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Abstract

Objectives: Vascular endothelial growth factor (VEGF) is involved in physiological angiogenesis, but also is con-
sidered one of the key factors that promotes tumor angiogenesis. CIGB-247 is a VEGF-based vaccine that has been
evaluated in phase | clinical trial patients with advanced solid tumors. This specific active immunotherapy is able to
reduce platelet VEGF levels; however it is unknown whether this effect leads to a decrease in VEGF below the levels
that can be observed in healthy individuals. The objective of the present study is to investigate platelet VEGF levels in
cancer patients vaccinated with CIGB-247, and then compare these values with those obtained in healthy individuals.
To achieve this, platelet VEGF levels of 62 cancer patients and 93 healthy individuals were compared. Cancer patients
were those individuals recruited in CENTAURO and CENTAURO-2 clinical trials.

Results: Before vaccination, platelets of cancer patients carried more VEGF than the levels seen in platelet of healthy
individuals. However, after vaccination, cancer patients had platelet VEGF values within the range established by
healthy individuals, indicating that the antibody response elicited by CIGB-247 is not able to induce a complete sup-

pression of VEGF. Vaccination with CIGB-247 helps to normalize VEGF levels within platelets.
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Introduction

Vascular endothelial growth factor (VEGF) is crucial dur-
ing physiological and pathological angiogenesis. Physi-
ological angiogenesis mediates different processes such
as female sexual cycle, wound healing, bone repair and
tissue differentiation. Pathological angiogenesis involves
tumor angiogenesis, characterized by an increase in
VEGF secretion from tumor cells and the number of
blood vessels around the tumor. The increment of blood
vessels allows an increment of oxygen and nutrients nec-
essary to support tumor growth and its metastasis [1].
For that reason, VEGF has become an attractive target
for cancer immunotherapy.
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CIGB-247 is a cancer therapeutic vaccine that uses as
antigen a recombinant mutated version of human VEGFE.
This VEGEF-based vaccine has two different formula-
tions with the adjuvants VSSP or aluminum phosphate,
in both cases with clinical evaluations in cancer patients
[2, 3]. Both vaccine formulations showed an excellent
safety profile and elicited specific IgG antibodies able
to decrease VEGF levels within platelets [2, 3]. “Plate-
let VEGF” has been chosen as methodology to evaluate
the effect of this active immunotherapy on VEGF levels
because it was associated with those groups of individu-
als that exhibited the best specific humoral response, and
the variation of “platelet VEGF” showed the strongest
negative correlation with VEGF-specific IgG antibody
levels [4]. This methodology, known as “platelet VEGF’,
is based on the estimation of VEGF within platelets by
subtracting the plasma VEGF level from the serum level
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and dividing this by the platelet count, and then this lat-
ter expression is additionally corrected by the hematocrit
[5].

VEGF reduction induced by Bevacizumab, a mono-
clonal antibody directed to human VEGF and approved
for the treatment of some tumors [6—10], has been asso-
ciated with the adverse effects observed for this type of
immunotherapy, also denoted as anti-VEGF class toxici-
ties. These adverse effects including hypertension, hem-
orrhage, gastrointestinal perforation, cardiac events,
thromboembolism and proteinuria are considered down-
stream consequences of inhibition of VEGF-signaling
pathways, important in the regulation and maintenance
of the microvasculature [1]. The large magnitude of this
inhibition is due to the high amount of monoclonal anti-
body that is administered to achieve a therapeutic effect
leading in turn to a high rate of free VEGF abrogation.
For example, Karp and colleagues have demonstrated
that after 2 h of the Bevacizumab infusion, patients could
experience a complete neutralization of their free circu-
lating VEGF [11].

With the aim to investigate the magnitude of plate-
let VEGF reduction induced by the antibody response
elicited in cancer patients vaccinated with CIGB-247,
these values were compared with those obtained in
healthy individuals. Cancer patients were those subjects
recruited in CENTAURO and CENTAURO-2 clinical tri-
als [2, 3], and healthy individuals were carefully selected
for this purpose.

