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ARTICLE INFO ABSTRACT

Keywords: We have previously hypothesized that pentoxifylline could be beneficial for the treatment of COVID-19 given its
COVID-19 potential to restore the immune response equilibrium, reduce the impact of the disease on the endothelium and
Lymphocytes alveolar epithelial cells, and improve the circulatory function. Serum lactate dehydrogenase (LDH) and
Il;:flttiz;;kzgrogenase lymphocyte count are accessible biomarkers that correlate with the severity of COVID-19, the need for hospi-

talization, and mortality, reflecting the host immune response’s contribution to the seriousness of SARS-CoV-2
infection.

We carried out this external pilot study on 38 patients with moderate and severe COVID-19 to test the effect
pentoxifylline on parameters such as LDH, lymphocyte count, days of hospitalization, mortality, and proportion
of patients requiring intubation. Twenty-six patients were randomized to receive 400 mg of pentoxifylline t.i.d.
plus standard therapy (pentoxifylline group), while the rest received the standard treatment (control group).
Linear regression models were built for statistically significant parameters.

Pentoxifylline treatment was associated with a 64.25% increase (CI95% 11.83, 116.68) in lymphocyte count
and a 29.61% decrease (CI95% 15.11, 44.10) in serum LDH. Although a trend towards reduced days of hospi-
talization, mortality, and proportion of patients requiring intubation was observed, no statistically significant
difference was found for these parameters.

Our findings open the possibility of pentoxifylline being repositioned as a drug for COVID-19 treatment with
the advantages of a proven safety profile, availability, and no risk of immunosuppression; however, this evidence
needs to be confirmed in a pragmatic randomized controlled trial.

Immunomodulatory treatment

1. Introduction severe disease with various symptoms: fever, cough, myalgia, fatigue,

and dyspnea; it can potentially progress to pneumonia, acute respiratory

The World Health Organization (WHO) declared the coronavirus
disease 2019 (COVID-19) outbreak as a global public health emergency
on January 30, 2020 [1,2]. For the week ending on August 16, 2020, the
WHO reported 1.8 million new COVID-19 cases and 39,000 deaths,
leading to a cumulative total of 21.2 million confirmed cases and
761,000 deaths [3].

Manifestations of COVID-19 ranges from asymptomatic infection to

distress syndrome (ARDS), or multiple organ failure, and even death
[4,5]. Unfortunately, there is still no specific treatment for COVID-19, so
management is limited to supportive therapy, which is guided by the
clinical evolution of the patient and by biomarkers of disease severity
that contribute to therapeutic decision making to reduce mortality rates
in patients [6]. Clinical lab assessments provide information regarding
disease evolution and prognosis, and response to treatment [7]. Among
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these assessments, those with the most significant availability and
accessibility are the lymphocyte count and lactate dehydrogenase (LDH)
[8-10].

The immunological reactions could partially explain the devastating
consequences of COVID-19, such as lung injury, acute respiratory
distress syndrome (ARDS), and multiple organ involvement within 8 to
14 days of disease onset [11]. These severe cases display pathological
changes such as the formation of hyaline membranes, infiltration of
inflammatory cells with multinucleated syncytial cells in the lungs, and
a burst of cytokine release, leading to increased morbidity and mortality
[12,13]. These processes can result in cell death and tissue damage
allowing the release of LDH into the bloodstream since this enzyme is
expressed in a variety of organs, including the heart, liver, muscles,
kidneys, lungs, and bone marrow; in fact, serum LDH has been useful as
an indicator of poor prognosis and the need for admission to the ICU
[8-10].

As an example of the prognostic value of LDH, a multi-center study
involving 1099 patients showed an important correlation between the
extent of tissue damage, inflammation and increased levels of LDH, that
allowed the detection of severe cases of COVID-19 (LDH > 250 U/L;
58.1% vs. 37.2%, P < 0.001)[4]. Furthermore, in their clinical and
radiologic study, Xiong et al. found that LDH levels positively correlate
with the severity of lung abnormalities quantified on CT scans [14].
Therefore, elevation of LDH levels in COVID-19 could reflect the severity
of pneumonia [14]. That is congruent with previous observations that
LDH levels might indicate the extent of inflammation or extensive tissue
damage and are frequently high in viral pneumonia, including SARS
[14]. Besides, LDH levels allowed the identification of 70% of COVID-
19-positive patients with cut-off levels of 210 U/L for COVID-19 posi-
tivity (PPV: 83.3%) diagnosed by rRT-PCR [15]. These results might be
explained by the fact that this enzyme is a marker of lung damage [16]
and that COVID-19 primarily infects the lower respiratory tracts [15].
Several studies have shown a correlation between these lab parameters
and the severity of the disease, the need for hospitalization (either in
general wards or in intensive care units), and mortality [8-10].

