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Abstract

Background: The COVID-19 pandemic due to SARS-Qoivifection can produce Acute
Respiratory Distress Syndrome as a result of a puodry cytokine storm. Antihistamines are
safe and effective treatments for reducing inflartmomsand cytokine release. Combinations of
Histamine-1 and Histamine-2 receptor antagoniste Iheen effective in urticaria, and might
reduce the histamine-mediated pulmonary cytokioarsin COVID-19. Can a combination of
Histamine-1 and Histamine-2 receptor blockers impréOVID-19 inpatient outcomes?
Methods: A physician-sponsored cohort study afizete and famotidine was performed in
hospitalized patients with severe to critical putragy symptoms Pulmonologists led the
inpatient care in a single medical center of 1hkacuity patients that were treated with
cetirizine 10 mg.i.d. and famotidine 20 mb.i.d. plus standard-of-care.

Results: Of all patients, including those with Bot Resuscitate directives, receiving the dual-
histamine receptor blockade for at least 48 hahescombination drug treatment resulted in a
16.4% rate of intubation, a 7.3% rate of intubatdter a minimum of 48 hours of treatment, a
15.5% rate of inpatient mortality, and 11.0 daysatlan of hospitalization. The drug
combination exhibited beneficial reductions in i@at mortality and symptom progression
when compared to published reports of COVID-19 iigpdis. Concomitant medications were
assessed and hydroxychloroquine was correlatedwatbe outcomes.

Conclusions: This physician-sponsored cohort stfdetirizine and famotidine provides proof-
of-concept of a safe and effective method to redegrogression in symptom severity,
presumably by minimizing the histamine-mediateakiyte storm. Further clinical studies in
COVID-19 are warranted of the repurposed off-latmehbination of two historically-safe

histamine receptor blockers.
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1. Introduction

Histamine and mast cells play a fundamental rolaadlulating inflammation through
increased capillary blood flow and vascular perniggpbas well as cytokine release.
Histamine-1 (H1) receptor antagonists (e.g., @tie) are administered for allergies.
Histamine-2 (H2) receptor antagonists (e.g., fadiod) are used to control acid in the stomach
and heart burn. Prescription branded, genericoaedthe-counter (OTC) drugs of both classes
are safe and commercially available worldwide.

Humans have been treated using dual-histamine tardelpckade. Urticaria (hives) has
been successfully treated with dual-histamine recdpgockade since the 1970’s [1-3], and
remains a common practice in dermatology. An@wvareports have begun to demonstrate that
diarrhea can be treated similarly [4, 5]. At préseo H1-H2 receptor combination drug has
been US FDA-approved.

COVID-19 (SARS-CoV-2) emerged in late 2019 in Chiaad nucleic acid sequence results
indicate that it was very likely from a bat vectdrhe disease can manifest as a hyper-immune
response with pulmonary cytokine release resemlttagof other respiratory infections, such as
Severe Acute Respiratory Syndrome (SARS), Middlet Respiratory Syndrome (MERS), and
influenza. Studies from China have defined the @®Y9 cytokine profile [6] and identified
risk factors that increase mortality [7]. Thesgasgpective studies suggest mortality may be
linked to inflammatory processes caused by a “ag@wktorm”, which was very common in
patients with severe to critical symptoms [8]. rRahary pathology in early-phase COVID-19
pneumonia has shown acute lung injury [9]. Inl#ter stage of disease, patients can develop
Acute Respiratory Distress Syndrome (ARDS) or ARIB&-conditions and multi-organ failure

[10].



According to the Centers for Disease Control (COR®g,disease severity from China is 14%
severe and 5% critical, and the critical patiemspldyed a fatality rate of 49%.

(www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-d@nce-management-patients.html).

Furthermore the CDC reportsithong U.S. COVID-19 cases with known dispositioa, t
proportion of persons who were hospitalized was 19¥hong all hospitalized patients, a range
of 26% to 32% of patients were admitted to the I@lthong all patients, a range of 3% to 17%
developed ARDS compared to a range of 20% to 42%ofpitalized patients and 67% to 85%
for patients admitted to the ICUMortality among patients admitted to the ICU rasdgrom

39% to 72% depending on the studyhe median length of hospitalization among swngwas
10 to 13 days.”

