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Abstract

Objective: Thymic hypoplasia (TH) in children is a known cause of recurrent infections, often
indicative of immunodeficiency. This study aimed to evaluate the efficacy of Biomodulina T, a
thymic polypeptide fraction, in pediatric patients with TH, with or without associated cellular
immunodeficiency.

Materials and Methods: A non-controlled, phase Il clinical trial was conducted among
children aged 1-5 years (n=60) and registered in the Cuban Public Registry of Clinical Trials/
International Clinical Trials Registry Platform (ID code RPCEC00000247). Patients were divid-
ed into two groups: Group | (n=44), with TH without cellular immunodeficiency; and Group I
(n=16), with TH and cellular immunodeficiency. Biomodulina T was administered intramus-
cularly (IM) in two 4-week cycles, separated by a 4-week rest period. Patients who had not
achieved normal thymic size by week 16 received a third, 8-week cycle.

Results: Both groups showed significant increases in thymic size from baseline (p<0.0001),
with no significant difference between them. The mean increase was 67% (95% Cl 61-73%),
and 86.5% of patients completed treatment with thymic size within the normal range. Bac-
terial infections decreased by 91.5%, and viral infections by 80.7%, accompanied by a reduc-
tion in antibiotic use. In patients with cellular immunodeficiency, Biomodulina T significantly
increased in CD4+ T lymphocytes (p=0.018), while no significant changes were observed in
CD8* T cells, CD19+ B cells, and CD56+ natural killer (NK) cells. Serum immunoglobulin
A (IgA) levels also increased significantly. Overall, 82.7% of patients were classified as im-
proved, showing both normalization of the thymic size and a 50% reduction in infections.

Conclusion: Biomodulina T was clinically effective in the treatment of TH in children, re-
gardless of the presence of cellular immunodeficiency.
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Biomodulina T for Thymic Hypoplasia in Children

Introduction

The thymus is a primary lymphoid organ essential for
the development and maturation of immunocompetent
T cells. Its size decreases progressively throughout life,
with involution typically beginning after puberty (1,2).
Both genetic and environmental factors regulate thymic
development. Thymic hypoplasia (TH) and aplasia refer
to a small or absent thymus, particularly in small chil-
dren. These conditions are most commonly associated
with DiGeorge Syndrome and other congenital T-cell
disorders (3,4). Additionally, viral and bacterial infec-
tions can cause thymic atrophy or impair its regenera-
tive capacity (1,2).

Although TH is not highly prevalent, it poses a sub-
stantial burden on affected children, their families, and
healthcare systems. It is associated with increased risk
of morbidity and mortality, high treatment costs, and
excessive use of antibiotics (5). Currently, no validated
treatment exists specifically for TH. However, thymic ex-
tracts have shown promising clinical results. They influ-
ence the T cell development, maturation, and cytotoxic
function, as well as enhance phagocytic and cytotoxic
activity (6).

Biomodulina T (BIOCEN, Cuba) is an injectable bovine
thymic extract registered in Cuba as an immunomodu-
latory biological drug, containing low-molecular-weight
polypeptides (7). It is indicated for conditions charac-
terized by cellular immunological dysfunction, such as
recurrent infections in the elderly. Biomodulina T stim-
ulates lymphoblastoid mitosis and influences the matu-
ration and differentiation of T lymphocytes (7,8). Recent
studies in older adults demonstrated increases in naive
CD4+ and CD8+ T cells, the CD4+/CD8+ ratio, as well as
B and natural killer (NK) cells (9-12).

Between 1999 and 2007, Mollineda et al. (13), Christian
et al. (14,15), and Rabassa et al. (16) were the first to
report the use of Biomodulina T for treating TH in pe-
diatric patients with recurrent infections. These studies
showed favorable clinical outcomes, although immuno-
logical responses were not evaluated.

The objective of the present study was to evaluate the
efficacy of Biomodulina T in a clinical trial involving
pediatric patients with TH, with or without associated
cellular immunodeficiency. In addition to clinical out-
comes and changes in thymic size, the study also as-

sessed immunological parameters, including CD3+CD4+
and CD3+CD8* T cell subsets, in patients with cellular
immunodeficiency.