In a recent study, Yi Han et al. described that LDH levels were
significantly higher at admission in patients with severe disease
compared to those with the non-severe form. Conversely, CD3+, CD4+,
and CD8 + lymphocyte count were lower. They also determined that
serum lymphocytes and LDH levels were independent predictive factors
for the severity of COVID-19. Using a cutoff value of LDH greater than
344.5 U/L and lymphocyte count lower than 0.985x10%9/L, they were
able to predict severe conditions with excellent accuracy. They also -
found that LDH correlated with low PaO2/FiO2 (P/F) ratio, the high
pneumonia severity index, and a high Lungs affection evidenced by a
computed tomography score. It was also relevant to APACHE II and
SOFA scores, which reflected a strong correlation of LDH with lung
damage and disease severity. Besides, LDH was negatively associated
with lymphocyte count in severe cases during the 14-day observation
period [17].

In another example of the correlation of lymphocyte count and
serum LDH levels with disease severity, a study carried out by Mo et al.
included 155 patients hospitalized with confirmed COVID-19. They
divided them into patients with general COVID-19 if they filled the next
inclusion criteria:

Alleviation of respiratory symptoms (e.g., cough, chest distress, and
breath shortness) after treatment

Maintenance of body temperature without fever for three days
without the use of corticosteroid or antipyretics

Improvement in radiological abnormalities on chest CT or X-ray after
treatment

A hospital stay of < 10 days

Otherwise, the patients were considered refractory COVID-19 [18].
Their study reported a median stay of 10.5 days (IQR: 7-16), in
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congruence with other studies [20]. Furthermore, they found that on
admission, the majority of patients had lymphopenia. Compared with
general patients, refractory patients had a higher level of LDH (P =
0.017) [19].

Increases in LDH levels and the lymphopenia that accompany more
severe forms of COVID-19 may reflect a contribution of the host immune
response to the pathogenic mechanisms involved in SARS-CoV-2 infec-
tion [5]. Indeed, Caricchio et al. proposed predictive criteria for cyto-
kine storm development in patients with COVID-19; with a sensitivity of
0.85 and a specificity of 0.80 [20]. Among these criteria included in
three coherent clusters were low lymphocyte count (belonging to Cluster
D) and high LDH levels (belonging to Cluster II) as markers of inflam-
mation and cell death attributable to tissue damage [20], predicting
greater clinical severity of the disease reflected in a longer duration of
hospital stay (15.1 + 13 vs. 5.7 £ 6.7) and mortality (28.8% vs. 6.6%)
[20].

Also, patients experiencing more severe COVID-19 and those who
required admission to the intensive care unit (ICU) had higher concen-
trations of granulocyte colony-stimulating factor (G-CSF), gamma
interferon-induced protein 10 (IP10), monocyte chemoattractant pro-
tein 1 type 1 (MCP1), macrophage inflammatory protein alpha 1
(MIP1A), and tumor necrosis factor-alpha (TNF-a) [5]. Similarly, pa-
tients who died from COVID-19 had higher levels of interleukin-2 re-
ceptor (IL-2R), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10
(IL-10), and TNF - a compared to survivors of the infection (11]. The
presence of higher concentrations of cytokines and lymphopenia in
COVID-19 patients may be a reflection of uncontrolled replication of the
virus in patients with severe COVID-19 [21], as shown by the association
between decreased lymphocyte count and increased severity of the
disease [22,23] and b3y the fact that patients who died from COVID-19
had lower lymphocyte counts than survivors [23].