Because of the sudden emergence of COVID-19, ragiearch efforts are being conducted
to repurpose existing approved drugs or biologimumotherapies in this new indication, as
these options are more likely to have near-terneftieturing the pandemic. A major goal of
many of these initiatives is to prevent or reddeedytokine storm in pulmonary tissue [11-13].

Animal model studies are informative at this jumetuSars-CoV-infected mice have shown
that T-cell responses are required for protectiomfdisease and for virus clearance [14]. The
immunomodulation by histamine depends mostly omitaence of T-cells [15]. Histamine
stimulates inflammation, cytokine release, andlead to tissue damage, including lung [16]. A
porcine study evaluating H1IN1 influenza demonstréte accumulation of histamine in severe
pneumonia [17]. Furthermore, the H1 receptor antesg, ketotifen, decreased inflammatory
cytokines and severe pneumonia [17].

Dual-histamine receptor blockade has been effeatiamimal models of bacterial ARDS

and allergy. A porcine animal model study has gheuccessful treatment of Pseudomonas-



induced ARDS with diphenhydramine and cimetiding][1In this model for the treatment of
hypoxemia, pulmonary hypertension, and pulmonaigrovascular injury, the combination of
diphenhydramine and cimetidine was essential, eaaslamgmented somewhat by ibuprofen. In
a guinea pig model, treatment with clemastine ametedine protected against allergen-induced
bronchial obstruction [19].

Therefore, based upon prior efficacious dual-higt@meceptor blocker studies in humans
and animal models in a variety of diseases, webelit is reasonable to bridge into humans
infected by COVID-19 using dual-histamine recefitimckade, in order to prevent or diminish
the cytokine storm. Furthermore, the safety afidaefy of dual-histamine receptor blockade
previously evidenced in human urticaria (and di@ea)hmakes this an appealing approach.
Therefore, the major goals of the present proghwiciple study include to decrease the
progression of adverse outcomes in a cohort ofreeargd critical (high-acuity) hospitalized
patients, most notably from ventilation independetocdependence, from life to death, and by

reducing the duration of stay until discharge.

2. Methods

This physician-sponsored and -initiated cohort gtwes led by a team of board certified
pulmonologists from a single practice group in 3ack MS. All patients were treated in a single
hospital operated by Baptist Health Systems, WRiB approval (IRB # 20-49 exemption) for
retrospective access to patient data. The firal dug-treated patient date was 3 April 2020 and
the study period for this cohort concluded on 1:32J2020. The study was motivated by the
principle of compassionate care use of repurposetications (in view of the rationale above)

by the attending pulmonologists during the COVIDgE;hdemic. Conditions included open-



label drug use, without a placebo control or randation. In lieu of a placebo control group,
for comparison the control(s) consisted of publkisBOC patient results that were not

administered the dual-histamine receptor blockaol® the USA, United Kingdom, and China.

2.1 Inclusion and Exclusion Criteria: The inclusixiteria were: (a) Males or females of

minimum age of 17; (b) Admission to the hospitalhasuspected or confirmed pulmonary
symptoms of COVID-19. All patients were confirm@®VID-19 positive by RT-PCR within
several days of admission. The exclusion critereege: (a) The patient is negative for COVID-
19 by RT-PCR diagnostic test; (b) Sensitivity dewgy to cetirizine or famotidine, if known; (c)
Duration of stay of less than 48 hours; and (dgfment with the drug combination for less than
48 hours. The investigators anticipated that aatiept who was subject to a Do Not Resuscitate
(DNR) directive may be a confounding factor (evgth regard to old age or the extent of
aggressive life-sustaining care provided). Theefthe DNR patients’ results were parsed in

the analyses for comparison to all patients.

2.2 Standard-of-Care Procedures & Medications:a@mission to hospital, the patient was
diagnosed for suspected COVID-19 based primaribnypulmonary symptoms, and located
within a COVID-19 ward. Treatment was initiateddR with SOC per admitting provider. The
patient was confirmed positive for COVID-19 by RTR diagnostic test. SOC included
radiologic assessments, supplemental oxygen whasssary, and intravenous (1V) hydration
when necessary. SOC concomitant treatments ingltideantimalarial drug
hydroxychloroquine (84.5%), the anti-IL6 biologartlizumab (50.9%), the glucocorticoid drug
methylprednisolone (30.9%), and convalescence @g8M0%). The cumulative rate of

intubation in this cohort was 16.4%.



