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Abstract

CIGB-300 is a pro-apoptotic casein kinase 2 inhibitor peptide with potential anticancer action. An open-label and dose scaling Phase I
trial was carried out to investigate the peptide tumor uptake, pharmacokinetics, toxicity, and levels of a CIGB-300 response biomarker
in patients with cervical cancer stage IB2/Il. Fourteen patients were included; six of them received 35 mg, 6 received 70 mg and the
two remaining patients received 245 mg of CIGB-300 prior chemoradiotherapy. CIGB-300 was applied by intratumor injections during
5-consecutive days. For pharmacokinetic and biodistribution studies, the peptide was radiolabeled with *™Tc in the firstadministration
and whole body gammagraphy and plasma testing were done during 48 h. Data showed that the maximum tolerated dose was 70 mg
for CIGB-300 in this clinical setting. Furthermore, an allergic-like syndrome was identified as the dose limiting toxicity, which was
well-correlated with plasmatic histamine levels. Importantly, the mean tumor uptake was 14.9 mg and 10.4 mg for CIGB-300 doses
of 35 and 70 mg, respectively. Also, the kidneys were the main target organ for drug elimination. Finally, treatment with CIGB-300
significantly reduced the B23/nucleophosmin levels in tumor specimens. CIGB-300 meets potentialities to be tested in future trials in
a neoadjuvant setting prior to chemoradiotherapy in cervical cancer.
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Introduction

Every year more than half million of new cases of cervical
cancer patients are diagnosed worldwide, 80% of them in
developing countries. Around 260 000 women die because
of this illness, second cause of death after breast cancer
[1]. Current standard therapy for inoperable cervical
cancer stage IB2/II is based on regimens that include
concomitant chemoradiotherapy [2]. These treatments
remain to be suboptimal [3] with some inconveniences
either at short or long term [4, 5]. Such data along with
knowledge about the natural history of the disease suggest
that stage IB2/Il cervical cancer still needs evaluation
of novel biological therapies to be evaluated either as
neoadjuvant or adjuvant treatment to chemoradiotherapy,
in order to prevent or reduce tumor progression toward
later stages. Therefore, kinase inhibitors are a newcomer
class of targeted therapy which has successfully entered
into clinical research in cancer at present [6-8].

CIGB-300 is a novel pro-apoptotic peptide that impairs
the CK2-mediated phosphorylation of the Human

Papillomavirus E7 oncoprotein and the multifunctional
oncoprotein B23/nucleophosmin (B23/NPM) [9-12].
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Furthermore, CIGB-300 elicits antitumor activity in
different animal models when administrated by different
routes [13]. As an investigational drug, CIGB-300 was
previously tested in a First-in-Human trial where patients
with high grade squamous intraepithelial lesion (HSIL)
or epidermoid microinvasive cervical cancer received
intralesional injections of this peptide-based drug.
These previous findings evidenced that CIGB-300 was
safe and well tolerated in that clinical setting. Transient,
dose-dependent, systemic "allergic-like" reactions were
the main safety feature, and some clinical activity was
evidenced by colposcopy, histology and anti-HPV response
[14]. That was the first clinical trial in which a drug was
used to target the CK2 phosphoaceptor domain providing
an early proof-of-principle of a possible clinical benefit.

This study aimed to evaluate the tumor uptake,
biodistribution and pharmacokinetics of CIGB-300 after
local intratumoral injections to patients with cervical
cancer stage IB2 /IIl. Furthermore, the maximum tolerated
dose (MTD), dose limiting toxicity (DLT) and a CIGB-300
response biomarker were explored in this clinical study.

Patients and methods

Eligibility criteria

Patients histologically diagnosed with stage IB2/II
cervical cancer were recruited in nine gyneco-obstetric
departments throughout Cuba. They were then evaluated
at the National Reference Center for Cervical Cancer at
the "Ramoén Gonzalez Coro" Hospital, where the eligibility
criteria were verified. Product administrations and
evaluations took place, as inpatients, at the “Hermanos
Ameijeiras” Hospital.

Patients were included if they were 18 to 75 years-
old, had clinical, imaging and histological diagnosis
of stage IB2/Il cervical epidermoid carcinoma (FIGO
Classification Stage) [15], a WHO general health index
from 0 to 2, more than 1 year of life expectation and gave
their written, informed consent to participate. Exclusion
criteria were chemotherapy or surgical, ablative, radiant,
or immunomodulator treatment in the previous 30
days, psychiatric disease, pregnancy, breastfeeding,
uncontrolled chronic diseases such as asthma, epilepsy,
diabetes or hypertension, autoimmune disease,
coagulation dysfunction, acute systemic or genital tract
infections, body mass index below 19 or above 30, current
administration of immunomodulating drugs, tumor
extensive necrosis that could limit the application of the
product and participation in another clinical trial.

