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Adapted from Tzahar and Yarden. Biochim Biophys Acta. 1998;1377:M25.
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Direct and Indirect Mechanisms Through Which 
Antitumor Antibody Can 

Mediate Tumor Cell Killing Directly



Passive Immunotherapy Passive Immunotherapy 
Using Monoclonal Using Monoclonal 

AntibodiesAntibodies



Efficacy of AntiEfficacy of Anti--Cancer Cancer mAbsmAbs

>100 antibodies>100 antibodiesAlemtuzumabAlemtuzumabNo signal No signal pertubationpertubation

??TrastuzumabTrastuzumab
RituximabRituximab
CetuximabCetuximab
BevacizumabBevacizumab

Signal Signal PertubationPertubation

Clinically IneffectiveClinically IneffectiveClinically EffectiveClinically EffectiveAntibodyAntibody
PropertyProperty

Adams GP & Weiner LM. Monoclonal antibody therapy of cancer. Nature 
Biotechnology 2005;23(9):1147.

DF3 targeting MUC-1

Edrocolomab targeting EpCAM



Passive Immunotherapy Passive Immunotherapy 
Using Cellular TherapyUsing Cellular Therapy

Adoptive Adoptive 
ImmunotherapyImmunotherapy



Effector Mechanisms of Tumor Cell 
Killing by Cytotoxic T Cells (CTLs)

A B



Passive Cellular ImmunotherapyPassive Cellular Immunotherapy
In Breast CancerIn Breast Cancer

Antigen Specific TAntigen Specific T--cells cells 
(blood or TIL)(blood or TIL)

difficult to obtain TIL from breast difficult to obtain TIL from breast 
tumorstumors
difficult to expand difficult to expand autologousautologous
breast cancer cell lines for targets breast cancer cell lines for targets 
of Tof T--cell cell lyticlytic activityactivity
location of relapse (brain, bone) location of relapse (brain, bone) 
difficult to obtain adequate tissue.difficult to obtain adequate tissue.

Other PossibilitiesOther Possibilities
Tumor Draining Lymph Nodes (TDLN)Tumor Draining Lymph Nodes (TDLN)

Vaccine Draining Lymph NodesVaccine Draining Lymph Nodes (VDLN)(VDLN)



Active Immunotherapy Active Immunotherapy 

Breast Cancer Antigen Breast Cancer Antigen 
VaccinesVaccines



The Antitumor Immune Response



Tumor-Associated Antigen-Based Cancer Vaccines 
and Roles of Antigen-Presenting Cells (APCs) in 

Antigen Uptake and Presentation

AntigenAntigen--Specific Vaccines in Specific Vaccines in 

Breast CancerBreast Cancer

Advantage:  Highly purified, Advantage:  Highly purified, 
excellent standardization and excellent standardization and 
quality control.quality control.
Disadvantage: Less immunogenic, Disadvantage: Less immunogenic, 
vulnerable to antigen modulation, vulnerable to antigen modulation, 
HLA restrictedHLA restricted



TumorTumor--Associated Antigen: MUCAssociated Antigen: MUC--1 1 MucinMucin
Highly Expressed in Aberrant Form on Most CancersHighly Expressed in Aberrant Form on Most Cancers

MEMBRANE
PLASMA

Normal Mucin MUC-1 Cancer Mucin

STn carbohydrate 
targeted by STn-

KLH Vaccine

Exposed core 
peptide targeted by 

BLP25 vaccine



MUCMUC--1 Peptide with 1 Peptide with DetoxDetox adjuvant in 16 pts with adjuvant in 16 pts with 
stage IV breast CA.stage IV breast CA.

AntiAnti--MUCMUC--1 1 AbAb in 3/16 patientsin 3/16 patients
antianti--MUCMUC--1 CTL activity in 7/11 patients.1 CTL activity in 7/11 patients.