2.3 Cetirizine - Famotidine Treatment: The Hlepor antagonist was cetirizine. The H2

receptor antagonist was famotidine. Given theenirchallenge of market availability of oral
H2 antagonists, whenever the oral dosage form waavailable or appropriate the clinicians
used famotidine IV. Cetirizine and famotidine adisiration was preferably (a) oral, when
feasible; then (b) gastric via nasogastric tubentft) by IV injection, based upon clinical
assessments. The first dose of the therapy wasedened in the ER, or upon arrival to the
COVID ward, or when our trial started. Famotid2@emg IV and cetirizine 10 mg IV (or
alternatively PO) was administered. Subsequergsiosnsisted of famotidine 20 mg g 12 hrs

and cetirizine 10 mg q 12 hrs PO.

2.4 Study Endpoints: The major endpoints weretn@eased rate of discharge; (b) Reduced

ventilation requirements (i.e., reduced numbentfbations overall and after receiving a
minimum of 48 hours of dual drug treatment); (cReed inpatient mortality rate; and (d)

Reduced duration of hospitalization.

The study endpoints were compared to SOC patignbmes from Atlanta, GA [20],
Louisiana [21], New York City, NY [22], United Kirtpm [23], and Wuhan, China [24, 25].
This comparison to external sources is informatagethe number of available SOC-only patients
was limited in this medical center during the répielolving SOC in the COVID-19 pandemic.

This new dual drug treatment paradigm was rapidbpéed as SOC in this hospital.

3. Results



3.1 Patient Demographics: The patient demogragbicthe cetirizine - famotidine treatment

cohort consisted of 110 patients age 17 to 97; mgarof 63.7 (SD 18.1); Female 59% and male
41%; and racial composition of 36.4% White, 59.1%Gcan American or Black, 4.5% other.
According to the US Census Bureau the racial deapiucs for the state of Mississippi are
59.1% White, 37.8% African American or Black, 3.b%er, and the median age is 36.7 years.
Thus, our treated patients afflicted with COVID4ih3his medical center represented an
inversion in racial demographics with regard toshae’s statistics vis-a-vis African-American

or Black versus White.

3.2 Acuity and Comorbidity: The 110 COVID-19-pg patients with severe and critical

pulmonary symptoms were treated in an inpatieringgin a single medical center with
cetirizine and famotidine for a minimum of 48 hqursaddition to SOC. This group of patients
manifested an average of 2.7 comorbiditieahle ). The most common comorbidities were
hypertension (78.2%), obesity plus morbid obe$8.2%), diabetes (42.7%), and cardiac

disease (26.4%). Thus, the cohort exhibited haglitya and high comorbidities.

3.3 Clinical Results with and without Do Not Resitege Directives: The results of dual drug

treatment are summarized with regard to all pagientluding DNR and the subset excluding
DNR (Tablell). The investigators anticipated DNR patients widag¢ a confounding factor, and
there were 13 DNR patients. The endpoints wejdigagharge rate; (b) intubation rate; (c)
intubation rate after a minimum of 48 hours of ddralg treatment; (d) inpatient mortality rate;
and (e) average number of days to discharge. atkeof discharge during the study period (10
weeks plus 1 day) was 84.5% (and 91.8% excludin@ PNrhe intubation rate was 16.4% (and

16.5% excluding DNR). The intubation rate afteniaimum of 48 hours of drug treatment was



7.3% (and 6.2% excluding DNR). The inpatient mdstaate was 15.5% (and 8.2% excluding

DNR). The average number of days to dischargelia (and 10.9 days excluding DNR).

3.4 Concomitant Medications, Treatments, and lfiobs: Concomitant administration of

other drugs, biologics, or treatments in the SO@efsevere to critical patients are potential
confounding factorsT{ablel11). For instance, the vast majority (84.5%) of pla¢ients were
administered hydroxychloroquine (HCQ). Based ugpment publications [26-29], one may
assert that HCQ very likely provided no therapeb#&oefit, and HCQ might have had an adverse
effect on the outcomes in this cohort of 110 pasieas it correlated with worse outcomes (i.e.,

higher rates of intubation and death).