The study was conducted to Good Clinical Practice in
accordance with the Declaration of Helsinki and its
amendments. The protocol was approved by the Ethic
Committees of the participating institutions, and by the
Cuban Regulatory Authority.

Study design and treatment plan

An open, dose scaling, sequential trial was carried out.
Patients were sequentially included to 4 dose groups
(35, 70, 245, and 490 mg) of CIGB-300, according to the
previous study [14]. [t was expected to include six patients
in each group but initially blocks of three per dose level
were enrolled to assure pharmacological evaluation.
Afterwards, if the maximum dose cannot be reached or
if limiting toxicity impeded continuity with higher doses,
the inclusion would be restarted in those groups with safe
doses up to complete the six patients per group.

The sample size was inferred starting from a prefixed
maximum limit of toxicity taking into account prior
experience. That limit was 30% of patients with severe
adverse events in each group, with a 95% confidence
interval. This method for N calculation is considered
specific to pilot studies with transitional therapies even
when no adverse events (AE) are registered [16].

Patients were hospitalized and treated once daily during 5
days. CIGB-300 was injected into the tumor, approximately
2 cm deep, during 3-5 min, on one site as close as possible
to the tumor center. Injection of necrotic area with craters
or in the cervical channel hole was avoided. Tumor
uptake, whole body distribution and drug levels in blood
were measured after the first drug administration with
99mTechnetium (Tc)-labeled CIGB-300 for all the patients.

CIGB-300 was synthesized and supplied by the Peptide
Synthesis Department, CIGB, Havana, in 35 mg vials, as
a lyophilized powder. The content of 1, 2 or 7 vials was
reconstituted in water for injection to a final volume of 2
ml in all of the cases. Other interventions were indicated
only for the management of adverse events, according to
established clinical practices.

Conventional radio-chemotherapy was started 25-35
days after CIGB-300 treatment according to specific
international guidelines for this pathology followed by
the oncology department of the “Hermanos Ameijeiras”
Hospital. The regimen received by all the patients
consisted in cisplatin 40 mg/m?, once per week, during 6
weeks, concomitant to 5040 centigrays (cGy) of external
beam radiotherapy given in 28 fractions. This was followed
by 2600 cGy of intracavitary radiotherapy given in 4 high
dose fractions (650 cGy/day) over 2 weeks.

Safety evaluation

The pretreatment evaluation included a detailed history
and physical examination. In addition, electrocardiogram,
hematological counts, blood chemistry, coagulation and
cervix microbiological studies were performed. Since one
of the main purposes of the trial was to evaluate safety,
local and systemic AE, including routine laboratory
parameters, were carefully screened up. Systemic
toxicity was evaluated during 24 h after each CIGB-300
administration, including cardiovascular monitoring
during the injections and vital signs measurements
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(temperature, heart beats, respirations/ min, blood
pressure). Patients were followed for safety during and at
3, 6,9, and 12 months after chemoradiotherapy.

The medical terminology for AE and their severity
classification (in 5 grades) was applied according to
the Cancer Therapy Evaluation Program, Common
Terminology Criteria [17]. The causal relationship was
classified as very probable (definitive), probable, possible
or remote (doubtful) [18].The MTD was the highest dose
level at which = 30% of patients experienced DLT (grade
3 AE).

Plasma histamine levels were measured in order to be
correlated both with both the severity of the expected
allergic reactions and the CIGB-300 blood concentration.
A commercial EIA kit (Labor Diagnostika Nord, Nordhorn,
Germany) was used to quantify histamine before, 15 min
and 24 h after the first application.

