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ABSTRACT

Objective: To describe outcomes of patients with coronavirus disease 2019 (COYIIn the
outpatient setting after early treatment with zinc, low dose hydroxychloroquine, and azithromycin (the

triple theapy) dependent on risk stratification.
Design: Retrospective case series study.
Setting: General practice.

Participants: 141 COVID-19 patients with laboratory confirmed severe acute respiratory syndrome
coronavirus 2 (SARE0V-2) infections in the year 202

Main outcome measuresRisk-stratified treatment decision, rate of hospitalization andalke death.

Results: Of 335 positively PCRested COVIDB19 patients, 127 were treated with the triple therapy. 104

of 127 met the defined risk stratificationteria and were included in the analysis. In addition, 37 treated
and eligible patients who were confirmed by IgG tests were included in the treatment group (total
N=141). 208 of the 335 patients did not meet the risk stratification criteria and wereatet trAfter 4

days (median, IQR -8, available for N=66/141) of onset of symptoms, 141 patients (median age 58
years, IQR 4&67; 73% male) got a prescription for the triple therapy for 5 days. Independent public
reference data from 377 confirmed COVID patients of the same community were used as untreated
control. 4 of 141 treated patients (2.8%) were hospitalized, which was significantly less (p<0.001)
compared with 58 of 377 untreated patients (15.4%) (odds ratio 0.16, 95% @1.B)0&herefore, the

odds of hospitalization of treated patients were 84% less than in the untreated group. One patient (0.7%)
died in the treatment group versus 13 patients (3.5%) in the untreated group (odds ratio 0.2, 95% CI 0.03
1.5; p=0.16). There were no cardiac side&as.

Conclusions: Risk stratificatiorbased treatment of COVHD9 outpatients as early as possible after
symptom onset with the used triple therapy, including the combination of zinc with low dose
hydroxychloroquine, was associated with significantly llegspitalizations and 5 times less-@dluse
deaths.

Keywords: SARSCoV-2, COVID-19, outpatients, treatment, zinc, hydroxychloroquine, azithromycin
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ARTICLE SUMMARY
Strength and limitations of this study

A The first COVID-19 outpatient risk stratificetn and treatment study

Y Repurposed antimalarial drug hydroxychloroquine at low dose in combination with zinc and
azithromycin as a therapeutic approach early in the course of GO¥Intil specific drugs or
vaccines are available

A Retrospective case $s study with findings that have to be validated in prospective controlled
clinical trials

A Only outcome data of the untreated control group of the same community based on public
reference was available but no other patient characteristics, clinicat@ys etc.

Y No conclusion on the efficacy and safety of the used triple therapy related to severely ill
hospitalized patients

11
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INTRODUCTION

In December 2019, the new severe acute respiratory syndrome coronavirus 2 (SARSCoted as an
outbreak in Wuhan, China. This coronavihas spread rapidly as a pandemic around the vemeldsing

coronavirus disease 19 (COWI®) pneumonia, acute respiratory distress syndrome (ARDS), cardiac
injury, liver and renal

injury, thrombosis, and death.

As of June, 2020, diagnosis and treatmér@©VID-19 have been almost exclusively
studied from an inpatient perspective, including intensive care with mechanical ventilation. Only one

study has described characteristics and key health outcomes of €@Viliagnosed patients in an
outpatient settig.3 This is surprising as primary care physicians see CGMpatients often first. They
could play a critical role in early diagnosis, treatment, and management of disease progression and virus

spread. This assumption is supported by the establishedpteiim medicine that speed of eradication is

linked to the outcome of liféhreatening infections.

The early clinical phase of COVHD9 has not been the focus of research until today even though timing

of antiviral treatment seems to be critidalThe more optimal window for therapeutic intervention is
before the infection spreads from upper to lower respiratory tract and before the severe inflammatory
reactions’ Therefore, diagnosis and treatment of COMI® outpatients as early as possible, evendase

on clinical diagnosis only, may have been an underestimated first step to slow down or even stop the
pandemic more effectively. Based on clinical application principles of antiviral therapies, as
demonstrated in the case of influenzd Antiviral treatnents should be used early in the course of

infection.

Due to the lack of vaccines as well as SAB&®V-2 specific therapies, the proposed use of repurposed
antiviral drugs remains a valid practical considerafiabne of the most controversial drugs durthg

current SARSCoV-2 pandemic is the weknown oral antimalarial drug hydroxychloroquine (HCQ),
routinely used in the treatment of autoimmune diseases like rheumatoid arthritis of Jrﬁpidé:Q is
currently listed as an essential medication for lupygshe World Health Organization (WH8) With

more than 5.6 million prescriptions in the United States, HCQ was the 128th most commonly prescribed
medication in 2017* In the meantime, first observational studies concluding beneficial therapeutic
effeds of HCQ as monotherapy or in combination with the antibiotic azithromycin were reported just a

few weeks after the start of the SARBV-2 outbreak> All studies that used HCQ with rather
13



contradictory results were done with hospitalized and often rspkisentss 16 and one publication was
recently withdrawn.” *8As of June 2020, no studies with COVIM outpatients treated with HCQ at an

early stage of the disease have been reported.

Antiviral effects of HCQ are wettiocumented? It is also knownhat chloroquine and

probably HCQ have zinc ionophore characteristics, increasing intracellular zinc concentragims.
itself is able to inhibit coronavirus RNAependent RNA polymerase activity (RdF%fD).It has been
hypothesized that zinc may enhanihe efficacy of HCQ in treating COV4HD9 patients‘z.2 The first

clinical trial results confirming this hypothesis were recently published as pr%3pmavertheless, many
studies with HCQ in monotherapy or in combination with the antibiotic azithremigeve been

316

inconclusive so far. " In all of these studies, HCQ was used later than 5 days after onset of symptoms

when hospitalized patients most likely had already progressed to stage Il or Il of the Yisease.
Regardless of the established antivtiects of zinc and that many COVAL® patients are prone to zinc
deficiencies, dependent on comorbidities and drug treatr%zemme of these studies were designed to

include zinc supplementation as combination treatment.

This first retrospective casgeries study with COVIEL9 outpatients was done to show whether a) a
simple to perform outpatient risk stratification might allow for rapid treatment decision shortly after onset
of symptoms, and b) whether the triplel&y therapy with zinc, low dose HC@nd azithromycin might

result in less hospitalizations and less fatalities compared with relevant public reference data of untreated

patients.
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METHODS
SETTING

This retrospective case series study analysed data from CO¥lautpatients with confirmed sere
acute respiratory syndrome coronavirus 2 (SARE/-2) infection in a community in New York State,
USA. Outcome of patients who were treated with a specific triple therapy was compared to public

reference data of patients in the same community who negrieeated with this therapy.

CONFIRMATION OF COVID19 DIAGNOSIS

COVID-19 diagnosis was confirmed if patients were positively tested for SBRE2 by means of

PCR of nasal or pharyngeal swab specimens (majority of tests by Roche,

Basel; 99,1% sensitiwitand 99,7% specificity; other tests used with lower frequency included: Diasorin:

500 copies/mL; ThermoFisher: 10 genomic copy equivalents/reaction; Seegene: 1,250 copies/mL;
Hologic: TCID50/mL: 1X102) or retrospectively bigG detection tests (DiaSoriSensi t i vity 97
15 days afterdiagnosis), specificity 99.3%; Diazyme: Sensitivity 91.2%, specificity 97.3%). Only
patients who did have a record of a positive test result were included in the analysis. The PCR assays
were authorized by the Food anduD Administration (FDA) without clinical sensitivity/specificity data

due to the urgent nature of the pandemic. Only one positive test was necessary for the patient to be

included in the retrospective analysis.

PATIENTS

Sequentially consecutive COVAIDO outpatients older than 18 years at diagnosis were
included in the analysis as treatment group. All patients were white. Patients received
a prescription for the triple therapy only if they met one of the following risk stratification

requirements during medical officebased or telehealth consultation:

Group A: age >60 years; with or without clinical symptoms;

Group B: ageXl0 years and shortness of breath (SOB);

Group C: ageXs0 years, clinically symptomatic and with at least one of the following coditiesi
hypertension, hyperlipidemia, diabetes, obeéith 0 d y ma s s kg/im), deediovasoulaB disease,
heart failure, history of stroke, history of deep vein thrombosis or pulmonary embolism, asthma, chronic
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obstructive pulmonary disease (COPD),esthung disease, kidney disease, liver disease, autoimmune
disease, or history of cancer. Pregnant women, if any, were to be included in this group as well.

Laboratory confirmed COVIEL9 patients of the same community who were not treated with the
describd triple therapy and related outcome data represented the untreated control group (public

reference data).

PROCEDURE AND TREATMENT

Data of treated patients was collected from electronic health records in the year 2020. Demographics, as
reported by the pant, and a current medical history of hypertension, hyperlipidemia, diabetes, obesity
(body mass indeX® 30 2),kcgra]imnascular disease, heart failure, stroke, asthma, COPD, other lung

disease, kidney disease, liver disease, autoimmune disease, tistancer, thyroid disease psychiatric
disorder, or pregnancy were collected.

The presence of the following clinical symptoms of treated patients were documented:

cough/dry cough, fever, SOB, changes of or no smell or taste, sore throat, headache, sefuhgano
rhinorrea, sinus congestion, diarrhea/vomiting, cold symptoms, feeling sick, weakness, and low back

pain. If reported, number of days since onset of symptoms was documented.

The following vital signs, if available, were collected and documentedrt lrate (beats per minute),
breaths per minute (BPM), systolic and diastolic blood pressure (mmHg), body temperature (°C), oxygen

saturation measured by pulse oximetry %), body weight (kg), and/or body mass index (BMI).

Main comedications were chasterised based on primary care prescriptions active at
the time of diagnosis, were documented as categorical variables and included: betablockers, angiotensin
converting enzyme inhibitors, angioten&rantagonists, calcium channel blockers, hydrochloaattie,

statins, bronchodilators, antidiabetics, and insulin.

Only diagnosed COVIEL9 patients who met the defined risk stratification requirements

of group A, B, or C got a prescription for the following triple therapy for 5 consecutive days in addition
to standard supportive care: zinc sulfate (220 mg capsule once daily, containing 50 mg elemental zinc),
HCQ (200 mg twice daily), and azithromycin (500 mg once daily). No loading dose was used. Patients
who did not meet the risk stratification requirememseived standard of care to treat common upper
respiratory infection. Patients were not treated with HCQ if they had known contraindications, including

QT prolongation, retinopathy, or gluce§ghosphate dehydrogenase (G6PD) deficiency. As usual and
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following best practice patients were informed about possible drug related side effects. Reported events,

if any, were documented as required.

The selection of the used zinc supplement and drugs, dosages and the combination thereof, were based on
treatment guidlines, positive reports from other countries like South Korea, emerging first clinical

evidence, and based on the discretion of the treating physicians.

OUTCOME

Two outcomes were studied: COVD related hospital admission and@duse death
during timeof follow up of at least 28 days in the treatment group and in the untreated control group
(public reference). The outcome of COVID patients of the untreated control group was reported by the

responsible health department.

STATISTICAL ANALYSES

Only patents of the treatment group who met the defined risk stratification requirements and who
received at least a prescription for HCQ, with or without zinc, for 5 days, were included in the
retrospective analysis and were categorized accordinglyelpatet 6 s el ectr oni ¢c heal:
include information on a clinical characteristic, it was assumed that the characteristic was not present. In
the group of the public reference data only confirmed COWDpatients who were not treated in the
respectie general practice with the triple therapy were included in the analysis. For this untreated control
group only outcome data for hospitalization and all cause death was available and used for the statistical

comparison with the treatment group.

No samplesize calculations were performed. Descriptive statistics are presented as median and
interquartile range (IQR) for continuous variables and frequencies for categorical variables. For
comparison with results of other studies means and standard deviatienscal@rlated as needed.
Normality of distribution for continuous variables was assessed by the Skéithrdest. A 2tailed

St ud e-tedt dvas uded for parametric analysis, and a Wilcoxon Sigae#l test was used for
nonparametric data analysis. Fofccation of correlation the point biserial correlation coefficient was
applied if one variable was dichotomous. Associations between two categorical variables were calculated
with the ChiSquare test. Odds ratio (OR) were calculated for comparison otitbeme of the treatment

group with the untreated control grodph e  U': 0. 05 was consider ewdreas a
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analysed using Microsoft Excel for Microsoft 365 MSO -@B, the Excel adebn Real Statistics,
SigmasStat 4, and Sigma Pibt.0.

PATIENT AND PUBLIC INVOLVEMENT

In this retrospective case series study no patients were involved in the study design or in setting the
research questions or the outcome measures directly. No patients were asked to advise on interpretation

or writing of results.

STUDY APPROVAL

The study was approved by the Western Institutional Review Board and it was exempt under 45 CFR 8§
46.104(d)(4). The analysis was conducted withidgatified patient data, according to the USA Health
Insurance Portability anédccountability Act (HIPAA), Safe Harbor. For that reason exact dates and

locations are not mentioned in this study.

