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Abstract Cancer vaccines such as MVA-5T4 (TroVax®)
must induce an efficacious immune response to deliver
therapeutic benefit. The identification of biomarkers that
impact on the clinical and/or immunological efficacy of
cancer vaccines is required in order to select patients who are
most likely to benefit from this treatment modality. Here, we
sought to identify a predictor of treatment benefit for renal
cancer patients treated with MV A-5T4. Statistical modeling
was undertaken using data from a phase III trial in which
patients requiring first-line treatment for metastatic renal cell
carcinoma were randomized 1:1 to receive MVA-5T4 or
placebo alongside sunitinib, IL-2 or IFN-x. Numerous
pre-treatment factors associated with inflammatory anemia
(e.g., CRP, hemoglobin, hematocrit, IL-6, ferritin, platelets)
demonstrated a significant relationship with tumor burden
and patient survival. From these prognostic factors, the pre-
treatment mean corpuscular hemoglobin concentration
(MCHC) was found to be the best predictor of treatment
benefit (P < 0.01) for MVA-5T4 treated patients and also
correlated positively with tumor shrinkage (P < 0.001).
Furthermore, MCHC levels showed a significant positive
association with 5T4 antibody response (P = 0.01). The
latter result was confirmed using an independent data set
comprising phase II trials of MVA-5T4 in patients with
colorectal, renal and prostate cancers. Retrospective analy-
ses demonstrated that RCC patients who had very large
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tumor burdens and low MCHC levels received little or no
benefit from treatment with MVA-5T4; however, patients
with smaller tumor burdens and normal MCHC Ilevels
received substantial benefit from treatment with MVA-5T4.
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Introduction

The field of cancer immunotherapy was given a boost
recently by the approvals of sipuleucel-T for prostate
cancer and ipilimumab for metastatic melanoma. Despite
such advances, therapeutic cancer vaccines have yet to
fulfill their promised potential to become standard treat-
ment options for patients with cancer. The ability to
identify patients who are most likely to benefit from
immunotherapy approaches is needed [1, 2]. Here, we
describe a potential predictive marker of treatment benefit
for renal cancer patients treated with MVA-5T4.

Renal cell carcinoma (RCC) is the most common pri-
mary malignancy affecting the kidney. Approximately
20-30 % of RCC patients present with metastatic disease,
which has a poor prognosis. Conventional cytotoxic che-
motherapeutic agents and hormonal therapies have little
impact on survival, and response rates are usually <10 %.
Recognition of the immunogenic nature of RCC has
resulted in the development of immunotherapy approaches,
with high-dose interleukin-2 treatment being the best
established and associated with durable disease control.
More recently, patients with RCC have been given wider
treatment options following the FDA approvals of the
targeted therapies sunitinib, sorafenib, temsirolimus,
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everolimus, pazopanib and bevacizumab. Despite these
advances, the management of metastatic RCC remains a
challenge, and the lack of defined antigens in RCC has
hindered the development of targeted vaccine approaches.
TroVax® (MVA-5T4) is a novel vaccine based on a
modified vaccinia virus Ankara (MVA) vector engineered
to express the 5T4 tumor-associated antigen. 5T4 is an
oncofetal antigen which is expressed at high levels in the
placenta [1, 2] and in the most common tumors, typically in
>80 % of carcinomas of the kidney, breast, gastrointesti-
nal tract, colon, prostate and ovaries. [2, 3] In addition, 5T4
has recently been shown to be a marker of tumor-initiating
cells in NSCLC [4].

MVA-5T4 has been tested in multiple phase I, IT and III
studies in renal (n = 5 [5-9]), colorectal (n = 4 [10-13])
and prostate (n = 1 [14]) cancer patients. A correlation
between 5T4-specific cellular and/or antibody response and
enhanced patient survival was detected in 7 of the 9 phase
I/IT studies [15]; this observation was extended in a large
phase III study in patients with RCC in which a 5T4
antibody response was shown to correlate with enhanced
survival. Furthermore, an “immune response surrogate”
was identified, which predicted both the magnitude of the
5T4 antibody response and treatment benefit [16], thus
establishing the existence of a subset of patients receiving
benefit from TroVax. Despite these encouraging results, the
phase III study did not meet its primary endpoint of a
significant increase in overall survival in the ITT popula-
tion. Understanding why this vaccine appeared to be active
in some patients but not in the overall population would
help the ongoing clinical development of MVA-5T4 and
potentially other similar treatment modalities.

