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ABSTRACT

Modified vaccinia Ankara (MVA) virus encoding the tumor antigen 5T4 (MVA-5T4; TroVax®) has been tested in two
open-label phase |1 studies in metastatic colorectal cancer patients alongside two chemotherapy regimens, 5-fluorouracil,
folinic acid and irinotecan (IrMdG) or 5-fluorouracil, folinic acid and oxaliplatin (OxMdG). The aim of this study was
to investigate the kinetics of immune responses and changes in cellular sub-sets before, during and after treatment with
each chemotherapy regimen. In total, 23 patients received the complete course of treatment which comprised 2 injec-
tions before, during and after completion of chemotherapy. Antibody and cellular responses specific for 5T4 and MVA
were monitored throughout the study and changes in immune cell subsets were determined. All 23 evaluable patients
mounted MVA- and 5T4-specific cellular and/or humoral responses. Patients on both trials showed significant reduc-
tions in the numbers of neutrophils and the proportion of regulatory T cells (Treg) within the CD4" T cell population.
Monocyte and NK cell numbers decreased significantly in patients treated with IrMdG but not OxMdG. The largest
increase in 5T4-specific cellular responses was observed 2 weeks following the completion of chemotherapy which was
coincident with a decrease in Treg levels. Both chemotherapy regimens resulted in a significant decrease in the propor-
tion of peripheral Tregs. Levels of Tregs during chemotherapy showed an inverse correlation with 5T4 cellular re-
sponses detected immediately post-chemotherapy. These data may support a rationale for sequencing chemotherapy
with immunotherapy strategies at time points when Treg levels are predicted to be low.
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1. Introduction can control residual disease may be explained by the
immuno-suppressive nature of both the cancer itself and
the chemotherapeutic agent. For example, chemotherapy

often induces neutropenia and/or lymphopenia [1] and

Chemotherapy remains one of the cornerstones of cancer
treatment despite the side-effects associated with treat-
ment. The common feature of cytotoxic chemotherapy

products is the ability to orchestrate tumor cell death
leading to a reduction in tumor burden and/or prevention
of disease recurrence. It has been postulated that cyto-
toxic chemotherapy regimens increase the exposure of
tumor antigens to cells of the immune system through the
release of tumor cell fragments from dead or dying cells.
The failure of this enhanced exposure to tumor antigens
to induce an efficacious anti-tumor immune response that
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therefore may compromise the immunological respon-
siveness of a recipient.

In contrast, cancer immunotherapy approaches depend
upon the induction of efficacious anti-tumor responses
and the generation of long-term memory [2]. Since tumor
antigens are usually “self”, there is the added challenge
that immune tolerance needs to be overcome. Therefore,
the combination of an immunotherapy (such as a cancer
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vaccine) with an immuno-suppressive chemotherapy
regimen has long been regarded as counter-intuitive. We
have tested this paradigm by using modified vaccinia
Ankara (MVA) to deliver the tumor antigen 5T4 (MVA-
5T4; TroVax®™) to colorectal patients receiving standard
chemotherapy regimens.

The tumor antigen being targeted, 5T4, is a 72 kDa
transmembrane glycoprotein that is highly expressed on a
broad range of carcinomas, but has restricted expression
on normal tissues. Over expression of 5T4 is associated
with metastatic spread and poor prognosis in patients
with colon [3], gastric [4] and ovarian [5] carcinoma.

Currently, the majority of patients with newly diag-
nosed metastatic colorectal cancer are treated with iri-
notecan or oxaliplatin in combination with 5 fluorouracil
(5-FU) and leucovorin as standard first-line chemothera-
pies [6]. Given the widespread use of these chemother-
apy regimens and emerging data which suggest that some
forms of chemotherapy may actually modulate immune
responses, we undertook two phase II studies in metas-
tatic colorectal cancer patients in which MVA-5T4 was
administered in combination with OxMdG [7] or Ir'MdG
[8]. Both studies demonstrated that MVA-5T4, used
alongside these chemotherapy regimens, was well toler-
ated and capable of inducing 5T4-specific cellular and
humoral immune responses in the majority of patients.
Furthermore, immune responses were shown to correlate
with clinical benefit [7].