This study aimed to test the effect Pentoxifylline (PTX) on parame-
ters such as LDH, lymphocyte count, days of hospitalization, mortality,
and the need for intubation on patients with severe and moderate
COVID-19 in a public hospital in Mexico City based in our previous
hypothesis that Pentoxifylline a phosphodiesterase (PDE) inhibitor with
the ability to reduce the synthesis of the pro-inflammatory cytokines IL-
1, IL-6, and TNF-a [24-26] could decrease the neutrophil/lymphocyte
ratio while restoring Treg/Th17 lymphocyte subpopulations [27]. The
rheological and anti-inflammatory properties of pentoxifylline and its
effects on renin-angiotensin system (RAS) led us to suggest the reposi-
tioning of this drug as an alternative for the treatment of patients with
COVID-19 and as a potential therapeutic tool to restore the immune
response equilibrium, reduce the endothelial and alveolar damage,
improve circulation, and avoid microvascular thrombosis [27]. This
drug also affects the RAS in vitro by inhibiting the expression of angio-
tensin receptor 1 (AT1R). Besides, pentoxifylline can restore glutathione
levels, maintain mitochondrial viability, and preserve microvascular
blood flow, along with the observed improvement in endothelial func-
tion and coagulation that encouraged its use for the treatment of
neonatal sepsis, where a reduction in days of hospitalization and mor-
tality was observed. [28-30] Furthermore, in the context of COVID-19,
pentoxifylline has shown improvement in ARDS experimental models
[27].

Moreover, PTX was shown to inhibit TNF-a production by alveolar
macrophages [31-33] Because pulmonary sarcoidosis is a chronic in-
flammatory disease, interactions between an antigen-presenting cell and
an unknown antigen are perceived by naive CD4 + lymphocytes (ThO
cells) and alveolar macrophages, leading to the activation and prolif-
eration of both cell types and the consequent release of IL-2, TNF- a, and
IFN-y [34]. In support of these effects, adding PTX to a systemic steroid
regimen allowed for a steroid dose reduction [35]. Park et al. confirmed
this steroid-sparing effect of PTX in a randomized controlled clinical
trial in patients with pulmonary sarcoidosis, in which PTX improved the
pulmonary diffusion of carbon monoxide and arterial blood oxygen
pressure during exercise, especially in patients who were naive to
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steroid treatment [36]. In addition, to these anti-inflammatory proper-
ties, PTX has also been reported to suppress tissue fibrosis by blocking
TGF-f1 and preventing the deposition of type I collagen [36,37]. Several
in vitro studies have shown that PTX inhibits fibroblast proliferation and
extracellular matrix production [38-40], and a clinical study demon-
strated that administration of pentoxifylline to obese patients decreased
the plasma levels of plasminogen activator inhibitor-1 (PAI-1) [41].
These findings motivated Lee and colleagues [42] to test the effect of
PTX administration in an experimental model of radiation-induced
pulmonary fibrosis in rats, and found a decrease in the expression
levels of both fibronectin and PAI-1. This was considered to be partic-
ularly relevant in light of evidence that PAI-1 expression is elevated in
fibrotic pathological conditions. Indeed, PAI-1 contributes to a reduc-
tion in fibrinolysis rates and a subsequent decrease in the degradation of
components of the extracellular matrix, including fibronectin, leading to
tissue fibrosis [43]. Since there are no clinical guidelines for the man-
agement of pulmonary fibrosis, pentoxifylline is currently recommended
for the prevention and treatment of this condition [44]. Moreover, PTX
was shown to prevent the development of pneumonitis in patients with
breast and lung cancers [45,46].

Therefore, Pentoxifillyne shows promise as a useful therapeutic tool
for COVID- 19 because the RAS is one of the most critical systems
activated during oxidative stress. Upon binding of Ang II with AT1Rs,
the secondary messengers inositol triphosphate and diacylglycerol are
produced, resulting in the production of reactive oxygen and vasocon-
striction [47]. A meta-analysis showed that PTX had an anti-
inflammatory effect in adults with a variety of disorders, including
coronary artery disease, type 2 diabetes mellitus, idiopathic or ischemic
cardiomyopathy, and chronic kidney disease. The statistically signifi-
cant differences were corroborated by a reduction in plasma concen-
trations of TNF-a and CRP and no deleterious effects on blood pressure
[48] Besides. Hendry et al. suggested that pentoxifylline could be
effective in reducing the severity of lung injury in patients with COVID-
19 primarily by its effect on TNF —« [49]. Other hypotheses suggest that
pentoxifylline could be of utility in COVID-19 due to its action in
platelets and related coagulopathy, and rheological effects improving
the blood flow in the microcirculatory disturbances [49].