It is widely accepted that immunotherapy approaches are
best suited to patients with a relatively small tumor load and
earlier-stage disease [17-19] although conventionally, new
cancer therapies are still trialed in late-stage patients. Here,
we hypothesized that MVA-5T4 would be more efficacious
in patients with smaller tumor burdens and better prognosis.
The availability of a large data set from a phase III study of
MVA-5T4 in renal cancer patients in combination with data
from multiple phase II studies has enabled us to identify and
analyze potential biomarkers predictive of treatment benefit.
These results extend previous observations by identifying a
simple pre-treatment biomarker that is associated with tumor
burden and predictive of treatment benefit.

Materials and methods
Study design

A detailed description of the phase III trial design has been
published elsewhere [5]. In brief, patients with advanced or
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metastatic clear cell renal cancer who had undergone prior
nephrectomy and had a good or intermediate prognosis
(MSKCC score 0-2), Karnofsky performance status >80 %
and life expectancy of >12 weeks were eligible. Patients
were randomized 1:1 to receive MVA-5T4 (1 x 10°
TCIDso/mL) or placebo (at weeks 1, 3, 6, 9, 13, 17, 21, 25,
33, 41, 49, 57 and 65) plus local standard of care (inter-
feron-o, IL-2 or sunitinib).

Analytes

A standard panel of demographic metrics, blood bio-
chemistry, hematological tests and tumor measurements
were performed on each patient prior to treatment. A
number of additional analytes were measured separately at
baseline and included C-reactive protein (CRP), ferritin,
hepcidin, IL-6, IL-10 and VEGF. Hepcidin analysis was
performed by SELDI-TOF-MS using synthetic stable iso-
tope—labeled hepcidin as an internal standard. Commer-
cially available ELISA kits were used for the analysis of
IL-6 and IL-10 (eBioscience, Hatfield, UK) and VEGF
(R+D Systems, Abingdon, UK). CRP was quantified in
plasma using a wide-range latex-enhanced immunoturbi-
dimetric assay on an ADVIA 2400 analyzer (Siemens
Healthcare Diagnostics, Frimley, UK), with a quoted
method linearity of 0.03—-160 mg/L. Plasma ferritin was
analyzed using chemiluminescence immunoassay on an
ADVIA Centaur XP analyzer (Siemens Healthcare Diag-
nostics, Frimley, UK), working range 0.5-1,650 pg/L.

During the course of the study, plasma samples were
obtained from patients prior to treatment and following the
3rd and 4th MV A-5T4/placebo vaccinations (weeks 7 and
10 post-treatment initiation, respectively) for the assess-
ment of MVA- and 5T4-specific antibody responses as
described previously [16].

Analysis data sets

The full phase III analysis set included 731 of the 733
randomized subjects. Two subjects were excluded from the
full analysis set because they were randomized in error.

An immunologically evaluable analysis set was also
defined and comprised all subjects from the full phase III
analysis set who had a complete set of baseline and week 10
assessments of 5T4- and MV A-specific antibody responses.
The immunologically evaluable analysis set included 590
subjects (288 in the MV A-5T4-treated group and 302 in the
placebo-treated group)—of the 141 full analysis set subjects
excluded, one had an outlying high baseline 5T4 level, 40
subjects (20 in each treatment group) had died by day 70, 10
subjects (five in each group) had been lost to follow-up by
day 70, and the remainder had missing antibody data for that
assessment but remained on study.
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In addition to the phase III data set in renal cancer
patients, two additional independent data sets were uti-
lized to investigate whether the relationships found in the
phase III study could also be partially validated in very
different contexts: (1) pooled results from nine phase I or
IT clinical studies of MVA-5T4 in colorectal cancer
(n = 4), prostate cancer (n = 1) and renal cancer (n = 4)
patients (n = 189 patients in total) and (2) data from 38
melanoma patients treated with Hi8-MEL, a peptide
vaccine given in a DNA prime, MVA boost schedule
[20].

An immunological analysis set for the MVA-5T4 phase
I/II studies (subjects with antibody response data at base-
line and after the 4th MV A-5T4 vaccination) comprised 52
patients with renal cancer, 32 with colorectal cancer and 24
with prostate cancer. An immunological analysis set for the
Hi8-MEL phase II study (subjects with MVA antibody
response data at baseline and 16 weeks post-treatment
initiation) comprised 32 patients with melanoma. It should
be noted that the Hi8-MEL study was initiated by a dif-
ferent company who scheduled the vaccinations and the
immunological analyses at different time points from those
used for MVA-5T4.