Materials and Methods

Study Design

This study was designed as a single-arm, phase I,
multicenter, non-controlled, non-randomized clinical
trial involving two groups of pediatric patients receiv-
ing treatment. The trial was prospectively registered
in the Cuban Public Registry of Clinical Trials (ID code
RPCEC00000247), a database recognized by the World
Health Organization’s (WHO) International Clinical Trials
Registry Platform.

The study was conducted in accordance with the eth-
ical principles outlined in the Declaration of Helsinki,
the Good Clinical Practice (GCP) guidelines, and the na-
tional regulatory standards established by the Center
for State Control of Medicines, Equipment, and Med-
ical Devices (CECMED, Cuba). The study protocol was
approved by the Ethics Committee of the Institute of
Hematology and Immunology (Cuba) on December 13,
2016. Written informed consent was obtained from the
parents or legal guardians of all participants prior to
enrollment.

Patient Selection

Children aged 1 to 5 years, of any gender, who attended
the immunology service at the Institute of Hematology
and Immunology and at the Pediatric Hospital “Angel
Arturo Aballi”, were screened for inclusion. Patients were
divided into two groups. Group | included children with
TH and clinical manifestations of immunodeficiency, but
without a confirmed laboratory diagnosis of cellular im-
munodeficiency. Group Il included patients with TH, clin-
ical symptoms, and a confirmed laboratory diagnosis of
cellular immunodeficiency.

Thymic hypoplasia was diagnosed when the thymic area
measured less than 1000 mm?2. Severity was classified as
follows: severe for values less than 500 mm2, moderate
between 500 and 799 mmz2, and mild between 800 and
999 mmz2 (16). Cellular immunodeficiency was diagnosed
based on age-specific reference values for CD3+CD4+ and
CD3+CD8* T cells, CD19+ B cells, CD3-CD56+ NK cells,
and the CD4+/CD8+ T cell ratio, following the criteria of
Comans-Bitter et al. (17).
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Table 1. Treatment scheme.
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lto4 1 vial IM 2x/week 1 vial IM weekly 1 vial IM 3x/week 1 vial IM 2x/week 1 vial IM weekly
5to8 Rest

9to 12 1 vial IM weekly 1 vial IM 2x/week 1 vial IM weekly

13to 16 Rest period

17t0 24 1 vial IM weekly

25to 32 Rest period

TH: Thyroid hormone, IM: Intramuscular.

Exclusion criteria included: a history of severe allergic
reactions or severe generalized eczema; diagnosis of
DiGeorge syndrome or other non-cellular immunodefi-
ciencies (except IgA deficiency); steroid use within the
previous 45 days; malignancy or autoimmune disease;
chronic diseases such as type | diabetes mellitus (DM) or
other decompensated endocrinopathy; severe congeni-
tal malformations requiring ongoing medical or surgical
intervention; and hemoglobin levels below 9 g/L.

Treatment

All patients received intramuscular (IM) Biomodulina T
(3 mg; BIOCEN, Cuba). Treatment consisted of an initial
4-week cycle, followed by a 4-week rest period, and then
a second 4-week cycle, again followed by a 4-week rest
period. Within each treatment cycle, patients received 1,
2, or 3 weekly doses depending on TH severity (Table 1).
Patients whose thymic size had not normalized by week
16 received a third treatment cycle of one IM vial per
week for 8 weeks, followed by an additional 8-week rest
period. Patients were evaluated at the end of weeks 8,
16, 24, and 32.

Concomitant treatments included oral vitamin C and vi-
tamin A, administered daily throughout the study period.
Allergic children were also given available oral antihista-
mines as needed.