In some of the patients, and especially those whgrpssed to ventilation dependence, a
biologic (tocilizumab in 50.9% of patients), a gheorticoid (methylprednisolone in 30.9% of
patients), and/or convalescent plasma (in 30.0¢aténts) were used at the discretion of the
pulmonologist-led critical care team as concomitegdtments{ablelll). At those junctures in
patient management, the concomitant treatments aveigipated to possibly provide some
benefit to the patients. However, the high degifesrrelation of use of methylprednisolone,

tocilizumab, and/or convalescent plasma with intiameper se hampered measurement.

It is interesting to note the clinical nature o htubated patients and deaths associated
with intubation. Of the 18 intubated patients,i®d50.0%). Of the group of 10 patients
intubatedprior to completing 48 hours of combination drug therapwe®e subsequently
successfully extubated, 5 of whom were extubatedinvk to 4 days. Of the 8 patients intubated
after completing a minimum of 48 hours of cetirizine dathotidine use, all 8 patients died and

all received tocilizumab and convalescence plasvhareas only 2 of the 8 patients received

10



methylprednisolone. This particular patient suhpapon (n = 8) was critically ill and included
2 leukemia patients, a cirrhotic patient, a 91 y#dwith chronic kidney disease, a 79 year old
former smoker with chronic kidney disease stagen3nd stage renal disease patient, and a

multiple sclerosis patient with chronic kidney dise in cardiogenic shock.

4. Discussion

Here we describe an initial study of dual-histanmeeeptor blockade to retard the histamine-
cytokine network and with the intention of bluntitige cytokine storm. The safety profile of
dual-histamine receptor blockade makes this anaipgeconsideration for COVID-19-positive
patients. If dual-histamine receptor blockadebie & blunt the cytokine system, the risk of
progressing to severe and/or critical disease shesken.

The results of this initial physician-sponsoredigtprovide a proof-of-principle that it can
reduce disease severity and the need for venslaaoid save lives. The results of patients who
received at least 48 hours of the combination dregtment demonstrated reduced rates of
intubation (16.4%), of intubation after 48 hoursdofl drug treatment (7.3%), of inpatient
mortality (15.5%), and of duration of hospitalizati(11.0 days). If DNR patients were
excluded, then the inpatient mortality rate way@&?P2%. These clinical outcomes represent
reductions in the anticipated symptom severity egped as ventilator dependence and lethality
relative to SOC reported in Atlanta, Georgia [2@uisiana [21], New York City, New York

[22], the United Kingdom [23], and Wuhan, China [25] (see below).

11



4.1 Preliminary Results of Patients Not TreatethWetirizine - Famotidine: Outside of the

dual-histamine receptor blockade cohort group,imiebry results were noted by the same
group of pulmonologists in the same medical centdr an independent group of 12 SOC-only
COVID-19 patients. The SOC-only patients (lackiegrizine and famotidine) resulted in 5
intubations (41.7%), 5 deaths (41.7%), and 18.0ame=days to discharge (data not shown).
These SOC-only preliminary results are consistatit lnigh symptom severity and high rate of
inpatient fatality in the overall admitted patigrapulation. Furthermore, a small group of 7
famotidine-only patients resulted in 3 intubati¢42.9%), 1 death (14.3%), and 16.2 average
days to discharge (data not shown). Due to thigddmumber of patients in each of these two
groups, unfortunately they were not deemed suffidier comparative statistical analysis,

relative to 110 cohort patients receiving cetirizand famotidine for a minimum of 48 hours.

4.2 Inpatient Fatality Rate: The 15.5% inpatiamality rate or 8.2% excluding DNR patients

compares favorably to published inpatient fataiities from other regions -- 25.8% in Atlanta,
GA [20], 23.6% in Louisiana [21], 21% in New Yodity, NY [22], 25.7% in the large
RECOVERY trial in the United Kingdom [23], and 21a8d 28.3% in Whuan, China [24, 25].
In other words, we experienced a reduction in iigpatatalities of approximately one fourth to
one third relative to these reference locationgiremfrom 21% to 28.3% in inpatient fatality

rates, some of which were obtained from very lailgecal trials.