Main text

Methods

Healthy individuals

Healthy individuals comprised 36 women and 57 men.
Age ranged between 16 and 72 years (Additional file 1).
Individuals with history of cancer, inflammatory dis-
eases, diabetes, sicklemia, anti-inflammatory drug use,
or women in menstrual period were excluded from the
study. Informed consent was obtained for all individuals
in accordance to institutional practice.

Cancer patients

This study analyzed cancer patients enrolled in phase
I clinical trials: 24 patients from CENTAURO clinical
trial (trial registration number: RPCEC00000102) and 38
patients from CENTAURO-2 clinical trial (trial registra-
tion number: RPCEC00000155) [2, 3]. Cancer patients
were immunized with different antigen doses in com-
bination with adjuvants VSSP or aluminum phosphate,
and comprised 41 women and 21 men (Additional file 2).
Both clinical trials recruited patients with advanced
solid tumors and with different types of malignancies
at original diagnosis. Written informed consent was
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obtained for all patients. Both clinical studies were con-
ducted in accordance with the ethical guidelines of the
Declaration of Helsinki and were approved by the hos-
pitals institutional review boards and ethics committees
(CIMEQ), Celestino Herndndez Robau and José Ramén
Lépez Tabranes hospitals) and by the Cuban Regulatory
Authority.

Human blood samples
Blood samples were taken into an ethylenediaminetet-
raacetic acid (EDTA) tube or into a serum separator tube
containing a serum clot activator. EDTA tube was imme-
diately centrifuged, and serum separator tube was incu-
bated for 1-2 h at 25+ 3 °C before centrifugation. Tubes
were centrifuged for 10 min at 1800g and 25 °C [4].

Serum and plasma samples from healthy individuals
were stored at — 70 °C and were analyzed between 1 and
22 days after. In case of samples from cancer patients,
this time ranged between 4 and 13 months.

Samples from cancer patients were obtained before the
initial vaccination (week 0) and after the induction phase
(week 13).

Platelet VEGF

VEGF concentrations were measured as previously
described [4]. All measurements were made by the same
analyst and at the same laboratory. Platelet VEGF was
expressed in picograms of VEGF/10° platelet and was
calculated using the following formula [5]:

platelet VEGF
_ (serum VEGF — plasma VEGF) x (1 — hematocrit)
B platelet count

(1)

Platelet counts were performed using an automated

hematology analyzer. The variation (A) of platelet VEGF
levels was calculated using the following formula [4]:

{(levels at week 13
A =

100| — 100%
levels at week 0 ) x } ’ @

Based on criteria established by other authors [12],
A <— 30% was considered a decrease; A >30% was con-
sidered an increase; — 30% < A < 30% indicated a stability.

Statistical analysis

Two-group comparisons of unpaired data were made
using the Mann—Whitney test. Wilcoxon-matched pairs
test was used to evaluate differences of paired observa-
tions. Statistical significance was considered as p <0.05.

Results
Gender distribution was different between the groups
of healthy individuals and cancer patients. To address
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whether platelet VEGF levels are different between
women and men, statistical analysis was performed
by gender in both types of subjects: healthy individuals
and cancer patients. Platelet VEGF in 36 healthy women
moved between 0.082 and 3.719 pg of VEGF/10° plate-
lets with a median value of 0.7060, while platelet VEGF
in 57 healthy men ranged between 0.079 and 4.552 pg of
VEGEF/10° platelets with a median value of 0.7100. Dif-
ferences between healthy women and healthy men were
not found (Mann—-Whitney test, p=0.9874) (Fig. la).
For cancer patients before vaccination (week 0), platelet
VEGF in 41 women moved between 0.110 and 8.190 pg
of VEGF/10° platelets with a median value of 1.010,
while platelet VEGF in 21 men ranged between 0.252 and
2.650 pg of VEGF/10° platelets with a median value of
1.440. Before vaccination, differences in cancer patients
between women and men were not found (Mann—
Whitney test, p=0.0872) (Fig. 1b). Similar results
were observed in vaccinated cancer patients (week 13),
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where no differences were observed between both sexes
(Mann—Whitney test, p=0.1621) (Fig. 1c). All these
results indicate that sex is not a parameter with influence
on platelet VEGF levels, and it might be possible to make
comparisons between groups of individuals with a differ-
ent gender distribution.

