
Journal of Mammary Gland Biology and Neoplasia, Vol. 4, No. 4, 1999

Immunotherapeutic Approaches for the Treatment of
Breast Cancer

Keith L. Knutson,1,2 Kathy Schiffman,1 Kristine Rinn,1 and Mary L. Disis1

The application of immunotherapeutic principles to the treatment and prevention of breast

cancer is a relatively new undertaking. Although cytokine infusions, cancer vaccines, and T

cell therapy have been extensively studied in solid tumors such as melanoma and renal cell

carcinoma, the therapeutic efficacy of these approaches is not well explored in breast cancer.

The recent definition of tumor-specific immunity in breast cancer patients and the identification

of several breast cancer antigens has generated enthusiasm for the application of immune-

based therapies to the treatment of breast malignancies. In general, immunotherapies can be

considered either non-specific, such as a general immunomodulator (e.g., a cytokine), or tumor-

specific (e.g., a vaccine that targets breast cancer tumor antigens). This review describes three

major immunotherapeutic strategies that have the potential to enhance or generate an anti-

breast cancer T cell immune response: (i) cytokine therapy; (ii) cancer vaccines; and (iii) T

cell therapy, and explores how each strategy has been applied to the treatment of breast cancer.
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INTRODUCTION at the molecular level, has given rise to the engineering

of specific immunotherapies that target breast tumors.

Many of these immune based treatment strategies areLike melanoma and renal cell carcinoma, breast
currently being tested in human clinical trials.carcinomas are immunogenic. The identification of breast

Recent advances in cellular and molecular immu-cancer antigents, combined with an improved understand-
nology have greatly improved our understanding ofing of how antigens interact with T cells and antibodies

how T cells recognize cancer-related proteins. CD8 1
cytotoxic T cells (CTL)3 can kill cells expressing anti-

gen. CD4 1 T helper cells have the potential to aug-1 Division of Oncology, University of Washington, Seattle, Wash-

ment the antigen-specific immune response viaington, 98195-6527.
2 To whom all correspondence should be addressed at 1959 N.E. cytokine secretion. Subsets of CD4 1 T cells, Th1,

Pacific Street, HSB Room 1321, Box 356527, Oncology, Univer-
secrete cytokines such as interleukin-2 (IL-2) and IFN g

sity of Washington, Seattle, Washington 98195-6527.
that stimulate the proliferation and activity of cytotoxic3 Abbreviations: antigen presenting cell (APC); bacille calmett-

T cells. Subsets of CD4 1 T cells, Th2, secrete cyto-guerin (BCG); carcinoembryoni c antigen (CEA); cytotoxic T lym-

phocyte (CTL); draining lymph node (DLN); epstein barr virus kines such as IL-4, 5, 6, and 10 that result in more
(EBV); granulocyte macrophage colony stimulating factor (GM-

effective antibody formation. The interplay and inter-
CSF); graft vs. host disease (GVHD); human leukocyte antigen

action between the various arms of the immune system(HLA); interdermal (Id); interferon (IFN); interleukin (IL); intra-

underscores the complexity of those interactions asvenous (IV); in vitro stimulation (IVS); keyhole limpet hemocya-

nin (KLH); lymphokine activated killer (LAK); major well as the potential for utilizing multiple immunother-
histocompatibil ity complex (MHC); natural killer (NK); periph-

apuetic modalities in the treatment of breast cancer.
eral blood mononuclear cell (PBMC); peripheral blood stem cell

In this review we describe three major immuno-(PBSC); severe combined immunodeficien cy (SCID); subcutane-

ous (s.c.); tumor infiltrating lymphocyte (TIL). therapeutic strategies that have the potential to

353
1083-3021/99/1 000- 0353$16.00/ 0 q 1999 Plenum Publishing Corporation



354 Knutson, Schiffman, Rinn, and Disis

enchance or generate an anti-breast cancer T cell uate IFN g as a treatment for breast cancer is compli-

cated by the complex role it plays in immuneimmune response: (i) cytokine therapy: (ii) cancer vac-

cines: and (iii) T cell therapy. modulation. As an example, while IFN g has clearly

been shown to have immunostimulatory effects on

NK cells, effector cells and macrophages, in other
experimental models IFN g has had inhibitory effectsTHE USE OF CYTOKINES FOR THE

TREATMENT OF BREAST CANCER on antigen presentation (1 0). Additionally, IFN g has

been shown to down-regulate the expression of known

breast cancer antigens, such as HER2/neu (11).Cytokines are potent regulatory molecules that

modify inflammation, cell growth and differentiation.

Although cytokines stimulate the immune system pri-
marily in a nonspecific fashion, they can be used to IL-2
enhance active and specific immunotherapy.