Here, we provide a detailed description of immune re-
sponse kinetics and changes in cellular sub-sets before,
during and after treatment with each chemotherapy regi-
men.

2. Patients and Methods
2.1. Patient Characteristics

All data reported here are from two open-label phase 11
trials in which MVA-5T4 was administered by intra-
muscular injection to patients with metastatic colorectal
cancer who were receiving either 5-FU/folinic acid plus
oxaliplatin (OxMdG) or 5-FU/folinic acid plus irinotecan
(IrMdQG) as first line therapy [7,8]. All patients had his-
tologically proven colorectal cancer, a WHO perform-
ance status of 0-2, a life expectancy of > 3 months, were
aged > 18 years and had adequate hematological and
liver function. Detailed descriptions of the patient char-
acteristics have been published elsewhere [7,8].

2.2. Clinical Trial Design

Patients received either OxMdG or Ir'MdG at 2 week
intervals starting at week 4 with up to 12 cycles being
administered, depending on clinical response and toler-
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ance. The vaccination and blood sampling schedule was
identical for both trials; two MVA-5T4 immunizations
were administered before chemotherapy (weeks 0 and 2),
two during (weeks 11 and 17) and two following com-
pletion of chemotherapy (weeks X + 2 and X + 6; com-
pletion of chemotherapy being indicated as week X).
Patients received approximately 5 x 10° pfu MVA-5T4
via intramuscular injection in a volume of 1ml into the
deltoid muscle. Blood was taken 2 weeks after each im-
munization to assess the induction of immune responses
to test (5T4 and MVA) and control (Tetanus toxoid) an-
tigens.

2.3. Measurement of Antibody and Cellular
Responses

The enzyme linked immunosorbent assay (ELISA) was
used to measure 5T4 and MVA specific antibody titers as
described previously [9]. All test sera were compared
against a pool of sera taken from 5 healthy (vaccinia na-
ive) donors. Antibody titer was defined as the greatest
dilution of plasma at which the mean optical density
(O.D.) of the test plasma was > 2 fold the mean O.D. of
the negative control (normal human serum; NHS) at the
same dilution. If a pre-existing antibody response was
detected, a positive response due to vaccination was re-
ported if the post-injection antibody titer was > 2 fold the
antibody titer determined prior to MVA-5T4 immuniza-
tion.

Proliferative responses were measured by *H-thymidine
incorporation following stimulation of 2 x 10° PBMCs
for 7 days with medium alone (RPMI/10; negative con-
trol), PHA (positive control), Tetanus toxoid (control
antigen) or test antigens (5T4 protein, MVA) as de-
scribed previously [10]. All protein antigens were used at
a final concentration of 5 pg/ml and U.V. inactivated
MVA at a concentration of 5 x 10° pfu/ml. A stimulation
index (S.I.) > 2 was considered to be positive. In addition,
a positive response due to vaccination was defined as an
S.I. which was > 2 and which was also > 2 fold greater
than the highest S.I. induced by the antigen at either of
the pre-injection baseline time points.

2.4. Analysis of Changes in Cellular Sub-Sets
and Cell Phenotypes

In order to determine the impact of chemotherapy on the
levels of different cellular subsets, PBMCs collected at
six different time points were analyzed. The 6 sampling
time points represented three stages of the trial: 1) prior
to chemotherapy (Pre-Chemo; weeks -2 to 4); 2) during
chemotherapy (In-Chemo; weeks 6 to 19); and 3) fol-
lowing completion of chemotherapy (Post-Chemo; weeks
X + 2 to X + 14). It should be noted that during the pe-
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riod that patients received chemotherapy, blood samples
were usually collected 7 days post-infusion.