Baseline variables

The baseline (pre-treatment) variables assessed as potential
predictors of tumor burden, overall survival and treatment
benefit are listed in the left panel of Fig. 2 (the ‘standard
set’). The square root or natural logarithm of each variable
was taken, if appropriate, to reduce skewness. Values
below a lower limit of quantitation were analyzed as if they
were at the lower limit; additional analyses were under-
taken using an indicator variable to mark whether the value
was below or above the lower limit. Total tumor burden
was calculated for each patient by summing the longest
diameter for all target tumor lesions (as defined by
RECIST).

Immunological response variables

In all MVA-5T4 clinical studies, antibody responses
against 5T4 and MVA were assessed in the same manner.
The 5T4 immunological response to vaccination was
defined in all MV A-5T4 studies as the natural logarithm of
the ratio of the 5T4-specific antibody level after 4 vacci-
nations to the pre-treatment antibody level. A similar def-
inition was used for the MVA immunological response to
vaccination in these studies. In the Hi8-MEL melanoma
data set, MV A response was defined as the logarithm of the
ratio of the MV A antibody level 16 weeks post-vaccination
to the pre-treatment antibody level.

Statistical analysis strategy

There were many baseline variables which could be can-
didate predictors of treatment benefit. Setting a conven-
tional P value threshold of 0.05 could result in a number of
false positives. However, studies that are adequately
powered to detect a treatment difference or to evaluate a
prognostic marker are usually underpowered to evaluate a
predictor of treatment benefit; therefore, setting a lower
P value threshold would raise the false-negative risk
unrealistically for an exploratory analysis. For these rea-
sons, the candidate predictors of treatment benefit had to
satisfy stringent inclusion criteria designed to eliminate
variables with weak scientific plausibility. Firstly, we
required strong evidence (P < 0.0001) that the candidate
variable was associated with baseline tumor burden.
Baseline tumor burden is a reflection (albeit imperfect) of
how advanced the tumor is; the rationale for this filter was
that an immunotherapy will have more chance of success
when the cancer is less advanced and the lesions are
smaller. Secondly, we required that there was strong evi-
dence (P < 0.0001) that the candidate variable was asso-
ciated with overall survival. The rationale for this filter was
that a candidate variable associated with tumor burden may
be associated in a clinically irrelevant way: by requiring
that the candidate variable is also associated with survival,
we are more confident of clinical relevance. As markers
were pre-selected using only data from patients of the
placebo arm, the filter was not biased in favor of variables
predictive of treatment benefit, but was—intentionally—
biased in favor of markers that were prognostic for survival
under standard of care only.

Candidate variables that satisfied both these criteria
were assessed as predictors of treatment benefit in the
immunologically evaluable analysis set. The immunologi-
cally evaluable analysis set included all subjects with 5T4-
specific antibody levels measured at baseline and at week
10. This analysis set was used partly because it enables the
results to be related to the magnitude of the antibody
response but mainly because it is not expected that an
immunotherapy for cancer would have an effect until after
several vaccinations.

Statistical methods

Statistical modeling was performed within SAS® (version
9.2, SAS Institute, Cary, NC, USA 2002-2008). PROC
GLM was used for linear regression with intercept, and
diagnostic plots were inspected for model adequacy before
and after fitting. PROC PHREG was used for proportional
hazards modeling.

The standard baseline variables (see Fig. 2) were used to
predict tumor burden in the phase III full analysis set.
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A univariate regression model was used with a single
predictor and square root of total tumor burden as the
response variable: the t-statistic (the estimate of the
regression coefficient divided by its standard error) and the
P value were reported for each regression. Variables that
were significant predictors at P < 0.0001 were taken
through to the next stage of the analysis: modeling survival
in the placebo group. The same set of standard baseline
variables were used to predict placebo overall survival in
the phase III full analysis set. A univariate proportional
hazards model was used, stratified by standard of care.

Variables that were significant predictors at P < 0.0001
in both the tumor burden model and the placebo survival
model were taken through to the next stage of the anal-
ysis: assessing treatment benefit. The ability of a baseline
variable to predict treatment benefit in the phase III
immunological analysis set was assessed using a propor-
tional hazards model. The proportional hazards model
was stratified by standard of care (with a separate treat-
ment effect in each stratum) and included the baseline
variable and its interaction with treatment as predictors.
The baseline variable was deemed to be a predictor of
treatment benefit if the P value for the interaction was
<0.05.

Hazard ratios for continuous variables were presented as
the ratio across the middle 80 % of the distribution of that
variable, that is, the ratio of the hazard experienced by a
subject at the 90th centile of the explanatory variable to the
hazard experienced by a corresponding subject at the 10th
centile. Correlation coefficients were calculated using
Spearman’s rank method, unless otherwise stated. Com-
parisons of tumor burden over subgroups used the Mann—
Whitney test, as did comparisons of baseline factors over
dichotomized tumor burden.