IL-2, originally referred to as a T cell growth

factor because of its proliferative effect on LAK, NK,

and T cells, has been used for several years as an anti-Interferon-Gamma (IFN g )
cancer treatment for renal cell carcinoma and mela-
noma. When administered alone or in combinationInterferons (IFN) are immunoregulatory proteins

capable of modifying numerous immune reactions by with LAK cells, IL-2 has caused regression of a variety

of established tumors (12,13). The use of IL-2 as aenhancing the expression of cell surface proteins, such

as MHC antigens (1) IFN g , specifically, is capable of therapeutic agent in breast cancer is currently being

evaluated in a variety of clinical situations, such asenhancing the synthesis and expression of MHC class
II antigens (2). Importantly, the production of IFN g is intratumoral injection, local instillation, and in the

autologous transplant setting.integrally tied to the activities of other cytokines. For

example, while IL-2 has a major role in promoting the In a murine model, intratumoral injection of an

adenovirus expressing the IL-2 gene resulted in regres-peripheral blood lymphocyte production of IFN g by

inducing its release from NK and T cells (3,4) IL-10 sion of established murine breast cancer (14). Local

production of IL-2 in human breast tumors has beendown-regulates its production (5) and IL-2 has been
shown to interact synergistically with IFN g to cause achieved with gene therapy (15). An adenoviral vector

encoding IL-2 was injected into subcutaneous tumortumor regression (6).

The endogenous cytokine milieu of the tumor deposits of patients with breast cancer or melanoma.

Production of IL-2 protein was detectable in tumormicroenvironment likely contributes to the inadequate

endogenous immune response to malignancies. For biopsies at 48 hours but not after 7 days. Biopsies also

demonstrated inflammation and lymphocytic infiltra-example, IL-10 expression is consistently present in
breast tumors but not in normal breast tissue. Increased tion. The lack of sustained IL-2 production was pre-

sumably due to the neutralizing antibody response thatIL-10 expression could be responsible for the absence

of expression of IFN g , IL-2, and IL-4 locally and thus developed against the viral vector in all patients. No

clinical responses were seen (15).contribute to a blunted immune response to tumor (7).

Comparison of LAK and NK activity between patients Another method of IL-2 administration that may

be applied to breast cancer is intracavitary infusion.with breast cancer and healthy donors showed that the
patients with breast cancer had a reduced presence of Malignant pleural effusions are a major clinical prob-

lem in advanced stage breast cancer. In one study, 11LAK and NK cells secondary to down-regulation of

IL-2 receptors. In culture this effect could be abrogated lung cancer patients with pleural effusions underwent

intrapleural instillations of IL-2; in 9 the effusionsin the presence of IFN g (8).

INF g has been evaluated clinically for its ability disappeared 4 to 10days after treatment. The responses
were associated with increased LAK cells and resolu-to mediate tumor regression in women with breast

cancer. In one study in which patients with advanced tion of tumor cells (16). It has yet to be shown whether

this strategy would be effective in the breast cancerdisease received IFN b and IFN g in combination with

hormone therapy, significantly increased levels of setting.

In recent studies in patients with breast cancer,IFN g were associated with a favorable clinical

response (9). However, designing clinical trials to eval- the use of low-dose subcutaneous administration of
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IL-2 after autologous transplant has been evaluated. had a dramatic effect on tumor regression. However,

intralesional injection of IL-12-producing fibroblastsThis mode of delivery of IL-2 is well tolerated. In one

trial, which consisted of both breast and lymphoma into melanoma and breast cancers has provided some

local responses (25). Furthermore, when human tumortransplant patients, IL-2 was found to increase soluble

IL-2 receptor levels as well as NK cells (17). In a infiltrating lymphocytes were obtained from patients
with breast cancer, renal cancer, or neuroblastoma,more complex clinical trial, incubation of the periph-

eral blood stem cells (PBSC) with IL-2 prior to trans- and stimulated with IL-2 and IL-12 together, T cell

expansion was decreased from 8±10 days (IL-2 alone)plant was followed by intravenous (IV) IL-2 for up to

4 weeks post transplant (18). Incubating hematopoetic to 4±5 days (26). Additionally, all tumor cells disap-

peared from the culture, indicating IL-2 plus IL-12stem cells with IL-2 in vitro has been shown to increase

the number of cytotoxic T cells. In this study IL-2 augmented cytotoxicity against autologous tumor cells
compared to IL-2 alone.promoted upregulation of CD3 1 cells in PBSC and

did not interfere with engraftment. However, one third

of patients developed toxicities that precluded com-

pleting the planned course of IV IL-2. The same group Granulocyte Macrophage Colony Stimulating
Factor (GM-CSF)subsequently completed a pilot study using the IL-2

cultured PBSC followed by subcutaneous (s.c.) IL-2
administration (19). In addition, s.c. IFN a was added GM-CSF is a growth and differentiation factor

for human dendritic cells (27). Dendritic cells are spe-after engraftment. Although only one-half of the

patients could complete the planned course of immuno- cialized antigen-presenting cells that are believed to

be responsible for stimulating naive T cell responses.therapy due to a variety of toxicities, 43% of patients

developed pathologic graft versus host disease on skin Dendritic cells have also been shown in experimental
models to augment secondary immune responses betterbiopsy. It is hoped that skin graft versus host disease

may be a biomarker for a graft versus tumor effect. than other antigen-presenting cells (28). Local applica-

tion of GM-CSF, intradermally, stimulates dendriticStudies are ongoing to evaluate whether these strate-

gies improve disease-free survival in breast cancer cell infiltration in the skin (29).