When healthy women and healthy men were pooled
(93 healthy individuals), platelet VEGF ranged between
0.079 and 4.552 pg of VEGF/10° platelets with a median
value of 0.7100, while platelet VEGF in 62 cancer patients
(women+ men) at week O ranged between 0.110 and
8.190 pg of VEGF/10° platelets with a median value of
1.122 (Fig. 2a). Before vaccination, platelet VEGF lev-
els in cancer patients were significantly higher than the
levels seen in healthy individuals (Mann—Whitney test,
p=0.0001) (Fig. 2a), indicating that platelets of can-
cer patients carry more VEGF than platelets of healthy
individuals. However, when these patients were submit-
ted to vaccination (week 13), there were no differences

week 0 week 13
a b ns c e
12.8: 12.8: 12.8
3 64 T 64 % 64
[ [ [ .
Ls 32 o 5 32 e = 5 32 by -
22 16 w . 16 nas w2 1s - .
>0 2% e >% 5 .
v 08 g 08 " g 08 K —-::—
o g - T G "
26 04 g6 04 " 26 04 w ™
a¥ o2 ol o2 a2
g o1 g o1 g o1 K
0.05 v T 0.05 T T 0.05 T T
Healthy individuals Healthy individuals Cancer patients Cancer patients Cancer patients Cancer patients
(women) me (women) (men) (women) (men)
Healthy individuals Healthy individuals Cancer patients Cancer patients Cancer patients Cancer patients
(women) (men) (women) (men) (women) (men)
Median | 0.7060 0.7100 Median | 1.010 1440 Median | 0.6300 0.8290

median values of platelet VEGF. ns non-significant

Fig. 1 Platelet VEGF levels in healthy individuals and cancer patients analyzed by gender distribution. a Platelet VEGF levels in healthy women and
healthy men. b Platelet VEGF levels before vaccination (week 0) in cancer patients recruited for CENTAURO and CENTAURO-2 clinical trials. ¢ Platelet
VEGF levels after vaccination (week 13) in cancer patients recruited for CENTAURO and CENTAURO-2 clinical trials. Horizontal bars represent the
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Fig. 2 Platelet VEGF levels in healthy individuals and cancer patients. Both groups of subjects included women and men, and patients were those
individuals recruited for CENTAURO and CENTAURO-2 clinical trials. a Platelet VEGF levels in healthy individuals and platelet VEGF levels in cancer
patients before vaccination (week 0). b Platelet VEGF levels in healthy individuals and platelet VEGF levels after vaccination (week 13). Horizontal
bars represent the median values of platelet VEGF. ¢ Platelet VEGF levels in cancer patients before and after vaccination. The variation (A) of
platelet VEGF levels, expressed in percentages, was calculated using Eq. 2 as described in “Methods”. Blue symbols represent patients with VEGF
reduction (A < — 30%), green symbols represent patients with VEGF stability (— 30% < A <30%), and red symbols represent patients with VEGF
increase (A > 30%). Discontinued lines represent the range (maximum and minimum) of platelet VEGF obtained from healthy individuals. Statistical




Sanchez Ramirez et al. BMC Res Notes (2019) 12:323

in platelet VEGF levels between vaccinated patients and
healthy individuals (Mann—Whitney test, p=0.8351)
(Fig. 2b), indicating that after vaccination platelets of
cancer patients and platelets of healthy individuals trans-
port similar amounts of VEGF. Platelet VEGF at week 13
moved between 0.080 and 4.418 pg of VEGF/10° platelets
with a median value of 0.7100 (Fig. 2b).

Cancer patients included subjects with different pri-
mary tumors and treated with different vaccine combina-
tions. Despite these differences, platelet VEGF levels at
week 13 were significantly lower than the levels detected
at week 0 (Wilcoxon-matched pairs test, p=0.0002)
(Fig. 2c). Vaccination was effective in 32 patients
(A<— 30%, blue symbols) while 18 patients did not
experience any changes on platelet VEGF levels between
weeks 0 and 13 (— 30%<A<30%, green symbols). The
remaining 12 patients increased their platelet VEGF lev-
els (A>30%, red symbols). As shown Fig. 2b, c, the values
of platelet VEGF of vaccinated cancer patients fell within
the range observed in healthy controls.