Taken together, the evidence highlighted herein strongly points to
the benefits of redirecting PTX as an ethical and legal attempt in the
treatment of COVID-19, which can help support patients in critical care
and overwhelmed hospital resources in the face of this pandemic [27].

2. Methods

Volunteers.

An external pilot study was carried out on moderate and severe
COVID-19 patients with the approval of the Research and Ethics Com-
mittee of the Mexican Institute of Social Security (Instituto Mexicano del
Seguro Social, IMSS) (protocol number R-2020785-079) and the
authorization of the Federal Commission for the Protection against
Sanitary Risk (COFEPRIS) (number COF-002495). This research was
carried out under the principles of the Declaration of Helsinki. All par-
ticipants in this study signed informed consent, and their privacy rights
were observed.

We did not use a formal sample size calculation according to Lan-
caster’s suggestion that this may not be necessary for a phase III clinical
trial pilot study. Therefore, we followed the recommendation of a
sample size of between 24 and 50 patients to meet our objective [50].

Sixty-six Mexican patients that were hospitalized for suspected
COVID-19 at the General Hospital of Zone number 27 of the IMSS in
Mexico City from July to August 2020 were assessed for eligibility based
on the following criteria: 1) pneumonia suspected of being caused by
SARS-COV2 with clinical symptoms and signs such as fever, fatigue, dry
cough, anorexia, myalgia, dyspnea, sputum production, dysgeusia, and
anosmia; 2) infiltrates in chest imaging studies (plain radiography or
tomography), 3) confirmation of SARS-CoV-2 infection by viral PCR,
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and 4) signed informed consent for receiving their primary treatment
and pentoxifylline if selected to be included in the pentoxifylline group.
Pregnant or lactating patients were excluded, and also those who did not
wish to participate in the study or had an allergy, intolerance, or
contraindication for pentoxifylline.

Initially, 54 patients met the selection criteria and were submitted to
simple randomization in a 2:1 ratio [51] (pentoxifylline:conventional
treatment). Pentoxifylline was administered orally at a dose of 400 mg
every 8 h from admission to discharge. Concomitant medications were
prescribed following the international guidelines for COVID-19
treatment.

From the 54 patients initially selected, one discontinued the treat-
ment due to abdominal pain, as a probable adverse effect due to PTX. 53
patients were enrolled in the study. Using the NEWS 2 score, 25 and 10
patients were classified as having moderate or severe disease in the
treatment group, respectively. Meanwhile, using the same score in the
control group, 11 and 7 patients were classified as having moderate or
severe disease, respectively. At the end of the study, only 38 patients had
complete data and were included in the final analysis (Fig. 1).

3. Assessments

The vital signs (blood pressure, heart rate, respiratory rate, and ox-
ygen saturation) assessments were performed in the admission and
every 24 h. Blood tests (Complete blood cell count, blood chemistry,
arterial blood gases, liver function tests) were run at the moment of
admission and discretionary according to the clinical needs and
attending physician’s criteria. The average number of days from basal to
post-treatment lab assessments was compared between groups, obtain-
ing no statistically significant difference (5.8 & 4.6 days for controls vs.
5.2 £ 2.5 days for pentoxifylline treated group p = 0.654). At the same
time, scales such as the acute physiology and chronic health disease
classification system II (APACHE II), the sequential organ failure
assessment (SOFA), the Quick sequential organ failure assessment (q
SOFA) and the National Early Warning Score (NEWS) were calculated.
Besides, for LDH and lymphocyte count, the percentage of change be-
tween the basal evaluation and 48-72 h after treatment was calculated.

The number of concomitant medications (ceftriaxone, azithromycin,
levofloxacin, oseltamivir, enoxaparin, tocilizumab, meropenem, and/or
dexamethasone) and comorbidities (diabetes mellitus, arterial hyper-
tension, obesity, and/or tobacco smoking) for each patient was recor-
ded. The need for intubation during hospitalization, days of
hospitalization, and the outcome (discharge due to improvement or
death) were documented.

