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Abstract

Introduction Advanced breast cancer patients,
acquired-chemotherapy resistant and in progression,
are therapeutically terminal. We tested a recently
described medical procedure using a thermostable
autohemoderivative purported to inhibit tumor growth
possibly through an immunological mechanism of
action.

Patients and methods Metastatic breast cancer pa-
tients, chemotherapy-resistant, high CEA and CA 15-3
plasma levels of tumor markers, in progression, were
2-group randomized. Group 1 received the test procedure
and Group 2 adequate measures to be comparable
control. From 121 included patients, 108 could be
evaluated. During 8-month follow-up period, tumor
growth, number of cases attaining clinical non-progressive
status and mortality were monthly assessed. Immuno-
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logic effect was assessed by delayed type hypersensi-
tivity test and lymphocyte proliferation assay.
Responding-tumors histopathologies were studied. The
proteome of the autologous immunogen was charac-
terized by 2-D electrophoresis.

Results and discussion In a significant number of
cases, the test procedure promoted inhibition of tu-
mor growth, non-progressive disease status, and lower
cumulative mortality. These clinical results were
associated with polyvalent immunization against sev-
eral tested antigens: the hemoderivative used for
treatment, the blood tumor markers and the deriva-
tive obtained from a regulatory lymphocyte popula-
tion (CD4+CD25+). Interference with this regulatory
activity could explain the selective autoimmunity
suggested by the histopathology findings in respond-
ing tumors. The thermostability could be an essential
property of the immunogen hemoderivative.
Conclusion The thermostable autohemoderivative
tested is antigenically polyvalent and promoted a
polytargeted immune response associated to a tumor
anti-progressive effect, consequently, acting as an
autohemoderivative cancer vaccine.

Keywords Autologous - Breast - Cancer -
Hemoderivative - Vaccine

Introduction

Our team has described the clinical anti-progressive
effect of a thermostable autologous hemoderivative
(AHD) in a group of human malignant tumors [1, 2].
Some histopathological findings of tumors respond-
ing to this hemoderivative suggested an immuno-
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logical mechanism of action, so we conducted further
studies of this hemoderivative within the framework
of an immunotherapy procedure [3]. In a series of
chemotherapy-resistant, advanced cancer patients
with a variety of primary sites, the progression of
tumor growth was reduced by repeated injections of
this hemoderivative associated with an immuno-
modulatory procedure which included low dose of
cyclophosphamide as inhibitor of the immune-toler-
ance [4] and human recombinant granulocyte-mac-
rophage stimulant factor (rhGM-CSF), a well known
activator of dendritic cells [5]. A statistically signifi-
cant correlation has been reported between this
clinical anti-tumor-progressive effect and delayed-
type hypersensitivity (DTH) to AHD, with a histo-
logical tumor response including CD3+/CD8+ lym-
phocyte infiltration and, above all, intense stromal
fibrosis [3]. These findings are compatible with the
hypothesis that, within the context of this procedure,
AHD elicits an immune response that directly or
indirectly modulates the components of the tumor
stroma, making the environment less favorable for
the survival, proliferation, and migration of malig-
nant cells. These facts were recently confirmed in a
more homogeneous patient population with ad-
vanced primary colon cancer [6]. In order to gain
further insight regarding the anti-tumor effect of this
procedure and the proposed immunologic mecha-
nism of action, we designed a prospective random-
ized clinical trial in patients with advanced breast
cancer.

Table 1 Patient characteristics

Patients and methods
Patients

A prospective, randomized trial was carried out. Pa-
tient characteristics are summarized in Table 1. The
study included 121 patients who met the following
eligibility criteria: a histopathologically confirmed
diagnosis of advanced metastatic breast adenocarci-
noma, a tumor burden comprising 1-3 metastasis sites
(brain excluded), conservation of organic functions
(adequate bone marrow function: WBC >3000/mm°,
ANC 21500/mm, Hgb >9.0 g/dl, and platelets >100,000/
mm?; adequate liver function: bilirubin <1.5 mg/dl,
AST <£2; adequate kidney function: creatinine <1.5 mg/
dl); performance status <2 according to the Eastern
Cooperative Oncology Group (ECOG) scale [7]; high
levels of CEA and CA 15-3 (at least two times the
upper limit of normality) and measurable progressive
disease as assessed using the Response Evaluation
Criteria in Solid Tumors (RECIST) [8]. Eligible pa-
tients had to be HER-2 negative, resistant to hormone
therapy and they had to meet strictly defined criteria
for acquired chemotherapy resistance: recurrence after
primary surgery followed by adjuvant chemotherapy
and documented progressive disease after at least one
favorable response to treatment including doxorubicin
and taxanes for recurrence. The patients included had
to have undergone the last cycle of chemotherapy
more than 1 month earlier. The study was conducted
in patients admitted to medical centers that submitted