MUCMUC--1 Peptide with BCG adjuvant in 108 pts with 1 Peptide with BCG adjuvant in 108 pts with 
advanced breast, colon or pancreas CA.advanced breast, colon or pancreas CA.

37/108 patients had intense T37/108 patients had intense T--cell infiltration.cell infiltration.

MUCMUC--11--Mannan fusion protein vaccine in 25 pts with Mannan fusion protein vaccine in 25 pts with 
stage IV breast, colon or stomach CA.stage IV breast, colon or stomach CA.

AntiAnti--MUCMUC--1 1 AbAb in 13/25 patients.in 13/25 patients.

MUCMUC--1 Vaccines1 Vaccines



STnSTn conjugated to Keyhole Limpet conjugated to Keyhole Limpet 
HemocyaninHemocyanin ((STnSTn--KLH or KLH or THERATOPETHERATOPE))

Minimal visible tumor responseMinimal visible tumor response
Improved Survival in High Improved Survival in High IgGIgG
Responders compared to Low Responders compared to Low IgGIgG
RespondersResponders
Increased Antibody Levels With Increased Antibody Levels With 
Chemotherapy (none vs. IV or PO)Chemotherapy (none vs. IV or PO)

STnSTn--KLH (KLH (TheratopeTheratope) Phase II Trials) Phase II Trials



TheratopeTheratope Phase III Trial in Phase III Trial in 
Metastatic Breast CancerMetastatic Breast Cancer

Response to First Line Chemotherapy

Randomize

Vaccine
IV CTX, STn-KLH + DETOX

Control
IV CTX, KLH + DETOX

• 1,028 patients, powered to detect a 30% survival improvement.

• No difference in overall survival or time to progression

• Trend towards increased time to progression in patients on 
hormonal therapy.



Active Immunotherapy Active Immunotherapy 

Breast Cancer Cellular Breast Cancer Cellular 
VaccinesVaccines



Sources of Antigens for Vaccines Stimulating 
Cell-Mediated Antitumor Immune Responses



Cellular Vaccines in Breast CancerCellular Vaccines in Breast Cancer

AdvantagesAdvantages
More ImmunogenicMore Immunogenic

DisadvantagesDisadvantages
AutologousAutologous Tumor Vaccines Difficult To CreateTumor Vaccines Difficult To Create

Accessing Adequate Tumor & Growing Cell LinesAccessing Adequate Tumor & Growing Cell Lines
Labor Intensive and ExpensiveLabor Intensive and Expensive

AllogeneicAllogeneic Tumor Vaccines Not Very EffectiveTumor Vaccines Not Very Effective
Less common expression of antigens than Less common expression of antigens than 
melanomamelanoma
Poor results seen in phase II studies.Poor results seen in phase II studies.





Obstacles to Successful Obstacles to Successful 
Breast Cancer Breast Cancer 

ImmunotherapyImmunotherapy



There are not enough shared antigens There are not enough shared antigens 
for a single bullet approach.for a single bullet approach.

AntigenAntigen ExpressionExpression TypeType
p53p53 17%17% MutationalMutational
CEACEA 50%50% DifferentiationDifferentiation
NYNY--BRBR--11 80%80% DifferentiationDifferentiation
HERHER--2/neu2/neu 30%30% Amplified/Amplified/OverexpressedOverexpressed
MUCMUC--11 80%80% Differentiation/MutationalDifferentiation/Mutational
NYNY--BRBR--6262 60%60% Amplified/Amplified/OverexpressedOverexpressed
NYNY--BRBR--8585 90% 90% Amplified/Amplified/OverexpressedOverexpressed
D52D52 60%60% Amplified/Amplified/OverexpressedOverexpressed
MammoglobinMammoglobin 23% 23% Amplified/Amplified/OverexpressedOverexpressed
NYNY--ESOESO--11 24%24% CancerCancer--Testis AntigenTestis Antigen
MAGEMAGE--33 14% 14% CancerCancer--Testis AntigenTestis Antigen
SCPSCP--11 30% 30% CancerCancer--Testis AntigenTestis Antigen
SSXSSX--11 12% 12% CancerCancer--Testis AntigenTestis Antigen
SSXSSX--44 14% 14% CancerCancer--Testis AntigenTestis Antigen
CTCT--7 7 30% 30% CancerCancer--Testis Antigen Testis Antigen 



Approaches requiring significant tumor Approaches requiring significant tumor 
will not be clinically feasible.will not be clinically feasible.