Outcomes and Evaluations

The primary outcome of the study was the thymic area,
assessed by ultrasonography using real-time mobile ul-
trasound devices (Philips Affiniti 70 and MINDRAY MCI)
equipped with high-resolution pediatric transducers.
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Scans were performed in sagittal parasternal (angled from
the upper edge of the second rib to the lower edge of the
fourth rib at the sternum) and axial trans-sternal planes at
the level of the sternal angle. All measurements were tak-
en during the expiratory phase. The ultrasonography was
performed at baseline, and at weeks 16 and 32. Secondary
outcomes included the frequency and etiology of infec-
tions (categorized as bacterial, viral, fungal, or parasitic),
antibiotic consumption, and hospital admissions.

A categorical composite variable termed the General
Clinical Response Criterion (GCRC) was employed to as-
sess overall treatment efficacy. Patients were classified
as follows:

m Better: Normalized thymic area and >50% reduction
in infection frequency compared to baseline

m  Worse: Unchanged or reduced thymic area and sta-
ble or increased infection frequency

m Equal: Any outcome not meeting the criteria for
“better” or “worse”

Lymphocyte subpopulations were quantified using flow
cytometry (GALLIOS cytometer, Beckman Coulter, USA)
with fluorochrome-conjugated monoclonal antibod-
ies (anti-CD3-PC5, CD4-FITC, CD8-PE, CD56-APC; Dako,
Denmark; Miltenyi Biotec, Germany). Serum levels of to-
tal IgG, IgM, and IgA were measured using immunoturbi-
dimetric assays (SPAPLUS, The Binding Site, UK).

Statistical Analysis
The statistical hypothesis was based on the results of
prior studies conducted in Cuba (13-15). Using a linear
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regression model, the expected slope of the thymic area
was 45.9 + 6.71 mm2/month. Sample size was calculat-
ed according to Dupont and Plummer (18) for regres-
sion-based designs, with a=0.05 and 1-$=0.9. Assuming
a 60% increase in the thymic area at week 32, 55 pa-
tients were required. To account for potential dropouts,
the final sample size was set at 60.

Statistical analyses were performed using SPSS version
25 (IBM Corp., Armonk, NY, USA) and GraphPad Prism
version 8.0 (GraphPad Software, San Diego, CA, USA).
Normality of data distribution was assessed using the
Kolmogorov-Smirnov and Shapiro-Wilk tests to deter-
mine the suitability for parametric analysis. Continu-
ous variables were analyzed using two-way ANOVA and
mixed-effects models, as appropriate. Categorical vari-
ables were compared using Fisher’s exact test. A p-value
<0.05 was considered statistically significant.

Results

The study included 60 patients: 44 in Group | and 16 in
Group Il (Table 2). A total of 52 patients (86.6%) com-
pleted the treatment regimen and were evaluated at
week 32, thus providing valid data on the primary vari-
able (thymic area) (Figure 1, CONSORT flow diagram).
There were eight treatment interruptions (13.3%),
four in each group. The leading causes of interruption
were voluntary withdrawal or worsening clinical condi-
tions.

The median age of participants was 2 years. Baseline de-
mographic characteristics and risk factors are shown in
Table 3. Overall, no significant differences were observed

Table 2. Patients according to TH classification and assigned group.

between the groups, except for a higher frequency of
personal history of allergic diseases in Group I. No signif-
icant differences in perinatal history were found between
groups.

The thymic area increased as the treatment progressed,
with a significant difference from baseline at week 16,
and a more pronounced increase by week 32 (p<0.0001)
(Figure 2). Both groups showed similar trends without
significant intergroup differences. The mean increase by
the end of treatment was 67% (95% Cl 61-73%) com-
pared to baseline. At the individual level, 45 of the 52
patients (87%) achieved a thymic area within the normal
range, demonstrating high efficacy of the treatment for
the primary outcome.

Consistent with the increase in thymic area, the frequen-
cy of infections decreased progressively, with a signifi-
cant reduction observed as early as week 8 (p<0.0001),
and no significant differences between groups (Figure
3A). The mean reduction in infection frequency was 84%
(95% Cl 70-95%) compared to the baseline. Bacterial
and viral infections predominated; fungal and parasitic
infections were rare. The reduction in bacterial and viral
infections was significant by week 8 (p<0.0001), with a
slightly greater effect observed for bacterial infections
(Figure 3B). Correspondingly, antibiotic use declined sig-
nificantly from week 8 onward (p<0.0001) (Figure 3C).
While 96.5% of patients used antibiotics at baseling, this
figure fell to 7.69% by week 32, with no hospital admis-
sions reported.