We have previously shown in a rodent model thatpatients in the transplant setting.

GM-CSF can be used as a vaccine adjuvant when
mixed with a soluble antigen to induce both an anti-

body and T cell antigen-specific immune responseIL-12
(3 0). Other groups have transfected tumor cells with

DNA encoding GM-CSF, or directly injected GM-CSFIL-12 is produced primarily by macrophages and

plays a critical role in initiating a Th1 T helper cell into established tumors, and have shown induction of

anti-tumor immune responses in several murine sys-response by stimulating NK cells to produce IFN g .
Additionally, IL-12 has been shown to have a signifi- tems (31,32). Such results have led to phase I human

clinical trials using autologous GM-CSF gene-trans-cant effect on clonal tumor-specific T cell expansion

both at the local tumor site and in the peripheral blood duced, irradiated tumors as vaccines in patients with

advanced carcinomas (33). Other groups have used(2 0). IL-12 treatment resulted in significant tumor

regression and retarded growth of tumor in SCID mice GM-CSF-antigen fusion proteins as immunogens and

demonstrated enhanced immunity compared to antigenengrafted with human ovarian cancer (21). Other
groups have shown decreased numbers of hepatic, pul- injection alone (34,35). The administration of GM-

CSF as a vaccine adjuvant is currently being exploredmonary, colon adenocarcinomas and melanoma in

mice challenged with tumors after administration of in Phase I clinical trials of antigen-specific breast can-

cer vaccines (36).IL-12 (22,23). The mode of delivery of IL-12 has

been shown to be important. Immunization with IL-
12-transfected P1.HTR cells resulted in regression of

established tumors and the response was dependent on Flt-3 Ligand
a high IFN g -producing T cell subset (24). The results

could not be reproduced by infusion of IL-12. Flt-3 ligand is a potent stimulator of early progen-

itor dendritic cells (37). Brasel et al. (38) have demon-Clinically, attempts to administer IV IL-12 as a

single therapeutic agent to cancer patients have not strated that Flt-3 ligand administered systemically to
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mice can markedly increase circulating progenitor den- host immune system. Both autologous and allogeneic

tumor cells have been used in the vaccination of breastdritic cells that retain antigen-presenting function and

the capacity to stimulate the proliferation of antigen- cancer patients.

specific T cells. Furthermore, the administration of

Flt-3 ligand alone can confer resistance to a murine
C3L5 breast cancer challenge (39). Thus, Flt-3 ligand Autologous Tumor Vaccines
is currently under investigation as an anti-cancer agent

as well as a possible vaccine adjuvant. Flt-3 ligand, Autologous tumor cell vaccines have been best

studied in melanoma. These studies have includedused as an adjuvant in a vaccine targeting HER-2/neu,

resulted in the development of IFN g -producing HER- patients with stage IV melanoma as well as those with-

out evident disease, but at high risk of relapse. Because2/neu-specific T cells in a murine breast cancer model
(4 0). This effect was more pronounced when the anti- most Phase I/II studies, particularly those using tumor

cell vaccines alone without adjuvant or immunostimu-gen was given early during a ten-day course of Flt-3

ligand administration. Studies exploring the clinical latory modifications (43) have demonstrated disap-

pointing clinical responses, novel methods to improveuse of Flt-3 ligand as a vaccine adjuvant in breast

cancer are currently in progress. the efficacy of autologous tumor cell vaccines have

been applied to breast cancer vaccine trials. For exam-Studies such as these demonstrate the varied uses
of cytokines, not only as potential therapeutic agents ple, Ahlert et al. (44) vaccinated 90 women with pri-

mary or metastatic breast cancer with a Newcastlethat might mediate the endogenous immune response,

but also as reagents that may significantly enhance disease virus (NDV)-modi fied, irradiated tumor cell

vaccine. Tumor cell number and viability in differentother forms of immunotherapy such as adoptive T cell

therapy as described later. patient cohorts were compared retrospectively with
survival. A trend towards improved survival was asso-

ciated with immunization with a vaccine that had mini-

mal dead cell contamination and maximum viability.VACCINES TARGETING BREAST CANCER
Elder et al. (45) used another approach, the use of