Biodistribution analysis

The peptide was radiolabeled with 30-50 mCi of *"Tc by
a direct method using dimercaptosuccinic acid (DMSA)
as coligand [13]. Whole body imaging studies were
performed at 10 min and 1, 2, 4, 8, 12, 16, 24, 36 and 48
h after injecting the radiolabeled peptide and using a
gamma camera (Phillips) with a high energy collimator
for ?°™Tc. Tumor static views were also taken at 30 min
and 4:30 and 24:30 h. The calculations of the percent of
uptake radioactivity in each source organ and tumor were
based on the Medical Internal Radiation Dose (MIRD)
methodology for quantitative radiopharmaceutical
biodistribution data acquisition [19]. Tumor mass was
estimated from morphometric data obtained from
initial Magnetic Resonance Imaging (MRI). Biological
(elimination) half-life was adjusted by means of the
Microcal Origin program, version 6.0. All of these data
were introduced to an excel spreadsheet for parameters
prosecution and calculation of the CIGB-300 up taken in
tumor and organs. Monoexponential and biexponential
functions were fitted for calculation of the area under
the curve by analytical integration from 0 to the last
experimental time.

Pharmacokinetic study

Blood samples were drawn by venipuncture immediately,
5,15,30minand 1, 2,4, 8,12, 16, 24, 36 and 48 h after the
administration of the radiolabeled peptide (first dose).
Urine was also collected during this sampling period.

The radioactivity in whole blood, serum and urine samples
was measured in a gamma-well counter (CAPINTEC,
CAPRAC-R). To correct for radioactive decay, injection
standards were counted simultaneously. Radioactivity of
blood samples was expressed as the percentage of injected
dose per liter (%ID/L). Afterwards this percentage was
transformed to the equivalent mass unit (ug/ml).

Drug disposition data analysis was performed
individually by a non-compartmental method with a
combined linear/log - linear trapezoidal rule approach.
All the pharmacokinetic parameters were determined by
using the WinNonlin professional software (version 5.1,
Pharsight Inc., 2005, NC, USA).

Immunohistochemistry of B23/nucleophosmin and CK2f in
tumor biopsies

Expression of B23/NPM and CK2f in tumors was studied
by immunohistochemistry in paraffin-embedded tumor
biopsies taken before and after CIGB-300 treatment
using a commercial immunostaining kit (Histostain-SP,
Zymed Laboratories, USA). Briefly, 4 um tumor sections
were deparaffined in xylene and rehydrated in a graded
series of ethanol. Subsequently, slides were boiled in 10
mm during 20 min in citrate buffer for antigen retrieval.
Primary antibodies were incubated as recommended by
manufacturers; anti-B23/nucleophosmin (Zymed, 32-
5200) and anti-CK2p (Santa Cruz, sc-20710). After several
washes, the incubation with the respective secondary
biotinylated antibodies was done during 30 min at room
temperature. Slides were washed again and incubated
with the streptadivine-peroxidase conjugate in the same
conditions. Peroxidase stain and further contra stained
with hematoxylin was also performed as recommended
by manufacturer.

Statistical analysis

Data were double entered and validated on MS InfoPath
and then imported into SPSS for Windows version 15.0
for further analysis. Continuous variables were expressed
as mean * standard deviation (SD) or median * quartile
range (QR) and minimum and maximum values (range).
With these variables analyses of normality (Shapiro
Wilk’s test) and homogeneity of variance (Levene’s
test) were carried out. Categorical variables were given
as absolute values and percentages. The homogeneity
between the dose groups was analyzed by the estimation
of the Bayes’ factor toward the hypothesis of equality
and their posterior probability. Biodistribution and
pharmacokinetic parameters as well as those variables
related with the therapeutic effect (imaging, biological)
were tested by the estimation of the 95% confidence
intervals for the differences between groups as well as
the calculation of the probability that the difference was
> 0. Tolerability was treated through the estimation of
severe toxicity in each group conditioned by the number
of patients included sequentially in each group. For all
the groups the probability to surpass maximum level of
toxicity (30%) was estimated. Bayes’ factor toward the
hypothesis of dependency between the groups respect to
the registered AE was also estimated together with the
probability of independency. Spearman rank correlation
analyses between histamine levels and CIGB-300
concentration and between histamine and severity of the
allergic reaction were also done.
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Results

Patient characteristics and dosing history

Thirtyfour patients were recruited from March to October
2008; fourteen of them fulfilled the selection criteria. The
main causes of exclusion were the presence of endophytic
tumor (6 cases) and other cervical cancer stages (4
cases). Patient follow-up continued up to one year after
completion of therapy:.

Baseline characteristics of the enrolled patients are
shown in Table 1. The hypothesis of homogeneity
between the groups was accepted. Most of the patients
were white. Mean age was 43 years, ranging from 31 to 67
years. Weight, height and body mass index were similar
among groups. No gynecological or general pathological
antecedent stood out particularly (data not shown).