RESULTS
PATIENTS

In accordance with available public reference data, 712 confirmed $ANS PCR positively tested
COVID-19 patients wereeported for the respective community at the defined time point of the analysis.
Of these 712 patients, 335 presented as outpatients at a general practice and 127 were treated with the
triple combination therapy. Of these 127 patients, 104 met the rialifisation criteria and were
included in the analysis (table 1). 208 patients of the 335 did not meet the defined risk stratification
criteria were treated with standard of care and recovered at home. TheGARS infection of 37
additional patients whanet the risk stratification criteria and who were also treated with the triple
therapy was later confirmed by IgG tests (table 1). These patients were included additionally in the
analysis resulting in a total number of 141 patients, all with a confi@AdRISCoV-2 infection by PCR

or IgG tests. None of these patients were lost to felipwor the defined outcome. The outcome of the
remaining N=377 positively tested but not treated COXtDpatients, e.g. from other practices of the
community, served asuplic reference (fig 1). Analysis of the 141 patients in the treatment group showed
that all of these patients (100%) got a prescription of HCQ, 136 (96.5%) of zinc sulfate, and 133 (94.3%)
of azithromycin, while 1 patient (0.7%) got doxycycline instead.

18



BASELINE CHARACTERISTICS OF THE PATIENTS

Table 2 shows the baseline demographics and clinical characteristics of all 141 patients in the treatment
group and for the risk stratification groups A, B, and C. 69 patients (49%) belonged to group A, 48 (34%)
to goup B, and 24 (17%) to group C. Age ranged from 18 to 80 years and the median age was 58 years
with an interquartile range (IQR) of 4¥. The median age of group A, B, and C was 67, 39, and 45
years. A total of 103 patients (73.1%) were male with a #twafemale ratio of 2.71. Most common
comorbidities included hypertension (28%), obesity (28%), hyperlipidemia (23%), and diabetes (18%),
whilst least common ones were liver disease (2%), heart failure (1%), and stroke (1%). One patient was
pregnant (1%) anitiation of treatment. There was a positive and significant correlation between age and
hypertension (r=0.3309, p=0.001), hyperlipidemia (r=0.26306, p<0.001), and cardiovascular disease
(r=0.16757, p<0.05), while asthma was negatively correlated wétlrad.30867, p<0.001).

Median time between onset of clinical symptoms and medical consultation was 4 days-GQR 3
available for 66/141 patients, mean 4.8 days + 2.7) (table 3). There was no significant correlation
between age and days of onset of chhisymptoms to consultation (p>0.05). Days from onset of

symptoms to consultation were not significantly different between groups (p>0.05).

Most common clinical symptoms included cough (87.2%), fever (77.3%), SOB (46.1%), and changes of
or no smell or tas (30%), whilst least common ones were sinus congestion (16%), diarrhea/vomiting
(5%), and low back pain (3%). Table 4 shows symptoms of all patients and stratified by groups A, B, and
C. There was a significant negative correlation between age and shaihgemell or taste (F8.43,

p<0.001). No patient had a clinical diagnosis of pneumonia.

Table 5 shows vital signs, as they were available, for all patients and by group A, B, and C. Many
patients consulted the general practice during the C@M@risisvia telehealth so vital signs were not
available for all of these patients. The highest proportion of patients had available measurements for heart
rate (63%) and pulse oximetry (60%). Vital signs were not significantly different between risk
stratification groups (p>0.05) except for systolic blood pressure of group A and B (p<0.05).

Table 6 summarizes most importantroedications. 16% of patients were taking angiotensimverting
enzyme inhibitors, angiotensifiantagonists, hydrochlorothiazide or a domation thereof. The most
common longterm therapies at the time of COWD® diagnosis were statins (20%), bbtackers
(12%), and insulin (18%).
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HOSPITALIZATIONS AND ALL-CAUSE DEATH

In the treatment group 4 of 141 patients were hospitalized, which igaisicantly less than in the
untreated group with 58 of 377 patients (15.4%), (fig 2.), (OR 0.16; [95% CI, 0.06 to 0.5]; p<0.001),
(table 7, fig 4). Therefore, the odds of hospitalization of treated patients were 84% less than in the
untreated patients.llhospitalized patients were male, one in his twenties, two in their forties, and one in
his seventies. Three of the 4 hospitalized patients (75%) belonged to risk stratification group B and one to
group A (25%). All patients (100%) reported SOB at tirheamsultation. Median days

from onset of symptoms to consultation were 4 days. Of the treatment group 1 patient had to stay only
one day in hospital, 2 other patients were discharged as cured, and 1 patient died (s. below). No patient

was on a ventilator.

One of the 141 patients (0.71%) who belonged to treatment group A died after being hospitalized. This
patient had a history of cancer and did only take one daily dose of the triple therapy before hospital
admission. With 13 of 377 patients (3.5%, fig 3)rm patients died in the untreated group (OR 0.2; [95%

Cl, 0.03 to 1.5]) (table 7, fig 4). The

odds of allcause death of treated patients were 80% less (p=0.16) than in the untreated group.

The 208 patients presenting at the general practice who didewdtthe risk stratification requirements
and who were not treated with the triple therapy recovered at home and no hospital admissions or deaths

were reported.

SAFETY

In general, the triple therapy with zinc, low dose HCQ, and azithromycin was well ¢dlevsiter
initiation of treatment 30 of 141 patients (21%) reported weakness, 20 (14%) nausea, 15 (11%) diarrhea,

and 2 (1%) rash (table 8). No patient reported palpitations or any cardiac side effect.

DISCUSSION

This first retrospective case series stwdih COVID-19 outpatients in primary care setting showed that
risk-stratified treatment early after onset of clinical symptoms, with the triple therapy zinc, low dose
HCQ, and azithromycin was associated with significantly less hospitalizations (o@d8.1&t p<0.001)

and less altause deaths (odds ratio 0.2; p=0.16) in comparison to untreated patients (public reference
data) of the same community. Based on the performed risk stratification prevalence of the comorbidities

hypertension, hyperlipidemiaand diabetes were the highest in group A (>60 years and clinical
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symptoms), asthma and other lung diseases were the highest in group B (<60 years and SOB), and
obesity and autoimmune disease were the highest in group C (<60 years, clinical symptonmfmeohd de
comorbidities). Most frequent symptoms of these COXIDDpatients were cough followed by fever

while available median body temperature measurements were in a normal range. Almost 50% of risk
stratified and treated patients were suffering from SOBlenbreaths per minute and blood oxygen
saturation were still in the normal range. Median time from onset of symptoms to first medical
consultation was 4 days (IQRE3. Approximately 16% of patients receivedmedications known to be
associated with zindeficiency, such as antihypertensive drugs. No patient experienced any known

severe adverse events that were considered drug related during treatment or follow up.

STRENGTHS AND WEAKNESSES OF THE STUDY

At the time of this manuscript submission, only onerpeviewed study had analyzed the key health
outcomes of COVIBLY patients diagnosed in primary care set%iBgcause of this gap in data, the value

of this study is multifold. It provides much needed recommendations for risk stratification and a
treatmet regimen to prevent hospitalization and death of COWDpatients. Diagnosis of COV4DO

for all patients in this analysis was confirmed by PCR or 1gG tests compared with a recent study in which
less than 3% had a diagnosis confirmed by Iaboratory.Qt‘éEﬁs start the triple therapy as early as
possible after symptom onset is critical for treatment success, becauseCeARSviral load seems to

peak at day 5 to 6 after symptom 0Z&f and severe cases progress to acute respiratory distress

28 29

syndrome(ARDS) after only 8 to 9 days. "~ Early antiviral treatment is an established protocol to

manage severe disease progression, as was shown, for example, by a cumulative case control study

during the 2009 H1N1 influenza pandemic in Canadeor patients &high risk for severe viral disease
progression, it is recommended to start antiviral therapy as early as pgggﬁﬂarly treatment might be

also critically important to effectively reduce SAR®V-2 viral Ioadlj3 and this underscores the role of garl
intervention by primary care physicians as reported herein.

Further strength of this approach was the simple risk stratification of symptomatic outpatients to
determine the need for therapy, a strategy not yet applied in CQ¥Iprimary caré,3 but routnely
implemented in primary care for other disea3§"dsnderlying assumptions of the risk stratification used

in this setting are different than other recommendaﬁgiﬂye, age stratified high risk was defined as

>60 years (typically defined as >65 ygato encompass the common increase of comorbidity incidences
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in this age grouﬁf5 Patients OG0B, gvenavitheut nedudedh pulse oximetry values, were
treated because it was assumed virus will likely spread from upper to lower respirato?f/Aﬂaot.

treated wer@ at i ent s Odifical gymptoms and proghosticallyleeant comorbiditied” By

applying this risk stratification approach, respective care was tailored to patients with a higher likelihood
for hospitalizations or fatalities, whighn s ur ed t hat the medical principl

h ar mee mareained® As a result, 62% of COVIEL9 patients were treated with standard of care only
and recovered at home, and only 38% needed treatment with the triple therapy.

3941

The antiviral potential of HCQ was broadly descrilieditro andin vivo. HCQ has a long terminal

elimination halflife of 32 days in plasma and 50 days in blé%ﬂfherefore, the treatment approach was
conservative, with starting dose being the same as maintenance dose and with a short treatment duration
of only 5 days, being evemore conservative than other recommendat‘ll8nBlCQdependent
intracellular increases in pH might directly interfere with-gépendent SAREo0V-2 replication%gAIso,
chloroquine and probably HCQ have characteristics of a zinc ionophore resulting iasimgre
intracellular zinc concentratio’.The dose of elementary zinc in this study was similar to doses
previously studied to successfully prevent infections in the eIé%Ayltiviral effects of zinc against a
variety of viruses have been demonstradeding the last decadé$zinc, in addition to its role as a
general stimulant of antiviral

immunity, is known to specifically inhibit coronavirus RNfependent RNA polymeragé.Based on

H C Q 6 msophiore properties, it has been hypothesized that zincemiagnce the efficacy of HCQ in
treating COVID19 patientsz.2 In addition, zinc might inhibit the serine protease fdrirEurin is
expressed on endothelial cells, monocytes/macrophages, and smooth muscle cells in human
atherosclerotic pIaqu@GS and therefee might play a critical role for the severe cardiovascular
complications of COVIB19. As furin might be responsible to favor SAR8V-2 spreading compared

with other beta coronavirusés *® and as furirinhibition protects from certain viralependent
infectioné‘g, it may be important to evaluate the potential role of zinc in inhibiting this pathway.
Azithromycin was added to the treatment regimen as preliminary data provides evidence for more

efficient or synergic virus elimination in conjunction with texal superinfectior%.3 50Although there is

a synergistic antiviral effect between zinc, HCQ, and azithromycin, zinc supplementation may be

instrumental for the outcome of patient
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populations with severe clinical courses. Zinc deficiency was confirmedlange number of healthy
elderlyf1 and in diabetic patientr’g.ln addition, it has been documented that the antihypertensive drugs
hydrochlorothiazide, angiotensinconvertirgnzyme inhibitors, and angiotensin 2 receptor antagonists
can result in an ineased urinary excretion of zinc with subsequent systemic zinc deficsl%ﬁqe,

comorbidities, and relevant -goedications align well with the majority of described COMID patients
at high risk, including the risktratified population of this analysiZinc deficiency might explain why
certain patient groups seem not to benefit from HCQ in monotherapy. Duringdtine teeatment with
the triple therapy and during follow up, no severe adverse events were observed and no cases of cardiac

arrhythmia were eported in this general practice, which is in accordance with available safety data of

more than 300,000 patien%.

Inherent to all retrospective analyses, our study has certain limitations such as nonrandomization and
blinding of treatment. Also, only éhoutcome data of the untreated control group based on the public
reference was available but no other patient

characteristics or clinical symptoms and so no risk adjustment was possible. Therefore,

confounding factors and selection bias, among otherdssleeexist. The demographic composition of

the treatment group might have also had an influence on our findings. Because many physician
appointments had to be managed by telehealth, vital parameters were not available for the majority of
patients. Viral bad and ECG data were not analyzed. Treatment with the triple therapy resulted in a
numerically lower rate of altause deaths. In the absence of clinical details about the untreated patient
group, the lower rate of atlause death in the treated group wasstatistically significant. However, the
patients in the treated group were all positively-gtiatified while the risk of the untreated group was
obviously lower as this group included high and-ask patients.

STRENGTHS AND WEAKNESSES IN RELATIONTO OTHER STUDIES, DISCUSSING
IMPORTANT DIFFERENCES IN RESULTS

In this study, the ratio of males and average age was comparable with a relevant number of other studies,
but distribution of comorbidities was ndtThe latter was expected because outpaiestally have a

different distribution of age and especially of comorbidities than critically ill inpatients. As expected the
prevalence of hypertension, hyperlipidemia, and cardiovascular disease correlated positively with age
while asthma correlated natively. Approximately 50% of risktratified and treated patients presented

with SOB while the parameters breaths per minute and blood oxygen saturation were still within the
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normal range. These patients would usually not be considered for hospital iadmadthough SOB
might be considered an alarming early sign of disease progression. Based on the implemented risk

stratification, these patients were identified and treated immediately.