IL-4 gene-modified fibroblasts injected together withUnlike most vaccines for infectious disease, the

use of cancer vaccines represents primarily an attempt irradiated autologous tumor cells. The feasibility of
this strategy was demonstrated in patients with breast,to induce cellular immune responses against tumor

antigens to which the immune system has already been renal cell, colon carcinoma or melanoma. Of 33 trans-

duced and selected fibroblast cultures from study par-exposed (41). Just as vaccines designed to limit infec-

tious disease are not typically used as a treatment once ticipants, 21 produced at least 1, 000U of IL-4/24 hours

per 106 cells. More recently, Wood et al. (46) evaluatedthe pathogen has been acquired, cancer vaccines may

not be as efficacious for patients with bulky, metastatic whether autologous irradiated breast cancer cells given
intradermally with GM-CSF were able to stimulatedisease. Rather, such vaccines may be most useful for

patients whose cancer is in remission, but who remain a delayed-type hypersensitivity response in stage IV

breast cancer patients. Significant responses were dem-at high risk of relapse from minimal residual disease

(42). Therefore, the use of vaccines is an attractive onstrated in 11/12 patients to the tumor vaccine, but not

to GM-CSF alone. Clinical outcome was not reported.strategy in the treatment of breast cancer. In general,

two types of vaccines are currently being applied to
breast cancer: cell-based vaccines and breast cancer

antigen specific vaccines. Allogeneic Vaccines

Allogeneic vaccines are derived from cell lines

selected to provide multiple tumor-associated antigensCell-Based Vaccines
and broad HLA expression. For example, allogeneic

vaccines offer several advantages over autologous vac-Prior to the identification of specific tumor anti-

gens, whole tumor cells had been the main component cines. Allogeneic cells do not require removal of tissue

from patients and the production of sufficient cell num-of cancer vaccines. Vaccines utilizing an intact tumor

cell or tumor cell lysate have the theoretical advantage bers is less inconvenient and costly. Furthermore, allo-

geneic cells appear to be more immunogenic as theyof exposing multiple cancer-specific antigens to the



Immunotherapeutic Approach 357

are foreign and may induce a strong helper-response in cell communication and membrane polarity (50).

against common cross-reacting tumor-associated anti- Mucin is also present on normal ductal epithelia, where
gens (47). it lacks the overexpression and underglycosylation

In 1995, Wiseman reported a ten-year follow-up seen in tumor tissue. Cytotoxic T lymphocytes (CTL)
on 13 inflammatory breast carcinoma patients treated specific for tumor-associated mucin have been
with surgery, chemotherapy, and allogeneic tumor cell/ detected in cancer patients with mucin-overexpressing
BCG immunotherapy. Patients with clinically staged adenocarcinomas (51).
inflammatory breast carcinoma received chemother- In an early phase I study, 68 patients with adeno-
apy, followed by surgery, then continued chemotherapy carcinomas of the breast, colon, or pancreas were
for 24 months. The patients also received 107 viable immunized with a 105-mer synthetic MUC-1 peptide
irradiated tumor cells, pooled from 3 tissue culture plus BCG at 3-week intervals for 3 vaccinations. Tox-
lines admixed with 107 Connaught BCG organisms. icity was minimal except for frequent injection site
Chemotherapy was followed by radiation of chest wall ulceration. Significant delayed-type hypersensitivity
and regional nodal basins. At 10 years, 4/13 (31%) responses were seen in only 3 patients, but 37 patients
patients were alive and disease-free (48). The number biopsied nonetheless showed intense T cell infiltration
of patients was too small to draw any conclusions but at the site of highest peptide concentration (52). More
suggested that a multi-modality approach was feasible recent studies utilized a 16-mer MUC-1 peptide with
in this high-risk population. KLH and Detox as adjuvants to immunize 16 patients

To improve T cell recognition of an antigen with metastatic breast carcinoma. Patients received 4
expressed by allogeneic cells, investigators are modi- vaccinations and were treated with low-dose cyclo-
fying the cells with genes encoding co-stimulatory phosphamide (3 00 mg/m2) before the first and after
molecules (49). In a recent study, HLA-A2-positive the second immunization. Low-level anti-MUC-1 IgG
stage IV breast cancer patients were immunized with titers were found in 3/16 patients and high-titers of
an allogeneic breast cancer cell line genetically modi- anti-KLH IgG were found in all patients. Class I HLA-
fied to express CD80 admixed with graded doses of

restricted anti-MUC-1 CTL activity was demonstrated
GM-CSF or BCG as adjuvants. Co-stimulation of the

in 7/11 patients 4 weeks after the fourth immunization.
T cell receptor through CD80 can induce IL-2 produc-

The clinical effects of inducing this level of MUC-1
tion, T-cell proliferation, and provide protective immu-

immunity are unknown.
nity in some animal models. The vaccine was

Other methods of increasing the immunogenicity
minimally toxic. A few patients developed low level

of MUC-1 are being explored. In 1997, 25 patients
antibody responses to an antigen expressed by the

with metastatic breast, colorectal, or stomach carci-
tumor and a number of patients showed a trend towards

noma were vaccinated with escalating doses of a man-
developing larger delayed-type hypersensitivity

nan-MUC-1 fusion protein. After 4±8 immunizations,
responses to CD80-modified tumor compared to

high titers, 1:32 0-1:20,48 0, of anti-MUC-1 IgG anti-
unmodified controls.