Table 1 Demographic and baseline characteristics of the groups of treatment.

Group | Group I1 Group 111
Variable (35 mg) (70 mg) (245 mg) BF (H,Prob)
N=6 N=6 N=2
White 4 (66.7%) 5(83.3%) 1(50.0%)
Skin color 1.50 (0.40)
Non-white 2(33.3%) 1(16.7%) 1(50.0%)
Age (years) 42+8(33-52) 47 £12 (35-67) 39+11(31-46)
Weight (Kg) 72 +10 (57 - 86) 69 + 14 (51 - 86) 6910 (62-76)
1617 1616 170+13
Height (cm)
(151-169) (154 - 167) (161-179)
27.7+2.0 26.7+5.6 23.8+0.1
Body Mass Index (Kg/m?)
(24.8-30.1) (21.2-35.2) (23.7-23.9)

Data are reported as number of patients (%) or mean =+ standard deviation (range).

BF: Bayes’ factor toward the hypothesis of dependency
(Ho Prob): Probability of independency

This trial was developed through a sequential scaling-
dose design according to safety data. Initially, three
patients were included in the smallest dose (35 mg)
without the presence of severe adverse reactions. Later
on, other three patients received the following dose (70
mg), likewise without severe toxicity. Therefore, the
inclusion in the 245 mg group was initiated but grade 3
events (allergic reactions) appeared after the first dose
in the first two enrolled patients leading to definitive
interruption of inclusion in this group and in the next one
(490 mg). In a second period, the inclusion restarted with
three patients in the 35 mg group where no severe events
occurred. After that, during the administration of 70 mg,
only patients #12 and #14 presented grade 3 allergic
reactions, considering this dose as the MTD (Figure 1). In
conclusion, 6 patients were included in both 35 and 70
mg groups whereas other 2 received 245 mg.

All the patients completed the CIGB-300 treatment,
except those who discontinued treatment after the
first dose because of severe adverse events. However
regarding patient #12 (Group II), it was impossible
to obtain gammagraphic images and to collect serial
blood samples because of the severe allergic syndrome.
Therefore she was excluded from the biodistribution and
pharmacokinetic analyses.

Inclusion: patients 1, 2, 3: Dose group: 35 mg _

Period 1 | Inclusion: patients 4, 5, 6: Dose group: 70 mg
g3 AE Allergic
Inclusion: patients 7, 8: Dose group: 245 mg | (both patients) reaction
STOP
Inclusion: patients 9, 10, 11: Dose group: 35 mg
Period 2 l

. . g3 AE Allergic
Inclusion: patients 12, 13, 14: Dose group: 70 mg {2 patients) | reaction

g3 AE: grade 3 Adverse Event

Figure 1 Trial execution.

Biodistribution and pharmacokinetic analysis

The comparisons of both biodistribution and
pharmacokinetic parameters were performed only
between groups of patients who received 35 mg and 70
mg of CIGB-300. Otherwise, data from the two patients
who received 245 mg of CIGB-300 were only descriptive.
Gammagraphic images demonstrated tumor uptake of
CIGB-300 since 10 min after drug administration in all
of the patients. The magnitude of CIGB-300 up taken in
tumor and each main target organ is represented in Figure
2. Interestingly, tumor uptake of CIGB-300 was similar
for the three dose levels during the period of evaluation
(Table 2).
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Figure 2 Uptake of CIGB-300 (mg) in the tumor and main target organs determined by gammagraphy: For each dose, average time profiles during
the first 48 h after radiolabeled CIGB-300 administration are represented. The different number of patients where specific accumulation occurred at
each dose level is shown between parentheses for each organ and tumor. Only one patient demonstrated peptide accumulation in spleen after 245
mg dosage. In one patient (#8) from this group images could not be acquired at 1 h due to technical problems. CIGB-300 was undetectable in tumor
and organs of some patients at 36-48 h. For a more easily visualization scales were positioned according to specific organ or tumor uptake. Standard
deviations are not shown for the sake of simplicity of the illustration.

Table 2 Biodistribution parameters in the tumor.