Patient groups Control AHD-treated
Patient, number Included/evaluable 61/54 60/54
Age, years Mean (range) 57 (42-76) 59 (39-78)
Performance status: number cases in each grade (ECOG scale) 0 7 8

1 22 19

2 25 27
Receptor status ER+ 32 34
Menopause status Pre/Post 18/36 17/37
Adjuvancy after surgery as primary tumor treatment: number of cases None 7 8

RGT 20 16

RGT+CMF/RGT+FAC 14/13 16/14
Interval: surgery-to-recurrence Months: mean (range) 7.2 (4.5-20) 7.4 (5-21)
Measurable tumor burden: number of cases by metastasis site Lymph nodes 23 27

Lung and pleura 12 9

Liver 36 32

Skin 9 10
Non-measurable tumor burden: number of cases by metastasis site Osseous 34 32
Hormone therapy in recurrence Refractory 28 24

Resistance 26 30
Interval: initial response-to-progression Months: mean (range) 7.3 (4-9) 6.8 (3-8)
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medical data to the Cooperative Trials Center (CTC)
of PharmaBlood, R&D Department, Florida, USA
(PharmaBlood is a non-pharmaceutical concern com-
pany supporting scientific research in medical proce-
dures using hemoderivatives). Written informed
consent was obtained from all patients included in the
study. The Institutional Review Board (IRB) approved
the trial, which complied with the Declaration of
Helsinki [9]. In a prospective, randomized, double
blind, controlled trial, the treating physicians did not
participate in the arm randomization for their patients
that was performed remotely at the above referred
CTC. The patients were randomized into 2 groups that
received different treatments during 1 month: the
AHD-treated group received the test immunotherapy
procedure as previously reported [3], that is, subcuta-
neous injection of AHD (a heat-fractionated AHD) 3
times a week for 4 weeks plus an immunomodulatory
procedure with low-dose cyclophosphamide (300 mg/
m?) 3 days before the first AHD injection, and rhGM-
CSF (150 mcg/m?) simultaneously with each AHD
injection. The control group received the same proto-
col but AHD was substituted by a non heat-fraction-
ated autologous hemoderivative (NHF-AHD). The
ethical rationale for both groups was that eligible pa-
tients were therapeutically terminal; when these pa-
tients were included in the trial, all available efficient
treatments, according to Physician Data Query (PDQ)
of the National Cancer Institute [10], had been ex-
hausted in both groups. The drugs administered to the
control group (necessary for group comparability)
were considered acceptable by the IRB; at the used
dose both drugs have been repeatedly administered in
oncological patients without relevant toxicity: cyclo-
phosphamide at a low-dose of 300 mg/m? (only once)
is not immunosuppressive [4] and rhGM-CSF is an
adjuvant of hematological and immunological recov-
ery [5]. Symptomatic treatment was allowed
throughout the study in both groups. After 4 weeks of
treatment (AHD or Control), all patients included in
the study continued to receive only symptomatic
treatment. According to previous reports, the maxi-
mal delay and the recovery of tumor growth in the
observed AHD effect could be shown during an 8-
month follow-up period [3, 6]. Therefore, the clinical
parameters were assessed monthly for 8 months (pri-
mary endpoint). The secondary endpoint was the
evaluation of immunologic responses 20 days after
completing treatment (AHD and control). All
assessments and analysis of this study were performed
by two independent reviewers, using the imaging and/
or measures sent by the clinical and laboratory per-
forming teams.