Results

Total tumor burden and association with baseline
variables

Patients enrolled in the TRIST phase III study had total
tumor burdens (sum of the longest diameter of all target
lesions) ranging from 10mm to 690 mm (med-
ian = 100 mm) at trial entry (Fig. 1a). Patients classified
as having a good prognosis (MSKCC score = 0) or inter-
mediate prognosis (MSKCC score = 1 or 2) were included
in the phase III study. Categorization of baseline tumor
burden by MSKCC score showed significant differences
between all three MSKCC categories (Mann—Whitney all
P < 0.001; Fig. 1b), suggesting that even within the
“intermediate” prognosis group (MSKCC score 1 or 2),
there are a diverse range of patients.
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Univariate regression was used to model the association
between total tumor burden and the standard set of candi-
date pre-treatment explanatory variables. There was strong
evidence (P < 0.0001) of a positive association between
total tumor burden and baseline values of CRP, LDH,
corrected calcium, alkaline phosphatase, potassium, ferri-
tin, platelets, neutrophils, hepcidin, VEGF, IL-10 and IL-6
and a negative association between total tumor burden and
baseline values of MCHC, hemoglobin, Karnofsky score,
MCH and hematocrit (Fig. 2).

The median concentration of various analytes catego-
rized by pre-treatment tumor burden quartile [<50 mm
(Q1), 51-100 mm (Q2), 101-200 mm (Q3) and >200 mm
(Q4)] is presented in Fig. 3. It is clear that CRP (Fig. 3a),
IL-6 (Fig. 3b), platelets (Fig. 3c) and VEGF (Fig. 3d)
increase in concentration as the tumor burden increases,
whereas MCHC (Fig. 3e) and hemoglobin (Fig. 3f) levels
decrease. Compared to patients with a pre-treatment tumor
burden <200 mm, those with a tumor burden >200 mm
had significantly elevated levels of CRP (P < 0.001),
ferritin (P < 0.001), hepcidin (P < 0.05), platelets (P <
0.001), IL-6 (P < 0.001) and VEGF (P < 0.001) and
significantly reduced levels of MCHC (P < 0.001),
hematocrit (P < 0.001) and hemoglobin (P < 0.001)
(Mann—Whitney; data not shown). All of these factors are
associated with inflammatory anemia (also called anemia
of chronic disease).

Predictors of survival of placebo-treated patients

The standard set of pre-treatment explanatory variables
were assessed in univariate proportional hazards models of
overall survival in placebo-treated patients (within the full
analysis set, stratified by standard of care). There was
strong evidence of a positive association (P < 0.0001;
hazard ratio < 1) between survival and the pre-treatment
values of hemoglobin, hematocrit, Karnofsky score, RBCs
and MCHC and a negative association (hazard ratio > 1)
with CRP, platelets, alkaline phosphatase, hepcidin, neu-
trophils, ferritin, VEGF, corrected calcium and LDH. CRP
was a particularly strong negative predictor of survival, the
hazard increasing more than eightfold from the 10th centile
of the distribution of CRP (0.1 mg/L) to the 90th centile
(37.2 mg/L).

Obtaining a predictor of treatment benefit

Those candidate pre-treatment variables that were strongly
associated with both baseline tumor burden and survival of
placebo-treated patients (P < 0.0001) were considered as
potential predictors of treatment benefit. Proportional
hazards models for overall survival were fitted and strati-
fied by standard of care. Treatment benefit was assessed by
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dividing the hazard ratio for the explanatory variable in the
MVA-5T4 group by the corresponding hazard ratio in the
placebo group (Table 1). A ratio of ratios <1 means that
increased levels of the explanatory variable are associated
with treatment benefit in favor of MVA-5T4. Of the pre-
treatment explanatory variables, MCHC emerged as a
predictor of treatment benefit (P = 0.013) after being
established both as a predictor of tumor burden
(P < 0.0001, R* = 6.4 %) and as a predictor of placebo
survival (P < 0.0001).

The magnitude of the treatment benefit is striking: the
MVA-5T4/placebo hazard ratio at the 90th centile of
MCHC (342.5 g/L) is 52 % of the ratio at the 10th centile
(314.1 g/L). This treatment benefit is also apparent when
the immunological analysis set is extended to the full
analysis set: the MVA-5T4/placebo hazard ratio at the 90th

[} 1 2
MSKCC Score

centile of MCHC is 61 % of that at the 10th centile
(P = 0.026).