3.1. Statistical analysis

Results for continuous variables were expressed as mean + SD or
median (p25, p75), while for categorical variables, the results are re-
ported as n (%). Initial comparisons between the pentoxifylline and
control groups were performed as follows: Student’s t-test was used for
continuous variables when the assumptions of normality and homoge-
neity of variances were met, and the Mann Whitney U test when they
were not. Categorical variables were evaluated by employing the Fisher
exact test. We performed a linear regression analysis for the association
between pentoxifylline treatment and the percentages of change in LDH
and lymphocyte count, adjusting by sex, age, number of concomitant
medications, and number of comorbidities.

4. Results

No differences between pentoxifylline and control groups were
found regarding all the basal measurements (Table 1, Table 2 and
Table 3). The majority of volunteers were under treatment with three or
four concomitant medications and had at least one comorbidity.

Some interesting trends were observed: fewer days of
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13 paticnts excluded:

L5 not meeting inclusion criteria
H1 declined participation

-7 other reasons

66 patients assessed
for eligibility

34 patients
randomized

36 patients allocated
in the pentoxifylline
(400 mg every 8 h) +

18 patients allocated
in the standard

standard therapy

1 patient discontinued due

to an adverse event
{abdominal pain)

9 patients with

incomplete data

in the analysis

26 patients included |

therapy only group

6 patients with
incomplete data

12 patients included
in the analysis

Fig 1. Flow diagram of participants. Sixty-six patients were evaluated for eligibility, and 38 of them were included in the analysis.

Table 1
Demographic data of the two groups.

Characteristic Control (n Pentoxifylline (n p-
=12) = 26) value
Age [years(mean + SD)] 62.3 £ 15.3 55.3 +£9.2 0.091
Sex [n(%)] Women 5 (41.7) 12 (46.2) 0.796
Men 7 (58.3) 14 (53.8)
Smoking [n(%)] No 12 (100) 21 (80.8) 0.131
Yes 0(0) 5(19.2)
Arterial hypertension No 8 (66.7) 15 (57.7) 0.599
[n(%)] Yes 4(33.3) 11 (42.3)
Diabetes mellitus 2 [n No 5 (41.7) 14 (53.8) 0.485
(%)] Yes 7 (58.3) 12 (46.2)
Obesity [n(%)] No 7 (58.3) 10 (38.5) 0.252
Yes 5(41.7) 16 (61.5)
Number of 0 4(33.3) 3(11.5) 0.367
comorbidities [n 1 2 (16.7) 10 (38.5)
(%)] 2 4(33.3) 6(23.1)
3 2(16.7) 6(23.1)
4 0(0.0) 1(3.8)
Table 2

Baseline levels, and comparison of APACHE II, SOFA, q SOFA and NEWS scales
between the two groups of intervention.

Characteristic Control (n = Pentoxifylline (n = p-

12) 26) value
SOFA at admission 2.0 (2.0, 2.5) 2.0 (2.0, 3.0) 0.631
qSOFA n(%) at 0 2@16.7) 16 (61.5) 0.036

admission 1 8 (66.7) 8 (30.8)
2 2(16.7) 2(7.7)

Apache II at admission 9.5+ 6.2 7.8+ 4.6 0.340
NEWS at admission 71+1.8 59+22 0.112

Table 3
Baseline levels of the absolute lymphocyte count and lactic dehydrogenase levels
for the control group and the group treated with pentoxifylline.

Characteristic Control (n =12)  Pentoxifylline (n = p-
26) value
Lymphocyte count basal 1.05 (0.87,1.16) 1.16 (0.67,1.10) 0.447
(x10/L)
DHL basal (U/L) 398 (276.0, 399.5 (354.0,505.0) 0.485
571.0)

They are shown as medians and percentiles 25 and 75 because they do not meet
normality.
The p indicates that the baseline values are not statistically different.

hospitalization, lower mortality, and reduced need for intubation in the
pentoxifylline group; however, no statistical significance was obtained.
Besides, although the pentoxifylline group displayed a trend to be older
than the control group, the difference did not reach statistical
significance.

Complete initial and 48-72 h data for LDH and lymphocyte count
were available only for 38 patients. Both assessments resulted signifi-
cantly different between pentoxifylline and control groups (table 4).
Subsequently, linear models showed that pentoxifylline treatment was
associated with a 29.61% decrease in LDH and a 64.25% increase in
lymphocyte count (Table 5). Importantly, statistical significance was
maintained even when the models were adjusted by covariates.