Methods
AHD preparation and treatment procedure

AHD was obtained and administered as previously
described [1-3, 6, 11]. Briefly, 20 ml of blood was
drawn from the femoral artery into a syringe contain-
ing 5,000 IU of heparin and sedimented at 37°C for
1 h. Afterwards, cellular lysis was induced by exposing
the supernatant of plasma and cells to hypotonic shock
with 3 volumes of distilled water for 15 min, keeping
the temperature at 4-8°C to control protease activity,
and then freezing at —20°C. After 24 h, the preparation
was thawed and incubated at 100°C for 10 min. After
final filtration through a cellulose acetate membrane
filter (0.22-um pore diameter), the resulting AHD
preparation was divided into 13 individual vials: one
test vial with .5 ml and 12 vaccine vials, each contain-
ing an equal aliquot of the rest of the preparation. All
vials were stored at —20°C until use. The procedure of
NHF-AHD preparation is the same described for
AHD except the step of submission to 100°C that was
omitted. In both groups, the 12 vaccine vials were used
for the vaccination procedure, one vial each time, three
times a week. Each vaccination consisted of a mixture
of the contents of the vaccine vial (AHD or NHF-
AHD) and 150 mcg/m? of thGM-CSF, a known acti-
vator of dendritic cells in the field of cancer vaccines
[5], injected subcutaneous. No more than 2 ml were
injected in each vaccination site at a time, so several
subcutaneous injections were made on the abdominal
surface in order to inject the entire contents of the
vaccine vial. A single dose of cyclophosphamide
300 mg/m?* was given 3 days before starting the vacci-
nation procedure to inhibit tolerance immune
responses, as described [4]. Aseptic technique was used
in each phase of the procedure. The following assess-
ments were made during the study:

1. Tumor growth. In each patient, tumor size was
evaluated every 30 days according to the RECIST
method (sum of the largest diameter of at least three
preselected measurable tumor targets). This method of
evaluating tumor size was validated by comparison
with the results obtained by simultaneous assessment
of tumor size through determination of tumor volume
using VoluMeasure®, a volume-measurement applica-
tion developed by Drs. Ge Wang, Jun Ni, and Simon
Kao of the College of Medicine, University of Iowa.
Tumor growth was calculated for each patient as the
percent variation of tumor size in 30 days.

2. Status of clinical response. Clinical status, according
to RECIST definitions (progressive disease (PD), sta-
ble disease (SD), partial remission (PR), or complete
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remission (CR)) was recorded for each patient every
30 days. ST, PR, and CR were considered non-pro-
gressive disease (NPD) status. Under the conditions of
this study, all patients with NPD were considered non-
progressers. All patients included had met the eligi-
bility criteria of PD (tumor growth increase > 20%)
when starting the study. Any status was considered
evaluable if it was maintained for at least 30 days.

3. Immunologic response. In vivo (a) and an in vitro (b)
studies were made.

(a) DTH tests were performed in each patient using
an intradermal injection of 0.1 ml of AHD or NHF-
AHD (in treated or control group, respectively),
lyophilized and reconstituted to 10x the original
concentration. A test was performed before starting
treatment (AHD and controls) and it was repeated
20 days after the last subcutaneous injection. The
diameter of the skin induration elicited was measured at
48 h and it was considered positive if it was at least
5 mm.

(b) A laboratory antigen-induced lymphocyte pro-
liferation assay with different autoantigens presum-
ably present in AHD and NHF-AHD was made
before and after AHD or control treatment. Before
cyclophosphamide was administered, a first sample of
peripheral blood mononuclear cells (PBMC) was
collected in each patient to study in vitro response
before AHD or control treatment. Twenty days after
the last subcutaneous injection, before the DTH
intradermal test, a second PBMC sample was col-
lected from each patient to study the in vitro response
after AHD or control treatment. Preliminary assays to
identify in vitro autoimmunity elicited by AHD
treatment had revealed some level of lymphocyte re-
sponse against the autologous CD4+ cell population
(results not shown); therefore, we tested two immu-
nologically relevant subpopulations of autologous
CD4+ cells as a challenge for AHD and control
PBMC. Two aliquots were obtained from each of the
two PBMC samples collected: one to be used as re-
sponder cells in the proliferation assay and the other
to obtain four challengers in the same assay. The four
challengers were: two autologous PBMC derivatives
in each patient, one from the CD4+CD25+ cell pop-
ulation and the other from the CD4+CD25- cell
population; the other two challengers were the intact
CD4+CD25+ and CD4+CD25- cells. Both cell popu-
lations (CD4+CD25+ and CD4+CD25-) were ob-
tained from the second PBMC aliquot following the
procedure described by Wan Fal Ng et al. [12]. To
obtain the hemoderivative challengers, an aliquot of
each cell population was subjected to the same
procedure used to prepare AHD or NHF-AHD as
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described above. To use intact cells as challenger, an
aliquot of each cell population was mixed with non-
responder cells at a ratio of 1 challenger cell by 1
responder cell. Briefly, autologous CD4+CD25+ and
CD4+CD25— cells and their thermostable fractioned
derivatives from each patient were tested as an anti-
gen inductor of in vitro proliferation of responder
cells. Simultaneously, tumor markers (CEA and CA
15-3) and appropriate controls were tested as chal-
lenger of lymphocyte proliferation.