It is interesting to note that patients with higher pre-
treatment MCHC levels presented with lower average
tumor burdens and lower levels of CRP (Fig. 4a), IL-6
(Fig. 4b), platelets (Fig. 4c) and VEGF (Fig. 4d) all of
which are associated with inflammatory anemia. Indeed,
MCHC levels showed significant negative correlations
(Spearman’s rank) with platelets (—0.434; P < 0.0001),
CRP (—0.419; P < 0.0001), IL-6 (—0.329; P < 0.0001),
VEGF (—0.329; P < 0.0001), IL-10 (—0.21; P < 0.0001)
and hepcidin (—0.1; P = 0.008). (The only predictor of
treatment benefit that was more significant than MCHC
was total calcium: negatively, with P = 0.009. Total cal-
cium was not a candidate variable as it did not predict
survival in the placebo group: P = 0.85).

@ Springer



2288

Cancer Immunol Immunother (2012) 61:2283-2294

BASELINE VARIABLES

Age
Alanine Transaminase
Alkaline Phosphatase
Aspartate Transaminase
Basophils
Bilirubin
Chloride
Corrected Calcium
Creatinine
CRP
Eosinophils
Ferritin
Gender
Haematocrit
Haemoglobin
Hepcidin
Total IL-6
Tumor IL-10
Karnofsky Score
Lactate Dehydrogenase
Lymphocytes
MCH
MCHC
Mcv
Monocytes
Neutrophils
Phosphorus
Platelets
Potassium
Red Blood Cells
Serum Iron
Sodium
Total Calcium
Urea
Uric Acid
VEGF

Burden

White Blood Cells

BASELINE VARIABLES t-Statistic P-VALUE
CRP 10.17 <0.0001
Lactate Dehydrogenase 6.68 <0.0001
Corrected Calcium 6.26 <0.0001
Alkaline Phosphatase 5.28 <0.0001
Potassium 5.07 <0.0001
Ferritin 5.03 <0.0001
Platelets 4.61 <0.0001
Neutrophils 4.58 <0.0001
Hepcidin 4.58 <0.0001
VEGF 4.33 <0.0001
IL-10 4.11 <0.0001
IL-6 3.89 0.0001
Total Calcium 3.79 0.0002
WBCs 3.56 0.0004
Phosphorus 2.10 0.04
Mcv -2.83 0.005
Serum Iron -3.22 0.001
RBCs -3.60 0.004
Hematocrit -4.86 <0.0001
MCH -5.21 <0.0001
Karnofsky score -5.93 <0.0001
Hemoglobin -6.44 <0.0001
MCHC -7.06 <0.0001

Fig. 2 Association between total tumor burden and pre-treatment demographic, blood biochemical and hematological factors. Factors showing a
significant association (P < 0.05) are tabulated in order of the strength and direction of the association

The predictor of treatment benefit (MCHC)
as a predictor of 5T4 antibody responses

Previously, 5T4 antibody responses were shown to predict
enhanced survival in patients treated with MVA-5T4 in
multiple clinical studies, and a surrogate for 5T4 antibody
response has been derived [16]. The immune response
surrogate (IRS) is a linear combination of baseline 5T4
antibody level, hemoglobin (positively) and hematocrit
(negatively). Given the constituents of the IRS, it is not
surprising that it correlates strongly with MCHC (Pearson’s
correlation coefficient = 0.52). Here, we demonstrate that
pre-treatment MCHC levels show a significant association
with 5T4 antibody response induced following vaccination
with MVA-5T4 in the phase III study in RCC patients
(P = 0.014, incremental R?>of 1.8 %, adjusted for baseline
5T4 antibody level and standard of care). For example, a
subject at the 90th centile of MCHC (342.5 g/L)) has a
predicted 5T4 immune response 23 % higher than a cor-
responding subject at the 10th centile (314.1 g/L). The only
candidate pre-treatment explanatory variable that achieved
a smaller P value was CRP, with P = 0.009 and a negative
association.
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The association of MCHC with 5T4 antibody response
was investigated in an independent data set comprising
pooled results from nine phase I and phase II studies of
MVA-5T4 in colorectal cancer (n = 4), prostate cancer
(n = 1) and renal cancer (n = 4). Encouragingly, MCHC
was found to be a positive predictor of 5T4 antibody
response over the whole data set (P = 0.0019).