In contrast to many other studies, the most frequent symptom wal aadghot fever? 57Changes in
smell or taste in one third of patients and a negative correlation with age were similar to findings from

other groupg.8 While mean time from onset of symptoms to treatment was only 4.8 days (median 4
days), previously reprted time spans range from 6.3 dg?/m 8 daysl,Gup to 16.6 daygfl, or was often
even not reporte%P. In most of these studies, COI® disease had most likely already progressed at

the time of presentation to stages Il or even stage Il of thesaiSba

many studies, often only limited information is provided aboumealications and specifically about
clinical symptoms at admissiSiThe latter would be very important to better understand the differences
of clinical presentation between inpatieand outpatients, and thus the urgency for earlyGwID-19
treatment in outpatient settiag.The potential of zinc to enhance the antiviral efficacy of HCQ was
already described in detall elsewh&feThis hypothesis was recently confirmed by a gtuding a
similar triple therapy and treatment duratisrZinc added to HCQ and azithromycin resulted in a
significantly increased number of patients being discharged,

a reduction in mortality, or transfer to hospice. In another study, when a lower fd286 ;g HCQ

twice daily was added to basic treatment, mortality of even critically ill patients was significantly
reduceds2 These and our findings indicate that proper dosing

of HCQ with its long haHife might be key for the favourable outcome of COVID patients. In critical

care, drugs with short halives are usually preferred. Especially in critically ill COVID patients,
higher doses of HCQ may have unforeseeable effects, for example, on insulin sensitivity in obese
patientssand glucose levslin diabeticS®

65 Besides glucose levels, it is important to closely monitor renal function which is increasingly affected
during progression of COVH29se Because HCQ is substantially excreted by the kidneys, the risk of

toxic reactions is greater patients with impaired renal functiGh.

POTENTIAL IMPLICATIONS FOR CLINICIANS AND POLICY MAKERS

Clinical experience from severely ill inpatients with pneumonia who were treated with high dose HCQ

are not readily transferable to the outpatient setting wiper respiratory disease only. For outpatients
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with a median of only 4 days after onset of symptoms, COlADepresents a totally different disease

and needs to be managed and treated differenflysimple to perform outpatient risk stratificatiors a
shown here, allows rapid treatment decisions and treatment with the triple therapy zinc, low dose HCQ,
and azithromycin and may prevent a large number of hospitalizations and probably deaths during the

SARSCoV-2 pandemic. This might also help to avoi®owvhelming of the health care systems.

UNANSWERED QUESTIONS AND FUTURE RESEARCH

Almost no general clinical data of COWID® outpatients exists and hence responsible experts and
stakeholders should ensure a common effort to close this gap by designdies stpecifically for
primary care setting. Ongoing studies with HCQ should be amended to include combination with zinc.
Based on our and others preliminary data, the triple therapy zinc, low dose HCQ, and azithromycin
should be used and tested to gereembspective data as soon as possible. As zinc deficiency may play
an important role during infection, development, and the clinical course of GO¥,|Binc

supplementation in accordance with defined recommended dietary allowances should be evatuated as
simple option for primary prevention. Zinc has a high safety margin and it would be physiologically

already available if for example treatment with HCQ is initiated.
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Tables and Figures

Table 1. COVID-19 Diagnostics by PCR and IgG tests of Patients in the Treatment
Group

COVID-19 Diagnostics Risk Stratified | Risk Stratified | Risk Stratified All Patients

— no. (%) Group A Group B Group C Treatment Group
ks (N=69) (N=48) (N=24) (N=141)
SARS-CoV-2 — PCR Test 51 (74) 39 (81) 14 (58) 104 (74)

SARS-CoV-2 — IgG Test 18 (26) 9 (19) 10 (42) 37 (26)




Table 2. Baseline Demographics and Clinical Characteristics of Patients in the
Treatment Group™

Risk Stratified | Risk Stratified | Risk Stratified All Patients
Characteristics Group A Group B Group C Treatment Group
(N=69) (N=48) (N=24) (N=141)
Median age
(IQR) —years 67 (64-69) 39 (24-47) 45 (36-50) 58 (40-67)
Male sex — no. (%) 46 (67) 40 (83) 17 (71) 103 (73)
Coexisting
conditions — no. (%)
Any condition 44 (64) 31 (65) 24 (100) 99 (70)
Hypertension 27 (39) 4 (8) 8 (33) 39 (28)
Hyperlipidemia 21 (30) 7 (15) 5(21) 33 (23)
Diabetes 16 (23) 4 (8) 5(21) 25 (18)
Obesity 20 (29) 10 (21) 10 (42) 40 (28)
Cardiovascular
o r—— 9(13) 1(2) 3(13) 13 (9)
Heart Failure 2(3) 0(0) 0(0) 2(1)
Stroke 1(2) 0 (0) 0(0) 1(1)
Asthma 2(3) 9 (19) 2(8) 13(9)
COPD 0 (0) 0 (0) 0(0) 0 (0)
Other Lung Disease 6 (9) 5(10) 4 (17) 15 (11)
Kidney Disease 1(2) 3(6) 2 (8) 6 (4)
Liver Disease 1(2) 2(4) 0 (0) 3(2)
Autoimmune
Disease 2(3) 4(8) 4 (17) 10 (7)
History of Cancer 6 (9) 2(4) 1(4) 9 (6)
Thyroid Disease 7 (10) 4 (8) 2(8) 13 (9)
Psychiatric Disorder 7 (10) 4 (8) 5(21) 16 (11)
Pregnancy - - 1(4) 1(1)

*IQR interquartile range
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Table 3. Patients with Reported Days Since Onset of Symptoms in the Treatment

Group
Risk Risk Risk All Patients
Blaiacieniiiics Stratified Stratified Stratified Treatment
Group A Group B Group C Group
(N=69) (N=48) (N=24) (N=141)
Patients with reported
days — no. (%) 32 (46) 25 (48) 9 (38) 66 (47)
Median days since onset of 4 (3-6) 3 (3-6.5) 4(355) 4 (3-6)

symptoms — (IQR)
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Table 4. COVID-19 Diagnostics and Baseline Reported Clinical Symptoms of
Patients in the Treatment Group

Risk Risk Risk All Patients
st sympoms -no. (9 | Sratfied | swatfed | sudfed | Trsmen
(N=69) (N=48) (N=24) (N=141)
Cough/Dry Cough 60 (87) 39 (81) 24 (100) 123 (87)
Fever 53 (77) 38 (79) 18 (75) 109 (77)
Shortness of Breath (SOB) 17 (25) 48 (100) 0(0) 65 (46)
Changes of or no smell or taste 21 (30) 19 (40) 2(8) 42 (30)
Sore Throat 19 (28) 8 (17) 7 (29) 34 (24)
Headache 19 (28) 6(13) 7 (29) 32 (23)
Runny Nose/Clear Rhinorrhea 16 (23) 8 (17) 4 (17) 28 (20)
Sinus Congestion 10 (15) 9 (19) 4 (17) 23 (16)
Diarrhea/NVomiting 1(2) 5(10) 1(4) 7 (5)
Cold Symptoms 31 (45) 16 (33) 12 (50) 59 (42)
Feels Sick 40 (58) 38 (79) 17 (71) 95 (67)
Weakness 44 (64) 22 (46) 11 (46) 77 (55)
Low Back Pain 3(4) 0 (0) 1(4) 4(3)
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Table 5. Physical Examination — Vital Signs of Patients in the Treatment Group

Patients with
Farainster Paramae::irlsalillewo. (%)
of N=141
Median Heart Rate — beats per minute — (IQR) 86 (80-94) 89 (63)
Median Breaths per Minute [BPM] — (IQR) 16 (15-18) 43 (31)
Median Systolic Blood Pressure [mmHg] — (IQR) 126 (120-139) 66 (47)
Median Diastolic Blood Pressure [mmHg] — (IQR) 80 (74-85.5) 66 (47)
Median Body Temperature [°C] — (IQR) 37.2 (37-37.8) 79 (56)
Median Pulse Oximetry [02 %] — (IQR) 97 (96-98) 85 (60)
Median Body Weight [kg] — (IQR) 88 (72.6-98.4) 43 (31)
Median Body Mass Index [kg/m?] — (IQR) 32.2 (28.5-36.3) 30 (21)




Table 6. Co-Medications of Patients in the Treatment Group

Patients — no. (%)

Drug Class of N=141
Betablockers 17 (12)
Angiotensin-converting enzyme inhibitors 8 (6)
Angiotensin-2 Antagonists 13 (9)
Calcium channel blockers 8 (6)
Hydrochlorothiazide 6 (4)
Statins 28 (20)
Bronchodilators 10 (7)
Antidiabetics 11 (8)
Insulin 26 (18)
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Table 7. Clinical Outcome in the Treated Patient Group versus the Untreated
Patient Group

Treated Group — no. (%)

Untreated Group — no. (%)

Odds

Qutcome of N=141 of N=377 Ratio 95% CI | P-value
Hospitalization 4(2.8) 58 (15.4) 0.16 oc.)og- <0.001
All-cause death 1(0.71) 13 (3.5) 0.2 oiog- 0.16

Cl=Confidence Interval
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Table 8. Summary of Adverse Events

Patients — no. (%)

Bt of N=141
Any adverse event 67 (48)

Weakness 30 (21)

Nausea 20 (14)

Diarrhea 15 (11)

Rash 2(1)
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Figure 1

712

PCR-confirmed
COVID-19 patients in
the respective
community
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COVID-19 patients
presented as
outpatients at one
general practice
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Patients did not meet
the defined risk
stratification criteria,
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standard of care, and
recovered at home

23
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because they did not
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stratification criteria
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treated with zinc, low
dose HCQ, and
azithromycin

37
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addition

A

COVID-12 patients met
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A4

141

COVID-19 patients
treated with zinc, low
dose HCQ, and
azithromycin and with a
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SARS-CoV-2 infection
were included in the
analysis

377 Positively tested but
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patients, e.g. from other
practices of the
community, served as
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Figure 1: Study population. N=141 COVID-19 patients, all with a laboratory-confirmed SARS-CoV-2 infection,
were included in the analysis as treated group. N=377 positively tested COVID-19 patients of the public reference
were included in the analysis as untreated group.
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Figure 2

Hospitalization [%)]

Hospitalization Rate

Treated Untreatad

Figure 2: Treatment with the triple therapy zinc, low dose HCQ,
and azithromycin was associated with significantly less
hospitalizations in comparison to untreated patients of the
public reference data. X* (1, N=518)=14.17, 'P<0.001

41



Figure 3

All-cause death [%]

All-cause death

n.s

Treated Untreated

Figure 3: Treatment with the triple therapy zinc, low dose HCQ,
and azithromycin was associated with numerically less all-
cause deaths in comparison to untreated patients of the public
reference data. n.s.=not significant.

X? (1, N=518)=1.98, P=0.16
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Figure 4

Outcome of treated and untreated COVID-19 Outpatients

Treated Untreated Odds Ratio P-value

teome '
o i Group Group 5%
' N=141 N=377
Hespitalization [%)] ‘ . 28 154 016 (0.0605) <0.001
All-cause death [%] il - — 071 3s 0.2003-15| =0.16

Figure 4: The odds of hospitalization of the treated patient group were 84% less than in the untreated patient
group, and was statistically significant (p<0.001). The odds of all-cause death of the treated patient group were
80% less than in the untreated patient group, but did not reach statistical significance (p=0.16). CI=Confidence
Interval.
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ABSTRACT

More than 1.6 million Americans have been infected with SARY-2 and >10 times that number carry
antibodies to it Highrisk patients presenting with progressing symptomatic disease have only
hospitalization treatment with its high mortality. An outpatient treatment that prevents hospitalization is
desperately needed. Two candidate medications have been widelpédaesndesivir, and
hydroxychloroquine+azithromycin. Remdesivir has shown mild effectiveness in hospitalized inpatients,
but no trials have been registered in outpatients. Hydroxychloroquine+azithromycin has been widely
misrepresented in both clinicalp@rts and public media, and outpatient trials results are not expected
until September. Early outpatient iliness is very different than later hospitalized florid disease and the
treatments differ. Evidence about use of hydroxychloroquine alone, or of
hydraxychloroquine+azithromycin in inpatients, is irrelevant concerning efficacy of the pair in early
high-risk outpatient disease. Five studies, including two controlled clinical trials, have demonstrated
significant major outpatient treatment efficacy. Hydraixoroquine+azithromycin has been used as
standarebf-care in more than 300,000 older adults with multicomorbidities, with estimated proportion
diagnosed with cardiac arrhythmias attributable to the medications 47/100,000 users, of which estimated
mortality is <20%, 9/100,000 users, compared to the 10,000 Americans now dying each week. These
medications need to be widely available and promoted immediately for physicians to prescribe.
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Abstract