The composite variable CGRC, which integrates thymic
area and infection frequency, showed that no patients
were classified as “worse”, and 82.7% were classified as

Group | Group Il
TH Classificati (without cellular (with cellular
assification immunodeficiency) immunodeficiency)
n (%) n (%)

Severe 6(13.6) 2(12.5) 8(13.3)
Moderate 38(86.4) 10 (62.5) 48 (80.0)
Mild 0(0) 4(25.0) 4(6.7)
Total 44 (100) 16 (100) 60 (100)

TH: Thyroid hormone.
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Figure 1. CONSORT flow diagram of the clinical trial.
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Table 3. Demographic data and underlying disease characteristics by study group.

Group | Group Il
o (without cellular (with cellular
Characteristic immunodeficiency) immunodeficiency)
n=44 n=16
Age, years
Median (IQR) 2.00 (1.00-2.25) 2.00 (1.00-3.00) 1.00 (1.00-2.00)
0.52
Mean (SD) 1.90(0.99) 1.95(0.94) 1.75(1.13)
Sex, n (%)
Female 32(53.3) 23(52.3) 9(56.3)
0.78
Male 28 (46.7) 21(41.7) 7(43.8)
Skin color, n (%)
White 38(63.3) 29 (65.9) 9(56.3) 0.70
Mestizo 19(31.7) 13(29.5) 6 (37.5) 0.70
Negro 3(5.0) 2(4.6) 1(6.3) 0.70
Asthma FPH, n (%) 41(68.3) 28 (63.6) 13(81.3) 0.19
Allergic diseases FPH, n (%) 50(83.3) 34(77.3) 16 (100.0) 0.050
Mean weight (SD), kg 13.33(3.01) 13.59 (3.14) 12.63(2.57) 0.24
BMI, mean (SD) 16.73(2.13) 16.76 (2.29) 16.63 (1.67) 0.80
1 Student’s t test; Chi-square test of independence; Fisher’s exact test.
IQR: Interquartile range, SD: Standard deviation, FPH: Family pathological history, BMI: Body mass index.
“better”, with no significant differences between groups. 1500 — f enn !
According to the intention-to-treat analysis, which includ-
ed patients who discontinued treatment, 71.7% demon- & ] e 1_
strated improvement based on the CGRC (Table 4). E 1000 o® |
= -
. < | °
Evaluations of T cell markers (CD4+ and CD8+), as well as o —
=3
B lymphocytes (CD19+) and NK cells (CD56%), were per- E 500+ [
formed in Group Il at baseline and week 32. A significant = °
increase was observed in the relative proportion of CD4+ .
T cells (p=0.018) and the sum of CD4+ and CD8+ T cells © - - -
. . . 0 16 32
(p=0.016) (Figure 4). The CD4/CD8 ratio showed an in- N
. . . . . . . Wee S
creasing trend, although it did not reach statistical signif-
icance (p>0.05). No significant changes were detected in Group| [l Groupl [l Overall

B lymphocyte and NK cell populations (data not shown).

Figure 2. Increase in the thymic area following Biomodulina T

Among the enrolled patients, 13 had decreased serum
IgA concentrations. A significant increase in IgA was ob-
served, from a mean of 0.41 (+ 0.13) to 1.58 (+ 1.32)
(p=0.013; Wilcoxon signed rank exact test) at week 32.

treatment.

**** |ndicates statistically significant difference (p<0.0001) compared to
baseline (week 0) for both groups and the total sample; analysis performed
using mixed-effects model.
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Table 4. General results of the categorical clinical variables and comparison between treatment groups.