PBMCs were analyzed by flow cytometry using a
FACSCalibur (Becton Dickenson, CA, USA). Frozen
PBMCs were thawed and equilibrated in RPMI with 10%
FBS for 1-2h before staining with antibodies against nu-
merous cellular markers. The following monoclonal an-
tibodies (mAbs) were used: anti-CD3-FITC (clone
UCHT1), anti-CD4-biotin (Serotec; clone RPA-T4), anti-
CDS8-biotin (Serotec; clone LT8), anti-CD14-APC (clone
MS5E2), anti-CD16-FITC (clone 3G8), anti-CD19-PE
(Clone HIB19), anti-CD25-PE (clone M-A251), anti-
CD40-APC (clone 5C3). Unless otherwise stated the
mAbs and appropriate immunoglobulin isotype controls
were obtained from Becton Dickenson (CA, USA).
Streptavidin conjugated to PerCP (peridinin chlorophyll-
a-protein; BD Cat. no. 554064) was used to detect the
biotinylated CD4 and CDS8 antibodies. CD4 CD25"e"
Tregs were identified as CD4" cells which showed
brighter CD25 staining than that of the CD4" population
[11].

Staining for intracellular FoxP3 using clone PCH101
was performed using the anti-human Foxp3 staining set
(eBioScience, CA, USA) according to the manufacturer’s
instructions.

2.5. Statistical Analysis

For the analysis of changes in cellular subsets, all vari-
ables were log-transformed before analysis. For each
subject, the mean of the transformed data was taken over
each phase (Pre-Chemo, In-Chemo and Post-Chemo)
separately; these means were the analysis variables.

The within-subject analyses were performed within
each regimen (IrMdG, OxMdG) separately. Estimates
were produced of the mean at each phase and the mean
difference between the pre-chemotherapy phase and the
other two phases. Then means and their differences were
back-transformed to geometric means and their ratios for
presentation.

Data were compared between the two trials/cohorts
using Student’s t-test. The mean difference between the
cohorts at pre-chemotherapy, and the mean difference
between the cohorts in change from pre-chemotherapy to
the later two phases was estimated and a P-value calcu-
lated. The differences were back-transformed to a ratio
for presentation. A P-value < 0.05 was deemed signifi-
cant.

3. Results
3.1. Patients

The disease characteristics and demographics of patients

Copyright © 2011 SciRes.

recruited to both trials were very similar [7,8]. In total,
12 patients in the MVA-5T4 + IrMdG trial (TV-IrMdG)
and 11 patients in the MVA-5T4 + OxMdG trial (TV-
OxMdG) were evaluable for assessment of immune re-
sponses having had blood samples taken for immu-
nological monitoring following each of the 6 vaccina-
tions.

3.2. Antibody Responses

As reported previously, 20 of 23 (87%) patients, who
were evaluable for assessment of immune responses,
mounted positive 5T4-specific antibody responses fol-
lowing MVA-5T4 vaccination [7,8]. Two patients in the
TV-IrMdG trial and 1 patient in the TV-OxMdG study
failed to sero-convert. All 23 patients mounted MVA-
specific antibody responses.

The kinetics of 5T4 and MVA antibody responses in
both trials are compared in Figure 1(a) and 1(b) respec-
tively. The pattern of 5T4 antibody response kinetics is
similar for both trials across the vaccination time course
(Figure 1(a)). However, the magnitude of the 5T4 re-
sponse was lower in the TV-IrMdG trial than those de-
tected in patients in the TV-OxMdG trial at the majority
of sampling time points. In particular, the mean 5T4 an-
tibody response was significantly lower in the TV-IrMdG
trial than the TV-OxMdG trial at weeks 4 (p = 0.027) and
6 (p = 0.008) and this trend was still apparent at 17 (p =
0.084), 19 (p = 0.056) and X + 2 (p = 0.093) weeks.

The kinetics of MVA antibody responses was also
similar between the two trials (Figure 1(b)), but the
magnitude was significantly lower in TV-IrMdG trial at
weeks 13 (p = 0.048), 19 (p = 0.027) and X + 2 (p =
0.017) and this trend was still apparent from weeks X + 4
to X+ 10 (allp ~0.1).