By 2010, 50% of breast cancers will be 1cm By 2010, 50% of breast cancers will be 1cm 
or less in size.or less in size.
After sectioning for margins, minimal tumor After sectioning for margins, minimal tumor 
left.left.
Extremely difficult to establish cell lines Extremely difficult to establish cell lines 
(10%) in vitro.(10%) in vitro.

Needed for BOTH tumor vaccines (reNeeded for BOTH tumor vaccines (re--
administration) and assays.administration) and assays.

Recurrence: Brain, bone, lung, liver.Recurrence: Brain, bone, lung, liver.



QuantitatingQuantitating Immunologic ResponsesImmunologic Responses

In Vivo AssaysIn Vivo Assays
DTHDTH
Tumor InfiltrationTumor Infiltration

In Vitro AssaysIn Vitro Assays
TT--cell proliferationcell proliferation
TT--cell cytokine releasecell cytokine release
ELISpotELISpot
PeptidePeptide--MHC MHC 
TetramerTetramerTreated

Untreated Control



Resting Immune Response

CTL 1 in 5,000

Clinically positive cell 
response

Did not achieve sufficient duration 
of antigen-specific T cells

Did not achieve sufficient 
frequency of circulating 
antigen-specific T cells

Clinical Response vs. Clinical Response vs. 
Immunologic ResponseImmunologic Response



Marincola et al. (2000) Adv in Immunol. 74:181-273

HLA Class I Antigen LossHLA Class I Antigen Loss



Tumor Antigen Heterogeneity of Tumor Antigen Heterogeneity of 
Disseminated Breast Cancer Cells in Disseminated Breast Cancer Cells in 

Minimal Residual DiseaseMinimal Residual Disease

Braun et al. International Journal of Cancer 1999;84:1-5.



Tumor Escape MechanismsTumor Escape Mechanisms

Loss of antigen expressionLoss of antigen expression
Loss of MHC processing/expressionLoss of MHC processing/expression
AnergyAnergy/Tolerance/Tolerance
Regulatory T lymphocytes (Regulatory T lymphocytes (TTregreg cells)cells)
Tumor Tumor ImmunosuppressionImmunosuppression

TGFTGF--ββ
ILIL--10, IL10, IL--4 (Th2 response)4 (Th2 response)
Lymphocyte apoptosis (Lymphocyte apoptosis (FasFas--FasFas LigandLigand))



Clinically Feasible Sufficiently Immunogenic

Does not require ex vivo 
manipulation.

Applicable as adjuvant 
therapy.

Reasonable cost/feasibility

Uses multiple antigens

Preferably autologous tumor

Neoadjuvant Immunotherapy



APC

NEOADJUVANT IMMUNOTHERAPY NEOADJUVANT IMMUNOTHERAPY oror
IN SITU IN SITU TUMOR VACCINATION:TUMOR VACCINATION:

VACCINATIONVACCINATION INFLAMMATIONINFLAMMATION ANTIGEN UPTAKEANTIGEN UPTAKE
BY APCBY APC

LYMPHOCYTELYMPHOCYTE
PRIMING BY PRIMING BY 

ACTIVATED APCACTIVATED APCSYSTEMIC ANTITUMORSYSTEMIC ANTITUMOR
IMMUNITYIMMUNITY

CYTCYT

CYTCYT
CYTCYT

CYTCYT

CYTCYTCYTCYT

CYTCYT

CYTCYTAPC

CYTCYT

CYTCYTCYTCYT

CYTCYT



IntratumoralIntratumoral Delivery of Delivery of 
CytokinesCytokines

Injection of Free CytokineInjection of Free Cytokine
Genetically Modified CellsGenetically Modified Cells

