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The identification of immunologic biomarkers associated with clinical response after

immune intervention for cancer is an area of intensive investigation. The field would

benefit from a more systemic and directed approach for biomarker identification and

evaluation. Lessons can be learned from other fields, such as cancer diagnostics, as to

how to develop response-associated biomarkers. Studies in both human in vitro models

as well as murine models of cancer can significantly inform and streamline the choice
of candidates. Adoptive T-cell therapy is an interesting model for exploring potential
immunologic surrogates that may predict clinical response. Most likely the clinical
effectiveness of immune-based treatments will be predicted by panels of markers rather
than single assays of a specific immune effector cell.
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Introduction

Methodologic advances in the quantitation
of human immunity and the development
of cancer immune-based therapies that in-
duce a clinical response underscore the need
to identify immunologic biomarkers associ-
ated with therapeutic effect. The identifica-
tion of biomarkers, that indicate improved out-
come would add to a better understanding
of the potential mechanisms of action of im-
mune therapy. Moreover, functional biomark-
ers would also allow a more rapid testing of
novel immunotherapeutic approaches based on
biomarker rather than clinical end points.

The discovery and validation of immuno-
logic biomarkers for cancer therapy is complex.
While the focus of the assessment of immune-
based therapies has been on the effector pop-
ulation potentially mediating the response, ele-
ments in the tumor microenvironment as well
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as host-related factors have also been shown
to impact clinical outcome. Therefore, assess-
ment of immunologic biomarkers in the con-
text of active immunotherapy requires a broad-
based approach potentially evaluating multiple
biomarkers in a hypothesis-driven fashion. Dis-
covery and validation of immunologic biomark-
ers of clinical response must be initiated at the
earliest stages of product development.

Approach to Determining
Immunologic Biomarkers
of Clinical Response

Pepe and colleagues have outlined the phases
of biomarker development for the early detec-
tion of cancer.! These described phases could
also be adapted to the development of immuno-
logic biomarkers of clinical response (Table 1).
Phase I of biomarker development entails the
discovery or identification of potential mark-
ers that are either linked to the mechanism of
action of the proposed therapy or have shown
predictive capacity in animal models. Studies
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TABLE 1. Assessment of Immunologic Biomarkers of Clinical Response

Phases of biomarker

Phases of clinical

development Description development Research stage
Phase I preclinical Identification of lead candidate Preclinical Hypothesis generating
biomarkers
Phase II clinical Assay standardization for clinical ~ Feasibility trials and
assay/validation use, feasibility phase I
Phase III retrospective Identification of candidate Phase I and phase II
evaluation surrogates of clinical response
Phase IV prospective Preliminary validation, Randomized phase II Hypothesis validating
evaluation assessment of ruggedness and phase III
Phase V implementation Final validation Phase III and phase IV

Adapted from Pepe et al.!

at this phase are preclinical and are conducted
in either human i vitro systems or in biologi-
cally relevant animal models. The end point of
such studies would be the identification of lead
candidate biomarkers that could be put forth
for further evaluation.

Phase II is the first application of the pro-
posed biomarker in a clinical trial. This phase
assesses the feasibility of the marker to be stan-
dardized as a clinical assay. The assessment
of the biomarker must be reproducible and
demonstrate reasonable precision and accu-
racy.” Information is collected on the perfor-
mance characteristics of the biomarker, and
preliminary data may be generated as to the
utility of the marker to predict clinical out-
come. Over the last decade many forms of
cancer immune-based therapeutics have been
applied in earlier stages of disease. For exam-
ple, rather than treating advanced-stage disease
with a clinical end point of tumor regression,
cancer vaccines are increasingly being used in
the adjuvant setting. In this case, the clinical end
point might be prevention of disease relapse.
For this reason, the collection of data on clin-
ical outcome may take place over months and
years rather than weeks. Retrospective eval-
uation of immunologic assays, in relation to
clinical outcome, is critical in identifying can-
didate biomarkers associated with clinical re-
sponse (phase III). The ability to identify such
candidates with some assurance will depend
not only on assay performance but also on the

comprehensive collection of valid clinical data,
which will facilitate both univariate and multi-
variate analysis of immunologic and clinical re-
sponse.”® The phases of development spanning
preclinical to retrospective analysis are all hy-
pothesis generating. If assessment of immuno-
logic biomarkers is prospectively planned and
early clinical trials are designed to include a
statistically based evaluation of multiple mark-
ers, then it is reasonable to assume promising
candidates could be identified to advance into
phase II and phase III clinical trials.