Proliferation assays were made immediately after
obtaining PBMCs by incubating 10° PBMCs from the
first aliquot, obtained as mentioned above, added to
100 pl of RPMI 1640 with 10% human AB serum and
deposited in round-bottomed wells on a 96-well plate.
Several immunologic challenges and controls were
tested in triplicate: the medium control of 12 wells in
the top row contained 10° PBMCs in 100 ul of working
RPMI 1640 medium plus an additional 100 ul of
working RPMI 1640 medium. One hundred microliters
of 4 dilutions (1:10; 1:100; 1:1,000 and 1:10,000) of the
two PBMC hemoderivatives, CD4+CD25+ and
CD4+CD25- (equivalent to 1x 10° cells), the two
aliquots of intact CD4+CD25+ and CD4+CD25- cells
(3 x 10° cells), AHD or NHF-AHD (in treated or
control group, respectively, concentrated by lyophil-
ization and reconstituted to 10x treatment dilution),
CA 15-3 (1,000 U), CEA (2 ug) and 1/100 dilution of
control autologous plasma were added in triplicate to
the wells of the second through sixth rows of 96-well
plates. One hundred microliters of positive control
consisting of a serial dilution of stock phytohemaglu-
tinin (PHA, 0.5 mg/ml) in RPMI 1640 (1:10, 1:100 and
1:500) was placed in triplicate wells of the first 9 wells
of the seventh row. One hundred microliters of nega-
tive control (1:100 dilution of healthy male plasma in
RPMI 1640 medium) was added to each of last 3 wells
of the seventh row. PHA and RPMI 1640 were ob-
tained from Sigma. Human CEA, CA 15-3 and CA 125
were from Fitzgerald Industries International, MA.
Plates were incubated in a 5% CO, incubator at 37°C
for 5 days. One microcurie of tritiated thymidine was
then added to each well in a volume of 20 ul and plates
were again incubated, at 37°C for 16 h. The contents of
each well were harvested and counted in a liquid
scintillation beta-counter. The mean of the three
determinations per point was registered. The cpm of
the PHA dilution with the highest cpm was divided by
the average cpm of the media control. If this ratio was
greater than 2.00, then the positive control was ac-
cepted. The cpm of the negative control was divided by
the average cpm of the media control. If this ratio was
less than 2.00, then the negative control was accepted.
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The results of the lymphocyte proliferation assay were
expressed as Net Counts or cpm (cpm experimen-
tal—cpm background unstimulated). The effect of the
treatment (AHD or control) was assessed as the ratio
of the final cpm (20 days after the last injection) to the
initial cpm (before injections) and recorded in each
patient as the lymphocyte proliferation response
(LPR). A LPR higher than 4 was considered a positive
response to treatment.

4. Circulating cancer cells. In order to better define the
source of the immunogen, an assessment of cancer cells
in blood of included patients was performed according
to the method described by Gauthier et al. [13].