5. Discussion

In this study, we evaluated the effect of pentoxifylline on some
clinical parameters and biomarkers and found that pentoxifylline
treatment was associated with an increase in the lymphocyte count and
decreased LDH levels, although no difference was observed regarding
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Table 4
Descriptive data of the sample of patients with COVID-19 separated by groups of
treatment.

Characteristic Control (n Pentoxifylline (n p-value
=12) = 26)
% change in lymphocytes (basal 0.5 (-22.1, 60.3 (28.6, 112.5) 0.013
vs. 48-72 h) 36.7)
% change in LDH (basal vs. 48-72  —-7.9£23.6  —36.9 & 20.1 <0.001
h)
Days of hospitalization 13.1+5.6 11.2+55 0.325
Oxygen saturation 82.3+8.6 86.5 +10.3 0.227
pa02” 49.0 (47.0, 55.0 (49.0, 64.7) 0.123
54.0)
paCo2? 35.0 (29.0, 30.9 (25.3, 35.0) 0.238
42.2)
Number of concomitant 2 2 (16.7) 4 (15.4) 0.348
medications n(%) 3 4(33.3) 11 (42.3)
4 6 (50.0) 7 (26.9)
5 0 (0.0) 4 (15.4)
Mortality n(%) No 8 (66.7) 23 (88.5) 0.107
Yes 4(33.3) 3(11.5)
Need for intubation n(%) No 9 (75.0) 23 (88.5) 0.290
Yes 3 (25.0) 3 (11.5)

@ For these variables, there were data for 15 patients treated with pentox-
ifylline and nine from the control group.

days of hospitalization, mortality, and need for intubation.

It is known that elevated LDH and decreased lymphocyte count are
hallmarks of severe COVID-19 (8-10, 12, 21-23]. In fact, progressive
lymphopenia with depletion of T cells is a critical signal of COVID-19
severity [51-53]. CD4 + and CD8 + T lymphocytes are decreased in
severe cases (median 177.5 and 89.0 x 106 /L, respectively), compared
with the moderate ones (median 381.5 and 254.0 x 106/L, respec-
tively), suggesting that T-cell lymphopenia may constitute a potential
prognostic marker to be included in the follow-up of patients with
COVID-19 [53]. Even CD4 4 Th1 T cells tend to be lower in severe illness
than in moderate disease (median 14.1% vs. 22.8%, respectively),
possibly indicating a progressive shift from Th1 / Th2 balance towards a
tolerogenic response [54). Furthermore, the percentages of memory Th
cells and regulatory T cells are decreased in severe cases [52].

Given the decisive role that lymphocytes play in maintaining im-
mune homeostasis and the inflammatory response throughout the or-
ganism [6], the fact that pentoxifylline is associated with an increase in
the number of these cells could make this drug an excellent candidate to
counteract the consequences that lymphopenia brings to the organism
during COVID-19. The lymphopenia observed in COVID-19 could have
its origin in the relationship between the RAS and immune system since
the activation of the ACE/AngII/AT1R axis can lead to increased levels
of inflammatory cytokines such as NF-xf, IL-6, TNF-a, IL-1p, and IL10
[55-571, which can promote lymphopenia. There is a downregulation of
ACE2 during COVID-19 with a consequent decrease in angiotensin 1-7,
which plays a crucial role in the counterregulation of pathophysiological
actions of AT1R [57-59]. In this respect, the evidence suggests that the
use of ACE inhibitors and angiotensin receptor blockers in patients with

Table 5
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hypertension and COVID-19 is associated with a less severe infection
and a tendency to lower IL-6 levels and increase circulating CD3 + and
CD4 + T lymphocytes [60].

It should be noted that Tan et al. proposed the lymphocyte count as a
practical and feasible indicator to evaluate the severity of COVID-19 and
as an aid to guide therapeutic decisions on admission to the general
ward or the ICU and even to discharge a patient from the hospital [6].
This proposal was based on the observation that in SARS - CoV infection
(this virus has a genomic similarity of 88% with SARS - CoV 2), the
adaptive immune system participates in controlling the disease [21]:
viral peptide antigens are presented to naive TCD4 + lymphocytes by
antigen-presenting cells, leading to the activation of TCD4 + and pro-
duction of TNF- a, IL-2, and INF- y. This process promotes the differ-
entiation of cytotoxic T cells (CTLs) that kill infected cells [61].