3.3. Cellular Responses

Proliferative responses specific for 5T4 protein were in-
duced in 8 of the 11 (73%) evaluable patients on the
TV-OxMdG trial and in 7 of 12 (58%) patients on the
TV-IrMdG trial (data not shown). MV A-specific prolif-
erative responses were induced in all 23 evaluable pa-
tients (data not shown). The kinetics of 5T4- and MVA-
specific proliferative responses are illustrated in Figure
2(a) and 2(b) respectively. In general, the pattern of 5T4
and MVA proliferative responses was similar throughout
both trials. However, 5T4 proliferative responses were
significantly lower in TV-OxMdG trial than in the
TV-IrMdG trial at week 0 (pre-treatment; p = 0.019) and
2 (p = 0.028), while the magnitude was significantly
higher at week X + 8 (p = 0.016). No significant differ-
ences were detected in the mean MVA proliferative re-
sponses between trials at individual time points; however,
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responses were significantly higher during the period that
patients received OxMdG (weeks 6 — 19) compared to
those treated with IrMdG (p = 0.044).

The frequency of positive proliferative responses to
test (5T4 and MVA) and control (TT) antigens during
chemotherapy (In-Chemo) and following completion of
chemotherapy (Post-Chemo) as well as the fold increase
in mean responses relative to baseline are detailed in Ta-
ble 1. There was little difference in either the frequency
or the fold increase of TT-specific responses during
chemotherapy compared to post-chemotherapy in both
trials. In contrast, both the fold increase and frequency of
positive 5T4 and MVA proliferative responses were
greater following completion of chemotherapy compared
to during chemotherapy in both the TV-OxMdG and

TV-IrMdG trials. The largest increase in 5T4-specific
proliferative responses occurred between week 19 (dur-
ing chemotherapy) and week X + 2 (the first sampling
time point following completion of chemotherapy) in
both trials. The time interval between week 19 and X + 2
was approximately 9 weeks, during which time no MVA-
5T4 vaccinations were administered. The 5T4-, MVA-
and TT-specific proliferative responses detected in each
patient at week 19 and X + 2 are illustrated in Figure 3.
The mean proliferative response for 5T4 increased sig-
nificantly from 2.8 at week 19 to 6.9 at week X + 2 in the
TV-0xMdG trial (p = 0.042) and from 1.6 to 9.9 in the
TV-IrMdG trial (p = 0.014). However, mean proliferative
responses specific for MVA or TT showed little or no
increase between week 19 and X + 2 in the TV-OxMdG
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Figure 1. (a) 5T4 antibody responses; (b) MVA antibody responses.
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Figure 2. (a) 5T4 proliferative responses; (b) MVA proliferative responses.

Table 1. Antigen-specific proliferative responses during chemotherapy (In-Chemo) and following com-
pletion of chemotherapy (Post-Chemo). The table details both the frequency and mean fold increase in

antigen-specific proliferative

responses.

Mean Fold Increase in Antigen Specific

Frequency of Positive Antigen Specific Proliferative Responses Relative to Mean

Proliferative Responses

Antigen Trial Baseline Responses
In-Chemo Post-Chemo In-Chemo Post-Chemo
TV-OxMdG 20% 53% 1.3 2.9
5T4
TV-IrMdG 8% 20% 0.7 1.2
TV-0xMdG 64% 75% 5.1 19.6
MVA
TV-IrMdG 40% 68% 33 8.7
TV-OxMdG 18% 18% 1.5 1.6
TT
TV-IrMdG 15% 22% 1.0 1.4

Copyright © 2011 SciRes.

JCT



Comparative Kinetics of Immune Responses and Changes in Cellular Sub-Sets Detected in Colorectal Cancer Patients 59
Vaccinated with MVA-5T4 (TroVax) Administered Alongside Two Different Chemotherapy Regimens

TV-OxMd GTV-IrMdG
P=0.04 P =0.01
30— : S 7 AT
—~ 20 / e
wn
- / //'.
10 A
0 % l : é—
19wk X + 2wk 19wk X + 2wk
(a)
NS P=N.S.
20 P N S ) S
60 \

\
o\ A\

i ——

19wk X + 2wk 19wk

MVAS.L

X +2wk
(b)
s P=N.S.
ol &S/

sl N/
NS

\PNS
—

TT S.L.