MCHC as a predictor of MVA antibody response

These analyses were extended further by investigating
whether MCHC levels were associated with MV A antibody
response (fold increase after 4th vaccination) in patients
treated with MVA-5T4 in the phase III trial. Surprisingly,
baseline MCHC level was a negative predictor of MVA
antibody response (P = 0.021; adjusted for standard of
care and baseline MVA level), which is in contrast to
MCHC being a positive predictor of 5T4 antibody
response. The strongest single predictor of both MVA and
5T4 antibody response was CRP with the direction of
prediction being positive and negative, respectively. It is
of considerable interest that while MVA and 5T4
response are positively correlated (Pearson’s correlation
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Fig. 3 Box and whisker plot of analyte concentration by baseline tumor burden category (Ql = 1-50 mm, Q2 = 51-100 mm,
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coefficient = 0.37, P < 0.0001), the best predictors of 5T4
response also predict MVA response but with opposite
sign.

In order to pursue this observation further, a potential
relationship between MCHC and MVA antibody response
was investigated in two independent data sets: (i) pooled
results from 9 phase I and phase II trials of MVA-5T4 in
RCC, CRC and prostate cancer patients and (ii) data from
melanoma patients treated with Hi8-MEL, a peptide vac-
cine given in a DNA prime, MVA boost schedule [20].

MVA antibody levels from the phase I/Il MVA-5T4 trials
were quantified following the 4th vaccination in the same
way as for the phase III trial. However, MVA antibody
levels in the Hi8-MEL melanoma trial were quantified using
a different ELISA format. Despite such profound differ-
ences in data sets, there was also evidence that MCHC was a
negative predictor of MVA antibody response over the
whole MVA-5T4 phase II data set (P = 0.0007, adjusted
for baseline) and in the Hi8-MEL data set (P = 0.031,
adjusted for baseline).
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Table 1 Baseline factors
associated with the survival of
patients in the immunologically
evaluable analysis set treated
with either placebo or MVA-
5T4 and predictors of treatment
benefit (HR < 1 favors the
MVA-5T4 treatment group).
The table lists only those factors
which achieved P < 0.0001 in
predicting within the full
analysis set both tumor burden
and placebo survival
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Baseline factors Placebo MVA-5T4 Treatment benefit
HR P value HR P value HR P value
MCHC 0.65 0.0407 0.34 <0.0001 0.52 0.0132
Neutrophils 2.17 0.0002 1.73 0.0072 0.79 NS
Hemoglobin 0.31 <0.0001 0.27 <0.0001 0.88 NS
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Alkaline phosphatase 2.48 <0.0001 2.48 <0.0001 0.99 NS
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Fig. 4 Box and whisker plot of analyte concentration by baseline MCHC category. a CRP, b IL-6, ¢ Platelets, d VEGF

The interaction between MCHC, tumor burden

and treatment benefit

Exemplification of the impact of tumor burden and MCHC
levels on the relative efficacy of MVA-5T4 in RCC
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patients is shown in Fig. 5. Patients with very large pre-
treatment tumor burdens (>200 mm; n = 138 patients) do
not appear to benefit from MVA-5T4 irrespective of
MCHC levels (data not shown). Patients with a pre-treat-
ment tumor burden < 200 mm and low MCHC levels
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Fig. 5 Impact of pre-treatment (a) (b)
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(n = 271 patients) do not show a significant difference in
survival (Fig. 5a). However, patients with a pre-treatment
tumor burden < 200 mm and normal MCHC levels
(n = 317 patients) show a significant survival advantage in
favor of MVA-5T4 (Fig. 5b; HR = 0.58; P = 0.01).

Having identified MCHC levels as the best single pre-
dictor of treatment benefit, further analyses were under-
taken to determine whether MCHC was associated with
other markers of clinical efficacy. During the phase I1I trial,
total tumor burden was measured prior to treatment and
26 weeks after treatment. The percentage change in tumor
burden between baseline and week 26 was calculated and
correlated with pre-treatment MCHC levels. Patients trea-
ted with placebo showed no correlation between MCHC
and tumor shrinkage (Spearman’s correlation coeffi-
cient = —0.01; P = 0.91; n = 293 patients); however,
patients treated with MVA-5T4 showed a significant cor-
relation (Spearman’s correlation coefficient = —0.2;
P = 0.0008; n = 273 patients). The change in tumor bur-
den in patients treated with placebo or MVA-5T4 and
categorized by pre-treatment MCHC levels are shown in
Fig. 5¢c, d respectively.