bodies were produced in 13/25 patients. In addition,

MUC-1-specific T cell proliferation and CTL

Breast Cancer Antigen-Specific Vaccines responses were observed in 4/15 and 2/10 patients,

respectively (53). More recently, HLA-A2-restricted
During the past several years, advances in molec- T-cell epitopes derived from MUC-1 have been identi-

ular tumor immunology have resulted in the identifica- fied. CTL were generated from several healthy donors
tion of several specific tumor antigens. As a result, by primary in vitro immunization using MUC-1 pep-
breast cancer vaccines targeting specific breast cancer tide-pulsed dendritic cells with the pan-HLA-DR bind-
antigens, such as mucins, oncofetal proteins, onco- ing T-helper epitope, PADRE, during the in vitro
genic proteins, and glycosylated proteins are being priming. Investigators demonstrated that the peptide-
tested in clinical trials. induced CTL were able to lyse breast, pancreas, and

renal cell carcinoma cells expressing MUC-1 in an

HLA-A2-restricted antigen-specific fashion (54) andMucin
have initiated a phase I study using a MUC-1 peptide-

specific dendritic cell vaccine in patients with refrac-MUC-1 mucin is a large glycoprotein found on

the surface of most adenocarcinomas that may function tory breast or ovarian cancer. The vaccine was well
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tolerated in the first 10 patients, but immunologic data mulations each admixed with rhGM-CSF as the adju-

vant. To date 70 patients with stage III or IV breastand patient outcomes have not been analyzed (39).

cancer (n 5 57), ovarian (n 5 11) or nonsmall cell

lung cancer (n 5 2) have enrolled in the trial. Patients

are vaccinated monthly for six months with one of theCarcinoembryonic Antigen (CEA)
3 vaccine formulations, each comprised of class II

binding peptides derived from either the extracellularCarcinoembryonic antigen (CEA) is an oncofetal

antigen expressed on 50% of breast cancers, 70% of portion of the HER-2/neu molecule (n 5 28), the intra-

cellular portion of the molecule (n 5 23); or, if theynonsmall cell lung carcinomas, and many other adeno-

carcinomas (55). CEA may function in cellular adhe- are HLA-A2, peptides containing potential CTL epi-

topes (n 5 19). In an interim analysis of the firstsion of normal and neoplastic cells. A phase I trial
using an immunodominant HLA-restricted 9-mer pep- 22 patients to complete 6 vaccinations, 21/22 (95%)

developed T helper proliferative responses to one ortide (CAP-1) with DetoxPC as an adjuvant enrolled

11 patients with adenocarcinomas of the breast, GI more of their immunizing peptides and 16/22 (73%)

to HER-2/neu protein. Biopsies at delayed-typedtract, or lung (56). All patients were HLA-A2 1 and

had CEA-positive tumors. Although no immune evalu- hypersensitivity sites have shown infiltration with

CD3 1 , CD4 1 T-cells and influx of CD1a expressingations were reported, 7 patients had progressed after
the 2nd or 3rd vaccination, 1 had stable disease, and 3 cells that presumably represent Langerhan’ s cells.

had not participated long enough to evaluate. Skin

erythema was a common toxicity. Another CEA-based

vaccine used CD80 to improve T cell recognition of the Sialyl-Tn
antigen. ALVAC-CEA-CD8 0, a recombinant vaccine
composed of a canary pox virus modified to contain Sialyl-Tn (STn) is a mucin-associated carbohy-

drate antigen present on most human adenocarcinomasthe genes for CEA and CD80 is undergoing clinical

trial. In the first study, 39 patients with advanced CEA- that has been identified as a target for vaccine therapy.

STn expression is associated with a poor prognosis inexpressing adenocarcinomas, including 3 breast can-

cers, were immunized every other week for 4 weeks patients with breast cancer. Studies in a tumor-bearing

animal model suggested that immunity to these carbo-then given monthly vaccine boosters until disease pro-
gression. Six of 28 patients had disease stabilization hydrate antigens induced by vaccination and potenti-

ated by cyclophosphamide could prolong survival (59).after 4 vaccinations and 6/21 had decreases in their

serum CEA level. Toxicity from the immunizations A pilot trial immunizing 12 metastatic breast cancer

patients with STn conjugated to keyhole limpet hemo-was minimal. Vaccine site biopsies showed perivascu-

lar leukocytic infiltrates (57). cyanin (KLH) as a carrier protein and DETOX as an

adjuvant was reported in 1993. Seven of twelve
patients had a partial response or stabilization in their

disease (60). The immunomodulating effect of addingOncogenic Proteins
either low dose cyclophosphamide, oral or intravenous,

to the STn-KLH vaccine versus giving the vaccineOncogenic proteins, such as HER-2/neu, have

been found to be immunogenic in some patients with alone was later evaluated in prospective, randomized

studies. A survival advantage was seen in breast cancerbreast cancers and make potential vaccine targets (58).
In addition, both CD4 1 and CD8 1 immunogenic pep- patients who received low dose intravenous cyclophos-

phamide; they showed higher antibody titers over thosetides have been identified for HER-2/neu.