The reports of inpatient mortality rate can be aeleat on multiple variables, such as
inclusion/exclusion criteria (e.g., DNR patientiggnosis (e.g., presumptive COVID-19 vs.
PCR-confirmed for viral RNA), demographics of patgein the study, the duration of the study

period, symptom severity and comorbidities at theetof admission, as well as rapidly evolving

12



SOC treatments influenced by media, government@gs, and clinical reports. During this
crisis it should be noted that many of the “pulilmas” on COVID-19 were available only in
preprint form, in view of time-is-of-the-esseno&nd, in some instances the information was

only presented as an assertion in the media, witdoy supporting scientific information.

That being said, in our cohort 17 fatalities hachaarage age of 70.6 and our 9 DNR
deaths had an average of 75.8 yeéiNote that one DNR death was due to a cirrhoticguet
aged 38. If this individual had been excludednttiee DNR deaths would have averaged 80.5
years.) Our overall and DNR deaths were predominantly antbeglderly. Furthermore, the
small group of 12 SOC-only patients treated bymumonologists exhibited a high inpatient
fatality rate of 41.7% in the same medical centiatd not shown). These two findings (i.e.,
elderly patient deaths and a small SOC-only groitp avvery high rate of inpatient fatality),
suggest that our inpatient fatality rate of 15.5#MNR was adversely impacted by patient age
and multiple comorbidities (average of 2.7) in CahMississippi. In other words, our dual-
histamine receptor blockade treatment effects fam@rable even in an unfavorable context in

high acuity patients.

4.3 Ventilator Dependence: With regard to vetdil@ependence, the observed intubation rate

of 16.4% overall in the cohort of 110 patients laaing DNR directives) in Jackson, Mississippi
and especially only 7.3% intubation rate after aimum of 48 hours of treatment with cetirizine
plus famotidine compares favorably to 26.3% in Istana [21], 12.2% in New York City [22],

and 33.3% in Wuhan, China [24].
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4.4 Limitations: There are multiple limitatiors @any physician-sponsored cohort (or case
series) study. Within this initial study the ligitons were most notably: (a) This proof-of-
principle study was not a placebo-controlled, ranided, and blinded study that is customary
for a regulatory registration trial; and (b) Thadst lacked a sufficiently high number of
untreated SOC patients for use as a retrospeativieat cohort. However, the investigators have
provided comparisons to the published SOC cohoota bther regions in the USA, UK, and
China.

However, offsetting these limitations it shouldrimged that this work was performed in
April through June 2020 during an intense seasohinvihe COVID-19 pandemic crisis, at a
time-is-of-the-essence season when pulmonologisteygency room physicians, critical care
specialists, and hospitalists were eager to atteatipnal repurposing of previously FDA-
approved medications. Thus, the physicians desiead-term improved outcomes,
compassionate care, and to identify new proof-ofeept off-label therapies for COVID-19
ARDS or ARDS-like patients. Cetirizine and famatielwere intentionally incorporated into
treatment of this severe and critical patient cohoview of exceptional historic safety of each
medication, as evidenced by their approved OTQstand in view of prior efficacy of dual-
histamine receptor blockade in diseases in humathsaimal models. This resulted in the vast
majority of all COVID-19 positive patients in thisedical center being treated with cetirizine

plus famotidine as the “new” SOC.

4.5 Current Trends in Experimental COVID-19 Treatits: How does this H1-H2 drug

combination treatment compare with other recentgeutic developments in COVID-197?

14



There are four noteworthy examples that have redesttention at this juncture in the scientific

literature and media, namely hydroxychloroquinejdesivir, famotidine, and dexamethasone.

4.6 Hydroxychloroquine: First, hydroxychloroquifi¢CQ) rapidly received general acceptance

as a SOC medication for COVID-19 inpatients, and imecommon use in critical care settings
in the USA at the time of our study. The risk-t@meward analysis of HCQ rapidly evolved to
a highly unfavorable impression, based upon cdettddlinical trials. The efficacy of HCQ in
COVID-19 is now seriously doubted, and at least @careio-toxic side effect has been noted
[26]. This study consisted of 75 patients per asxomparing SOC vs SOC + HCQ. The authors
concluded that HCQ was not beneficial and resuttadore adverse events.