X + 2wk

19wk X + 2wk 19wk

(©

Figure 3. Proliferative responses specific for 5T4 (a), MVA
(b) or TT (c).

trial (15.2 to 17.4 for MVA (p = 0.64) and 5.0 to 6.3 for
TT (p = 0.49)) or the TV-IrMdG trial (10.5 to 11.0 for
MVA (p=0.32) and 6.8 to 5.9 for TT (p = 0.54)).

3.4. Changes in Cellular Sub-Sets throughout the
Clinical Trial Time Course

Routine hematological analysis was performed through-
out both trials at baseline and at weeks 4, 6, 8, 10, 12, 14,
16, 18, X and X + 2. Both chemotherapy regimens in-
duced a significant decrease in absolute numbers of
white blood cells (p < 0.0001), which was mainly driven
by significant decreases in neutrophil numbers (p <
0.0001; data not shown).

A more detailed analysis of cellular sub-sets was un-
dertaken on PBMCs collected for immunological analy-
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ses. Unfortunately, only 12 patients had sufficient PBMCs
on which to undertake a detailed phenotypic analysis at
sampling time points prior to, during and after treatment
with IrMdG (n = 7 patients) or OxMdG (n = 5 patients).
The numbers of B cells, T cells (CD4" or CD8"), mono-
cytes and NK cells were monitored before, during and
after treatment with OxMdG or IrMdG (Pre- Chemo,
In-Chemo and Post-Chemo, respectively). No significant
changes in cell numbers were detected before, during or
after treatment with OxMdG (Table 2(a)). Similarly,
patients treated with IrMdG showed no significant
change in the mean numbers of B cells, T cells, CD4" T
cells and CD8" T cells (Table 2(b)); however significant
decreases in the mean numbers of monocytes (p < 0.001)
and NK cells (p = 0.003) were observed during chemo-
therapy compared to pre-chemotherapy. CD14" mono-
cytes decreased from 2.37 x 10%/L prior to chemotherapy
to 0.44 x 10%/L during the IrMdG cycles while NK cells
(CD3°CD16") decreased from 1.69 x 10%/L prior to che-
motherapy to 0.70 x 10%L during chemotherapy. Fol-
lowing completion of chemotherapy, the mean numbers
of both monocytes and NK cell subsets returned to the
levels observed prior to chemotherapy.

Patients treated with both OxMdG and IrMdG showed
significant reductions in the mean proportion of
CD4'CD25"¢" Tregs during the period that chemotherapy
was administered compared to pre-chemotherapy (p <
0.0001; Figure 4). Following completion of chemother-
apy, the proportion of Tregs within the CD4" population
returned to the levels detected prior to chemotherapy (in
the majority of patients levels had returned to pre-chemo
levels by week X + 2). The regulatory phenotype of the
CD4'CD25"¢" cells was further defined by intracellular
staining of FoxP3. In the majority of samples tested,
74-99% of CD4"CD25"¢" T cells were positive for FoxP3
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Figure 4. Change in Tregs before, during and after chemo-
therapy.
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Table 2. Mean numbers of B, T, Natural killer (NK) cells and monocytes (10%/L) in frozen PBMCs pre-
pared from peripheral blood collected from. (a) TV-OxMdG patients (n = 5) and (b) TV-IrMdG pa-
tients (n = 7). P values are only stated if significant (P < 0.05).