5. AHD Proteomics. Samples of AHD, NHF-AHD and
autologous plasma of 20 patients of each group were
concentrated by lyophilization and subjected to Two
Dimensional Electrophoresis (2-DE). Two-dimensional
electrophoresis was performed essentially as reported
[14]. Samples of 750 pg were applied on immobilized pH
3—7 or pH 3-10 non-linear IPG strips. Focusing started at
200 V and the voltage was gradually increased to 5,000 V
at3 V/min and kept constant for further 6 h. The second-
dimensional separation was performed in 125 SDS-
polyacrylamide gels. The gels (180 x 200 x 1.5 mm)
were run at 50 mA per gel, in an ETTAN DALT II
apparatus (Amersham Biosciences). After protein fixa-
tion with 50% methanol, containing 5% phosphoric acid
for 2 h, the gels were stained with colloidal Coomassie
blue (Novex, San Diego, CA, USA) for 16 h. Excess of
dye was washed out from the gels with H,O and the gels
were scanned in an Agfa DUOSCAN densitometer
(resolution 400). Protein spots were quantified using the
Imga Master 2-D Elite software (Amersham Bioscienc-
es). The percentage of the volume of the spots repre-
senting a certain protein was determined in comparison
with the total proteins present in the 2-D gel. The same
procedure was performed with previous albumin + im-
munoglobulins depletion (ProteoExtract™ Albumin/IgG
Removal Kit from Calbiochem).

6. Histopathology. The tumor histopathology of several
responding patients (DTH-positive) was studied to
confirm that the immune response observed with AHD
was a response against tumor TAAs shared with the
hemoderivative. In DTH positive patients, biopsies of
accessible lesions and normal surrounding tissue be-
fore and after AHD treatment were available. Speci-
mens were stained with hematoxylin-eosin (Fisher
Scientific, Pittsburgh, PA). Immunohistochemical
staining was performed using DAKO EnVision Sys-
tems. The following antibodies were used: CDS, 1:50
for C8+ lymphocytes; CD4, 1:100 for C4+ lympho-
cytes; and CD20, 1:1000 for B-lymphocytes (DAKO
Corp).

7. Toxicity assessment. Toxicity was evaluated using the
common terminology criteria for adverse events, ver-
sion 3.0 (CTCAE), of the US National Cancer Institute
[15], the highest levels of each toxicity type detected
were recorded.

8. Monthly number of patients’ deaths associated
to cancer progression was recorded.

9. Statistical analysis. Tumor growth, number of pa-
tients persisting in PD and NPD, number of patients
with positive DTH response and in vitro proliferation
responses in the AHD-treated group were compared
versus the control group using the unpaired two-tailed
Student t-test. The overall survival was compared using
Kaplan-Meier curve and Log-rank (Peto) / Wilcoxon
(Peto-Prentice) analysis. Additionally, in the group of
all AHD-treated patients, the results of two stratified
subgroups were examined: patients attaining the clini-
cal status of stable disease (non-progressors) were
compared with patients persisting in progressive dis-
ease status (progressors). Immunologic responses
(DTH test and cpm in proliferation assay) in both
subgroups were compared using the two-tailed, un-
paired Student t-test. LPR, as a ratio, was assessed
considering as positive the values higher than 4. In all
statistical assessments, P values < 0.05 were considered
significant. Sample size was assessed to determine if it
was sufficient to attain a power of 80% with a signifi-
cance of 0.05.

Results

The AHD-treated and control groups were comparable
with respect to the parameters recognized as influenc-
ing tumor growth (Table 1). Table 1 also shows the
evaluable patients in each group at end-of-study: six
patients (out of 60) in the AHD-treated group and se-
ven patients (out of 61) in the control group were not
evaluable. In the AHD-treated group, two patients died
of intercurrent cardiovascular complications and four
patients refused to continue the programmed treat-
ments. In the control group, one patient died of inter-
current cardiovascular complications, four patients did
not complete follow up and two patients refused to
continue the programmed treatment.

Tumor growth was significantly lower in the group
treated with AHD than in the control group (Table 2).
Mean tumor growth with 95% confidence intervals in
both groups is also shown in Table 2. The sample size
was sufficient to satisfy the criterion of 80% predictive
power with a level of significance of 0.05. In terms of
clinical tumor progression status, all patients were in
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Table 2 Patients assessment