More than 1.6 million Americans have been infected with SARS-2 and >10 times that

number carry antibodies to it. Higisk patients presenting with progressing symptomatic
disease ave only hospitalization treatment with its high mortality. An outpatient treatment that
prevents hospitalization is desperately needed. Two candidate medications have been widely
discussed: remdesivir, and hydroxychloroquine+azithromycin. Remdesivinbas snild
effectiveness in hospitalized inpatients, but no trials have been registered in outpatients.
Hydroxychloroquine+azithromycin has been widely misrepresented in both clinical reports and
public media, and outpatient trials results are not expectédSeptember. Early outpatient

illness is very different than later hospitalized florid disease and the treatments differ. Evidence
about use of hydroxychloroquine alone, or of hydroxychloroquine+azithromycin in inpatients, is
irrelevant concerning effacy of the pair in early highsk outpatient disease. Five studies,
including two controlled clinical trials, have demonstrated significant major outpatient treatment
efficacy. Hydroxychloroquine+azithromycin has been used as stanfiaedte in more tha

300,000 older adults with multicomorbidities, with estimated proportion diagnosed with cardiac
arrhythmias attributable to the medications 47/100,000 users, of which estimated mortality is
<20%, 9/100,000 users, compared to the 10,000 Americans nowahghgveek. These
medications need to be widely available and promoted immediately for physicians to prescribe.
Keywords Azithromycin; Covid19; Doxycycline; Hydroxychloroquine; Remdesivir; SARSCoV
2; Zinc

Abbreviations AZ, azithromycin; CDC, US Centefar Disease Control; FAERS, FDA Adverse
Events Reporting System database; FDA, US Food and Drug Administration; HCQ,
hydroxychloroquine; NIH, US National Institutes of Health; QTc, corrected electrocardiogram
Q-T-wave duration; RCT, randomized controlledl; RR, relative risk; R epidemic

reproduction number at tinte
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Introduction

Aside from the now more than 1.6 million Americans found through testing and public health
reporting to be infected with SARSoV-2, seropositivity studies in California,(2),
Colorado (3) and New York City and State (4) suggest that sorbé-fiddd larger numbers of
people carry antibodies to the virus. The workforce and effort required to carry out contacttracing
on these tens of millions of Americans is not practicaiiléthese studies have
generated some media criticism, recent similar studies of blood donor samples in the Netherlands
found 3% with SARSCoV-2 antibodies (5), and 5% among household volunteers in Spain (6).
Even allowing for some degree of falgesitivity of these antibody tests, they still indicate that
appreciably larger fractions of the population have been infected than have been characterized by
identified reported cases. fAFlattening the curve
at horre, serves to reduce hospital loads and spread them out over timegaté t@as pushed
infection reproduction numbers #&wn only to about 1.0 (7), thus even if maintained, over time
very large numbers of people in the US may eventually get the infedin@ great majority of
infected people are at low risk for progression or will manifest the infection asymptomatically.
For the rest, outpatient treatment is required that prevents disease progression and
hospitalization. Exposures will occur as isolatfolicies are lifted and people begin to mix,
even with various degrees of public isolation such as mask usage and physical separation still in
place. Thusthe key to returning society toward normal functioning and to preventing huge loss
of life, espeally among older individuals, people with comorbidities, African Americans and
Hispanics and Latinoss a safe, effective and proactive outpatient treatment that prevents

hospitalization in the first place
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All treatments have costs and benefits. Ind&al world, randomized doubldinded
controlled clinical trials establish evidence for the relative degree of benefit, and if large enough,
for estimates of the frequencies of adverse events. These trials take time to conduct: to get
formal approval, t@et funding, to enroll enough eligible patients, to wait for the outcomes to
occur, and to analyze the data. In the context of the E®/jgandemic, we are presently
averaging about 10,000 deaths per week in the US, under moderately strong isolaiies polic
that have put more than 36 million people out of work. Results of currently ongoing or planned
randomized trials for use of a number of outpatient medications are many weeks or months off,
and there are no guarantees that the results for these agentd, statistically significant, will
show sufficient magnitudes of effectiveness to be useful clinically. We are rapidly reaching a
breaking point in the ability to maintain the status quo; states have begun the process of lifting
their restrictions, ashwe thus need to evaluate what evidence we do have for promising

outpatient treatments.

Review of Evidence

Based on laboratory and other preliminary evidenagate, among many others, two
candidate medication regimens have been widely discussed fatieat treatment: remdesivir
(Gilead Sciences, Inc., Foster City, California), and hydroxychloroquine (HCQ) plus
azithromycin (AZ). Remdesivir has been studied extensively in laboratory work and in animals
(8) and for other viral diseases and has goohbgical properties, suggesting utility for SARSGoV
2 infection. In a study of remdesivir compassionate use in 53 hospitalized patients with
severe disease (9), 13% died, which appears lower than what might have been expected without
treatment, though grésx than the deaths in the placebo arm of the Adaptive C&ID
Treatment Trial (more below). In a randomized, controlled but relatively underpowered trial in

severe nofventilated hospitalized patients in China (10), benefit vs placebo was not able to be
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shown either in improvement or mortality. An appreciable fraction of the remdesivir patients left
the trial early because of serious adverse events. The Adaptive CT®Ieatment Trial of
hospitalized patients with advanced lung disease has releasad@sitilts (11) showing that

patients on remdesivir had 31% faster recovery than patients on placebo, medians 11 vs 15 days,
which difference was statistically significant, but these results involve patients who did indeed
survive. Mortality of the two grups, 8.0% vs 11.6%, respectively, was better for remdesivir but

not significantly soR-value=.059). More specific for consideration here, remdesivir has not

been studied in outpatient use. The Scientists to Stop@o9d isecr et 06 Report (12,

recomends widespread use of remdesivir, and fAas ea
evidence as yet shows in humans that it would be helpful for routine outpatient circumstances

and disease. The FDA recently approved use of remdesivir in the quuigicthealth

emergency circumstances (13), but only for patie
on room air, requiring supplemental oxygen, mechanical ventilation, or extracorporeal

membr ane oxygenati on ( ECMgjeothmspital sefigavid mi ni st er ed |
intravenous (IV) infusion by a healthcare provid

allow outpatient use. Symptomatic outpatient infection is a pathologically and clinically

different disease than the lfereatening inpatient acute resjtory distress syndrome caused by

SARSCoV-2, thus there is little reason to think that the same treatment would be useful for both

(14). In any event, none of 20 currently registered trials is scheduled to provide data on

outpatient use of remdesivihus we may not know whether it could be used effectively to

prevent hospitalization of symptomatic outpatients unless or until it is actually tried that way.
The other suggestion is the combined regimen of HCQ+AZ (or its variant

HCQ+doxycycline). The FDAds recently issued guidance (15) to physicians and the general

public advising that the combination HCQ+AZ should not generally be used except by critically

ill hospital inpatients or in the context of registered clinical trials. The NIH panel for G8vid
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treatment guidelines say essentially the same (16), and a similar statement has been released by
the major cardiology societies (17). Numerous reviews of HCQ efficacy and adverse events
have been and continue to be published. To my knowledlge, thesereviews have omitted the

two critical aspects of reasoning about these drugs: use of HCQ combined with AZ or with
doxycycline, and use in the outpatient settirgr example, the Veterans' Administration

Medical Centers study (18) examined tredtedpitdized patients and was fatally flawed (19).

The same point about outpatient use of the combined medications has been raised by a panel of
distinguished French physicians (20) in petitioning their national government to allow outpatient
use of HCQ+AZ. It apears that the FDA, NIH and cardiology society positions have been

based upon theoretical calculations about potential adverse events and from measured
physiologic changes rather than from current-vealld mortality experience with these

medications anthat their positions should be revised. In reviewing all available evidence, | will
show that HCQ+AZ and HCQ+doxycycline are generally safe for-gaort use in the early

treatment of most symptomatic higisk outpatients, where not contraindicated, tirad they are
effective in preventing hospitalization for the overwhelming majority of such patients. If these
combined medications become standafrdare, they are likely to save an enormous number of
lives that would otherwise be lost to this endemgedse.

What is the evidence for these assertions? Similar to remdesivir, 16 clinical trials of
HCQ+AZ are listed in the ClinicalTrials.gov database (21). Of these, only five involve treating
outpatients with the combined HCQ+AZ regimen (Web Table 1).Heoearliest trial, between
now and September, assuming a flat epidemic curve of 10,000 deaths per week, | estimate that
approximately 180,000 more deaths will occur in the US before the trial results are known. The
CDC has estimated substantially greatembers of deaths (22).

In this context, we cannot afford the luxury of perfect knowledge and must evaluate, now

and on an ongoing basis, the evidence for benefit and risk of these medications (23). Available
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evidence of efficacy of HCQ+AZ has beenrepelatgd descr i bed i n the medi

most certainly is not. The evidence is not perfect either. Each piece of evidence, contained in
each study, must be carefully considered and not dismissed because in an ideal world such
evidence would fall in dower part of the evideneguality triangle. Furthermore, and most

critical to the correct understanding of what evidence is availell@ence for single agents

cannot be extrapolated to apply to combined agents, evidence for one biochemical form of a
drug cannot be extrapolated to another form, and even more importantly, evidence for utility or
lack thereof or toxicity in hospitalized patients cannot be extrapolated to apply to outpatient use
outpatient use comprising the sole argument for applicétin am making in this review.

Thus for example, studies of chloroquine or HCQ used alone do not bear upon evidence
for efficacy of HCQ+AZ or HCQ+doxycycline. This point has been argued forcefully by the
French doctors (20). The first study of HCQ+AZ Y 2hs controlled but not randomized or
blinded, and involved 42 patients in Marseilles, France. This study showefiblal B@nefit of
HCQ+AZ vs standaraf-care, withP-value=.0007. In the study, six patients progressed,
stopped medication use and left tiial before the dag planned outcome measure of swabsampled
nasopharyngeal viral clearance. Reanalysis of the raw study data elsewhere (25) and by
myself shows that including these six patients does not much changeftiid B&nefit. What
does changthe magnitude of benefit is presentation with asymptomatic or upper respiratorytract
infection, vs lower respiratofiyact infection, the latter cutting the efficacy in half; 2l
vs standarebf-care. This shows that the sooner these medicationsedetbe better their
effectiveness, as would be expected for viral early respiratory disease. The average start date of
medication use in this study was éapf symptoms. This study has been criticized on various
grounds that are not germane to the s@ebat the most salient criticism is the lack of
randomization into the control and treatment groups. This is a valid general scientific criticism,

but does not represent epidemiologic experience in this instance. If the study had skholdh a 2
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or perhaps8-fold benefit, that magnitude of result could be postulated to have occurred because
of subjectgroup differences from lack of randomization. However, théolbor 50fold

benefit found in this study is not amenable to lack of randomization as theasba for such a
huge magnitude of benefit. Further, the study showed a significéoit] Benefit of taking

HCQ+AZ over HCQ alone?-value=.035, which cannot be explained by differential
characteristics of the controls, since it compares one treagraar to the other, and the treated
subjects who received AZ had more progressed pneumonia than the treated subjects receiving
HCQ alone, which should otherwise have led to worse outcomes. The study has also been
descri bed as @s malydppliés tolstudies notfiading statistical significenoe. o0 n
Once a result has exceeded plausible chance finding, greater statistical significance does not
contribute to evidence for causation (26). No different conclusion would have resulted had a
study wih 1000 patients found the samefd@l benefit but with &-value of 10w0. Study size
limitation only applies to studies having findings within the play of chance. That is not the case
here.

A second study of the Marseilles group (27) involved 1061 mistiested positive for
SARSCoV-2 and treated with HCQ+AZ for at least 3 days and followed for at least 9 days. The
aut hors state ANo cardiac toxicity was observed.
were seen in 973 patients (92%). Five patieigd, and the remainder were in various stages of
recovery.

The third piece of evidence involves the cohort of 1450 patients treated by Dr. Vladimir
Zelenko of Monsey, NY. Dr. Zelenko has released apage report (28) describing his clinical
reasoning ad procedures, dosing conditions and regimen, and patient results through April 28.
Symptomatic patients presenting to Dr. Zelenko were treated with five days of HCQ+AZ+zinc
sulfate if they were considered higkk, as evidenced by one or more of: age/@&érs or older;

high-risk comorbidities; bodynass index>30; mild shortness of breath at presentation. Patients
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were considered to have Covi@ based on clinical grounds and started treatment as soon as
possible following symptom onset, rather than delgyor test results before starting treatment.
Of the 1450 patients, 1045 were classified astisk and sent home to recuperate without active
medications. No deaths or hospitalizations occurred among them. Of the remaining 405 treated
with the combinedegimen, 6 were ultimately hospitalized and 2 died. No cardiac arrhythmias
were noted in these 405 patients.

The fourth relevant study was a controlled mandomized trial of HCQ+AZ in 636
symptomatic higkrisk outpatients in S&o Paulo, Brazil (29). Adinsecutive patients were
informed about the utility and safety profile of the medications and offered the treatment, and
those who declined (n=224) comprised the control group. Patients were monitored daily by
telemedicine. The study outcome was need ésphtalization, defined as clinically worsening
condition or significant shortness of breath (blood oxygen saturation <90%). Even though the
severities of all of the recorded {like signs and symptoms and of important comorbidities
(diabetes, hypertensipasthma, stroke) were substantially greater in the treated patients than the
controls, the need for hospitalization was significantly lower, 1.2% in patients starting treatment
before day 7 of symptoms, 3.2% for patients starting treatment after day 7.480 for
controls,P-value<.0001. No cardiac arrhythmias were reported in the 412 treated patients. The
most common side effect of treatment was diarrhea (16.5%), but 12.9% of treated patients
presented with diarrhea before treatment began.