Thevarajan et al. [62] found that circulating activated helper T
lymphocytes and CD8 + T cells increase gradually during the first week
of non-severe COVID-19; simultaneously, CD8 + T cells release perforin
and granzymes A and B that induce apoptosis of infected cells. While
natural killer (NK) cells and CTLs can kill infected cells, T helper cells
adjust the adaptive immune response, and antibodies limit the infection
and protect against re-infection [22]. In this regard, Zheng et al.
demonstrated that NK and CTLs are significantly reduced in patients
with COVID-19 and that the number of these lymphocytes is notably
reconstituted after patients recover [63]. Another study showed that the
total number of CD8 + and CD4 + T lymphocytes is decreased in patients
with SARS CoV-2 infection, particularly in patients over 60 years and
those who required admission to the ICU [64].

A proposed mechanism to explain the lymphopenia commonly found
in COVID-19 is that the virus generates immune dysregulation, with the
consequent release of inflammatory cytokines that leads to lymphocyte
apoptosis, as supported by the fact that TNF-a, IL-6, and other pro-
inflammatory cytokines induce lymphocyte deficiency [65]. Lympho-
cyte fatigue is another phenomenon that has been documented during
SARS-CoV-2 infection [21], and that can be enhanced by the production
of pro-inflammatory cytokines (TNF- a, IL-2, IL-10, and TNF- B) [66].
Not only cytokines could cause lymphopenia in patients with COVID-19
but also the direct attack of SARS-CoV-2 to lymphocytes since they ex-
press the ACE2 receptor [67] and lactic acid, whose levels have been
reported to be increased in cases of severe COVID-19 [54,68].

The effect that pentoxifylline had on the lymphocyte count in our
study may be explained, at least partially, by its ability to decrease AT1R
expression, possibly leading to a reduction of inflammatory cytokine
levels and allowing the number of lymphocytes to be restored. The
administration of pentoxifylline to rats with induced heart failure
attenuated the expression of AT1R in the hypothalamic paraventricular
nucleus [69]; a similar behavior was observed in a rat model of meta-
bolic syndrome, where the AT1R reduced expression was accompanied
by lower levels of TNF-a and higher levels of the anti-inflammatory
cytokine adiponectin [70].

An imbalance between regulatory T cells (Tregs) and interleukin
(IL)-17 producing T helper lymphocytes (Th17) are among the main

Linear regression models for the association between pentoxifylline treatment and the percentage of change in lymphocytes and LDH.

Dependent Variable Unadjusted model Adjusted model for covariables Final Model *
B (IC 95%) Bstd p-value B (IC 95%) Bstd p- B (IC 95%) Bstd p-value
value
% change in lymphocytes (basal vs. 64.25 (11.83, 0.383 0.018 57.07 (0.013, 0.340 0.050 64.25 (11.83, 0.383 0.018
48-72 h)* 116.68) 114.12) 116.68)
% change in LDH (basal vs. 48-72 —29.02 (—44.05, —0.547  <0.001  —26.51 (—41.87, —0.499  0.001 —29.61 (—44.10, —0.558  <0.001
h)° —-13.99) -11.14) -15.11)

95% CI, 95% confidence interval; p std, standardized beta coefficient.

" The model considers the variables of the last model’s variables discarding the non-significant variables by the backwards method.
# No covariate reached enough statistical significance to be included in the final model.
b Only the covariate sex reached enough statistical significance to be included in the final model.
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immune alterations observed in ARDS [71-74]. Li et al. demonstrated
that pre-treatment with pentoxifylline attenuated lung injury and
reduced mice mortality with cecal ligation and puncture (CLP)-induced
ARDS while raising cAMP levels. Besides, pre-treatment with pentox-
ifylline partially restored the Treg/Th17 ratio by modulating the tran-
scription of Forkhead box p3 (Foxp3) and RAR-related orphan receptor
yt (RORyt) through the signal transducer and activator of transcription
(STAT3) pathway favoring immune tolerance [75].

Beyond that, it is known that COVID-19 is characterized by extensive
tissue damage; for instance, Ackermann et al. described the histological
pattern of the lungs of patients who died from this disease, reporting
diffuse alveolar damage with perivascular infiltration of T lymphocytes
and characteristic vascular patterns associated with high ACE2 expres-
sion in the endothelial cells. The presence of the virus at the intracellular
level disrupted endothelial cell membranes and caused intussusceptive
angiogenesis [76]. This damage and cell death can result in extracellular
elevation of LDH, which is a cytoplasmic enzyme expressed in several
organs (lungs, kidney, liver, brain, spleen, skeletal muscle, erythrocytes,
leukocytes, and platelets) [77-79], many of which are affected by SARS-
CoV2, so it is considered highly sensitive although nonspecific for a
particular organ [80].