Group I Group I1 »
Parameter (35mg) (70 mg) o
N=6 N=5 (95% CI)
. 43.1+184 148+11.8 0.03
Maximum uptake
0,
(%ID) (17.2- 60.8) (3.2-30.0) (-1.2;57.8)
. 149+6.4 104 +8.3 0.28
Maximum uptake
(mg CIGB-300) (5.8-21.2) (2.3-21.0) (-10.8; 19.7)
49.1+30.0 33.8+21.0 0.27
Tumor mass (g)*
(13.0-96.0) (89-57.2) (-34.6; 65.2)
0.38+0.22 0.33+0.15 0.39
Maximum uptake (mg/g)
(0.17 - 0.66) (0.07 - 0.44) (-0.31; 0.41)
AUC48 (mg*h) 181 +112 280 +212 0.30
(38.6-310) (72.1-598) (-461; 263)
42+3.2 274 +214 0.09
Biological half-life (h)
(1.6-8.0) (3.0-61.9) (-57.7;11.3)

Data are reported as mean * standard deviation (range)
p: probability that the difference was > 0

CI: confidence interval for the differences

*Calculated from MRI initial data
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The maximum uptake (10-15 mg) was obtained from 10
min to 1 hr after intratumoral administration, and values
gradually decreased until 48 h. Individually, two patients
from Group I reached 60% ID (> 20 mg) up taken in
the tumor; contrarily, one patient from Group II only
reached 3% (2 mg) as observed in Figure 3. Therefore the
probability of equality between both groups according to
maximum retention expressed as %ID was very low (p =
0.03). These groups were no different neither regarding
the maximum CIGB-300 uptake expressed as mg of CIGB-
300 nor respect to the uptake corrected by the tumor
mass nor AUC,s (mg+h). A trend towards higher values
in the Group II was observed for the biological half-
life since the probability of equality was lower than 0.1
(Table 2). A significant linear correlation between tumor
mass and maximum uptake (mg CIGB-300) was detected
(Spearman’s correlation = 0.692, p = 0.009).

Inorgans, thehighestaccumulation occurredinthekidneys
with the 245 mg dose as expected, however patients that
received 70 mg of CIGB-300 experienced accumulation
levels in kidneys several times higher than in those who
received 35 mg (Figure 2). No apparent renal dysfunction
was observed in any of the patients included in this
study. Accumulation of CIGB-300 was also observed at a
lesser extent in liver, spleen, heart and lungs. Unspecific
accumulation in sensitive organs and other tissues as the
brain and bone marrow was not observed.

The pharmacokinetic profiles of CIGB-300 in serum after
the first intratumoral injection of 35 or 70 mg are shown
in Figure 4. The peptide was rapidly absorbed, reaching
its maximum levels in serum at 5-15 min after CIGB-
300 administration and gradually decreased until the
drug was practically cleared from systemic circulation
in 12-24 h. Of note, those patients, who received 70 mg,
evidenced higher levels of CIGB-300 during the first hour.
Nonetheless, both doses behave similar after 2 h of drug
administration. Interestingly, no significant differences
on the pharmacokinetic profile were experienced when
comparing administration of 35 and 70 mg of CIGB-300
(Table 3). A high inter-individual variability was detected
inside each group mainly associated with the reduced
number of individuals.

The accumulative percentage of CIGB-300 excreted in
urine at each time interval for the three tested doses
are shown in the Figure 5. During the first 4 h around
25% of the 35 mg dose and 40% of the 245 mg dose
were eliminated, but only around 6% of the 70 mg dose
of CIGB-300. Since that moment, the elimination rates
drastically decreased in the three groups. Therefore, at 24
h, no group reached 50% of total excretion. Median values
were 42.4% (14.8 mg) in Group I, 8.7% (6.1 mg) in Group
Il and 48.3% (118 mg) in Group III. Differences between
groups I and II were close to significance (p = 0.052).

Safety and tolerability
A total of 289 AE were recorded, 247 (85.5%) of them

Fatog ? Pat10 *

Tumor: 60.8%

Kidneys: 1.2%

Liver: 0.5%

Spleen: 0.2%

Rest of the body: 37.3%

Tumor: 3.1%

Kidneys: 4.8%

Liver: 9.2%

Spleen: 1.1%

Rest of the body: 81.8%

ANT POST ANT POST

"
" m - -

Figure 3 Examples of Whole Body Images at the first time (10 min) of
evaluation after intratumoral injection: Individual percentages of the
injected dose (%ID) of radioactivity specifically up taken in the tumor
and source organs are shown. Patients 10 received 35 mg of 99mTc-
labeled CIGB-300 and patient #04 received 70 mg of the same product.