@

P-value
Cellular Subset Pre-Chemo In-Chemo Post-Chemo
Pre-In Pre—Post
B cell (CD19+) 0.80 0.80 0.59 NS NS
T cell (CD3") 10.73 13.48 9.41 NS NS
CD4' T cell (CD3'CD4'CDS) 7.05 9.82 4.96 NS NS
CD8'T cell (CD3'CD4CDS8") 321 3.59 2.69 NS NS
NK cell (CD3CD16") 2.29 1.88 1.66 NS NS
Monocyte (CD14") 2.97 2.44 3.03 NS NS
(b)
P-value
Cellular Subset Pre-Chemo In-Chemo Post-Chemo
Pre-In Pre—Post
B cell (CD19+) 0.41 0.22 0.38 NS NS
T cell (CD3") 8.55 6.07 8.93 NS NS
CD4' T cell (CD3'CD4'CDS)) 5.51 4.06 5.79 NS NS
CD8'T cell (CD3'CD4CDS8") 2.45 1.56 2.61 NS NS
NK cell (CD3CD16") 1.69 0.70 1.40 0.0031 NS
Monocyte (CD14") 2.37 0.44 2.34 <0.0001 NS

expression (data not shown). Due to restricted availabil-
ity of PBMCs we were unable to confirm suppressive
activity in vitro.

Differences in the ratios of cellular subsets between
the two trials were determined by using the Student’s
T-test (Table 3). The most striking differences between
the two chemotherapeutic regimens were changes in
monocyte and, to a lesser extent, NK cell levels which
were significantly lower in patients treated with IrMdG
(p = 0.0002 and p = 0.0322 respectively) compared to
patients receiving OxMdG. The proportion of Tregs
within the CD4" population was significantly higher (p =
0.0361) prior to chemotherapy in the TV-OxMdG pa-
tients compared to that of the TV-IrMdG patients, but not
during chemotherapy or following the completion of
chemotherapy. No other significant differences between
any other cellular subset studied at any stage of the trial
was observed between the patients on the two different
chemotherapy regimens that were analyzed.

Exploratory analyses were undertaken to investigate
potential relationships between the level of Tregs de-
tected in the periphery and antigen-specific cellular re-

Copyright © 2011 SciRes.

sponses. In particular, we looked for associations be-
tween mean Treg levels detected during the time period
in which chemotherapy was administered and prolifera-
tive responses against 5T4, MVA and TT at weeks 19
(during chemotherapy) and X + 2 (the first sampling time
point following completion of chemotherapy). A signifi-
cant correlation was seen between Treg levels detected
during chemotherapy and the magnitude of 5T4-specific
proliferative responses at both weeks 19 and X + 2 (Ta-
ble 4), although the direction of the correlation differed.
Surprisingly, there was a statistically significant (P =
0.01) positive correlation between the magnitude of
Tregs detected during chemotherapy and 5T4 prolifera-
tive responses at week 19. However, at the next analysis
time point, which was following the completion of che-
motherapy (week X + 2), the correlation was also statis-
tically significant (P = 0.04), but negative. The strong
correlations persisted even when the analysis was per-
formed within each individual trial dataset (data not
shown). Although the change in direction of the correla-
tion was also seen for MVA and TT, these were not sta-
tistically significant.
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Table 3. Ratio of mean numbers of B, T, Natural killer (NK) cells and monocytes (10%/L) in frozen
PBMCs prepared from peripheral blood collected from TV-OxMdG patients (n = 5) compared to
TV-IrMdG patients (n = 7) during different stages of the trial. P values (T-test) are only stated if sig-

nificant (P < 0.05).
P-value
Cellular Subset Pre-Chemo In-Chemo Post-Chemo

Pre In Post
B cell (CD19+) 1.92 1.88 0.80 NS NS NS
T cell (CD3") 1.25 1.77 0.84 NS NS NS
CD4' T cell (CD3'CD4'CDS)) 1.28 1.89 0.67 NS NS NS
CD8'T cell (CD3'CD4CD8") 1.31 1.75 0.79 NS NS NS
NK cell (CD3CD16") 1.36 1.98 0.87 NS 0.0322 NS
Monocyte (CD14") 125 438 1.04 NS 0.0002 NS
Treg (CD4"CD25"¢") 1.71 1.01 1.08 0.0361 NS NS

Table 4. Correlation between Treg levels during chemotherapy and antigen-specific proliferative re-
sponses detected during (19wk) and immediately following chemotherapy (X + 2wk).