In another study HCQ was also ineffective in ingats who required oxygen; 84 patients
were treated with HCQ within 48 hours of admissisr®7 patients receiving SOC without HCQ
[28]. There were no benefits to HCQ when assesgagurvival without transfer to ICU; (b)
survival at 21 days; (c) survival without ARDS dt @ays; and (d) percentage of patients
requiring oxygen at 21 days. Furthermore, 10%efHCQ-treated patients manifested ECG
anomalies requiring discontinuation of HCQ treatte#CQ is no longer recommended for use
in COVID-19 inpatients (i.elate in disease progression), and the US FDA rescitiued
Emergency Use Authorization (EUA) for this drug.

Two prospective well controlled clinical trials drgh level evidence of a lack of
efficacy of HCQ inearly disease prevention or treatment in COVID-19 ougpds. A
randomized, double-blind, placebo-controlled tresttririal with 423 outpatients concluded,
“Hydroxychloroquine did not substantially reduce pyam severity in outpatients with early,

mild COVID-19.” Side effects were greater with HCQ than plac&8.[ Another randomized,

15



double-blind, placebo-controlled prevention triathw719 individuals with high-risk exposure to
a confirmed COVID-19 contact did not prevent ille@ghen used as post-exposure prophylaxis
within 4 days after exposure [27]. Side effectsengreater with HCQ than placebo [27].
However, in spite of these solid clinical trial wés, at this juncture many anecdotes about HCQ
are being widely reported in the media, while lagkpublished scientific validation. Whether
nuanced dosing, scheduling, and/or coincident na¢tlieatments with HCQ might be
efficacious in COVID-19 outpatients is an open d@sat this juncture.

Regardless, in aggregate these studies indicatél®@ was not effective in preventing
or treating disease progression in COVID-19 pasiefitherefore, it should be noted that HCQ
was administered to most of the patients in outystand it is reasonable to speculate that it

impaired patients in our cohort, in view of the derstrated correlation with worse outcomes.

4.7 Remdesivir: Second, remdesivir was develgpexa to the COVID-19 pandemic as a
retroviral replication inhibitor. A well-designgracebo-controlled trial suggested a reduction in
the time to clinical improvement [30]. Howeveretstudy was not sufficiently powered
statistically [31]. Thus, there was no improvemeith regard to patient deaths or viral load.
This trial did not provide convincing evidence dfubstantial therapeutic benefit of remdesivir.
Regardless, the US FDA granted EUA for this pregsiom medication, which is expected to be

expensive in the USA.

4.8 Famotidine: Third, famotidine has been ev&ldian a retrospective association study of
COVID-19 patients in New York City [32]. A coharf 84 hospitalized patients out of 1,620

total received famotidine within 24 hours of hoaftation, and a subset of the patients (15%)

16



were already treated with famotidine at home pieardmission. Patients intubated within 48
hours of admission were excluded. The doses rainged10-40 mg. Famotidine use was
associated with a reduced risk of death and intoibatBy comparison proton pump inhibitors
(that reduce gastric acid independent of a histamiachanism) were not associated with
reduced risk of death or intubation. The resultgggst a histamine-mediated effect in the
COVID-19 patients. This report lacks informatiam @oncomitant medications or treatments

(either SOC or experimental), with the exceptiopiton pump inhibitors [32].

Comparing our cetirizine + famotidine results whilgh comorbidity patients to the
famotidine-only study [32], note the following corbality and other factors might account for
the magnitude of treatment effect in our 110 catig + famotidine patients vs. 84 famotidine
patients in New York City: obesity 58.2% vs. 26%péartension 78.2% vs. 35%; diabetes 42.7%
vs. 29%. In addition, the representation of Blpakents was 59.1% vs. 21%. These
comorbidity and racial factors are known to be ehirsadverse COVID-19 inpatient outcomes.
In addition, the overall intubation rate in all jeats in New York City was only 8.8% and
excluded patients intubated within 48 hours of a$n. Once again this indicates a lower
relative acuity level in the famotidine-only cohoft84 patients. Our cohort’s intubation rate
was 16.4% overall, whereas after a minimum of 4&#of cetirizine + famotidine treatment it
was only 7.3%. In addition, the inpatient mortatite in all 1620 patients was 15% in the New
York City study, which was essentially a lower bamethan expected for our Mississippi

cohort.

