immunotherapy. Many of these markers have elements of
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an ‘‘ideal immunologic biomarker’’ (Fig. 1). There are

assays that could be defined as those specific to the potency

of the immunomodulatory agent, those that may better

reflect the mechanism of action of the drug or vaccine, and

finally biomarkers that may directly assess immune

destruction at the target organ, thus directly reflecting the

anti-tumor response (Figs. 2, 3). Currently, most of the

immune assays being exploited in clinical trials are a

reflection of vaccine potency and not mechanism of action

or end result of therapy. There is a role for all these type of

assays in the clinical development of immune-based cancer

therapies. The ability to identify a marker that accurately

predicts responding patients requires the identification of

top candidates and application of those candidates to

appropriately powered randomized phase III studies.
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