Immunologic Biomarker Discovery

Identification of immunologic biomarker
candidates is greatly facilitated by an assess-
ment of both the tumor and peripheral blood
of the target patient population. For exam-
ple, recently a type I adaptive gene expres-
sion signature has been identified for several
cancers by virtue of analysis of the tumor and
the correlation of expression patterns to clin-
ical outcome.™ Upregulation of interferon-
associated genes appears to positively impact
risk of relapse and survival in selected cancer
populations.*> Moreover, infiltration of CD3%
T cells into the tumor bed appears, in sev-
eral studies, to be a critical predictor of sur-
vival.® Such studies would suggest that the
development of immunologic assays to either
assess changes induced in tumor-specific type I
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adaptive immunity with an experimental im-
munotherapeutic agent or even the develop-
ment of radiographic methods to assess T-cell
penetration of the tumor bed would be reason-
able approaches.

Evaluation of immunity detected in the pe-
ripheral blood of cancer patients may also give
some clues to appropriate biomarkers to assess
in clinical trials. Analysis of PBMCs as well as
serum could be useful in biomarker identifica-
tion. In a recent study of over 20 patients as-
sessing immunity directed against HER-2/neu,
melanoma antigen (MAGE), and carcinoem-
bryonic antigen (CEA), cancer patients, in gen-
eral, had lower type I T-cell responses against
tumor versus viral antigens.” This investiga-
tion would suggest that evaluation of restora-
tion of tumor specific type I T-cell responses
may be a reasonable biomarker to develop for
immunotherapeutic clinical trials. A serologic
assessment of tumor-specific immunity in pa-
tients with ovarian cancer demonstrated that
the presence of IgG antibody immunity spe-
cific for selected tumor antigens could predict
improved survival compared to those patients
without an immune response. Moreover, im-
munity to multiple ovarian cancer antigens,
rather than immunity restricted to a single
antigen, appeared to impart a more favor-
able prognosis.® Enhanced cross-priming at the
site of the tumor, mediated by local antigen-
presenting cells, is presumed to be the ma-
jor mechanism by which tumor immunity is
elicited. Therefore, evaluation of immune re-
sponses to multiple tumor antigens may be
a promising approach to immunologic moni-
toring. Indeed, epitope spreading has already
been described to be a marker predictive of im-
proved outcome after cancer vaccination in a
few studies.®1”

Most immune-based therapies are focused
at enhancing specific effector responses, thus
eliciting an antitumor response. For this rea-
son, most clinical trials focus on measuring
the effectors presumably being induced. How-
ever, immunologic markers of immune sup-
pression are as important, or even more im-

portant, to monitor during therapy. Multiple
studies have shown the prognostic importance
of CD4"FOXP3t T regulatory (Treg) cells
infiltrating the tumor. While most investiga-
tions have suggested a deleterious role for Treg
in inhibiting tumor regression, recent studies
have suggested that Treg increases in the tu-
mor could be beneficial.!!*!? Clinical evalua-
tion of sera is also a potentially useful source
to determine whether patients are benefiting
from immune-based therapies. Transforming
growth factor-p (I'GF-B) has been shown to be
elevated in the serum of many types of can-
cers. TGIF-B is secreted by the tumor stroma
as well as Tregs to limit tissue destruction and
suppress immunity. Therapies that focus on en-
hancing cross-priming at the tumor site may
result in the expansion of a multiclonal, type
I, tumor-specific T-cell repertoire which may
be able to reverse tumor- or Treg-induced im-
mune suppression. Indeed, a recent study pre-
sented preliminary evidence that serum TGF-f
levels are inversely correlated with the mag-
nitude of the IFN-y-producing tumor-specific
T-cell response elicited with an HER-2/neu
vaccine.'®