The HER-2/neu protooncogene encodes a nonmu- who received the oral dose. A projected 95 0 women

with metastatic breast cancer in remission or with sta-tated, 185kD transmembrane glycoprotein receptor

with extensive homology to the epidermal growth fac- ble residual disease are being enrolled in a phase III,
randomized, controlled trial of STn-KLH (THERA-tor receptor. HER-2/neu overexpression by gene ampli-

fication or post-transcriptional mechanisms is present TOPE) vaccine. Patients randomized to arm 1 will

receive intravenous cyclophosphamide followed by 4in 20±30% of patients with breast cancer and has

generally been associated with a poor prognosis. Since subcutaneous vaccinations with THERATOPE com-

bined with DETOX-B as an adjuvant. Patients random-September of 1996 we have been conducting a phase

I study of three HER-2/neu peptide-based vaccine for- ized to arm 2 will receive the same dose of
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cyclophosphamide followed by 4 vaccinations with studies have included breast cancer patients. Sparano

and colleagues evaluated high dose IL-2 and LAKKLH vaccine and DETOX-B as an adjuvant. Patients

with stable or responding disease may be eligible for administration for the treatment of advanced carcino-

mas including 12 patients with breast cancer. Only oneadditional immunizations (NCI PDQ Clinical Trials

8/99). breast cancer patient treated had a measurable partial
response (64).The application of vaccines as therapy for breast

cancer ultimately lies in their ability to prevent pro- More recently, Santoli and coworkers have

described a leukemic T cell line, TALL-1 04 that, likegression or relapse of disease. Using time to progres-

sion as an outcome measure in a disease as LAK, kills tumor cells in a non-MHC-restricted fash-

ion but does not have an absolute requirement for IL-heterogeneous in its clinical course as breast cancer

will require large clinical trials with years of follow- 2 administration; it displays cytotoxic and cytostatic
activities against many tumors across species. Usingup. Therefore, the current challenge facing the design

of phase I-II clinical trials of vaccines targeting breast a SCID mouse model of invasive breast cancer, when

TALL-1 04 cells were injected in the mice with smalltumors is in the development of immunologic monitor-

ing strategies that evaluate a vaccine’ s immunomodu- tumor burden, further tumor growth was completely

arrested and metastasis was prevented (65). However,latory effects.

if the tumor burden was substantial, TALL-1 04 cells
had no effect. Phase I clinical trials are underway

exploring the use of TALL-1 04 for the treatment ofT CELL THERAPY FOR THE TREATMENT
OF BREAST CANCER advanced stage cancers, including breast cancer.

One strategy to improve the potential therapeutic

efficacy of non-MHC restricted cell-based therapy inThe clonal expansion of anti-viral T cells plays an
important role in attenuating an active viral infection. breast cancer is to treat patients in a minimal disease

state rather than those with established end-stage dis-Expansion of tumor-specific T cells ex vivo is a thera-

peutic strategy aimed at increasing the number of anti- ease. Such a minimal disease state may be obtained

after an autologous transplant. A pilot trial of the adop-tumor T cells to fight established malignancies. The

central purpose of adoptive T cell therapy is to augment tive transfer of autologous NK cells along with IL-2

after transplant in patients with lymphoma and breastT cell precursor frequencies, and therefore T cell
responses, over and above those induced by vaccina- cancer demonstrated that the strategy was feasible and

resulted in amplification of NK activity in the post-tion alone. The T cell populations used for this thera-

peutic model can be grouped into two categories; non- transplant period (66). The time of follow-up in these

studies is currently too short to discern any clinicalMHC-restricted, such as lymphokine-activated killer

(LAK) and natural killer (NK) cells and antigen-spe- benefit.

cific, MHC-restricted T lymphocytes.

MHC-Restricted Cell-Based TherapiesNon-MHC-Restricted Cell-Based Therapies

LAK cells are generated from patient peripheral The lack of anti-tumor efficacy and the toxicity

associated with the use of nonspecifically expandedblood mononuclear cells (PBMC) incubated in vitro
with high dose IL-2 and are capable of killing tumor cells has resulted in much interest in generating T cells

ex vivo with greater tumor specificity (67). Therapeuticcells in a non-MHC-restricted fashion. Importantly,

LAK cells have an absolute requirement for concomi- strategies which have been developed for increasing

the number of tumor-specific T cells generated fortant IL-2 administration in order to survive in vivo.