Discussion

Although new paradigms for the development of immu-
notherapies are being discussed [21], few studies have

Pre-Treatment MCHC Levels (g/dl)

directly addressed the link between tumor burden,
“immune health” and treatment benefit from the immu-
notherapy being tested. The results reported here support
the general consensus that cancer vaccines, such as MVA-
5T4, are more likely to demonstrate benefit in patients with
lower tumor burdens. A mechanistic explanation for this
observation is likely to include the physical challenge of
eliminating a large solid tumor but also physiological
changes related to disease progress, which may impact on
the quantity and/or quality of the induced immune
response. Our results demonstrate a strong association (but
not necessarily causation) between increasing tumor bur-
den and changes in various blood biochemical factors,
which may impact on the relative efficacy of immuno-
therapy compounds (e.g., CRP, VEGF, IL-6, platelets).
Many of the biochemical factors identified as being asso-
ciated with tumor burden, patient survival and immune
response induced by MVA-5T4 are known markers of
inflammatory anemia. A case in point is MCHC, which not
only was a significant predictor of treatment benefit but
also showed significant associations with tumor burden,
increased patient survival, tumor shrinkage and 5T4-spe-
cific antibody response in MVA-5T4-treated patients.
Although it is not immediately obvious why factors
associated with anemia may impact on the relative efficacy
of an immunotherapy product, such as MVA-5T4, anemia
is a common co-morbidity in patients with solid tumors.
The cause of anemia can be multifactorial and may occur
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either as a direct effect of the cancer (e.g., blood loss, bone
marrow infiltration), by factors produced by the cancer or
by therapeutic agents given to treat the cancer. Further-
more, anemia is often a marker of poor prognosis in cancer
patients [22, 23]; indeed, hemoglobin is one of the factors
included in the MSKCC (Motzer) prognostic algorithm,
which classifies renal cancer patients as having good,
moderate or poor prognosis [24]. Here, we have demon-
strated that patients who have higher tumor burdens also
show increases in factors that are associated with inflam-
matory anemia (also known as the anemia of chronic
disease). Inflammatory anemia is often difficult to differ-
entiate from iron deficiency anemia; patients have hemo-
globin levels in the low-to-normal range (7-12 g/dL) but,
unlike patients with iron deficiency anemia, show normal-
to-high levels of serum ferritin [25] along with elevated
levels of inflammatory cytokines and acute-phase reactants
(e.g., IL-6, IL-1f, TNFa and CRP).

We have demonstrated that numerous factors that are
associated with inflammatory anemia appear to impact on
the relative clinical and immunological efficacy of the
cancer vaccine MVA-5T4. In patients with inflammatory
anemia, CRP levels are elevated and MCHC levels
reduced. Results from our analyses showed that pre-treat-
ment levels of MCHC and CRP were the two factors most
strongly associated with tumor burden, survival of placebo-
treated patients and the magnitude of 5T4 and MVA anti-
body responses. The association of CRP and MCHC with
the output measurement was in opposite directions in all
cases. We suspect that MCHC is not the key causative
factor modulating the relative efficacy of MVA-5T4 but is
simply a robust measurement, which is indicative of an
underlying inflammatory state and tumor burden. Indeed, it
has been suggested that determination of the percentage of
hypochromic red blood cells or reticulocyte hemoglobin
content can help differentiate iron deficiency anemia from
anemia of chronic disease [26, 27]. Our data provide fur-
ther support for the link between MCHC levels and other
factors associated with inflammatory anemia.

Pre-clinical work by Chiarella et al. [28] has also noted a
link between tumor burden, inflammation and immune
responsiveness. Chiarella et al. studied the effect of tumor
burden on immune responsiveness and subsequent tumor
rejection in a murine fibrosarcoma model. The authors
demonstrated that immunological non-responsiveness to
tumor antigens was observed when the tumor exceeded
500 mrn3; this coincided with the onset of a “systemic
inflammatory condition,” which included the detection of
increased levels of neutrophils and pro-inflammatory
cytokines including IL-1f, TNF-«, IL-6 and CRP. Treat-
ment of tumor-bearing mice with dexamethasone success-
fully reduced all systemic inflammatory parameters and
restored the ability to mount an anti-tumor immune
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response. Interestingly, the authors also demonstrated that
the vaccination of mice that had a tumor burden exceeding
500 mm® actually accelerated tumor growth.