These acuity, comorbidity, and outcome differenaggerscore a very likely comorbid
burden in our patient cohort in Mississippi, retatto the famotidine-only study in New York

City. Furthermore, concomitant medications (oreottneatments) were not reported in the New
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York City study, whereas concomitant medicines weported herein ifable |1l regarding
HCQ (84.5%), methylprednisolone (30.9%), tocilizimn{&0.9%), and convalescent plasma
(30.0%). Note that HCQ correlated with worse oates in our study, and likely further

burdened our patients.

In another retrospective inpatient study of 878 X9 patients total, 83 patients were
treated with famotidine alone in Hartford, Conneati(Mather J.F., et al., Am. J.
Gastroenterology, 2020, in press). In all patigiésinpatient fatality rate was 21.8% and
ventilation rate was 27.2%. Famotidine was adrtengsl at 20 mg/day or 40 mg/day, and

resulted in an inpatient fatality rate of 14.5% amtdbation rate of 21.7%.

Similar to what is described above for the New YGity study, several key comorbidity
factors were more prevalent in our study of catigzplus famotidine vs. the Hartford study:
obesity 58.2% vs. 4.8%; hypertension 78.2% vs.®2diabetes 42.7% vs. 21.7%. These large
differences in underlying medical conditions fawbtbe health of the Hartford cohort of 83
patients. Furthermore, in a matched comparisorBdédhotidine patients vs. a subgroup of 689
no famotidine patients, HCQ was administered |lesguiently in the famotidine patients (43.4%
famotidine vs. 52.0% no famotidine). HCQ is expédb have an adverse effect in hospitalized
patients. And, corticosteroids were administer@denfrequently in the famotidine patients
(57.8% famotidine vs. 47.8% no famotidine). Casieroids are likely to have a beneficial
effect in hospitalized patients (see “dexamethasbal®w). Thus, it is possible that these two
concomitant medications biased the famotidine-¢egroup favorably and disadvantaged the no

famotidine control group to some extent.
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Taken together three studies with moderately simstment cohorts (range of 83 to 110
patients) that were administered cetirizine plusdadine (this work) or famotidine-alone [32]
(and Mather et al, in press) have shown efficad@@VID-19 inpatients. Controlled
prospective trials that are randomized with eq@rtlevels of acuity, comorbidity, concomitant
medications, and other determinants (e.g., race)dize welcome to assess the relative
contributions of famotidine and/or cetirizine irethresumptive blocking of the cytokine storm in

COVID-19.

Although less informative than the two moderatéhgd cohort studies in New York City
and Hartford, a case series of only 10 outpatiadisinistered very high dose famotidine (most

of them received 80 mg t.i.d. = 240 mg daily) p@hauggested the possibility of a benefit [33].

For comparison to the three famotidine-only studies inpatient study used 20 mg
twice daily (40 mg daily) of famotidine, which isthin the FDA-approved OTC dosage level.
However, the cetirizine amount was 10 mg twiceydailthis inpatient context, which is double

the daily FDA-approved dosage as an OTC medication.

4.9 Dexamethasone: The RECOVERY trial in the &mhiKingdom is a randomized, controlled,

open-label trial of hospitalized patients [23]. Xamethasone, a glucocorticoid, was
administered to 2104 patients compared to 432 emiatreceiving SOC. The steroid treatment
reduced the 28-day fatality rate down to 22.9%2%s7% in the SOC control patients. Also,
dexamethasone reduced the incidence of death iehggabn mechanical ventilation down to

29.3% compared to 41.4% in the SOC control patients
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In aggregate these controlled trials and cohadiss reveal at this juncture that COVID-
19 inpatients in general are likely to benefit frqa) cetirizine - famotidine combination or

famotidine alone; (b) remdesivir; and/or (c) dextimasone; but, not from hydroxychloroquine.

5. Conclusions

What is the current context and unmet medical fieecepurposing old active ingredients,
especially OTC medications, during the COVID-19dRanic? Given (a) the recent emergence
of COVID-19, (b) the rapid need for safe and effectreatments deployable immediately, and
(c) the rapid evolution in the SOC treatments fgratients, recent innovations might not permit
sufficient time for the statistically robust climictrials that are customary for an FDA regulatory
approval process. In this time-is-of-the-esserarelpmic context, the results of this dual-
histamine receptor blockade treatment comparegsdalpoto current SOC protocols. We have
demonstrated reductions in ventilator dependendergratient fatality rates relative to other
published studies using two safe OTC medicatiditss dual drug approach is consistent with
the historic axiom in medicine — “first do no harrby utilizing historically well tolerated OTC

medications.