The usefulness of LDH as a prognosis marker has been observed in
several pulmonary disorders; for instance, ARDS, Pneumocystis jirovecii
pneumonia [81-83], alveolar proteinosis [84], interstitial desquamative
pneumonitis [85-87], and extrinsic allergic alveolitis [88]. Since pen-
toxifylline treatment was associated with decreased LDH levels, this
could be a sign of reduced tissular damage.

In our study, the time between the first blood collection at hospital
admission and the second blood collection showing changes in lym-
phocytes blood count and LDH levels of 38 patients was 48 h to 72 h.

By using this interval, we were able to observe major changes since
other researchers described that the decrease in T cell count in severe
COVID-19 patients reached its nadir within three days of evolution and
was sustained up to two weeks after, when they began to return to non-
severe COVID-19 levels [17]. Given that basal LDH and lymphocyte
count were not significantly different between pentoxifylline-treated
and control group, the improvements observed in the patients treated
with pentoxifylline are very likely associated with the drug. Other re-
searchers reported that the lowest lymphocyte count recorded during
blood routine examination and biochemical examination was observed
from 5 to 7 days after admission. In contrast, lactate dehydrogenase
levels were higher in the ICU than in the general ward group within 24 h
before or after admission. Additionally, biochemical examination at five
to seven days after admission indicated that the lactate dehydrogenase
level was still higher in the ICU group [89,90].

Furthermore, when Caricchio et al. analyzed the disaggregated lab-
oratory parameters to determine the time that patients required to meet
the criteria for COVID-cytokine storm (CS), they found that, among the
patients with the clinical consensus of CS, 43% met the criteria at hos-
pital admission. The remaining patients reached the asymptote at ten
days of hospitalization [20]. This author clarified that although the
validation cohort received higher and earlier doses of steroids than the
initial cohort, a higher percentage received anticoagulants. These
criteria in the validation cohort are still very valuable for predicting
COVID-CSwith a specificity of 0.73 (CI 0.69 to 0.78) and a sensitivity of
0.69 (CI 0.58 to 0.81), indicating that they can be applied successfully to
other cohorts. As in the first cohort, the patients who met the criteria
(33%) had a significantly higher LoS (15.5 + 10.1 vs 4.7 + 3.7, p <
0.001) and mortality (33.7% vs 4.2%, p < 0.0001) [21].

The improvements in LDH levels and lymphocyte count were not
reflected on outcome variables such as mortality, days of hospitaliza-
tion, and need for intubation; however, the observed trend to a reduc-
tion in these parameters deserves to be further studied on a larger
sample.

We acknowledge some limitations of our study: 1) the sample size
was small; however, the results have shed some light on the potential of
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pentoxifylline as a drug to be included in COVID-19 treatment if its ef-
ficacy can be confirmed in a larger pragmatic randomized controlled
trial; 2) the levels of some biomarkers such as Ferritin, D- Dimer, cyto-
kines, TNF- a and RAS-related molecules were not available in our
hospital, and they could have provided more information on the actions
of pentoxifylline, and 3) we do not have data on the behavior of different
lymphocyte subpopulations, which can be useful to deepen into which
are the ones that pentoxifylline affects the most. Nevertheless, it is of
utmost importance to point out that all of us involved in this research are
first-line physicians, so the study was designed and carried out in a
clinical setting in a real and contingency situation.

Considering the global emergency that we are facing with a disease
that rapidly becomes severe, which can be overwhelming for first-line
physicians, the need for effective treatment alternatives is evident.
Because pentoxifylline was associated with improvement in LDH and
lymphocyte levels, and has a proven safety profile, it is available for the
general population, and has no risk of immunosuppression [20], we
propose that this drug may be an excellent candidate to be repositioned
for COVID-19 treatment. However, we consider that further research on
a larger sample is needed and a more in-depth analysis of important
biomarkers, such as cytokines and ACE/Angll/ATR1 axis-related
molecules.
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