were systemic. More than 70% of the events presented
in each group were mild whereas moderate events were
presented with the same frequency at the 3 dose levels.
The severity of the events had a direct relationship to
the administered dose. In the group that received 35 mg
of CIGB-300 severe adverse events were not recorded,
however in patients treated with 70 mg and 245 mg two
grade 3 allergic reactions took place after the first dose
in two patients. Therefore, the estimated MTD in this
assay was 70 mg, it means the highest dose level at which
< 30% of patients experienced DLT. A higher rate and
severity of these events was recorded after the first dose
in the first two groups, decreasing with subsequent CIGB-
300 administrations (data not shown). Table 4 lists the
local and systemic toxicities observed during the study
for each dose. Groups I and Il were very similar according
to type of events. Some of them were absent or had a

10*E

CIGB-300 (ug/ml)

Time (hours)

Figure 4 Average CIGB-300 concentration in serum after the first
intratumoral administration: Data correspond to cervical cancer
patients who received 35 mg (solid line, N = 6) or 70 mg (dashed line,
N = 5) of 99mTc-labeled CIGB-300. Concentrations obtained after 245
mg injection were much higher, thus these are not shown. Standard
deviations are not shown for the sake of simplicity of the illustration.
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Table 3 Pharmacokinetic parameters in serum.

Group | Group Il
Parameter (35mg) (70 mg) p (95% CI)
N=6 N=5

AUCy, (ng*h/mL) 14.5 £ 49.2 19.6 £5.2 0.56 (-66.9; 56.7)
Cmax (pg/mL) 33+68 7.3 +10.8 0.66 (-23.0; 15.1)
Tmax (h) 0.75 = 4.8 0.08 = 0.2 0.41 (-5.3; 6.5)
A (h-1) 0.09 = 0.06 0.10 = 0.05 0.57 (-0.12; 0.09)
t1/2 (h) 16.6 = 16.3 9.2 £6.6 0.26 (-15.4;30.2)
AUCinf (ug*h/mL) 11.9 +91.2 20.6 * 14.0 0.56 (-124; 107)
Vd/F (L/Kg) 03 +23 0.4 0.7 0.53 (-3.2; 3.0)
CL/F (L/h*Kg) 0.04 = 0.03 0.05 = 0.01 0.69 (-0.05; 0.03)
MRT,, (h) 7.0 =84 5.0+ 34 0.37 (-9.8; 13.8)
MRT,, (h) 24.2 + 24,6 10.7 = 7.8 0.21 (-19.5; 46.5)

Data are reported as median + quartile range, except for 4, t1/2, CL/F and MRTinf expressed as mean + standard deviation.

p: probability that the difference was > 0
CI: confidence interval for the differences

50 4
40
30 A

20 4

% Dose (mg) excreted

10

0-2h 2-4h 4-8h 8-12h 12-16 h 16-24 h
Interval

Figure 5 The mean accumulative percentage of the CIGB-300 dose
(in milligrams) excreted in urine at each time interval after the first
intratumoral administration: Data correspond to cervical cancer
patients who received 35 mg (black bars, N = 6), 70 mg (squared bars, N
=5) or 245 mg (shady bars, N = 2) of 99mTc-labeled CIGB-300.

lower frequency in the Group III as only one dose could be
administered. All patients experimented some allergic-like
reaction. These reactions included hot flashes (78.6%),
flushing (71.4%), and extensive or localized itching, rash
or bumps (50% or more) that lasted for a few min to 8 h
with a further spontaneous resolution.

Interestingly, the adverse events classified as “allergic
reaction” [17] had a significant correlation with the
histamine levels in plasma and these in turn were related
to the CIGB-300 concentration (Table 5). Thus, the allergic
reactions grade 3 was identified as the DLT in this study.

The cardiovascular events such as tachycardia,
hypotension, hypertension and palpitations were mild
and had a rapid and spontaneous resolution. The most

common local events in the genital apparatus were pain
in lower abdomen (78.6%) and tumor bleeding (57.1%)
without necessity of further treatment.

Vital signs remained within normal ranges except for
the reduction in heart beats and blood pressure during
the first hour after the first application in the group that
received the maximum dose. There were no differences
between baseline and post-treatment blood counts and
serum chemistry results in each group (data not shown).

Biological effect of CIGB-300

The immunohistochemical analysis of B23/NPM was
performed only in those patients who fulfilled the drug
regimen (10 patients). Interestingly, CIGB-300 treatment
reduced B23/NPM levels in the nucleolus of cervical
tumor cells in 7/10 evaluated patients (p = 0.034).
A representative picture of the reduction of the B23/
NPM nucleolar expression after CIGB-300 treatment is
provided in Figure 6. Otherwise, CK23 levels were not
modulated by the CIGB-300 treatment as demonstrated
by immunohistochemistry (data not shown).