Month AHD-treated P

group

Control group

Tumor growth % increase of tumor size in 30 days

[-1] 247 23.8-25.4 247 23.8-25.6 0.95
1 24.8 24.1-259 253 24.5-26.1 0.74
2 242 23.1-253 24.6 23.3-25.5 0.58
3 24.6 23.5-25.6 20.5 19.3-21.8 0.018
4 252 24.1-26.1 18.4 17.8-19.1 0.0001
5 24.7 23.5-26.9 182 17.5-19.7 0.0001
6 249 23.0-26.1 18.6 17.3-20.1 0.0004
7 247 23.6-25.9 22.0 20.7-23.1 0.0011
8 24.8 23.4-25.7 243 23.1-26.1 0.073
Month Control group AHD-treated group
Disease progression monthly number of patients in each RESIST status
D PD SD PR CR NPD D PD SD PR CR NPD
[-1] 0 54 0 0 0 0 0 54 0 0 0 0
1 0 54 0 0 0 0 0 54 0 0 0 0
2 0 54 0 0 0 0 0 52 2 0 0 2
3 0 54 0 0 0 0 0 49 5 0 0 5
4 1 53 0 0 0 0 0 34 20 0 0 20
5 3 50 0 0 0 0 0 26 28 0 0 28
6 4 46 0 0 0 0 0 36 18 0 0 18
7 4 42 0 0 0 0 2 40 12 0 0 12
8 5 37 0 0 0 0 3 45 4 0 0 4
t-Test: Control group vs. AHD-treated group
All months
PD P = 0.0057
NPD P =0.0074
Months 4-6 (*)
PD P =0.0020
NPD P =0.0020
(*) Months of maximal significance
Control group AHD group
Maximal toxicity [CTECAE]
Systemic 1 1
Local 2 2

D: Monthly number of patients’ deaths due to disease progression

PD: Progressive disease, SD: Stable disease, PR: Partial remission, CR: Complete remission (RESIST)

NPD: Non-progressive disease

progression (PD) according to RECIST when they
entered the study. At end-of-study, the number of
patients in PD was significantly lower in the AHD-
treated group than in the control group and the num-
ber of NPD patients was higher in the AHD-treated
group than in the control group (Table 2). Twenty-
eight patients reached SD status in the AHD-treated
group (non-progressors). SD was not reached in the
control group. Table 2 also shows that the number of
the monthly patients’ deaths due to disease progression
(D) was lower in the AHD-treated group than in
control group. Survival curves and statistical analysis
shown in Fig. 1 confirmed these findings. As it is shown
in Table 2, no systemic toxicities higher than 1
(CTCAE) were recorded, only mild fever (37.5-
38.5°C) was observed in both groups and it was
considered a side effect of hGM-CSF. No evidence of
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any autoimmune phenomenon was evident. Local
reactions recorded in both groups at the injection sites
consisted of toxicity grade 1-2 (pain or pain + inflam-
mation) in all cases. No patient had to discontinue or
modify treatment due to toxicity or side effects.
There were significant variations in immunological
parameters between AHD-treated and NHF-AHD-
treated group (control). In addition, significant varia-
tions in immunological parameters were observed
within the AHD-treated group among the patients that
attained non-progressive disease status (non-progres-
sors) and those who kept their progressive disease status
(progressors). DTH tested by the intradermal AHD
became positive after AHD treatment in 24 of 54
evaluable patients (treated group) and it remained
negative when it was tested with NHF-AHD in all 54
evaluable patients of the control group (P < 0.001). In
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Fig. 1 Overall Survival for AHD (Thermostable Autologous
Hemoderivative)-treated patients and control patients NHF-
AHD (Non-Heat Fractionated Autologous Hemoderivative)-
treated. Kaplan-Meier Survival Plot (PL estimates). Analysis by
Log-rank and Wilcoxon tests

the AHD-treated group, the number of patients with a
positive (= 5 mm) response to the DTH test with AHD
was significantly greater (P < 0.001) in the non-pro-
gressor patients than in the progressors (Table 3). The
lymphocyte proliferation assay was evaluable (positive
and negative controls accepted) in 46 and 48 patients in
the AHD group and the control group respectively.
Significant increases (cpm: P < 0.001, LPR > 4) in the
responses of lymphocyte proliferation were evident
after AHD treatment when responder cells were chal-

Table 3 Delayed type hypersensitivity elicited by a
thermostable AHD
DTH: DTH:
Initial (+) Final (+)
All patients
AHD-treated group (n = 54) 0 24
Control group (n = 54) 0 0
t-Test P =0.0001
AHD-treated group
Progressors (n = 26) 0 20
Non-progressors (n = 28) 0 4
t-Test P =0.001

