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PRECLINICAL STUDY

Common adjuvant breast cancer therapies do not inhibit
cancer vaccine induced T cell immunity
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Abstracts Cancer vaccines may have the most potential
for clinical impact when used in the adjuvant setting when
tumor burden is at its lowest. Application of cancer vac-
cines in the adjuvant setting, however, requires integration
of immunization with more standard cytotoxic or cytostatic
therapies. Common adjuvant therapies for breast cancer
patients, i.e. trastuzumab, bisphosphonates and hormonal
agents are often administered over several years requiring
concurrent administration of these drugs with active
immunization. We questioned whether these common
adjuvant therapies would impact a patient’s ability to
develop tumor specific immunity with vaccination.
Immune parameters from 36 subjects were evaluated. We
determined these adjuvant therapies have no impact on the
ability to develop an immune response specific for HER-2/
neu peptides (P > 0.1) nor do they have an impact on the
magnitude of T cell immunity developed with concurrent
vaccination (P > 0.1). This is the first report to show that
the use of trastuzumab, bisphosphonates and hormonal
therapy concurrent with cancer vaccine administration
have no impact on either the generation or the magnitude
of vaccine induced immunity.
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Abbreviations

APC Antigen presenting cell
DC Dendritic cell

NK  Natural killer cell

S.L Stimulation Index

Introduction

Breast cancer is ideally suited for immunomodulation in
the minimal residual disease state [1] as breast cancer is
immunogenic [2] and time to relapse can take place over
years allowing for the generation of an adaptive immune
response [3]. Eliciting cancer specific immunity may be
more clinically effective when tumor burden is at its lowest
[1]. Large tumors are associated with the elaboration of T
regulatory cells and secretion of specific cytokines, such as
TGF-beta and IL-6, that are associated with immune sup-
pression [4]. For this reason, immune based cancer
therapies, such as cancer vaccines, are being administered
in the adjuvant setting concurrent with or directly follow-
ing standard cytoreductive therapies that have served to
debulk the tumor. As many common adjuvant therapies are
administered chronically, over several years, breast cancer
vaccines must be delivered at the same time as these
agents, however, the impact of adjuvant treatments on a
patient’s ability to develop tumor specific immunity with
active immunization is unknown.

We questioned whether concurrent administration of a
HER-2/neu vaccine with common adjuvant therapies used
in the treatment of breast cancer; trastuzumab, bisphos-
phonates, and hormonal agents impacted the ability of
advanced stage breast cancer patients to develop T cell
immunity to components of a HER-2/neu peptide vaccine.
Both the incidence as well as the magnitude of tumor
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specific immunity induced by vaccination was evaluated in
patients who were and were not currently receiving these
agents. Data suggest concurrent administration of common
adjuvant breast cancer therapies with a tumor antigen
specific vaccine did not limit the development of
immunity.

Methods and materials
Patient population

Immune parameter data is presented on 34 subjects, 17
subjects received a HER-2/neu peptide based vaccine in the
context of a phase I trial [5] and 19 subjects received the
same vaccine while receiving concurrent trastuzumab
monotherapy in the context of a Phase I/II trial [6]. Data
was analyzed based on the subject’s usage of trastuzumab,
bisphosphonates and hormonal therapies. All subjects were
treated on protocols approved by the University of Wash-
ington Human Subjects Division and the United States
Food and Drug Administration. All subjects were required
at entry to have stage III or IV breast cancer with no evi-
dence of or stable disease, to have been off and be able to
remain off chemotherapy or other immune modulatory
therapies for a minimum of 30 days before enrollment, and
to have had adequate hematopoietic, hepatic and renal
function. Enrollment on the trial of vaccination concurrent
with trastuzumab was limited to patients with stage IV
disease [6]. All subjects analyzed received a minimum of 3
vaccines, which is sufficient to generate an immune
response in the majority of subjects [7]. Based on receiving
or not receiving trastuzumab, bisphosphonates and hor-
monal therapies, the proportion of subjects receiving 3-5
vs 6 vaccines was not significantly different (P = 0.695,
0.648, 1.000, respectively), the mean age was not signifi-
cantly different (P = 0.808, 0.378, 0.448), and time from
last chemotherapy administration was not significantly
different (P = 0.153, 0.499, 0.051). Based on receiving or

Table 1 Patient population

not receiving trastuzumab, bisphosphonates and hormonal
therapies a significant difference in stage is found based on
trastuzumab usage (P = 0.016); there is no significant
difference based on usage of bisphosphonates and hor-
monal therapies (P = 0.302, 0.628). As previously stated,
the difference in stage dependent on trastuzumab usage is
due to that trial being restricted to enroll only stage IV
patients [6] (Table 1).