FibroblastsFibroblasts
DendriticDendritic CellsCells

Adenoviral Delivery of Cytokine GenesAdenoviral Delivery of Cytokine Genes
Biodegradable PolymersBiodegradable Polymers



Biodegradable PolyBiodegradable Poly--Lactic Lactic 
Acid Acid MicrospheresMicrospheres

Polymer + Macro-
molecule (IL-X)

Polymer Condensed
Around Macromolecules 

forming Microspheres

Biodegradation of Polymer
and release of encapsulated

macromoleculesComplete Degradation

H2O





APC

CryoImmunologicCryoImmunologic ResponseResponse

Tumor CellsTumor Cells INFLAMMATIONINFLAMMATION ANTIGEN UPTAKEANTIGEN UPTAKE
BY APCBY APC

LYMPHOCYTELYMPHOCYTE
PRIMING BY PRIMING BY 

ACTIVATED APCACTIVATED APCSYSTEMIC ANTITUMORSYSTEMIC ANTITUMOR
IMMUNITYIMMUNITY

CYTCYT
CYTCYT

CYTCYT

CYTCYTCYTCYT

CYTCYT

CYTCYTAPC

CYTCYT





Anecdotal Human Evidence of AntiAnecdotal Human Evidence of Anti--Tumor Tumor 
Immunity Following Immunity Following CryotherapyCryotherapy

Regression of lung and SC nodes in 3 patients Regression of lung and SC nodes in 3 patients 
after after cryoablationcryoablation of prostate CA.of prostate CA.

SoanesSoanes WA, et al. J WA, et al. J UrolUrol 1970;104:1541970;104:154--159159..

2 of 8 patients with advanced breast cancer with 2 of 8 patients with advanced breast cancer with 
regression of  lymph node and lung metastatic regression of  lymph node and lung metastatic 
lesions after lesions after cryoablationcryoablation..

Suzuki Y. Skin Cancer 1995;10:19Suzuki Y. Skin Cancer 1995;10:19--26.26.

1 of 7 patients with locally advanced breast 1 of 7 patients with locally advanced breast 
cancer with regression of regional nodes after cancer with regression of regional nodes after 
cryoablationcryoablation..

LePivartLePivart P. In P. In AblinAblin RJ. Handbook of cryosurgery. RJ. Handbook of cryosurgery. 
New York, NY: Marcel Dekker Inc; 1980;15New York, NY: Marcel Dekker Inc; 1980;15--68.68.
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CryoablationCryoablation Results in Increased Results in Increased 
TumorTumor--Specific TSpecific T--cells in the TDLNcells in the TDLN

Sabel et al. Immunologic response to cryoablation of breast cancer. Breast Cancer 
Research and Treatment 2005;90:97-104
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Sabel MS, et al. Adoptive immunotherapy of breast cancer with lymph node cells primed by 
cryoablation of the primary tumor. Cryobiology. In Press.

Pulmonary Mets After Adoptive Transfer of Pulmonary Mets After Adoptive Transfer of 
TDLN after Cryosurgery vs. SurgeryTDLN after Cryosurgery vs. Surgery



Breast ImmunotherapyBreast Immunotherapy
ConclusionsConclusions

Unique ChallengesUnique Challenges
Difficult to manipulate in lab.Difficult to manipulate in lab.
Few common antigens.Few common antigens.
Difficult to harvest tumor for vaccine Difficult to harvest tumor for vaccine 
production.production.

Small primary tumors, access of metastatic lesionsSmall primary tumors, access of metastatic lesions

Novel Approaches to Stimulating The Novel Approaches to Stimulating The 
Immune System NecessaryImmune System Necessary
Interactions of Immunotherapy with Interactions of Immunotherapy with 
Radiation or ChemotherapyRadiation or Chemotherapy



The EndThe End