Although this study provides initial evidence irpport of a safe and effective treatment,
many questions remain to be addressed. Randomimzedontrolled trials are warranted with
outpatients “early” and inpatients “late”. We hangiated a separate randomized placebo-
controlled outpatient trial of cetirizine - famatié to begin to address this question in PCR-
confirmed asymptomatic or mild-to-moderate sevapitjpatients, thus early in disease
progression. Furthermore, is the beneficial eftlsgendent on this particular combination of
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active pharmaceutical ingredients, or would alteveaH1 and/or H2 receptor antagonists also
be effective? Given the historic safety profiles the two selected ingredients within approved
OTC monotherapies, it follows that one is likelypi@fer these two over other active ingredients
that have not been granted OTC status. And, weaiide patients benefit (more) from

alternative doses or dosage schedules?

Given that famotidine alone has been reported todneficial in COVID-19 inpatients, it
would be desirable to conduct a factorial-desigrdoanized trial with cohorts having equivalent
(a) acuities, (b) comorbidities, (c) concomitantdications, and (d) appropriate dosing to
address the relative contributions of cetirizind &amotidine. It would also be beneficial to
exclude hydroxychloroquine as a confounding fact@rospective clinical trials, as it appears to
have been ineffective and/or detrimental in otle¢mospective inpatient trials, as well as in our

cohort of high acuity patients.

The present clinical investigation provides a neethrod of treatment for this unmet
medical need. The favorable circumstances of lggsirmmercially-available branded, generic,
and OTC drugs targeting both H1 and H2 receptaedypovide another distinct advantage
relative to other experimental drug and biologme@ch programs in COVID-19, some of which
may take numerous years to develop and commereialihis approach with OTC cetirizine
(e.g., Zyrte®) and OTC famotidine (e.g., Pep&)ctould be rapidly deployed worldwide and
should be affordable, even for economically unaewsd populations, not just for the

economically advantaged.
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Tablel: Comorbiditiesin 110 hospitalized COVID-19 patientstreated with famotidine and
cetirizinefor a minimum of 48 hours

Comorbidities: %
Diabetes 42.7%
Hypertension 78.2%
COPD 13.6%
Cardiac Disease 26.4%
Arrythmia 16.4%
Asthma 10.9%
Smoker 20.0%
Obesity (excluding Morbid Obesity) 41.8%
Morbid Obesity 16.4%
Total Comorbidities Per Patient Mean = 2.7
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Tablell: Clinical outcomesin 110 hospitalized COVID-19 patientstreated with famotidine
and cetirizinefor a minimum of 48 hours

Kev Metric: Including | Excluding
ey Meanc DNR DNR
Total Patients Admitted 110 97
Total Patients Dischar ged 93 89
Discharge Rate 84.5% 91.8%
Total Patients I ntubated 18 16
Intubation Rate 16.4% 16.5%
Total Patients I ntubated After a 8 6
Minimum of 48 hrsof Treatment
Intubation Rate After a
Minimum of 48 hrs of 7.3% 6.2%
Treatment
Total Deaths 17 8
Death Rate % 15.5% 8.2%
Average Daysto Discharge 11.0 10.9
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Tablelll: Clinical outcomesin 110 famotidine and cetirizine-treated COVID-19 patients
and concomitant treatments

Concomitant Treatments Total # % of Total | Intubated % | Death %
Hydroxychloroquine- YES 93 84.5% 18.3% 17.2%
Hydroxychloroquine - NO 17 15.5% 5.9% 5.9%
Methylprednisolone- YES 34 30.9% 29.4% 14.7%
M ethylprednisolone - NO 76 69.1% 10.5% 15.8%
Tocilizumab - YES 56 50.9% 30.4% 21.4%
Tocilizumab - NO 54 49.1% 1.9% 9.3%
Convalescent Plasma - YES 33 30.0% 30.3% 33.3%
Convalescent Plasma - NO 77 70.0% 10.4% 7.8%
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