Finally, a snall study is ongoing in a loAgrm care facility in Long Island, NY. This
study has been employing HCQ+doxycycline rather than HCQ+AZ for treatment efiskgh
Covid-19 patients. Doxycycline itself has antiviral activity against SARY-2 at in vitro
concentrations 5.6&¢gM median (30). Among the first
study, 6 were hospitalized and 3 (5.6%) died (31). An unofficial update of these data indicates

that of about 200 highisk patients treated with HCQ+doxycycline, 95%) have died.
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Thetwonoar andomi zed but controlled trials provide

for the major efficacy of early use of HCQ+AZ against SARS/-2 infection in symptomatic
high-risk outpatients. What can be said about the uncondrtzlge case series of treated

patients? Standard published case reports provide clinical evidence of the possibility of an
exposureoutcome relationship, but not of the regularity, magnitude or representativeness of such
a relationship. The same can ba&ls# case series reports, meaning that subject entry into the
series is not necessarily welkéfined and no denominator information is provided from which to
gauge what the series represents. However, a large series in the context of known risks of
mortaity or adverse events can allow for ballpark estimates of the denominator and thus provide
a reasonable frame of reference for whether the outcomes likely represent beneficial or harmful
results. For example, among Connecticut cases 60 years of agerpabjesent the mortality

is 20% (32). Thus, it would be ballpark to estimate that some 20% of the 1466 treatadkhigh
patients in the Zelenko and Marseilles cohorts would have died without outpatient HCQ+AZ
treatment, 293 patients, compared to thehd did die. An alternative is to use the 12%

mortality of hospitalized patients in the placebo arms of the remdesivir trials (10, 11). This

would give about 180 expected deaths.

Adverse Events

Both proposed drug regimens have shown side effects. Renndm its phases trial of

10-day vs 5day therapeutic courses in hospitalized patients, produced a range of adverse events
in more than 70% of patients in both treatment arms (33). Adverse events requiring medication
discontinuation were many fewefGn the 5day group and 10% in the -day group. In the

Chinese trial, 12% of remdesivir patients stopped the medication before the end etithe 10

treatment because of druglated adverse events (10).
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For HCQ+AZ use, the argued issue concerns fataiac arrhythmias: the warnings
issued by the FDA, the NIH and the cardiology societies. Indeed, both HCQ and AZ produce
QT prolongation, rare instances of fatal Torsades de Pointes and lemge@/Bl syndrome. A
number of essays by cardiologists puindid inJAMAand other journals have anxiously warned
about these risks, but have not examined mortality from them. The sole question is whether
these fatal events, or even any fatal cardiac arrhythmia events, would occur with enough
frequency that genertieatment of nortontraindicated highisk outpatients by HCQ+AZ
would outweigh benefit in preventing hospitalization and mortality. A number of studies have
examined hospital inpatient use, but these studies have had major flaws discussed at length in the
literature, not least of which is that patients hospitalized with multiple medical problems and
more-advanced disease do not represent the mortality experience of outpatient use of these
medications in patients otherwise well enough not to be hospitaldrezisource of data on
mortality associated with these medications is the FDA FAERS database (34). Examination of
the database for adverse events reported from the beginning of the database in 1968 through
2019 and into the beginning of 2020, shows fatrbyychloroquine 1064 adverse event reports
including 200 deaths for the total of cardiac causes that could be both specifically and broadly
classified as rhythmelated. Of these, 57 events including 10 deaths were attributed to Torsades
de Pointes and fey QT-interval syndrome combined. This concerns the entirety of HCQ use
over more than 50 years of data, likely millions of uses and of léeg®aruse than the 5 days
recommended for Covid9 treatment. For AZ use, the numbers of reported Torsades desPoin
and long QTinterval syndrome events total 37, of which 2 deaths. FAERS data are generated by
patient, physician and pharmacist report initiation and likely underrepresent true event
occurrences. However, even if the true numbers weffeldl@arger, hey would still be
minuscule compared to the amounts of medication usage. How much the risk of QT

prolongation would be enhanced with HCQ and AZ taken together is unknown, but the
58



Physicians' Desk Reference (35) says that coadministration of these medicati r i sks fAaddi t i
QT prolongation. 06 Not multiplicative. APhar macok
highest risk of TdP include antifungal agents, m
p. 139). Nevertheless, even if the combinedHBZ produced a Hfold higher incidence of
fatal Torsades de Pointes and long-iQferval syndrome than either agent alone, and even if
both events were Hdld underreported in FAERS, thus hypothetically giving 1200 fatal events,
that would still be vergmall compared to the millions of uses of these medications that the
FAERS database represents. Therefore, while it is established that HCQ+AZ lengthens the QTc
interval by 1855ms on average (340), in 40, 84, 90 and 98 hospitalized severely ill pagient
the four studies, respectively, treated with these medications and having this lengthening, a total
of one case of Torsade de Pointes occurred and it was nét fagak were no deaths.
Substantial fractions of these hospitalized patients were tdkingtics, which may be
contraindicated for HCQ+AZ use in the first place. This arrhythmia issue is a real,
physiologically measurable effect of the use of these combined medications, but fatal arrhythmia
outcomes are so rare that they are of much leis@rat significance than the hospitalization
and mortality that the drugs prevent. This fact is also clear from the lack of any cardiac
arrhythmia events or arrhythmia mortality noted in the 405 Zelenko patients or the 1061
Marseilles patients or the 4B?azil patients. Patients were not enrolled in these studies if they
had known histories of QTc prolongation. History of cardiac arrhythmia or other possible
contraindications for use of HCQ or AZ or doxycycline is a hormal part of workup and clinical
judgement in physician choice to use these medications and how to monitor the patients (see
Web Appendix).
Further evidence of the reaforld unimportance of arrhythmia and other cardiovascular
adverse event endpoints of HCQ+AZ use is given in the large Okfmed recortinkage study

(41, 42). Fourteen large medigaicords databases were examined fecalise mortality and
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for 15 specified classes of adverse events among hundreds of thousands of patients with
rheumatoid arthritis who had used these drkgst, 323,122 users of HCQ+AZ were compared
to 351,956 users of HCQ+amoxicillin. No significant difference ircallse mortality was seen:
as reported by the authors, relative risk (RR)=12R8alue=.10, and as | calculate from the data
provided by theauthors in their supplement to the paper (42), RR=PA&lue=.37; either way,
a null association within the range of chance. However, the authors selectively presented from
among the 15 analyzed endpoints the three most significant associations:asaalenv
mortality RR=2.19P-value=.0088; chest pain/angina RR=1R5jalue=.0027; and heart failure
RR=1.22Pv al ue=. 027. What is misrepresented in
way is that these three outcomes were not individuaéigifipd to be of more interest than any
of the other 12 specific outcomes that they examined, and they did not correct their calculated
levels of statistical significance for the 15 classes of outcomes. In lay terms, a fishing
expedition. When accounting done, by the standard Bonferroni correction of multiple
comparisons, the respectiRevalues are .12, .040 and .35. The large amount of data in this
study thus shows that there is no significant relationship of HCQ+AZ use vs HCQ+amoxicillin
use for any bthe 15 outcomes specified or for-alluse mortality, except a jusarely
significant association with chest pain/angina, with a 15% higher risk which even if a true
finding would still be of little clinical import for a relatively infrequent outcoméhia context of
the mortality to be saved by HCQ+AZ use in widespread symptomatigislgbutpatient
Covid-19 treatment.

Second, the stated concern of the FDA and NIH advisories and the cardiology society
opinion restricting use of HCQ+AZ was for fatadrfades de Pointes and long-{pTerval
syndrome, two rare types of cardiac arrhythmias, as well as for cardiac arrhythmias in general.
The Oxford study (41, 42) examined cardiac arrhythmia outcomes and obtained for its random

effects metaanalysis resultRR=1.08,P-value=.36 for HCQ+AZ use vs HCQ+amoxicillin use.
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The fixedeffects metaanalysis RR=1.0&-value=.41. This study clearly demonstrates that

cardiac arrhythmia adverse events are not appreciably increased by combining HCQ with AZ.
The same studgompared HCQ use to sulfasalazine use and again found no difference in cardiac
arrhythmia risk: for HCQ, a slightly lower RR=0.8%yalue=.13. The subjects analyzed in the
Oxford study were largely older adults with multiple comorbidities in additisheéamatoid

arthritis.

Finally, the Oxford study allows for a direct estimate of the number of arrhythmia events
attributable to HCQ+AZ use (41, 42). Among 306,106 people taking sulfasalazine (which is
known not to produce QT prolongation), 877 with car@diabythmias were identified, 0.287%.

In 320,589 people taking HCQ+AZ, 1,068 had arrhythmias, 0.333%. The difference, 0.047% or
47/100,000 older multicomorbidity patients taking HCQ+AZ, is attributable to the HCQ+AZ
use. These are events, not fatalities.ndted above, fatalities according to FAERS comprise
<20% of HCQrelated arrhythmia events. The maintenance HCQ dose in the Oxford study
patients, 200 mg/day, gives as large or larger plasma drug levels as five days of HCQ at 400
mg/day, the recommendedsk for outpatient Covid9. These very small numbers of

arrhythmias, as well as the null results in this very large empirical study should therefore put to
rest the anxieties about population excess mortality of HCQ+AZ outpatient use, either from
cardiacarrhythmias, or as mortality from all causes.

This discussion thus shows that the FDA, NIH and cardiology society warnings about
cardiac arrhythmia adverse events, while appropriate for theoretical and physiological
considerations about use of these mdabog, are not borne out in mortality in rembrld usage
of them. Treatmenfailure mortality will be much higher, but even that pales in comparison to
the lives saved. It would therefore be incumbent upon all three organizations to reevaluate their
posiions as soon as possible. It is unclear why the FDA, NIH and cardiology societies made

their recommendations about HCQ+AZ use now, when the Oxford study (41, 42) analyzed
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323,122 users of HCQ+AZ compared to 351,956 users of HCQ+amoxicillin, i.e., that the
combination of HCQ+AZ has been in widespread stand&are use in the US and elsewhere

for decades, use comparable to HCQ+amoxicillin as if it just involved an alternate antibiotic
choice, this use predominantly in older adults with multiple comoregitvith no such strident
warnings about the use given during that time. | note that since doxycycline is believed to cause
even fewer cardiac arrhythmias than AZ, in patients where that is a concern (43), {tegriong

carefacility evidence suggests thHdCQ+doxycycline likely will work about as well.

Discussion

Given that a detailed and dispassionate review of all of the available relevant evidence

leads to conclusions about outpatient HCQ+AZ use different than those of the FDA and NIH

panels (which coprise wider expertise than the cardiology societies), | address how different

underlying scientific worldviews might be involved. This is particularly reflected in the

Scientiststo StopCovitl 9 posi ti on about remdesialy r use fAas e
outpatient use implied (12, p. 5). All but one of the scientists on the Scientists to Stofl€ovid

panel are laboratory or clinical scientists; only one is an epidemiologist. Their recommendation

for remdesivir use as early as possible was madewtitither FDA approval or RCT evidence

of efficacy in the outpatient context. This recommendation therefore appears to be an

extrapolation from animal and laboratory data and from use in severely ill hospitalized patients.

However, a history of epidemiay shows numerous instances of failed extrapolation from

ani mals to humans. AANni mal research on al most an
heterogeneous and inadequately synthesized that it is possible to selectively assemble a body of
evidence fronthe animalandiwv i t r o studies that support al most a
p. 221) For example, some carcinogens have been affirmed in animal studies but not shown in

human studies (acrylamide, alar, cyclamate, red dye #2, saccharin) (44).imtpanswhy the
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FDA has an approval system of phased RCTs leading to safety and efficacy of use in lumans,
the specific contexia which the drug is intended. It is not a question oflalblel use, but of

who are the patients for which to use the roatibn. For Coviel9, inpatient acute respiratory
distress syndrome is typically a florid immuggstem overreaction, whereas initial outpatient
illness is a viral multiplication problem involving the beginnings of immune response. These are
differentdisae s es. Thus, how wel | remdesivir might perfo
it is tried in typical outpatient circumstances, whether in RCTs or in any other unbiased
systematic study of such use. Further, to the degree that remdesivir is singtaporal
characteristics to an antiviral like Tamiflu, it would be used in general societal contexts where
patients must first recognize that they might have symptoms of the disease and not something
else and go to their physicians or clinics for care,atiekr be rapidly tested positive with an

assay that has negligible false negatives, or be symptomatic enough for the disease to be
clinically distinguished and diagnosed, but definably positive in this way not more than two days
after symptoms start. This a very narrow temporal window to be definitive and to obtain full
antiviral effectiveness, and could be difficult to achieve in general in thetneassient
circumstances that we are facing. So regardless of the strengthroptieel evidence of

outpatient efficacy when given shortly after the start of symptoms, remdesivir efficacy might be
substantially less in the context of actual population outpatient usage. This is another reason
why empirical studies of medication use in the full context ofiegion are needed.