Evaluation of complete blood count

Complete blood counts were performed by the Research
Testing Services, a division of the Department of Labora-
tory Medicine, at the University of Washington Medical
Center. The Department maintains a licensure with the
College of American Pathologists. Blood was drawn at
baseline, at each vaccination visit, and one month follow-
ing the final vaccination. The average value over the course
of active immunization was used for analysis. At time of
entry to study, mean leukocyte count was not statistically
different dependent on use of trastuzumab, bisphospho-
nates and/or hormonal therapies (P = 0.587, 0.725, 0.257)
nor was lymphocyte count (P = 0.850, 0.709, 0.916).

Detection of peripheral blood T cell responses

HER-2/neu-specific T cell responses were assessed by tri-
tiated thymidine incorporation as previously described [8].
Antigens used in the assay consisted of peptides 13-15
amino acids in length which are designed to stimulate Class
II or CD4* T cell responses. The maximal T response
achieved was used for evaluation. Results were reported as
a standard stimulation index (S.I.), which is defined as the
mean of all 24 experimental wells divided by the mean of
the control wells (no antigen). An S.I. >2 was considered
evidence of a positive immunized response based on
analysis of a reference population [5]. If subjects had an S.I.

Trastuzumab Bisphosphonates Hormonal Rx
Yes No Yes No Yes No
Subjects 19 17 9 27 14 22
Mean Age, 52 (34-76) 53 (40-86) 51 (43-60) 53 (34-86) 51 (34-63) 53 (40-86)
years (Range)
Number Vaccines 3-5 5 3 7 3 5
Received 6 14 14 20 11 17
Months since 7 13 7 11 16 6
chemotherapy
Stage III/IV 0/19 5/12 0/9 5/22 1/13 4/18
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>2 at baseline, i.e. pre-existent immunity to HER-2/neu
[9], a post-vaccination response was defined as positive if it
was a minimum of 2 times baseline. Subjects were con-
sidered to have developed an immune response if they had
a positive evaluation to at least one peptide in the immu-
nizing mixture.

Statistical methods

Subjects were divided into groups based on the use of
trastuzumab, bisphosphonates and hormonal therapies
where hormonal therapies included tamoxifen and aro-
matase inhibitors. The differences in continuous variables
between treatment groups were evaluated by a Mann-
Whitney test or an unpaired #-test with Welch’s correc-
tion where appropriate. The differences in categorical
variables between groups were evaluated by the Fisher’s
exact test. All tests were 2-sided. Multivariate analysis of
HER-2/neu specific maximal S.I. was performed using
multiple regression, and comparison of maximal S.I.
between groups receiving 3-5 or 6 vaccinations was
performed by unpaired t-test. All analysis was executed
using GraphPad Prism 3.02 (GraphPad Software, San
Diego California) except the multivariate analysis which
was performed using SPSS 13.0 (SPSS, Chicago
Illinois).

Results

Common adjuvant breast cancer therapies have
minimal impact on immune cell levels

The administration of trastuzumab, bisphosphonates and/
or hormonal therapies did not have an impact on total
white blood cell counts. Figure 1(a) shows the average
white blood cell count for each individual over the course
of the study while receiving or not receiving trastuzumab,
bisphosphonates and hormonal therapies. The average
white blood cell count was 4.88 £ 0.22 and 4.94 £+ 0.48
for those receiving and not receiving trastuzumab,
respectively (P = 0.904); 4.21 £ 0.32 and 5.14 + 0.31
for those receiving and not receiving bisphosphonates
(P =0.112); and 4.72 4+ 0.26 and 5.03 4 0.38 for those
receiving and not receiving hormonal therapy (P =
0.496). Trastuzumab and hormonal therapies did not have
an impact on lymphocyte count. Figure 1(b) shows the
average lymphocyte count for individuals currently
receiving or not receiving trastuzumab, bisphosphonates
and/or hormonal therapies. The average lymphocyte count
was 1.26 &£ 0.10 and 1.54 £ 0.22 for those receiving and
not receiving trastuzumab (P = 0.24) and 1.38 + 0.12
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Fig. 1 Common adjuvant breast cancer therapies have minimal
impact on immune cell levels. (a) The average white blood cell count
over the course of active vaccination is plotted for each of the 36
subjects receiving (@) or not receiving (()) trastuzumab, bisphos-
phonates and/or hormonal therapies. The solid line represents the
mean of each population. (b) The average lymphocyte count over the
course of active vaccination is plotted for each of the 36 subjects
receiving (@) or not receiving (()) trastuzumab, bisphosphonates
and/or hormonal therapies. The solid line represents the mean of each
population

and 1.40 £ 0.17 for those receiving and not receiving
hormonal therapy (P = 0.925). Only bisphosphonate
therapy had a significant impact on lymphocyte count at
1.08 £ 0.12 and 1.49 £ 0.18 for those receiving and not
receiving bisphosphonates (P = 0.033). The subjects
receiving and not receiving bisphosphonate therapy were
similar in age (P = 0.378), stage (P = 0.302) and time
from chemotherapy (P = 0.370) at entry to study.