Discussion
VEGF is carried by different blood cell components, but
platelets are considered its major physiological trans-
porter [13]. There are several approaches to estimate
indirectly the VEGF content inside platelet, and they
are described by different methodologies, most of the
cases grouped under the same term known as “platelet
VEGF”. For example, “platelet VEGF” can be determined
as serum VEGF normalized by the patient’s platelet count
[14] or by subtracting the plasma VEGF level from de
serum level and dividing this by the platelet count [15]
or this latter expression additionally corrected by the
hematocrit [5]. Despite the term “Platelet-VEGF” is not
uniformly used in the literature, these measurements
have become an important tool in clinical monitoring of
patients submitted to anticancer therapies [14, 16].

Antiangiogenic agents like Bevacizumab have shown
promising clinical results, although some adverse effects
have been associated to the treatment. Adverse effects
observed with the use of Bevacizumab, a monoclonal
antibody that shows a high affinity for human VEGF
[17], have indicated that VEGF has an important role
in normal physiology [18]. Bevacizumab administra-
tion induces a drastic and significant decline in VEGF
bioavailability [11] with the aim to negatively impact
on tumor burden or tumor angiogenesis. Specific active
immunotherapy is another alternative to reduce VEGF
levels, and CIGB-247 is a VEGF vaccine included within
this type of strategy.

Using this VEGF vaccine, a significant decrease on
platelet VEGF levels has been observed in the groups
of patients vaccinated with 400 or 800 pg of antigen in
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combination with VSSP as adjuvant, or 400 pg of anti-
gen mixed with aluminum phosphate [2, 3]. However, the
specific antibody response elicited by CIGB-247 is not
able to induce a complete suppression of VEGF; some
VEGEF levels remain circulating within platelets to main-
tain normal adult vasculature or other VEGF-dependent
normal physiological processes. Complete abrogation of
VEGEF is not possible to achieve because the polyclonal
antibodies elicited by CIGB-247 is a regulated response
that is gradually generated over time. During the course
of this response, the degree of VEGF-blocking activity
increases as the levels of antibodies is increased. This
blocking activity on VEGF levels happen at normal physi-
ological concentrations of polyclonal antibodies. These
levels of active polyclonal antibodies are much lower than
the levels of Bevacizumab administered during intrave-
nous infusion. This fact could explain why the anti-VEGF
class toxicities have not been reported in CENTAURO
and CENTAURO-2 clinical trials and why this active
immunotherapy has an excellent safety profile [2, 3].

The clinical success of anti-angiogenic agents like Beva-
cizumab is undeniable, and could be considered a strong
“attack” therapy. In some cases, this passive immunother-
apy is interrupted due to the severity of adverse effects,
opening a new window to treat these patients with CIGB-
247, an active immunotherapy that has a very safety
profile [2, 3]. Additionally, the treatment with CIGB-
247 could be beneficial for patients due to generation of
VEGE-specific cytotoxic CD8+ cells [2] with potential
ability to eliminate cancer cells. CIGB-247 is being eval-
uated in phase II clinical trials in patients with hepato-
cellular carcinoma or ovarian cancer (RPCEC00000237
and RPCEC00000246 respectively). The reference val-
ues established from healthy individuals and presented
here could be very useful to continue studying in a larger
group of patients with the same type of tumor whether
the vaccine decreases platelet VEGF levels below these
limits.

Conclusions

This study has demonstrated that after using CIGB-247,
the magnitude of platelet VEGF reduction can be consid-
ered as an incomplete blocking effect. Platelet VEGF lev-
els of vaccinated cancer patients can be detected within
the physiological range and not below this limit. This
investigation also found that vaccination contributes to
normalize VEGF levels within platelets.

Limitations

This study has some limitations; at first, the physiologi-
cal range was established using a relatively low number of
healthy individuals. Second, the number of cancer patients
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is limited in size, as well as the aspect that patients had dif-
ferent types of malignancies at original diagnosis.

Additional files

Additional file 1. Measurements in healthy individuals.

Additional file 2. Cancer patients data.
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