The extrapolation from laboratory theory to empirical use also seems to underlie
resistance to the idea that combined HCQ regimens could work for early outpatient use. HCQ is
known to interfere with tollike receptor signaling, reduw dendritic cell activation and
immune response. This would seem to be counterproductive for suppressingCeNRS
multiplication in early treatment. Again, in extrapolation from physiologic theory to human data,

the epidemiologic data are definitive.&fact that epidemiologic data-tiate show strong
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evidence for efficacy of combined HCQ+AZ in ear|l
yet at the level of several successful RCTs, is evidence that this medication regimen works in
that context. Thelash in scientific worldviews is that basic and clinical scientists seem to feel
that biological and drugevelopment evidence for medication use in-haman and nonoutpatient
contexts can be extrapolated to recommendations for outpatient use withefittdfen
RCT evidence but dondét accept epidemiologic evid
have had career experience with laboratory and animal evidence that did not hold up under
epidemiologic study, but do reason by including all types of epalegic study designs and
derive causal conclusions in the standard way fo
strong totality of evidence, sometimes even without RCT evidence. There are contexts where
each approach is valid. However, it is not noynp to say that remdesivir has little evidence to
support its potential outpatient utility, only efficacy considerations that have not been addressed
and that could lead to lack of efficacy under general use, but that HCQ+AZ has been directly
studied in atual early higkrisk outpatient use with all of its temporal considerations and found
empirically to have sufficient epidemiologic evidence for its effective and safe employment that
way, and that requiring delay of such general use until availabilagditional RCT evidence is
untenable because of the ongoing and projected continuing mortality. No studies el €ovid
outpatient HCQ+AZ use have shown higher mortality with such use than without, cardiac
arrhythmias included, thus there is no empiricaldside to this combined medication use.
Some of my medical colleagues still prefer to wait until more studies are done and
stronger evidence such as from RCTs becomes available, and government and professional
advisory panels do reevaluate the evidens&ohgly urge these panels to reconsider the data
and arguments discussed above. Substantial fractions of physicians treatind €patcents in
Europe and elsewhere report use of HCQ+AZ: 72% in Spain, 49% in Italy, 41% in Brazil, 39%

in Mexico, 28% in Fance, 23% in the US, 17% in Germany, 16% in Canada, 13% in the UK
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(45), much of the notJS use in outpatients. HCQ+AZ has been stand&hre treatment at

the four New York University hospitals, where a recent study showed that adding zinc sulfate to
this regimen significantly cut both intubation and mortality risks by almost half (46). The French
physicians are insistent that with careful clinical judgement and supervision, these medications
are safe and should be used as early as possible for outpai®hthey provide a detailed

clinical guide to their use (20). Until we have quantitative evidence for the utility and safety of
other medications for preventing hospitalization and mortality in-hgdhCovid-19 outpatients,

the urgency of current masnortality requires an immediate application of the best that we have
available, even if knowledge is imperfect and even if yet unproven to the standards of doubleblinded
RCTs. This problem will get even worse as states and cities yield to the acuteepress

at this moment to begin lifting staat-home restrictions and even more people become infected.
Some people will have contraindications and will need other agents for treatment or to remain in
isolation. But for the great majority, | conclude that H@Q@+and HCQ+doxycycline,

preferably with zinc (47) can be this outpatient treatment, at least until we find or add something
better, whether that could be remdesivir or something else. It is our obligation not to stand by,
just HAcar ef ul lolgandiafitmcahdiinmey citpof s are Killadeby this disease and
our economy is destroyed by it and we have nothing to offer exceptriudility hospital

treatment. We have a solution, imperfect, to attempt to deal with the disease. We have to let
physcians employing good clinical judgement use it and informed patients choose it. There is a
small chance that it may not work. But the urgency demands that we at least start to take that
risk and evaluate what happens, and if our situation does not impeovan stop it, but we will

know that we did everything that we could instead of sitting by and letting hundreds of thousands

die because we did not have the courage to act according to our rational calculations.
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Web Table 1. Randomized Controlled Trials of Hydroxychloroquine plus Azithromycin in
Outpatients, Registered in ClinicalTrials.gov

Planned Pl
Trial Number Location Current Status Enrollment ¢
: : Results
Completion
NCTO04371406 | Paris, France Recruiting August 2, 2020 zgggember %
Multi-site US, End of Jul
NCT04354428 | based at Univ. Recruiting 2020 Ys October, 2020
Washington
St T Recruitment of
: S patients presenting | September 30,
NCT04370782 | Hospital, Roslyn, i ] October, 2020
New York at emergency room; | 2020
starting soon
’ Hamilton, - September 30, | December,
NCT04324463 Ontario, Canada Recruiting 2020 2020
Multi-site US, ; g | B ;
NCTUAI58068 | basedafUCTLA | oommbment sigriing:) Oolober3, March, 2021
and UCSD soon 2020

74



Web Appendix:

General Contraindications for Use of Hydroxychloroquine plus

Azithromycin Together

Some patients may have contraindications for taking hydroxychloroquine+azithromycin
together. Typical contradications include: history of QT prolongation or cardiac arrhythmia,
psoriasis, porphyria, hepatic disease, alcoholism, G6PD deficiency, HIV, neurological diseases
with myopathy, seizure disorders, women breastfeeding, hypoglycemia or diabetes mellitus,
uncorrected hypocalcemia, hypokalemia or hypomagnesemia, hypothyroidism, history of
myocardial infarction or cardiac failure, and various interacting medications including diuretics,
antifungals, etc. (1). Some patients with these conditions may be aaketd CQ+doxycycline
safely. All of these circumstances need to be evaluated by treating physicians, who may elect to
obtain screening ECGs prior to treatment and at some point or points during treatment if
indicated. Portable cefihone based FDApprovedECG sensors with QTc functionality are
available (2, 3) and could be loaned out on an outpatient basis and mailed back in and

disinfected.
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Dr. Korman’s thesis is that no available treatments are effective in preventing hospitalization for
the overwhelming majority of COVID-19 patients, and that potential hazards are associated with
use of hydroxychloroquine (HCQ) + azithromycin (AZ) (1). The studies that I reviewed (2)
contradict this. Dr. Korman superficially describes the same studies that I discussed at length,
except with negative adjectives and numerous terms in “quotation” marks to imply, without
evidence, their lack of validity. He calls all these studies “anecdotal,” to distinguish from the
“magic” of randomized controlled trials (3), when government medical and scientific regulatory
agencies of western countries around the world routinely use epidemiologic evidence to establish
facts of causation, benefit and harm (4). This disingenuous argument has been discussed at
length elsewhere (5). Dr. Korman’s only novel point is that macrolide antibiotics such as AZ can
lead to development of antibiotic resistance. Such instances can occur but are uncommon, and
this issue has seemingly not been of substantial concern in the hundreds of millions of uses of

AZ world-over during the past 30 years.

Drs. Peiffer-Smadja and Costagliola (6) discuss the data in some of the studies that I reviewed.
They first question the small non-randomized trial by Gautret et al. (7). I also have concerns
about subject baseline differences between the treated and untreated subjects in that study and
thus limit my conclusions to the 26 treated patients. Gautret et al. (7) provided individual-
subject data on all 26 which enabled me to carry out my own Cox-regression analyses. The data
are that 14 patients received HCQ only, 6 received HCQ+AZ, and under intention-to-treat
principles, 6 were lost to follow-up and had received 3 days or fewer of HCQ but were
unspecified as to receipt of AZ. I conducted my analyses starting with the 20 subjects with
completed medication usage, and then included bracketing of the unknown-exposure subjects,

first assuming all had taken HCQ+AZ and then only HCQ, and in each case, whether the 6
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subjects presented with upper vs lower respiratory infections. In the 20 main subjects, for
HCQ+AZ vs HCQ alone, the hazard ratio for viral clearance = 7.4 (95%CI 1.12-48.4). Across
the four bracketed-combination analyses, the hazard ratios ranged from 3.5 to 8.0 and P-values
from .078 to .021. Drs. Peiffer-Smadja and Costagliola need to use the outcome event times in
Cox regression in order to obtain proper P-values. They also say that the trial was not conducted
in outpatients and therefore cannot be applied to outpatients. However, the Marseille hospital
was used as both an outpatient clinic and a small inpatient facility for a city-wide COVID-19
population screening and treatment program and patients were seen as daily “inpatients” as well
as stayed overnight in it. Many of the patients in the Gautret et al. study were asymptomatic or

very mildly symptomatic and would be treated as outpatients in most circumstances.

Second, Drs. Peiffer-Smadja and Costagliola refer to the larger Marseille screening program (8).
I have discussed those data at length in my response (9) to Dr. Fleury (10). Third, they label a
carefully performed, sequential-patient non-randomized controlled clinical trial an “unpublished,
poorly designed studies whose quality is even lower than the papers discussed above.” 1 disagree
with this characterization as it is unsupported by the evidence. Fourth, Drs. Peiffer-Smadja and
Costagliola assert that the Boulware prevention trial (11) demonstrates lack of treatment
efficacy. That prevention trial is not relevant to treatment of high-risk outpatients, because
virtually all its subjects were low-risk; it would be difficult for any active treatment to do much
better than the one hospitalization observed among the 58 test-positive placebo patients. In fact,
a preventive medication that allows subjects to develop antibodies while protecting them from
severe disease and hospitalization is a better goal than blocking infection altogether. Fifth, Drs.

Peiffer-Smadja and Costagliola take issue with the use of case series of treated patients. In the
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mass-mortality circumstances we face, a cohort of 400 treated high-risk outpatients with one or

two deaths can only be considered informative about the fact of treatment efficacy.

Finally, in pandemic times when months and years of delay cannot be tolerated before large
randomized controlled trials are completed, it is possible to quibble with apparent imperfections
in almost any study. That misses the forest for the trees. Since my paper (2) discussing five
studies was published, data from seven other studies of high-risk outpatients have become
available, all showing the same substantial and significant benefit of use of HCQ along with AZ
or other companion medications (Table 1). Two additional large studies of hospital patients
given HCQ within 48 hours of admission show significant benefit adjusted for age and
comorbidities (12, 13), and a meta-analysis of studies to-date completely demonstrates this
benefit (14). Perhaps even more important, the exponential COVID-19 mortality explosion in
the northern state of Para, Brazil (15), reversed direction, downward dramatically about 5 weeks
after a shipment of 75,000 doses of AZ and 90,000 doses of HCQ began to be distributed to
infected individuals (Figure 1). No such decline has been observed in the rest of Brazil. This is
a compelling, large-scale experiment demonstrating efficacy of HCQ+AZ in saving lives of

high-risk people infected with SARS-CoV-2.
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Table 1. Studies Examining High-Risk Outpatient COVID-19 Disease Treated Early with HCQ

Principal

. Location
Investigator

Subject
Status

Number

with HCQ

Number of
Treated Comparison Medications

Subjects with HCQ

Other

Comparison-
Subject
Medications

Outcome

Direction
of Benefit

RR (95% Cl),
Statistical
Significance
or Number of
Deaths

Reference

Marseille,

P. Gautret
France

Kiryas
V. Zelenko Joel, NY
Kiryas

V. Zelenko Joel, NY

Sdo Paulo,
Brazil

R. Barbosa
Esper

Long
Island, NY
Nursing
Home

1. Ahmad

Marseille,

J.-C. Lagier Erance

Mixed
older
adults

High-risk

High-risk

Mixed
older
adults

High-risk

High-risk

405
(series 1)

400
(series 2)

412 224

200 -

199 199

AZ
AZ, zinc
sulfate
AZ, zinc

sulfate

AZ

Dox

AZ

HCQ alone

SoC

Propensity-
score matched;
HCQ or AZ
alone or neither

Nasopharyngeal
viral clearance

Mortality

Mortality

Hospitalization

Mortality

Mortality

Reduced
risk

Reduced
risk

Reduced
risk

Reduced
risk

Reduced
risk

Reduced
risk

7.4 (1.12-48.4)

2 deaths/405

0 deaths/400

0.35 (0.14-
0.87)

9 deaths/200

0.41(0.17-
0.99)

(6)

(16)

pC:

(17)

(18),
e

(19)

87



ONOUV A WN =

M. Leriger

L. Kacmar

S. Fonseca

B. Procter

S. Crawford

B. Tyson

Indiana
Nursing
Homes

Aurora, IL

Brazil
HMO

McKinney,
X

Festus,
MO
Nursing
Home

El Centro,
CA

High-risk

High-risk

High-risk

High-risk

High-risk

High-risk

105

68

159

50

52

219

113

558
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None, AZ,

SOC, +AZ or Dox
Dox

" Neither HCQ
Prednisone 3
nor Prednisone
AZ, zinc
sulfate,
losartan,
aspirin

Rehydration -

AZ (2 with
Dox)

Mortality

Mortality

Hospitalization

Mortality

Mortality

Mortality

Reduced
risk

Reduced
risk

Reduced

risk

Reduced
risk

Reduced
risk

Reduced
risk

P<.05

0 deaths/68

P<.05

0 deaths/50

0 deaths/52

0 deaths/219

pCe

el

pCe

pcf

(20)

pCe
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Abbreviations: AZ, azithromycin; Dox, doxycycline; HCQ, hydroxychloroquine; PC, personal communication as described in the following footnotes;

SOC, standard-of-care.