The average neutrophil, monocyte, eosinophil and baso-
phil counts for individuals currently receiving or not
receiving trastuzumab, bisphosphonates and/or hormonal
therapies were also evaluated. Trastuzumab use did not have
a significant impact on neutrophil, monocyte, eosinophil or
basophil counts (P = 0.434, 0.181, 0.507, 0.500, respec-
tively). Bisphosphonate use did not have a significant impact
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on neutrophil, monocyte, eosinophil or basophil counts
(P = 0.191, 0.489 0.912, 0.644, respectively). Hormonal
therapy did not have a significant impact on neutrophil,
monocyte, eosinophil or basophil counts (P = 0.716, 0.105,
0.131, 0.051, respectively).

Common adjuvant breast cancer therapies have
no impact on the ability to develop an immune
response specific for HER-2/neu peptides

Figure 2 depicts the percentage of subjects who demon-
strated an immune response to HER-2/neu peptides within
one month after the final vaccination. Subjects receiving
and not receiving trastuzumab developed a HER-2/neu
specific immune response during active vaccination 79%
and 88% of the time (P = 0.662). Subjects receiving and
not receiving bisphosphonates developed a HER-2/neu
specific immune response during active vaccination 88%
and 82% of the time (P = 1.000). Subjects receiving and
not receiving hormonal therapy developed a HER-2/neu
specific immune response during active vaccination 93%
and 77% of the time (P = 0.371).

Common adjuvant breast cancer therapies have no
impact on the magnitude of HER-2/neu peptide specific
T cell immunity developed during active immunization

The maximum S.I. obtained during active vaccination
categorized by trastuzumab, bisphosphonate and hormonal

therapy is shown in Fig. 3. The average S.I. is 5.17 + 0.97
and 7.38 £ 1.95 for subjects receiving and not receiving
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Adjuvant Therapies

Fig. 2 Common adjuvant breast cancer therapies have no impact on
the ability to develop an immune response specific for HER-2/neu
peptides. The percentage of subjects who developed HER-2/neu
specific T cell immunity is categorized by those receiving (H) or not
receiving ([J) trastuzumab, bisphosphonates and/or hormonal
therapies
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Fig. 3 Common adjuvant breast cancer therapies have no impact on
the magnitude of HER-2/neu peptide specific T cell immunity
developed during active immunization. The maximum S.I. to the
HER-2/neu peptide is plotted for each of the 36 subjects receiving (@)
or not receiving () trastuzumab, bisphosphonates and hormonal
therapies. The solid line represents the mean of each population. The
dotted line depicts S.I. of 2.0

trastuzumab respectively (P = 0.319); 7.86 £+ 3.59 and
5.67 £ 0.79 for subjects receiving and not receiving bis-
phosphonates (P = 0.568); and 4.90 +0.92 and
7.05 £ 1.61 for subjects receiving and not receiving hor-
monal therapy (P = 0.256). Even when the analysis was
performed only for subjects completing all 6 vaccines the
maximum S.I. was not significantly different between
groups (P = 0.279, 0.842, 0.219). Multivariate analysis
demonstrates treatment did not significantly predict that
maximum S.I. (P = 0.299).

Discussion

Data presented here are the first to demonstrate that the
administration of trastuzumab, bisphosphonates, or hor-
monal therapy, concurrent with a cancer vaccine, has
minimal to no impact on the generation of a tumor antigen
specific immune response. Furthermore, the magnitude of
immunity achieved during active immunization is not
impacted by concurrent administration of these agents. An
understanding of how concurrent standard therapies impact
the immunologic efficacy of cancer vaccines is particularly
important as vaccines are increasingly being evaluated in
the adjuvant setting.