Group | Group Il
Characteristic : (without c.el.lular : (with cel}u_lar
immunodeficiency) immunodeficiency)
n=44 n=16

Thymic area, n (%)
Reaches normal value 45 (86.5) 35(87.5) 10 (83.3)
Equal 7(13.5) 5(12.5) 2(16.7) 0.65 (ns)
Could not be determined 8 4 4
Infections, n (%)
Decrease > 50% 48(92.3) 36 (90.0) 12 (100)
Decrease 0 - 50% 2(3.85) 2(5.00) 0(0)

0.56 (ns)
Increase 2(3.85) 2(5.00) 0(0)
Could not be determined 8 4 4
CGRC clinical response, n (%)
Better 43 (82.7) 33(82.5) 10 (83.3)
Equal 9(17.3) 7(17.5) 2(16.7)

1.00 (ns)
Worse 0 0 0
Could not be determined 8 4 4

1 Fisher's exact test comparing both groups.
CGRC: Clinical global response to chelation, ns: Not significant.

Normal IgA values were restored in 4 patients (30.8%,
p=0.012). No significant changes were observed in IgG
and IgM levels.

Discussion

The present study evaluated the administration of the
thymic polypeptide fraction Biomodulina T in children
with TH. The results demonstrate not only clinical bene-
fits, evidenced by a sharp reduction in infections associ-
ated with the increase and normalization of the thymic
size, but also an increase in immunological markers such
as the proportion of CD4+ T cells in peripheral blood and
the concentration of serum IgA antibodies.

The thymus is highly active during the prenatal period
and grows naturally after birth, primarily during the first
4 to 6 months of life (1,2). Although it continues to in-
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crease in weight until puberty, its proportional size rel-
ative to the mediastinum decreases. After puberty, the
gland undergoes gradual physiological involution. The
size of the thymus, as well as its growth, has been asso-
ciated with prenatal nutrition, birth weight, and breast-
feeding (1,2). Children with a small thymus in the first
years of life often present clinically as immunodeficient.
Currently, the measurement of the thymic area is a rec-
ognized tool in the clinical practice of pediatric immu-
nology in Cuba (19-22). These findings support further
exploration of the relationship between TH and infection
susceptibility in children and align with the results ob-
served in the present investigation.

The lack of a control group in this study could be a po-
tential source of bias. However, a control group was not
included due to ethical concerns; it was not considered
appropriate to withhold a treatment already in routine
clinical practice in Cuba, even if it is not yet an officially
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Figure 3. (A) Reduction in infection frequency by treatment group. (B) Reduction by infection etiology (bacterial vs. viral). (C) Decrease

in antibiotic use.

For (A) and (C), all post-baseline time points showed a significant difference vs. baseline (p<0.0001, mixed-effects model). For (B), bacterial infections showed
a significantly greater reduction than viral infections (p=0.011, ANOVA with Tukey post hoc test).
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approved indication, particularly given the absence of
alternative curative options. Nevertheless, the demon-
strated relationship between clinical results and the in-
crease in thymic size and with T cell-dependent immune
markers in a subset of patients adds robustness to the
conclusions. The observed rate of thymic enlargement
was consistent with the statistical hypothesis of the
study (an increase above 60% within 32 weeks), which
was based on data from previous controlled studies con-
ducted in Cuba between 1999 and 2007. Given the age
range of the patients (1 and 5 years) and their previous
clinical histories, the outcome could hardly be explained
by a spontaneous growth of the gland, not associated
with the intervention.

Thymic extracts contain several polypeptides capable of
promoting T lymphocyte maturation (6). Among these,
pro-thymosin a and its terminal fragment thymosin al
have received special attention (22-25). Thymosin al,
also known as timalfasin, is an approved drug in several
countries, indicated for immune reconstitution and the
treatment of viral and bacterial infections, particularly in
older adults. In addition to its immunopotentiating activ-
ity, pro-thymosin a plays a role in intracellular processes
related to cell growth (23). Another major component
of thymic extracts, thymosin p4, has a powerful tissue
regenerative action (26). The exact mechanisms of thy-
mic involution and its reversal remain poorly understood.
Experimental data from mouse models suggest that
thymic stromal cells, rather than hematopoietic cells,
drive thymic involution (27,28). Other substances, such
as growth hormone, have also shown efficacy in immune
system reconstitution and enhancement of thymic mass
in HIV patients (28). These pharmacological activities
of thymic polypeptides seem to be consistent with the
findings of the present study, supporting both immune
responses and thymic growth.