2 Vladimir Zelenko MD, PC, Family Practice, Monroe, NY, personal communication, 2020.

b Imtiaz Ahmad, 21st Century Oncology, Inc., Fort Myers, FL, personal communication, 2020.

¢ Monica Leriger, American Senior Communities, Indianapolis, IN, personal communication, 2020.

9 Lawrence Kacmar, The Center for Primary Care and Sports Medicine, Aurora IL, personal communication, 2020.
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¢ Silvia Fonseca, Hospital Sdo Francisco, Ribeirdo Preto, Brazil, personal communication, 2020.
f Brian Procter, McKinney Family Medicine, McKinney TX, personal communication, 2020.

& Brian Tyson, All Valley Urgent Care, El Centro, CA, personal communication, 2020.
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Figure Legend

Figure 1. Pard and Brazil-Minus-Para Daily COVID-19 Deaths, April 1, 2020 through July 9,
2020. Points plotted are 7-day symmetrical moving averages of the raw data, which are
available from CORONAVIRUS BRASIL as posted daily (15). Solid line, daily COVID-19
deaths in Para; dashed line, daily COVID-19 deaths in the rest of Brazil. The daily numbers of
newly identified COVID-19 cases in Para were increasing through May 28 and then have stayed
roughly flat at about 2,100 per day, whereas the daily numbers of new cases in the rest of Brazil
have risen throughout the period (data not shown). On April 6, the public hospital network of
Para purchased 75,000 doses of azithromycin (AZ) and 90,000 doses of hydroxychloroquine
(HCQ) and started distributing them to infected individuals over the next few weeks; the
Hapvida HMO hospitals in the state also acquired the medications and started using them in the
same period (Alexandre Wolkoff, Hapvida Satide HMO, Fortaleza, Brazil, personal
communication, 2020). The gray arrow denotes when the medications were initially purchased.
Approximately five weeks after the medications began distribution, the mortality numbers in
Paré turned down dramatically. In Pard, the July 2 mortality (n=40) as a fraction of June 2
incidence (n=2,068) = 1.9%, whereas the same for the rest of Brazil was 1,026/23,733 = 4.3%.
Brazil outside of Para was not systematically using HCQ and AZ over the time period shown in

the figure.
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Comprehensive Cancer Center and Yale School of Public Health

Lady Davis Visiting Professor, Department of Community Medicine and Epidemiology,
Faculty of Medicine, Technictsrael Institute of Technology, Haifa, Israel

Associate Professor of Epidemiology, Department of Epidemiology and Public Health,
Yale University School of Medicine.

EpidemiologistBiostatistician, Epidemiology Unit, National Candestitute of Canada,
Toronto, Ontario.

Associate Professor, Department of Preventive Medicine and Biostatistics, University of
Toronto, Toronto, Ontario (Concurrent Appointment).

Assistant Professor, Department of Preventive Med@anteBiostatistics, University of
Toronto, Toronto, Ontario (Concurrent Appointment).

Postdoctoral Fellow, Department of Epidemiology, School of Public Health and
Community Medicine, University of Washington, Seattle, Washington.

Poddoctoral Fellow, Department of Pathology, University of Chicago, Chicago, lllinois.

Publication citations: more than 36,200 research citations as of June 1, 2020.

93



Awards, Memberships, etc.:

NSF Undergraduate Research Fellowship, Departraf Mathematics, California Institute of
Technology, Pasadena (6/2070)

General Medicine Stipended Externship, UC San Diego School of Medicine, La Jolk8}6

Theoretical Biology Predoctoral Traineeship, University of Chicago {6/78)

Pathobiolgy Postdoctoral Traineeship (GM 7190), University of Chicago (8/80)

Cancer Epidemiology Postdoctoral Traineeship (CA 9168), University of Washingtorl(38x)

Member, Society for Epidemiologic Research (1:982

Member, American Society of Prevergi®ncology (1984)

Full Member, Sigma Xi (1989

Fellow, American College of Epidemiology (1991 Member (198481)

Member, Yale Cancer Center (1992Sections: Cancer Prevention and Control; Gynecologic
Oncology; Cancer Genetics

fiBest of the AACR Jau n a | sAgpirih Use andl Reduced Risk of Pancreatic Canéer one o f
highly citedCancer Epidemiology, Biomarkers & Prevention (CERRicles published in
2016 (April 2018) (http://aacrjourals.org/ha-risch-bio )

The Ruth Leff Siegel Award for Excellence in Pancreatic Cancer Research (2018), $50,000
(' http://columbiasurgery.org/pancreas/Hefi-siegetaward)

Membe, Connecticut Academy of Science and Engineef2@4.9 )

Highest attention paper ever published in the American Journal of Epidemiology (2020)
(https://oxfordjournals.altmetric.com/details/82900p54

Consortia:

BEACON: Barrett's Esophagus and Esophageal Adenocarcinoma Consortium)(2005

OCAC: Ovarian Cancer Association Consortium (International Cinsoof CaseControl Studies of
Ovarian Cancer) (2005

PanC4: Pancreatic Cancer G&sentrol Consortium (2009; Elected Steering Committee Member
(20082013, 20142017, 2018021)

Panscan: Pancreas Cancer Genanue Association Study Consortium (2608

CIMBA: Consortium of Investigators of Modifiers of BRCA1/2 (2037

Research Interests:

Cancer epidemiology and etiolagyPancreas, Ovary, Lung, Breast, Stomach, Bladder, etc.

Cancer genetic epidemiology: polymorphisms, major genes; Hormonal factararased; Occupa
tional/environmental exposures and cancer; Diet and cadekcpbacter pyloriand cancer

Epidemiologic methods; Causal inference; Cancer registration, control and prevention

Teaching Experience:

Advanced Epidemiologic Research Methods €Y@hiversity CDE 619a) (Course developer)
Fundamentals of Epidemiology (Yale University CDE/EMD 508) (Course developer)
Principles of Epidemiology Il (Yale University CDE 516) (Course developer)

Research Methods in Epidemiology | (University of Toronto GHD2f) (Course caleveloper)
Research Methods in Epidemiology Il (University of Toronto CHL 4105s) (Course developer)
Cancer Epidemiology (University of Toronto CHL 4103f; Yale University CDE 532b)

Trainees

PhD: Advisor to five students; dissertation coittee member for 11 students.
MPH or MSc: Advisor to 36 students.
Postdoctoral Fellows: Advisor to 16 fellows.
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https://oxfordjournals.altmetric.com/details/82900954

Visiting Faculty: Host to four visiting professors.

Service Activity:

Grant Review Panels:

Health Canada, National Health Research and Develapfregram: Epidemiology, Occupational
Health and Chronic Disease Panel (1:98§

NIH ExternalSite Reviewer (1995)

NIH Study Section Regular Member: Epidemiology and Disease Control (EDC2) (1997)

US Army MRMC OvarianCancerResearcliProgramintegration Pael Member (1992002)

American Cancer Society Extramural Grant Reviewer (1998)

Chair, Epidemiology Grant Review Panel, National Cancer Institute of CanadaZp000

Dutch Cancer Society Extramural Research Grant Reviewer (2000, 2001, 2008)

Cancer Council Astralia Extramural Research Grant Reviewer (2004)

Pancreatic Cancer Action NetweAACR Career Development Awards Scientific Review Committee
(20168)

NIH Study Section Member: Epidemiology and Disease Control (EDC2) (2000)

NIH Study Section Member: Epidgology Special Emphasis Panel (ZRG4, 1998; ZRG1,-3)01

NIH Study Section MembePancreas SPORE Panel (ZCA1 GRB20023)

NIH Study Section Member: Small Grants Program for Cancer EpidemiBlaggi (ZCA1 SRRE),
2003)

NIH Study Section Member: Canc@enetics Panel (CG) (2004, 2006)

NIH Study Section Member: Cancer Epidemiology, Prevention and ControtENQI) (2005)

NIH Study Section Member: Breast and Ovarian Cancer Genetics (ZRG1UDB™M) (2005)

NIH Study Section Member: Gestenvironment Interaens (ZHL1 CSRD S1 R) (2007)

NIH Study Section Member: Epidemiology of Cancer Member Conflicts (ZRG1-@(#®09; ZRG1
PSEB, 2010)

NIH Study Section Member: Barrett's Esophagus Translational Research Network (ZCAIL$81BR,
2011)

NIH Study SectioMember: Core Infrastructure and Methodological Research for Cancer Epidemiology
Cohorts (ZCA1 SRLB (M2) B, 2013; ZCA1 TCRE (J2) R, 2014; ZCA1 SRBJ (02) S,
2015)

NIH Study Section Member: Cancer Management, Epidemiology, and Health Behavior (ZCA1BSRLB
(J1) S, 2013)

NIH Study Section Member: Population Science (U01) (ZCAl RFRB1 R, 2016)

Medical Research Council UK External Reviewer (2019)

Journal Editor:

Associate EditorAmerican Journal of Epidemiolod$9972014)
Editor pro temAmerican Journabf Epidemiology20022014)
Member, Board of Editorg&dmerican Journal of Epidemiolo2014 )
Associate EditorJournal of the National Cancer Institu200G )
Editor, International Journal of Cancg2008 )

Journal Referee:

Alimentary Pharmacology & herapeutics (2015
American Journal of Epidemiology (1986

American Journal of Medical Genetics (2004
American Journal of Obstetrics and Gynecology (2015
American Journal of Preventive Medicine (1938
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Annals of Epidemiology (1992
Annals d Oncology (2001)
Annals of Surgical Oncology (201}
Biodemography and Social Biology (2618
Biometrics (1990)
Blood Transfusion (2015
BMC Cancer (2007)
BMC Public Health (2007)
British Journal of Cancer (2003
Canadian Journal of Publicgldlth (1987)
Canadian Medical Association Journal (1983
Cancer (1996)
Cancer Causes and Control (1992
Cancer Detection and Prevention (2I89)
Cancer Epidemiology (2009
Cancer Epidemiology, Biomarkers and Prevention (1995
Cancer Geneticg012 )
Cancer Research (1988
Carcinogenesis (2003
Clinical Cancer Research (2015
Clinical Gastroenterology and Hepatology (20D7
Current Pharmacogenomics (2007
DNA and Cell Biology (2019)
Environmental Pollution (2018
Epidemiology (189 )
European Journal of Cancer (2001
European Journal of Epidemiology (1995
European Journal of Human Genetics (2008
Gastroenterology (2007
Gynecologic Oncology (1997
International Journal of Cancer (1995
International Journal of Epideaiogy (1995 )
JAMA (1990 )
Journal for Nurse Practitioners (2028
Journal of Clinical Epidemiology (200%
Journal of Clinical Gastroenterology (2030
Journal of Clinical Medicine (2019
Journal of Epidemiology (2016
Journal of Infectious Diseses (2002)
Journal of the National Cancer Institute (1992
Menopause (201)
Molecular Carcinogenesis (2009
Nature Clinical Practice Oncology (2005
Nature Scientific Reports (201p
New England Journal of Medicine (2017
Oncology Research (B1-)
Oncotarget (2017
Preventive Medicine (1994
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Reproductive Sciences (2008
Science (2004)
Treatments in Endocrinology (2008
Tumor Biology (2015)
World Journal of Gastroenterology (2033

Other Review and Service:

Society for Epidemialgic Research Student Prize Paper Review Committee (1987, 1994)

American Society for Clinical Oncology Cancer Prevention Curriculum (2006)

External Advisory Board Member, Multiple Myeloma Prevention Program Project, Washington
University (20142015)

Mayo dinic SPORE in Pancreatic Cancer External Advisory Committee ¢2028)

Connecticut Academy of Science and Engineering (CASE) Advisory Committee onTSfod
Reopening Connecticut (2020)

Academic and Professional Standing Committees:

Yale School of Puix Health:

Doctoral (Admissions and Progress; 19909)

MPH (Academic Progress; 199D95)

Computer (1992001)

Medical Studies (200Q005)

Chair, Genetics and Public Health Interest Group (ZZUH5)

Chair, C.E.A. Winslow Medal Committee (20@010)

Char, Hildreth Memorial Fund Committee (202012)

The Honorable Tina Brozman Foundation Small Grant Proposal Review Committee (2010)

Chair, MPH Thesis Deahdés Prize Committee (2010

Chair, Department of Chronic Disease Epidemiology, Epidemiology Competenci
Committee (2015)

Committee for Academic and Professional Integrity (22081)

Education Committee (2019

Yale School of Medicine:
Program in Investigative Medicine Doctoral Committee (:2007)
Mentored Clinical Research Scholar Program Advi&ogrd (20032008)

Yale Cancer Center:
Rapid Case Ascertainment System Shared Resource- (1995
American Cancer Society Institutional Research Award Review Committee-20896

American College of Epidemiology:
Education Committee (1998002)
Policy Commitee (19972003)
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PeerReviewed Research Publications:
Accepted for Publication or In-Press

Risch HA. Early outpatient treatment of symptomatic, highk Covid19 patients
that should be rampatp immediately as key to the pandemic crisis. Accepted
for publication, Am J Epidemiol. *Not a result of NIH funding.