Discussion

The design of this study was conceived to explore
the tumor uptake, MTD, DLT, pharmacokinetics and
signs of biological effect of CIGB-300 neoadjuvant to
chemoradiotherapy in women with cervical cancer stage
IB2/1L.

Data obtained from the biodistribution analysis
demonstrated that intratumor injection of CIGB-300
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Table 4 Frequency of local and systemic adverse events recorded at each dose level.

Group | Group 11 Group Il
Type of AE (35mg) (70 mg) (245 mg) BF (HOProb)
N=6 N=6 N=2
Pain in lower abdomen 4 (66.7%) 5(83.3%) 2 (100%) 0.63 (0.62)
Local Tumor bleeding 5(83.3%) 3(50.0%) 0 3.87(0.21)
Vaginal discharge 2(33.3%) 0 0 0.94 (0.52)
Allergic reaction 6 (100%) g3? 51(203?2/0) g3:2 (100%) 0.16 (0.87)
Hot flashes 6 (100%) 5(83.3%) 0 9.39 (0.10)
Headache 5(83.3%) 4 (66.7%) 1 (50.0%) 0.86 (0.54)
Flushing 4 (66.7%) 5(83.3%) 1 (50.0%) 0.86 (0.54)
Tachycardia 4 (66.7%) 4 (66.7%) 2 (100%) 0.69 (0.59)
Extensive itching 3(50.0%) 3 (50.0%) 2 (100%) 1.16 (0.46)
Extensive rash 3(50.0%) 3 (50.0%) 1 (50.0%) 0.66 (0.60)
Localized rash 3(50.0%) 3(50.0%) 0 1.16 (0.46)
Conjunctival injection 2(33.3%) 2 (33.3%) 2 (100%) 2.07 (0.33)
Systemic
Hypotension 1(16.7%) 4 (66.7%) 1 (50.0%) 2.58(0.28)
Extensive cramps 2 (33.3%) 2 (33.3%) 1 (50.0%) 0.69 (0.59)
Localized itching 4 (66.7%) 1(16.7%) 0 3.44 (0.23)
Localized facial edema 2(33.3%) 2 (33.3%) 0 0.69 (0.59)
Extensive bumps 2 (33.3%) 1(16.7%) 0 0.63 (0.62)
Vomiting 2 (33.3%) 1(16.7%) 0 0.63 (0.62)
Nausea 1(16.7%) 0 1 (50.0%) 1.17 (0.46)
Retrosternal pain 1(16.7%) 1(16.7%) 0 0.08 (0.93)
Vasovagal syndrome 0 0 1 (50.0%) 1.08 (0.48)

Data are presented as number of patients with each adverse reaction (%).
BF: Bayes’ factor toward the hypothesis of dependency

(Ho Prob): Probability of independency

g3: grade 3 adverse event

Other local (edema, ardor) and systemic (localized cramps and bumps, hypertension, dizziness, bradycardia, tremors, dyspnea, asthenia, distal
cyanosis, palpebral edema, sleepiness, ringing in the ears, palpitations, extrasystole, hoarseness, adiamic, bronchospasms, dry mucosa) AE were only

observed in one patient each one.

Table 5 Spearman rank order correlation of serum CIGB-300 concentration and the severity of the allergic reaction with histamine levels. Overall

analysis.
Variable Spearman R value p
CIGB-300* 0.721 0.000001
Grade AR** 0.621 0.041

AR: Allergic reaction
*Correlation was significant at the 0.01 level (2-tailed)
**Correlation was significant at the 0.05 level (2-tailed) 15 min after injection
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Figure 6 Representative pictures of the B23/NPM expression in cervical
tumors: Paraffin-embedded tumor biopsies were deparaffined and
further processed for immunohistochemistry as described in material
and methods. Finally, biopsies were stained with peroxidase stain and
further contrasted with hematoxylin. A and B represent the typical
baseline and post-CIGB-300 treatment levels of B23/NPM, respectively.

leads to a high tumor uptake which is markedly superior
to those achieved for other cancer targeted therapies
systemically administered. That is the case of monoclonal
antibodies where <1% of the antibody reach the tumor
[20]. Interestingly, the percent of injected drug in this
study was lower as the CIGB-300 increased hence leading
to a high accumulation in source organs (e.g. kidneys).
It means those patients who received 35 mg of the drug
showed higher tumor uptake than those ones received 70
mg (43% vs.15%). However, no major differences were
observed in the total amount of CIGB-300 uptake in the
tumor per se when comparing both doses. Such a finding
leads to the speculation that a putative “saturation” of the
tumor uptake of CIGB-300 in that dose range could take
place. Such hypothesis needs to be clarified in further
clinical and non-clinical studies.