Delayed type hypersensitivity test (DTH) performed with an
autologous hemoderivative (AHD or NHF-AHD in treated and
control group, respectively); before (initial) and after (final)
treatment: control or AHD. Progressors or Non-progressors to
AHD treatment are stratified. AHD group: patients treated with
AHD; Control group: appropriate controls with NHF-AHD.
Progressors: patients maintaining progressive disease status;
Non-progressors: patients achieving stable disease status. (RE-
CIST criteria)

n: number of patients; +: diameter 25 mm

AHD: heat fractionated autologous hemoderivative; NHF-
AHD: non-heat fractionated autologous hemoderivative

lenged with CEA, CA 15-3 (Table 4), the AHD hemo-
derivative obtained from the autologous CD4+CD25+
cell population or with the intact CD4+CD25+ cells
(Table 5). The selectivity of this immunologic response
was evident because AHD treatment failed to modify
the negative response of lymphocytes to the autologous
plasma  (Table 4), the hemoderivative from
CD4+CD25- cells or the intact CD4+CD25- cells
(Table 5). In the AHD-treated group, the lymphocyte
proliferation responses to CEA, CEA 15-3 (Table 4),
AHD, CD4+CD25+ derivative and CD4+CD25+ cells
(Table 5) were significantly greater (P < 0.001) in the
non-progressor patients than in the progressors. In the
control group, NHF-AHD and all other tested chal-
lengers failed to elicit proliferation responses.

Within the limitations of the assessment method
employed, no relation was established between the
presence of circulating cancer cells and the efficiency of
the hemoderivative to induce in vitro or in vivo im-
mune responses. Circulating cancer cells were identi-
fied, respectively, in 30%, 28% and 31% of the patients
in the control group, progressors in AHD treated
group and non-progressors in AHD treated group.

Figure 2 shows an example of the main histological
changes found in biopsies obtained before and after
AHD treatment from patients who responded with a
positive DTH test (=5 mm) and significant anti-pro-
gressive effect on tumor growth. The example shown is
from biopsies of cancer and control biopsies from the
surrounding breast tissue (not compromised by can-
cer). Samples obtained before and after treatment
(AHD and control) are shown. After AHD treatment
the results reproduced the histopathology previously
reported in AHD-treated and non-progressors: tumor
stromal fibrosis with lymphocyte infiltration and a de-
crease in tumor cells and vascularity [1, 3, 6]. The
histochemistry of the infiltrating lymphocytes showed a
high predominance of CD8+ and CD20+ cells (B cells),
with minimal presence of CD4+ cells. In this non-
progressor patient, after AHD treatment the control
biopsies obtained from normal breast did not show any
of these findings. Before AHD treatment the biopsies
in tumor and normal breast were both negative for
stromal and infiltrative responses. Having the sample-
accessibility conditions, 19 cases of non-progressor
patients could be studied and their histopathology
conclusions were in all cases exemplified in Fig. 2 (No
similar change was seen in 14 progressor cases with the
same sample-accessibility conditions).

Figure 3 shows an example of the 2-DE of AHD
compared with NHF-AHD and plasma. These results
allowed identifying a proteome range between 447 and
536 spots in the different tested samples of AHD that
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concurs with the 400 spots from 83 gene-products for
plasma-proteome previously reported with the same
technology [16]. Obviously, this profile was increased
to a range of 605-710 spots in samples of NHF-AHD
because the preparation procedure of NHF-AHD in-
cluded proteins from blood cells contained in the
supernatant of sedimented blood used as source of the
immunogen hemoderivative. In the tested samples,
AHD proteome lost 158-174 spots compared with
NHF-AHD that must be considered the thermolabile
fraction in these experimental conditions. However,
AHD proteome showed that the thermostable fraction
still contained multiple proteins that were distributed
in the first dimensional electrophoresis, in sites with
alpha, beta, and gamma electrophoretic mobility
compared with the classical electrophoresis of plasma
proteins. In the second dimensional electrophoresis,
the molecular weight of the AHD proteome ranged
from 24.000 to 190.000 kD. The AHD proteome also
contained site-spots non-identified in NHF-AHD sug-
gesting molecular modifications induced by heat
treatment. As a whole, under the used experimental
heat conditions, these results confirmed the thermo-
stability of several proteins with well known high bio-
logical significance, i.e. immunoglobulins, tumor
markers (CEA), growth factor components.