5T4 MVA TT
19wk X + 2wk 19wk X + 2wk 19wk X + 2wk
Correlation Coefficient 0.744 -0.601 0.456 -0.08 0.14 -0.25
P-value 0.01 0.04 0.11 0.77 0.64 0.4
4. Discussion numbers were lower in patients enrolled on the TV-

Relatively few studies have tested the combination of
chemotherapy with a therapeutic cancer vaccine [12] and
we are not aware of any that have analyzed immune re-
sponses induced by vaccinations given before, during
and after chemotherapy, alongside phenotyping of lym-
phocyte subsets. Our studies demonstrated that the ad-
ministration of MVA-5T4 in combination with IrMdG
and OxMdG chemotherapy regimens was well tolerated
and induced 5T4-specific immune responses in the ma-
jority of patients. Furthermore, changes were detected in
certain lymphocyte subsets during and after chemother-
apy which appeared to impact on the immune responses
generated during the course of each trial.

The kinetics of both 5T4 and MVA antibody titers
showed similar patterns throughout the monitoring time
course between the two trials, although titers were gener-
ally lower in the TV-IrMdG trial compared to the
TV-0OxMdG trial, especially during the period that che-
motherapy was administered. Given that the vaccination
regimen used was identical for both studies, it is unclear
why a difference in antibody responses was observed;
however, a disparity in the numbers of B cells may pro-
vide one potential explanation. Prior to treatment, B cell
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IrMdG trial compared to those on the TV-OxMdG trial,
which could result in a decreased capacity to mount an-
tibody responses. Another potential explanation for the
lower antibody responses detected in the TV-IrMdG trial
could be reduced availability of antigen presenting cells
(APCs). As APCs are critical for the generation of potent
immune responses, we examined the numbers of mono-
cytes in PBMCs since these are the precursors of myeloid
antigen presenting cells, differentiating into macrophages
and dendritic cells. While no changes were observed in
the mean number of monocytes in patients treated with
OxMdG, a significant reduction (p < 0.0001) was seen
during IrMdG chemotherapy. The size of the reservoir of
available antigen presenting cells may be important for
the generation of 5T4-specifc responses and could poten-
tially explain the lower 5T4 and MVA antibody titers
detected during treatment with IrMdG.

We have shown that the absolute numbers of B cells
and T cells (CD4" and CD8" T cells) did not change dur-
ing either chemotherapy regimen, but a significant de-
crease in the proportion of CD4"CD25"" T regulatory
cells within the CD4" T cell population was observed.
There is growing evidence to suggest that increases in the
frequency of Tregs may be responsible for inhibiting host
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T cell responsiveness against tumor associated antigens
[13]. Therefore, depletion of this suppressive T cell pop-
ulation may be beneficial for cancer vaccine approaches.
If standard chemotherapy regimens have a transient ef-
fect on the proportion of this cellular sub-set, a better
understanding of the kinetics may help to inform the op-
timal time to administer an immunotherapy product such
as a cancer vaccine.