The conflicting roles of inflammation in protection
against cancer or the progression of cancer appear para-
doxical. Acute inflammation usually precedes the induction
of an adaptive immune response, whereas chronic inflam-
mation has been shown to contribute to tumorigenesis.
Schreiber et al. [29] postulate that “tumor-promoting
inflammation and protective tumor immunity are dynami-
cally interconnected processes that vie for dominance as
tumor cells develop and transit through cancer immuno-
editing.” Inflammatory mediators such as IL-6, IL-10 and
VEGF not only support tumor cell survival but suppress the
function of immune cells, most notably dendritic cells,
which are critical to the induction of tumor-specific
immune responses [30]. High levels of one or more of such
inflammatory mediators could blunt the immune response
to 5T4 following vaccination with MVA-5T4 through
suppression of antigen presentation by dendritic cells. We
have demonstrated that patients with higher pre-treatment
MCHC levels have lower levels of numerous inflammatory
mediators such as IL-6, IL-10, CRP and VEGF. Therefore,
MCHC may represent a simple, single measurement that
could be used to exclude patients who have an “inflam-
matory signature” and who may not benefit from treatment
with a cancer vaccine.

One particularly surprising observation from this study
was the identification of a positive association between
MCHC and 5T4 antibody levels but a negative association
between MCHC and MVA antibody levels. The latter
correlation was evident in 3 independent data sets which
included different indications and two different MVA-
based vaccines. The reason for this remains unclear, and
we do not know whether this observation is specific to
MVA or all viral vector delivery systems used in immu-
notherapy approaches. Although speculation, it is possible
that a highly inflammatory environment helps to drive a
very strong MV A-specific immune response following 1-2
vaccinations. Subsequent vaccinations may result in a
further expansion of the MV A-specific T-cell population at
the expense of the much rarer 5T4-specific T-cell popula-
tion. It would be very interesting to know whether other
investigators in the field detect a similar relationship. Such
studies may confirm factors that could indicate whether a
patient is suitable/unsuitable for a particular immunother-
apeutic vaccine.

Previously, analysis of data from the phase III clinical
trial in RCC patients identified a pre-treatment biomarker
(termed the immune response surrogate; IRS), which pre-
dicted 5T4 antibody response and was also associated with
enhanced survival of MVA-5T4-treated patients. The IRS
consisted of three pre-treatment factors: 5T4 antibody,
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hemoglobin and hematocrit in a linear combination, which
predicted treatment benefit to the extent that the MVA-
5T4/placebo hazard ratio at the 90th centile of the IRS is
45 % of that at the 10th centile (P = 0.0017). The study
reported here aimed to identify a pre-treatment predictor of
treatment benefit without going through an intermediary
step of predicting 5T4 antibody response. The best single
predictor of treatment benefit for RCC patients treated with
MVA-5T4 was the pre-treatment MCHC level. It is very
encouraging that independent statistical modeling under-
taken to address two different questions (identification of
predictors of immunological and clinical efficacy) identi-
fied common factors. As with all analyses of this type, the
results should be interpreted with some caution since they
were performed retrospectively and applied primarily to
patients with renal cancer. However, it is encouraging that
MCHC levels showed significant associations with differ-
ent output measures (tumor shrinkage, 5T4 and MVA
antibody response) and in independent data sets. Further-
more, MCHC levels are measured routinely in patients with
cancer; therefore, the targeted selection of patients who
have favorable biomarker levels is much easier based on
the measurement of MCHC levels than for 3 factors
included in the immune response surrogate. (The ratio of
hazard ratios across the population shows that the IRS is a
slightly better predictor (45 vs. 52 %) of treatment benefit;
this advantage would be more than offset by the ease of use
of MCHC.) Ongoing and future clinical studies of MVA-
5T4 will enrich for patients who we believe are more likely
to receive treatment benefit based on the observations
reported here.

The ultimate goal of this work will be in the setting of a
cutoff or cutoffs for the predictor of treatment benefit: the
decision to admit a subject to a trial or to treat a patient is
discrete, either ‘yes’ or ‘no’. However, the formal setting of
a cutoff is beyond the scope of this paper. It is well
established in the field of diagnostic tests that to avoid
over-optimistic assessment of performance, at least three
independent data sets should be used: one to establish the
form of the test (in this instance, the selection of a baseline
characteristic such as MCHC), one to set the cutoff and one
to validate the cutoff. Unfortunately, the phase III data set
was not large enough to permit random subdivision while
maintaining power. The scope of this paper is therefore to
put forward a predictor, with statistically and scientific
justification, to be validated in a future study. If MCHC’s
value as a predictor of treatment benefit is confirmed, then
the next step will be to derive and validate a cutoff.

In conclusion, we have shown that renal cancer patients
with very large tumor burdens and markers of inflamma-
tory anemia receive little or no benefit from treatment with
MVA-5T4; in contrast, patients with lower tumor burdens
and no overt signs of inflammatory anemia may receive

considerable benefit. This finding has potentially important
implications for MVA-5T4 and other cancer vaccines
which rely on the induction of a potent immune response.
Confirmation of these observations in future studies and in
different cancer types is ongoing.
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