Murine models of cancer have been a valu-
able tool in modeling human cancer therapies.
Molecular profiling of these murine tumors in
transgenic animals suggests a strong genetic
similarity with human tumors.”* Moreover, re-
cent evidence indicates that the murine im-
munologic repertoire is similar to that induced
in humans."” Evaluation of targeted therapies
in genetically engineered mouse models ex-
pressing targets, such as HER-2/neu and epi-
dermal growth factor receptor (EGFR), have
demonstrated the ability to predict specific hu-
man toxicities that have eventually been related
to the targeted therapy.'® Murine models have
also been useful for identifying biomarkers as-
sociated with clinical response to immunother-
apeutic agents. The magnitude of the immune
response, both CD8" and antibody immunity,
elicited against neu with a neu-specific vac-
cine, predicted clinical efficacy in a transgenic
mouse model of neu-mediated breast cancer.!’
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Moreover, using a DNA-based vaccine strat-
egy, these investigators demonstrated that im-
munization was also associated with a decrease
in circulating myeloid suppressor cells (MSC).
Human clinical trials of the vaccine are planned
with immunologic motioning poised to mea-
sure both immune effectors (cytotoxic T lym-
phocyte and antibodies) as well as immune sup-
pressors (MSC). Studies in mice have the ability
to explore both the tumor and peripheral blood
for biomarker identification. Evaluating a vac-
cine directed against a self-tumor antigen in the
9L gliosarcoma model, investigators demon-
strated that key immunologic biomarkers in-
cluded an elevated tumor-specific peripheral
blood Th1 response, tumor-infiltrating CD8"
T-cell response, and decreased level of Treg in
the tumors of immunized mice.!'®

The data presented above suggest mining for
immunologic biomarkers can occur in both hu-
man and mouse, that multiple candidate mark-
ers should be identified to progress to phase II
and III biomarker testing, and that markers of
both immune stimulation as well as immuno-
suppression should be considered for clinical
development.

Immunologic Biomarker Assay
Validation and Exploration
of Clinical Utility

The first step in candidate biomarker prior-
itization is the determination of whether the
marker assessment can be scaled up to al-
low evaluation of a multitude of samples and
whether the measurement of the marker can
be made clinically reproducible. In short, one
must develop assay performance characteris-
tics. Quality control monitoring and assay vali-
dation are composed of several analytical mea-
sures. First, one must establish the accuracy of
the assay, which refers to the correctness and ex-
actness of the test result. Accuracy is described
as the closeness of a test result to the true value.
To evaluate accuracy one must have a compar-
ison to a standard, which is often difficult to
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accomplish in studies of immune-based ther-
apies. Surrogate assessment of the assay in a
nontumor system is often used to define assay
performance within single laboratories. A sec-
ond parameter to measure is precision, or the
reproducibility of the test. Precision is described
as the closeness of the test results to one another
when using the same specimen and is expressed
as a standard deviation and coeflicient of vari-
ation of multiple sample runs. Sensitivity is the
limit of detection of a method or the capacity
of the method to detect minimal levels of im-
munity with some assurance. Specificity is the
ability of a method to measure only the specific
response or cell type being tested. The reliabil-
ity of a method describes the ability of the test
to maintain accuracy, precision, sensitivity, and
specificity despite changes in external factors,
such as technicians, instruments, or reagents.
Only those tests that can be defined as reli-
able should proceed for further assessment in
the context of a clinical trial. The feasibility of
the application of a biomarker assay broadly
across a large population and the ability to
limit variability inherent in the assay are of-
ten limiting factors that will result in prioritiza-
tion of one biomarker over another for clinical
development.

As discussed above, clinical trials of cancer
vaccines are more recently being conducted in
the adjuvant setting, evaluating time to relapse
as the primary outcome measure. Such stud-
ies require large numbers of patients to de-
termine the clinical significance of potential
biomarkers, and often these phase 1/1I studies
are underpowered to allow adequate evalua-
tion of immunologic markers.!? Retrospective
analyses have suggested that epitope spread-
ing and the magnitude of the immune response
elicited may be of clinical interest.>!%1® How-
ever, further prospective studies need to be
performed. Adoptive T-cell therapy, i.e., infu-
sion of tumor-competent T cells to induce tu-
mor regression, offers a model system for rapid
assessment of immunologic biomarkers. The
assessment of potential marker candidates in
the context of adoptive T-cell therapy offers
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several advantages over other types of immune-
based treatments: (1) in general, the product in-
fused is fairly well defined (T cells) and the pro-
posed mechanisms of action are related to the
infused product, (2) tumor regression is tem-
porally related to the T-cell infusion so that
there may be a more direct correlation of as-
say results with response, (3) target cells in the
infused product may be followed over time to
assess the evolution of immunity with clinical
response. Clinical trials of adoptive T-cell ther-
apy have provided several candidate biomark-
ers as potential surrogates for indicating clinical
efficacy.