In both trials, the most dramatic increase in 5T4-specific
proliferative responses occurred between weeks 19 (dur-
ing chemotherapy) and X + 2 (the time point immedi-
ately following chemotherapy). In contrast, proliferative
responses specific for the foreign antigens MVA and TT
showed no significant change during the same time pe-
riod. This observation was particularly surprising since
no vaccinations occurred between these two time points;
the obvious differences were the absence of chemother-
apy at the later time point and the fact that patients had
received 4 more cycles of chemotherapy. It was also in-
teresting to note that the proportion of CD4 CD25"¢"
Tregs in the CD4" T cell population decreased signifi-
cantly during the period that patients received chemo-
therapy. Due to the limitations on cell numbers, we were
not able to demonstrate that the Tregs measured in this
study were suppressive in functional assays. However, it
is tempting to speculate that the induction and expansion
of 5T4-specific immune responses prior to chemotherapy
was suppressed by the presence of high levels of Tregs
and that during chemotherapy responses were con-
strained by the presence of a cytotoxic agent. Previous
studies have demonstrated that the depletion of Tregs in
vitro has unmasked CD4" T cell responses specific for
5T4 in PBMCs from colorectal cancer patients [14] and
from healthy individuals [15]. Furthermore, adoptive
transfer of Treg depleted autologous T cells in renal can-
cer patients following conditioning chemotherapy re-
sulted in enhanced immune responses to 5T4 [16]. Con-
sistent with these observations, we detected a significant
inverse correlation between the proportion of Tregs de-
tected during chemotherapy and the 5T4-specific prolif-
erative response measured immediately following com-
pletion of chemotherapy. However, what was not pre-
dicted was the detection of a positive correlation between
the proportion of Tregs detected during chemotherapy
and 5T4-specific proliferative responses during chemo-
therapy (week 19). An explanation for this observation is
not immediately obvious, although recent reports suggest
that the Treg cells can display diversity and plasticity,
particularly in response to changes in their microenvi-
ronment such as lymphopenic and/or inflammatory con-
ditions. Indeed, Tregs have been shown to help in the
development of memory responses, promote the migra-
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tion of effector T cells to the site of antigen exposure,
and even function as effector cells [17-19]. Furthermore,
several publications have reported that Tregs are associ-
ated with either a positive or a negative prognosis in pa-
tients with colon cancer [20,21]. No significant correla-
tions were detected between Treg levels and either MVA
or TT-specific responses, potentially suggesting a differ-
ential impact of the [r'MdG and OxMdG chemotherapy
regimens on auto-reactive Tregs. Although speculation, it
is possible that the positive correlation between Treg
levels and 5T4 proliferative responses during chemo-
therapy may be a function of two factors: (a) high Treg
levels are also indicative of the presence of a strong
autoreactive immune response and (b) chemotherapy
acting on Tregs in a manner which interferes with their
ability to suppress responses. Upon completion of che-
motherapy, the Tregs are then able to resume their sup-
pressive function, hence the negative correlation between
Tregs and 5T4 proliferative responses post-chemotherapy.

Other chemotherapy regimens have been shown to
have an impact on regulatory T cells. In particular, it has
been shown that cyclophosphamide not only reduces
Treg numbers, but also inhibits their suppressive capacity
by increasing their apoptosis, decreasing their homeo-
static proliferation [22], and down-regulating expression
of two Treg-associated proteins GITR and FoxP3 [22]. A
number of other chemotherapies have also been shown to
modulate Tregs, including temozolomide [23], and GOLF
(gemcitabine [GEM], oxaliplatin, LF and FU; [24]). How
the two chemotherapy regimens used in this study or-
chestrate their effects on various cell types remains un-
certain. While both caused a reduction in the mean num-
bers of neutrophils and Tregs, only IrMdG caused a re-
duction in monocytes and NK cells, suggesting a differ-
ence in their modes of action on specific cellular subsets.

Although modulation of the suppressive activities of
Tregs can enhance tumor immune responses, complete
absence of Tregs is not sufficient to treat established tu-
mors expressing self antigens [25,26]. This suggests that
in order to promote tumor regression, vaccination against
a tumor antigen is needed to induce an efficacious im-
mune response. Further, to optimize the generation of
antigen-specific effector cells, vaccination should be
timed to coincide with periods when Treg levels and/or
their suppressive activity are known to be low.

Critical to the design of efficacious tumor vaccines, is
achieving the optimal balance between both regulatory
and effector T cell functions that results in the induction
and maintenance of responses against tumor antigen(s).
The careful timing of administration of both cytotoxic
chemotherapy and immunotherapy agents may well be
crucial to the success of such combined therapeutic ap-
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proaches [27-29]. It could be possible to further optimize
the timing of vaccination during the period that a patient
receives chemotherapy through a more exquisite analysis
of Treg numbers after each chemotherapy cycle. In
summary, we have demonstrated that combining OxMdG
or IrMdG with immunotherapy is possible and, if timed
correctly, may decrease some of the immuno-suppressive
signals resulting in more potent immune responses.
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