Toxicity, mainly capillary leak syndrome, is associated infusion have included; (i) the use of tumor infiltrating
lymphocytes (TIL); (ii) the use of sensitized lymphwith immunotherapy involving both LAK and high

dose IL-2 administration and is attributable to the cyto- nodes draining the tumor site; and, (iii) the develop-

ment of tumor antigen specific T cell populations. Thekine. Clinical trials, utilizing LAK, have been carried

out by several groups treating a variety of carcinomas first two strategies are based on the hypothesis that

the precursor frequency of tumor specific T cells wouldincluding melanoma, ovarian, and renal cell carci-

noma, and colorectal cancer (61±63). However, few be increased in sites local to the tumor and the last
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strategy exploits the use of known tumor antigens to cancer patients. One third of DLN derived from 12

breast cancer patients demonstrated a tumor-specificexpand a specific T cell population.

blastogenic T cell response when exposed to tumor

and IL-2. Although substantial expansion could be

achieved, the ability to measure adequate tumor-spe-Tumor-Infiltrating Lymphocytes (TIL)
cific cytotoxicity, in vitro, was limited by the availabil-

ity of suitable targets. Okino and colleagues increasedTypically human tumors, including breast carci-

noma, are infiltrated with T lymphocytes (68,69) and the tumor specificity of DLN by administration of

OK-432, a S. pyogenes-derived biological responsein some cases, T cell infiltration is associated with a

better prognosis. Furthermore, increased lytic activity modifier, and expanding lymphocytes through in vitro
stimulation (IVS) with tumor extracts (74). Lympho-of TIL against autologous melanoma cells, as mea-

sured in vitro, is associated with improved clinical cytes were obtained either from peripheral blood or

regional lymph nodes from breast cancer patients withresponses after infusion (7 0). Studies using TIL have

been difficult to perform in breast cancer patients for liver metastasis. Infused cells and OK-432 were

administered via the intraarterial route into the liver.several reasons including; (1) difficulty obtaining sig-

nificant amounts of tumor to derive the cells; (2) inabil- Responses were associated with intraarterial, but not

intravenous, delivery.ity to expand autologous breast cancer target cell lines
to test T cell lytic activity prior to infusion; and, (3) Other attempts to increase tumor-specific T cell

precursor frequency in the DLN include vaccinatingthe location of metastatic relapse; e.g., bone, lung,

brain, and liver, preventing tumor cell, thus T cell, patients with cancer vaccines and harvesting the lymph

nodes draining the vaccination site. Shu and colleaguesharvest. Despite these disadvantages, however, studies

evaluating the therapeutic efficacy of TIL infusions in devised a model system using vaccine-primed DLN as
a tumor-specific T cell source followed by stimulationbreast cancer are being performed. In one study, 12

patients, including 6 with melanoma, 4 with renal cell with irradiated tumor in vitro (75). Using the poorly

immunogenic MCA 102 sarcoma, investigatorscarcinoma, 1 with breast carcinoma, and 1 with colon

carcinoma, were treated with TIL. Only 3 partial observed that tumor-reactive lymphocytes could be

recovered from vaccine-draining lymph nodes of miceresponses were observed. The breast cancer patient

experienced a partial regression of lymph node, cutane- who had been immunized with an irradiated tumor
vaccine in C. parvum adjuvant. The DLN-derived Tous disease, and a complete elimination of malignant

cells in a pleural effusion. The response was not dura- cells could then be further expanded ex vivo. A clinical

trial was subsequently carried out in humans withble, as cutaneous disease returned after 4 weeks (71).

Local TIL infusions may improve clinical effi- advanced melanoma or renal cell carcinoma using a

similar strategy. Patients were vaccinated with excised,cacy. Investigators have explored the use of TIL infu-

sions, after ex vivo expansion, directly into the site of irradiated tumor cells admixed with BCG (76). DLN
from the vaccine-primed patients were expanded extumor relapse. Liu and coworkers tested the effects of

repeated intratumoral injection of TIL and IL-2 into vivo in the presence of IL-2. Ten patients received T

cell infusions with a mean of 6.7 3 109 cells perrats bearing breast tumors (72). Partial regression was

observed in 25% of the rats and complete regression infusion. The ability to expand tumor-specific T cells

ex vivo was enhanced using the vaccine primed DLN17% with an overall response rate of 42%. The clinical

utility of this approach in patients with breast cancer as the source of T cells as compared to PBMC from
the same patients. Of the 10 patients treated, 1 had ahas not yet been shown.

partial response and another had a minor response. 10

other patients who were treated by vaccination alone

showed no incidence of response. In a subsequentSensitized Lymph Nodes Draining the Tumor
Site (DLN) study, the same group reported 2 complete and 2 partial

responses from 12 renal cell carcinoma patients who

received infusion of vaccine-primed, lymph node cellsAn alternative source of tumor antigen-specific

cells are lymph nodes draining either a tumor or vac- secondarily activated ex vivo with anti-CD3 and IL-2

(77). No studies have been reported, to date, in breastcine site. Hoover et al. (73) demonstrated the feasibility

of activating and expanding tumor-reactive T lympho- cancer patients, using ex vivo expanded vaccine-

primed DLN.cytes from draining lymph nodes (DLN) from breast
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Tumor Antigen-Specific T Cells were isolated by limiting dilution and characterized.