The magnitude of tumor-specific T cells in
the infused product has been shown to be re-
lated to clinical response.?’ Our group has been
evaluating the infusion of HER-2/neu-specific
T cells generated ex vivo in patients with refrac-
tory breast and ovarian cancer after patients
have received an HER-2/neu-specific vaccine.
The number of HER-2/neu-specific T cells de-
tected in the infusion products varied greatly.
To date, we have seen a 40% response rate. The
total number of HER-2/neu-specific T cells
infused was 43-fold higher in responding pa-
tients than that in nonresponding patients.?!
The clinical efficacy of adoptive T-cell therapy
has also been associated with the proliferative
potential of the T cells infused. It has been re-
ported that objective responses in melanoma
patients treated with adoptively transferred
T cells derived from tumor-infiltrating lympho-
cyte were correlated with the telomere length
of the transferred cells. Telomere length of in-
fused T cells in patients with tumor regression is
significantly longer than that in patients with-
out responses and is a presumed marker for
long-lived antigen-specific T cells.?>* A re-
cent case report of a single melanoma patient
showed that after infusion of an NY-ESO-1-
specific CD4™" T-cell clone, the frequency of
NY-ESO-1-specific CD4" T cells rapidly in-
creased, as detected by quantitative PCR as-
say. The transferred T cells mediated a durable
clinical remission.** The persistence of multi-
clonal tumor-specific T cells post infusion could
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be a major factor in tumor regression. We per-
formed kinetic analysis of HER-2/neu-specific
T-cell responses post T-cell infusions using an
IFN-y enzyme-linked immunospot (ELISPOT)
assay. We found that multiclonal HER-2/neu-
specific T cells in responding patients were per-
sistent over 6 months after infusion. Both tu-
mor antigen-specific CD4% and CD8* T-cell
immunity was maintained. T cell receptor Vf
(TCR VB) repertoire analysis showed the out-
growth of several HER-2/neu-specific clones
in the CD4" population of one patient 220
days post infusion.”> The degree of T cell per-
sistence in peripheral blood of adoptively trans-
ferred T cell clones was also significantly cor-
related with tumor regression in patients with
melanoma.?

Finally, the ability of transferred T cells to
penetrate into solid tumor deposits may be as-
sociated with tumor regression. In a trial of
adoptive T-cell transfer in melanoma, tumor
biopsy samples were found to contain mini-
mal lymphocytic infiltration. After T-cell treat-
ment, the biopsy samples contained large areas
of necrotic tumor and areas of dense lym-
phocytic infiltrates. By immunohistochemical
staining, the infiltrated cells were shown to ex-
press the same TCR VB subtype as the infused
T cells.”’ Infusion of prelabeled T cells into
the patients allows the direct localization of the
infused T cells. One patient with metastatic
HER-2/neu overexpressing breast cancer was
treated with indium-111-labeled, autologous,
HER-2/neu-specific T cell clones. Imaging re-
vealed that the infused T cells accumulated in
the bone marrow, which correlated with the dis-
appearance of bone marrow-residing dissemi-
nated tumor cells. Unfortunately, the infused
T cells were unable to penetrate into solid
metastases, this inability was associated with
tumor progression.?®

Conclusions
Exploratory studies of novel immunothera-

peutic agents must include evaluation of poten-
tial biomarkers suitable for clinical application.
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It is clear that more than one marker will
be needed to assess response and that mark-
ers should evaluate both immune-potentiating
and immune-suppressive effects. Moreover, im-
mune biomarkers must take into considera-
tion not only the elicited immune effector pop-
ulations but also tumor environmental and
host factors. The identification of immunologic
biomarkers that could function as potential sur-
rogates indicating clinical response would sig-
nificantly enhance the translation of immune-
based therapies for cancer.
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