Previous evaluations of Biomodulina T have investigated
its immunological mechanisms of action, primarily in old-
er adults and oncology patients (9-12). However, previous
clinical research in children did not address its immuno-
logical effects. In older adults, Biomodulina T has been
shown to significantly increase naive T cells (both CD4+
and CD8+), as well as CD19+ B lymphocytes and CD56+
NK cells, the latter being key components of innate an-
tiviral immunity. In a recent clinical trial conducted in
nursing homes in Cuba, Biomodulina T reduced COVID-19
lethality in a preventive setting (11). In the present study,
results from children, particularly those with cellular
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immunodeficiency, demonstrated an increase in CD4+ T
cells and a non-significant trend toward increased CD8+
T cells. The CD4/CD8 ratio also showed a non-significant
tendency to increase within the normal range. The small
sample size (only 12 patients) and variability of flow cy-
tometry measurements limited statistical precision. Nev-
ertheless, these results are consistent with previous find-
ings in older adults. An increased CD4/CD8 ratio has been
associated with improved responses to bacterial and viral
infections (29). The results also demonstrated clinical
efficacy against viral infections, although no significant
effect was observed on CD3-CD56+ NK cells.

Of particular relevance is the observed increase in IgA
antibodies, which are an important component of the
adaptive immune response at the mucosal level. The
association between decreased IgA levels and reduced
thymic size may be explained by the immaturity of the
immune system during the first year of life and the role
of Th cells in antibody class switching (30). In addition,
the high prevalence of allergic conditions in this study,
particularly in the group with cellular immunodeficien-
cy (with more than half of Group | and all of Group Il
exhibiting allergic symptoms), constitutes a predisposing
factor for reduced IgA levels.

Few studies have reported the use of thymic extracts or
synthetic thymic peptides in the treatment of aplasia
or TH in children. An early study in 1989 provided pre-
liminary evidence of clinical benefit in a small group of
children with DiGeorge syndrome (31). De Mattia et al.
(32) administered a bovine thymic extract to pediatric
patients with recurrent infections and observed a sta-
tistically significant improvement in lymphocyte-depen-
dent antibacterial activity, along with clinical benefits in
3-year-old children.

In Cuba, several pioneering studies have investigated
children with TH, including populations similar in age
to those in the present trial (13-15). In a 1996 study
involving children aged 8 months to 6 years with recur-
rent infections, the effect of Biomodulina T (34 patients)
was compared to that of Levamisole. Biomodulina T in-
duced a mean increase in thymic area from 520.38 mmz2-
to 907.35 mm2, representing a 74.3% increase (14). In
a subsequent report, eutrophic children with recurrent
infections and a thymic area <1000 mm?2 were studied.
Patients treated with Biomodulina T consistently showed
a greater increase in thymic area, from 603.02 mm?2 to
1003.62 mm?2, a 66% increase (15). In the present study,
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92.3% of patients showed clinical improvement based
on reduced infections, and 82.7% showed improvement
according to the CGRC variable, which also accounted for
thymic size. The mean increase in thymic area was 67%,
closely aligning with previously reported values. These
findings confirm the clinical efficacy of Biomodulina T in
the TH treatment and provide new evidence of improve-
ments in adaptive immunity markers that support the
observed clinical outcomes.

An important contribution of the current research lies in
its methodological framework as a phase Ill clinical trial,
with prospective protocol approval and compliance with
GCP guidelines throughout its execution. Accordingly,
the results are valid not only in terms of their contribu-
tion to scientific knowledge but also for their potential
application in clinical practice in Cuba, supporting the
official approval of a new medical indication (treatment
of TH in children), based on evidence. Although the sam-
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ple size was limited due to the low prevalence of the con-
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