A total of 21 p369-377 clones were generated from

this patient. With the exception of two clones, allRecent advances in molecular and cellular immu-

nology provide the technology needed to identify and clones were CD3 1 . Eleven of the clones were CD8 1 /

CD4 2 . Nine of the clones were CD4 1 /CD8 2 , despitedefine tumor-specific antigens and an understanding
of how T cells recognize antigens. It is presumed that being specific for an HLA-A2 binding peptide. The

remaining 5 clones contained varying levels of botha highly purified and exquisitely antigen-specific T

cell population would be much more efficacious than CD4 and CD8. The majority (19/21) of clones

expressed the a / b T cell receptor, but interestingly, 2TIL or DLN in tumor eradication (67). Early clinical

trials of antigen-specific T cell therapy for the treat- clones expressed the g / d T cell receptor. Several of

these clones could be induced to secrete interferon- gment of cancers associated with viral infections have
shown promise. Epstein-Barr virus (EBV)-specific (IFN- g ) in response to p369-377 peptide stimulation.

The majority of these IFN- g -secreting clones wereCTL lines have been generated in vitro from donor

blood and used successfully to treat B cell lymphopro- CD8 1 . Several clones could lyse HLA-A2-transfected

HER-2/neu-overexpressing tumor cells, including theliferative disorder in bone marrow transplant recipients

(78). In addition, EBV-specific CTL have been g / d TCR expressing clones. A similar report by Red-

dish et al., demonstrated that breast cancer patients canexpanded ex vivo and re-infused into 13 patients with
advanced stage Hodgkin’ s Disease (79). This feasibil- generate MHC class I-restricted CTL against MUC-

1-expressing adenocarcinomas following vaccinationity study demonstrated, first, that CTL could be

expanded from patients with advanced cancer. Sec- with a MUC-1 helper peptide (82). Investigations such

as these demonstrate that ex vivo expansion and charac-ondly, the T cells were gene tagged for monitoring

and were found to persist up to 13 weeks after infusion. terization of breast cancer specific-T cells is likely
facilitated by vaccination. They may lay the foundationThirdly, the antigen-specific T cells were detected in

the pleura at levels ten-fold higher than the peripheral for the use of antigen-specific T cell infusions for the

treatment of advanced stage breast cancer.blood, implying trafficking of infused T cells to sites

of tumor. Finally, the transferred T cells produced

increased EBV-specific cytotoxic activity in peripheral

blood lymphocytes as measured by chromium release CONCLUSIONS
assay and a decrease in peripheral blood viral burden

as measured by quantitative PCR (79). One patient The use of immunotherapy in the treatment of

breast cancer is actively being explored. Critical evalu-treated in relapse continues in remission 4 months after

the last T cell infusion with no intervening chemother- ation of the effects of cytokine infusions, cancer vac-

cines, and T cell therapy on other solid tumors as wellapy. The success in expanding EBV-specific T cells

from peripheral blood of cancer patients may be related as in breast cancer will give direction to subsequent
clinical trial design.to the high precursor frequency of these cells and thus

the abundance of viral-specific T cells in the initial The clinical model of administering single cyto-

kines in high doses, i.e., as drugs, has not been consis-cultures. By the identification and characterization of

breast cancer antigens such as CEA, HER-2/neu, tently effective in mediating clinical responses. We

now know cytokines are pleiotropic, redundant, andMUC1, MAGE-1, and p53, it should be possible to

translate the lessons learned from the melanoma and synergistic and it seems unlikely that tumor killing
will be achieved by pharmacologic administration ofviral models directly to breast cancer treatment.

Recently Knutson et al. (8 0) have shown that it a single cytokine. The current challenge is to identify

experimental in vitro and in vivo endpoints to defineis technically feasible to expand breast antigen-specific

T cells from patients who have been immunized with individual cytokine activity and to delineate how, and

in what setting, these molecules can be combined andbreast cancer vaccines. The ease of ex vivo isolation
and expansion may be related to a starting precursor tested as biologic modifiers to effect immune-mediated

tumor eradication.frequency that was boosted by vaccination (81). As

an example, a patient developed a significant increase The continuing molecular definition of tumor

antigens, as well as T cell recognition of and interactionin CD8 1 precursor frequency to HER-2/neu HLA-A2

binding peptide, p369-377, after vaccination. Follow- with antigen, will likely lead to the design of additional

tumor-specific vaccines with greater immunogenicity.ing vaccination, T cell clones specific for p369-377
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