Discussion

In this study, we observed a statistically significantly
superior progression-free and overall survival in

patients who received AHD versus those treated with
control. Of 54 patients, 28 (52%) met RECIST criteria
for NPD. Therefore, these results provide evidence
that treatment with AHD may be an effective anti-
breast cancer strategy.

Immunological mechanism

AHD treatment elicited statistically significant autolo-
gous immunologic responses in vivo (DTH > 5 mm)
and in vitro (LPR > 4). AHD elicited in vivo DTH
against AHD and in vitro immune responses against
several tested challengers including the immunogen
AHD and the TAAs (CEA and CA 15-3). These in vivo
and in vitro immunologic responses were statistically
associated not only to AHD treatment but also to the
non-progressor condition of AHD treated patients. In
addition, among the antigenic activities identified in
AHD by lymphocyte proliferation assay, this study
showed that lymphocytes from patients with an anti-
progressive response to AHD treatment were sensitized
against components of an autologous CD4+CD25+ cells
derivative and not against the same derivative prepared
from other autologous CD4+ cell populations (CD25-).

Immunogen characterization

In the present study, it was shown that after heat treat-
ment, AHD retained multiple molecular species of pro-
teins configuring a thermostable proteome obtained from
the supernatant of sedimented blood that is a thermo-
stable plasma proteome plus a cytolysed-blood-cells

I

| [—
PEoe ot
s e
| N
I

Fig. 2 Breast biopsies from a patient with favorable response to
AHD. Upper row: biopsy from tumor site. Lower row: biopsy
from a non-tumor site: Column 1 and 2: before treatment;
Column 3 and 4: after 6 months of treatment; Columns 1 and 3:

@ Springer

hematoxylin-eosin; Columns 2 and 4: immunohistochemistry.
From top to bottom: Lymphocytes, CD4+, CD8+ and B (CD20+)
cells
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Fig. 3 2-D Electrophoresis of the thermostable Autologous
Hemoderivative used as immunogen. A number of spots between
447 and 536 to be compared with the 400 spots (83 gene products)

proteome. Compared with NHF-AHD, this thermostable
proteome has some new 2-DE spots and it has lost some
molecular components, but in summary, like other cancer
vaccines using cells as immunogens, i.e. tumor cell vac-
cines, AHD is a polymolecular biological system; there-
fore it is potentially a polyvalent antigenic immunogen.

Autologous antigenicity

At least some of the antigenic activities demonstrated
in AHD-treated patients had as targets molecular
components that were present in the patients’ blood
and in the immunogen-control NHF-AHD. This is the
case of TAAs leaked from tumor cells to the blood and
blood cells’ components including CD4+CD25+ cells.
These molecular targets were indicative of an immune
response targeted to the cells containing these mole-
cules: tumor cells (as shown in the pathology) and in-
tact CD4+CD25+ cells (as shown in LPR tests). These
facts evoke a selective auto-immunity. The histopa-
thology of treated non-progressor tumors also con-
firmed the reported effects of AHD in the different
primary sites: an intense stroma proliferation was
associated with the lymphocyte infiltration [1, 3].

Safety

As it has been previously reported [1-3, 6], the toxicity
of the AHD procedure was negligible and no clinical
autoimmunity or immunosuppressive phenomena
were observed under the specific conditions of this
study.

Anti-cancer activity of AHD has been observed in
several different types of cancers. In that regard, a
variety of mechanisms might be invoked to explain the
superior outcomes with AHD treatment. These include
interference with CD4+/CD25+ activity and acquired
autologous antigenicity. Several correlative studies
have provided evidence for these two mechanisms of
action [12, 17-25].

| —

of the plasma proteome identified with the same methodology
and the 605-710 spots of the Non-heated Autologous Hemoder-
ivative which lost 158-174 thermolabile spots

In conclusion, this study suggests that tumor
molecular components transferred to the blood from
malignant cells or biological responder cells can elicit
an autologous immune response in cancer patients,
producing a clinically beneficial effect. This approach
has little toxicity and is associated with a DTH immune
response and modification in tumor histopathology
compatible with an immunological response. The
association of these effects with an immune response
bypassing the pre-existing tolerance against compo-
nents of regulatory and tumor cells could be the basis
for an immunotherapeutic procedure in further studies.
Future trials with this agent will include optimizing
adjuvant treatment and/or repeating the treatment
over several months.
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