Nonetheless, other factors related to the way of delivery
could strongly influence on the tumor uptake. These
factors are the volume of administration, in this case 2
ml, the injection at a single site and the time of delivery
(3-5 min). The actual impact of such a factors in the tumor
uptake of CIGB-300 merits further confirmation.

As expected for cationic peptides and verified in previous
unpublished non-clinical studies with CIGB-300, it seems
to be excreted by the kidney and liver. Importantly, despite
CIGB-300 trended to accumulate in kidneys as determined

at 24 h after the first administration, renal toxicity was no
detected at short or middle term in any patient.

The low levels of CIGB-300 detected in urine at 24 h
after the first administration were coincident with the
renal accumulation observed in that experimental point.
Therefore, these findings suggest that the peptide was not
completely excreted from the body in 24 h after a single
injection of 35 and 70 mg of CIGB-300.

The pharmacokinetic profile of CIGB-300 showed a
close relation to the whole body distribution, mainly in
the tumor. The higher Cmax obtained in blood with 70
mg compared to 35 mg indicates a more profound and
rapid escape from the site of administration toward blood
stream.

Data collected in this study permit to assume that 35 and
70 mg of CIGB 300 are safe when injected intratumorally
in patients with cervical cancer stage IB2/11, and that 70
mg can be considered as the MTD in this clinical setting.
The appearance of allergic reactions after administration
of anticancer drugs, including kinase inhibitors, has been
previously reported [21, 22]. However, the systemic
"allergic-like" events observed after CIGB-300 treatment
were transient and well-controlled. Such events were
caused by the histamine release in the blood stream and
its severity did correlate with the histamine levels. This
syndrome could be also related to CIGB-300's molecular
structure, composed by several predominantly positively
charged amino acids that make it a very basic peptide
and, therefore, behave as a potential histamine releaser
[23]. The prophylactic use of antihistamine medication
in cancer patients under treatment with these or higher
CIGB-300 doses should be studied in future clinical trials.
On the other hand, the single vasovagal event reported
does not seem to be drug-related but rather associated
with the mode of application. This event previously
presented during administration of this product [14] has
been also reported during uterine cervix manipulation
with different techniques [24].

Despite this study was not designed to evaluate the
therapeutic efficacy as the primary objective, we aimed
to look for a putative response biomarker linked to
the mechanism of action of CIGB-300 as suggestive of
clinical activity. As a molecular targeted agent, CIGB-300
inhibits the CK2-mediated phosphorylation of the B23/
NPM nucleolar protein and this event lead to apoptosis
in tumor cells. Furthermore, degradation of B23/NPM on
CIGB-300-treated cells has been also documented in non-
small cell lung cancer cells with great sensitivity toward
CIGB-300 [10, 11]. Therefore, the decrease on the B23/
NPM might be indicative of some clinical activity at the
molecular level. Interestingly, our data suggest an overall
non-dose related reduction in B23/NPM levels in tumors.
These findings are in line with those from biodistribution
in which a plateau of the tumor uptake was observed for
35 and 70 mg of CIGB-300. The evaluation of B23/NPM
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in future Phase 2 clinical trials with CIGB-300 could help
to monitor molecular changes that could be important in
controlling tumor growth.

Conclusions

Altogether, here we have demonstrated that CIGB-300 can
achieve high levels of tumor uptake when locally delivered
by intratumoral injections. This route of administration is
safe with an MTD of about 70 mg and the histaminergic
reactionsasthe DLT. Thedosesof35and 70 mgof CIGB-300
reach a plateau in terms of tumor uptake and molecular
events induced by this peptide in tumor biopsies. Although
not designed for efficacy, there were signals of activity
associated with CIGB-300 administration in this study.
Therefore, CIGB-300 represents a novel peptide-based
drug that merits to be tested in future Phase 2 clinical
trials in patients with cervical cancer stage IB/II before
going to chemoradiotherapy.
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