It has been demonstrated that cytotoxic chemotherapy
can have an adverse impact on the development of
immunity after administration of a vaccine. Most classic
chemotherapy agents have been shown to induce non-
selective cell death by interfering with DNA, RNA and
protein synthesis resulting in myelosuppression [10]. After
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the cessation of chemotherapy, the lymphocyte population
is first reconstituted by B and NK cells, which may return
to baseline in as soon as 3 months after treatment. T cells
return to baseline levels approximately 6 months after the
completion of chemotherapy. Even then the CD45RA*
CD4™ helper-naive cells remain decreased and only recover
to 90% of baseline at 12 months [11]. Qualitative abnor-
malities may persist in T cells for 1 to 2 years after
discontinuation of therapy [12]. Studies have shown that
chemotherapy can down regulate costimulatory molecules
on dendritic cells, such as CD80, CD86 and ICAM-1,
inhibiting T cell activation [13]. These abnormalities are
clinically evident by the increased infection rate after the
completion of chemotherapy by organisms such as vari-
cella zoster and herpes simplex virus [12]. All these factors
may prevent successful immunization.

We questioned whether non-cytotoxic adjuvant treat-
ments such as trastuzumab, bisphosphonates and/or
hormonal therapy influence the development of an immune
response after a HER-2/neu peptide based vaccine. These
adjuvant therapies, though mild in toxicity, do have side
effects which may impact the ability to mount an immune
response after vaccination. Trastuzumab is a fully human-
ized anti-HER-2/neu monoclonal antibody that binds to the
extracellular domain of the HER-2/neu protein [14].
Although depressed blood counts have been reported after
the use of the drug, trastuzumab therapy causes less leu-
kopenia, neutropenia and lymphopenia than standard
cytotoxic chemotherapy [15]. Data presented here dem-
onstrates trastuzumab therapy does not affect the gener-
ation or the magnitude of a HER-2/neu peptide specific T
cell response after vaccination.

Bisphosphonates may also impact the development of
immunity. There is evidence that bisphosphonate use may
alter the function of myeloid cells. Zoledronic acid has
been shown to inhibit TNF-alpha production by mono-
cytes, dendritic cells, and macrophages; phagocytosis by
macrophages and immature dendritic cells; and effect the
differentiation of monocytes into dendritic cells [16].
Furthermore, dendritic cell maturation markers CD83, the
costimulatory molecules CD80 and CD86 and DC-SIGN,
could be down regulated with increasing concentration of
zoledronic acid [17]. These bisphosphonate induced alter-
ations could lead to the functional impairment of cytoxic T
cells. Despite the decrease in lymphocytes seen in our
subject population receiving bisphosphonates, the genera-
tion of immunity and the magnitude of the response was
the same in subjects receiving and not receiving this class
of agents.

Estrogen has been found to promote the differentiation
of dendritic cells from bone marrow precursors and alter-
ation of systemic estrogen levels in vivo affects the number
and function of antigen presenting cells. Estrogen receptor

antagonists may inhibit dendritic cell differentiation, and
tamoxifen, when present during a 7-day culture period,
could reduce the number of differentiated dendritic cells
[18]. Indeed, estrogen receptor antagonists have been used
clinically to modulate pro- and anti-inflammatory cyto-
kines in both mice and women with breast cancer [19, 20].
Estrogen receptor antagonists decreased autoimmune
symptoms in a murine model of systemic lupus erythe-
matosus and in two women who had autoimmune
dermatomyositis [21, 22]. The immune effect seen in our
subject population indicates the ability to respond to a
HER-2/neu peptide based vaccine remains intact after
hormonal modulation.

Despite the known detrimental effects of adjuvant breast
cancer therapies on the immune system, emerging data
suggests there may be immune stimulatory effects as well.
Subjects pretreated with cyclophosphamide have been
shown to have a two to four fold higher titer of antibody
response to a Muc-1 vaccine compared to untreated
patients [23]. Monoclonal antibodies, trastuzumab in par-
ticular, have been shown to mediate some of their
therapeutic activity via antibody-dependent cell-mediated
cytotoxicity [24, 25]. Recent studies have shown that am-
inobisphosphonates can expand gamma delta T cells by up
to 50-fold. These specialized T cells are capable of rec-
ognizing various pathogens including tumor cells. Finally,
although hormonal therapy can dampen the immune
response, aromatase inhibitors used in vitro rendered tumor
cells more sensitive to lysis by human peripheral blood
mononuclear cells via monocyte-mediated antibody-
dependent cellular cytotoxicity [26] and may increase NK
cell activity [27]. Although our work suggests common
adjuvant breast cancer therapies do not inhibit the devel-
opment of cellular immunity, numbers of subjects were too
small to determine whether these therapies could augment
the vaccinated immune response.

For cancer vaccines to be used as adjuvant breast cancer
therapy, most likely the approach will have to be applied
concurrently with common adjuvant therapies. Data pre-
sented here would suggest that it would be possible to
combine biologic with standard therapies without impact-
ing the potency of the vaccine. While there was no
evidence of a negative effect on immunity, further evalu-
ation is needed to see if any of these treatments will yield a
beneficial immunologic effect in the setting of vaccination
against tumor antigens.
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