Streicher SA, Klein AP, Olson SH, Kurtz RC, Amundadottir LT, DeWan AT, Zhao
H, Risch HA. A pooled genom&ide association study identifies pancreatic
cancer susceptibility loci on chromosome 19@h2l 19p13.3 in the fullewish
population. Accepted for publication, Hum Genet. PMCID: PMC Journal in
Process.

Shen Y,Risch H, Lu L, Ma X, Irwin M, Lim J, Taddei T, Pawlish K, Brown R,
Wang Z, Jia W, Wong L, Mayne S, Yu H. Risk factors for hepatoeellul
carcinoma (HCC) in the northeast of the United States: Results of -aarasel
study. Accepted for publication, Cancer Causes Control. PMCID: PMC Journal
in Process.

Brieger KK, Peterson S, Lee A, Mukherjee B, Bakulski KM, Alimujiang A, Anton
Culver H, Anglesio MS, Bandera EV, Berchuck A, Bowtell DDL, Chenevix
Trench G, Cho KR, Cramer DW, DeFazio A, Doherty JA, Fortner RT, Garsed
DW, Gayther S, Gentrilaharaj A, Goode EL, Goodman MT, Harris HR,
Hggdall E, Huntsman DG, Shen H, Jensen A, Johnatty@&ad SJ, Kjaer SK,
Kupryjanczyk J, Lambrechts D, McLean K, Menon U, Modugno F, Moysich K,
Ness R, Ramus SJ, RichardsoRikch H, Rossing MA, Trabert B, Wentzensen
N, Ziogas A, Terry KL, Wu AH, Hanley GE, Pharoah P, Webb PM, Pike MC,
Pearce CL. Menopaakhormone therapy prior to the diagnosis of ovarian cancer
is associated with improved survival. Accepted for publication, Gyn Oncol.
PMCID: PMC Journal in Process.

Yuan F, Hung RJ, Walsh N, Zhang H, Platz EA, Wheeler W, Song L, Arslan AA,
Beane FreemamE, Bracci PM, Canzian F, Du M, Gallinger S, Giles GG,
Goodman PJ, Kooperberg C, Le Marchand L, Neale RE, Rosendahl J, Scelo G,
Shu X0, Visvanathan K, White E, Zheng W, Albanes D, Amiano P, Andreotti
G, Babic A, Bamlet WR, Berndt SI, Brennan P, Budedviesquita B, Buring
JE, Campbell PT, Chanock SJ, Fuchs C, Gaziano JM, Goggins M, Hackert T,
Hartge P, Hassan M, Holly EA, Hoover RN, Katzke V, Kirsten H, Kurtz RC, Lee
[-M, Malats N, Markus S, Milne RL, Murphy N, Ng K, Oberg AL, Orlow I, Porta
M, Rabe KG, Ral FX, Rothman N, Sesso HD, Silverman DT, Thompson IM Jr,
WactawskiWende J, Wang X, Wentzensen N, Wilkens LR, Yu H, Zeleniuch
Jacquotte A, Shi J, Kraft P, Duell EJ, Amundadottir LT, Li D, Petersen GM,
Wolpin BM, Risch HA, Yu K, Klein AP, Stolzenber&olanon RZ. Genetic
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susceptibility to chronic inflammatory intestinal diseases and pancreatic ductal
adenocarcinoma risk: an analysis using genwide association study data.
Accepted for publication, Cancer Res. PMCID: PMC Journal in Process.

Kho PF, Amant F, Annibali D, Ashton K, Attia J, Auer PL, Beckmann MW, Black A,
Brinton L, BuchananDD, Chanock SJ, Chen C, Chen MM, Cheng THT, Cook
LS, CrousBous M, Czene K, De Vivo |, Dennis J, Dork T, Dowdy SC, Dunning
AM, Dirst M, Easton DF, Ekici AB, FaschiRA, Fridley BL, Friedenreich CM,
GarciaClosas M, Gaudet MM, Giles GG, Goode EL, Gorman M, Haiman CA,
Hall P, Hankinson SE, Hein A, Hillemanns P, Hodgson S, Hoivik E, Holliday
EG, Hunter DJ, Jones A, Kraft P, Krakstad C, Lambrechts D, Le Marchand L,
Liang X, Lindblom A, Lissowska J, Long J, Lu L, Magliocco AM, Matrtin L,
McEvoy M, Milne RL, Mints M, Nassir R, Otton G, Palles C, Pooler L, Prescott
J, Proietto T, Rebbeck TR, Renner $®sch HA, Ribner M, Runnebaum I,
Sacerdote C, Sarto GE, Schumacher F, SRdttSetiawan VW, Shah M, Sheng
X, Shu X0, Southey MC, Tham E, Tomlinson |, Trovik J, Turman C, Tyrer JP,
Van Den Berg D, Wang Z, Wentzensen N, Xia L, Xiang,YYang HP, Yu H,
Zheng W, Webb PM, Thompson DJ, Spurdle AB, Glubb DM, O'Mara TA.
Mendelian radomization analyses suggest a role for cholesterol in the
development of endometrial cancer. Accepted for publication, Int J Cancer.
PMCID: PMC Journal in Process.

Barnes DR, Rookus MA, McGuffog L, Leslie G, Mooij TM, Dennis J, Mavaddat N,
Adlard J, AhmedM, Aittomaki K, Andrieu N, Andrulis IL, Arnold N, Arun BK,
Azzollini J, Balmafa J, Barkardottir RB, Barrowdale D, Benitez J, Berthet P,
Bi agkowska K, Bl anco AM, Bl ok MJ, Bonann
Bradbury AR, Brennan P, Brewer C, Brunet diyB SS, Caldés T, Caligo MA,
Campbell I, Christensen LL, Chung WK, Claes KBM, Colas C, GEMO Study
Collaborators, EMBRACE Collaborators, ColloRBame MA, Cook J, Daly
MB, Davidson R, de la Hoya M, de Putter R, Delnatte C, Devilee, P, Diez O,
Ding YC, Domdek SM, Dorfling CM, Dumont M, Eeles R, Ejlertsen B, Engel
C, Evans DG, Faivre L, Foretova L, Fostira F, Friedlander M, Friedman E, Frost
D, Ganz PA, Garber J, Gehrig A, GerdedvA Gesta P, Giraud S, Glendon G,
Godwin AK, Goldgar DE, Gonzéaleldeira A, Grene MH, GschwantleiKaulich
D, Hahnen E, Hamann U, Hanson H, Hentschel J, Hogervorst FBL, Hooning MJ,
Horvath J, Hu C, Hulick PJ, Imyanitov EN, kConFab Investigators, HEBON
Investigators, GENEPSO Investigators, Isaacs C, lzatt L, lzquierdo A,
Jakubowska AJames PA, Janavicius R, John EM, Joseph V, Karlan BY, Kast K,
Koudijs M, Kruse TA, Kwong A, Laitman Y, Lasset C, Lazaro C, Lester J,
Lesueur F, Liljegren A, Loud JT, Lubi s
Mebirouk N, MeijersHeijboer HEJ, Meindl A, Merenkamp AR, Miller A,
Montagna M, MourefFourme E, Mukherjee S, Mulligan AM, Nathanson KL,
Neuhausen SL, Nevanlinna H, Niederacher D, Nielsen FC, Nikinka L,
Nogueés C, Olah E, Olopade OIl, Ong KO'Shaughnessigirwan A, Osorio, A,
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Ott GE, Papi L, Rrk SK, Parsons MT, Pedersen IS, Peissel B, Peixoto A,
Peterlongo P, Pfeiler G, Phillips-K, Prajzendanc K, Pujana MA, Radice P,
Ramser J, Ramus SJ, Rantala J, RenneRisth HA, Robson M, Rgnlund K,
Salani R, Schuster H, Senter L, Shah PD, Sharmade, %, Singer CF, Slavin

TP, Soucy P, Southey MC, Spurdle AB, Steinemann D, Steinsnyder Z, Stoppa
Lyonnet D, Sutter C, Tan YY, Teixeira MR, Teo SH, Thull DL, Tischkowitz M,
Tognazzoc S, Toland AE, Trainer AH, Tung N, van Engelen K, van Rensburg EJ,
Vega A,Vierstraete J, Wagner G, Walker L, WaBGghrke S, Wappenschmidt B,
Weitzel JN, Yadav S, Yang X, Yannoukakos D, Zimbalatti D, Offit K,
Thomassen M, Couch FJ, Schmutzler RK, Simard J, Easton, DF, Chenevix
Trench G, Antoniou AC, Consortium of Investigatofdvtndifiers of BRCA and
BRCA. Polygenic risk scores and breast and epithelial ovarian cancer risks for
carriers of BRCA1 and BRCAZ2 pathogenic variants. Accepted for publication,
Genet Med. PMCID: PMC Journal in Process.

Shuch B, Li SRisch H, Bindra RS McGillivray PD, Gerstein M. Estimation of the
carrier frequency of fumarate hydratase alterations and implications for kidney
cancer risk in hereditary leiomyomatosis and renal cancer. In press, Cancer.
PMCID: PMC Journal in Process.

Lin Y, NakatochiM, Hosono Y, Ito H, Kamatani Y, Inoko A, Sakamoto H, Kinoshita
F, Kobayashi Y, Ishii H, Ozaka M, Sasaki T, Matsuyama M, Sasahira N,
Morimoto M, Kobayashi S, Fukushina T, Ueno M, Ohkawa S, Egawa N, Kuruma
S, Mori M, Nakao H, Adachi Y, Okuda M, Osaki T, KamiS, Wang C, Hara K,
Shimizu Y, Miyamoto T, Hayashi Y, Ebi H, Kohmoto T, Imoto I, Kasugai Y,
Murakami Y, Akiyama M, Ishigaki K, Matsuda K, Hirata M, Shimada K,
Okusaka T, Kawaguchi T, Takahashi M, Watanabe Y, Kuriki K, Kadota A,
Okada R, Mikami H, Takezak, Suzuki S, Yamaji T, Iwasaki M, Sawada N,
Goto A, Kinoshita K, Fuse N, Katsuoka F, Shimizu A, Nishizuka SS, Tanno K,
Suzuki K, Okada Y, Horikoshi M, Yamauchi T, Kadowaki T, Yu H, Zhong J,
Amundadottir L, Doki Y, Ishii H, Eguchi H, Bogumil D, Haiman K& Marchand
L, Mori M, Risch H, Setiawan VW, Tsugane S, Wakai K, Yoshida T, Matsuda F,
Kubo M, Kikuchi S, Matsuo K. Genomeide association metanalysis
identifies GP2 gene risk variants for pancreatic cancer. Accepted for publication,
Nat Commun. PM@: PMC Journal in Process.

Tang H, Jiang L, Stolzenbefgplomon RZ, Arslan AA, Beane Freeman LE, Bracci
PM, Brennan P, Canzian F, Du M, Gallinger S, Giles GG, Goodman PJ,
Kooperberg C, Le Marchand L, Neale RE, SMDXVisvanathan K, White E,
Zheng W, Albaes D, Andreotti G, Babic A, Bamlet WR, Berndt Sl, Blackford A,
Buencede-Mesquita B, Buring JE, Campa D, Chanock SJ, Childs E, Duell EJ,
Fuchs C, Gaziano JM, Goggins M, Hartge P, Hassam MH, Holly EA, Hoover
RN, Hung RJ, Kurtz RC, LeeM, Malats N, Milne R., Ng K, Oberg AL, Orlow
I, Peters U, Porta M, Rabe KG, Rothman N, Scelo G, Sesso HD, Silverman DT,
Thompson IM Jr, Tjgnneland A, Trichopoulou A, Wactawslende J,
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Wentzensen N, Wilkens LR, Yu H, Zeleniugdacquotte A, Amundadottir LT,
Jacobs EJ, Petens GM, Wolpin BM,Risch HA, Chatterjee N, Klein AP, Li D,

Kraft P, Wei P. Genomwide genediabetes and ger@besity interaction scan in
8,255 cases and 11,900 controls from Pancreatic Cancer Cohort Consortium and
Pancreatic Cancer Case Control ConsortiuAtcepted for publication, Cancer
Epidemiol Biomarkers Prev. PMCID: PMC Journal in Process.

Zhang Y, Wilcox A, Zhang H, Choudhury PP, Easton D, Milne R, Simard J, Hall P,
Michailidou K, Dennis J, Schmidt M, Chai@@aude J, Gharahkhani P, Whiteman
D, Canpbell P, Hoffmeister M, Jenkins M, Peters U, Hsu L, Gruber S, Casey G,
Schmit S, O'Mara T, Spurdle A, Thompson D, Tomlinson I, De Vivo |, Landi
MT, Law M, lles M, Demenais F, Kumar R, Macgregor S, Bishop D, Ward S,
Bondy M, Houlston R, Wiencke J, Melin BarnholtzSloan J, Kinnersley B,
Wrensch M, Amos C, Hung R, Brennan P, McKay J, Caporaso N, Berndt S,
Birmann B, Camp N, Kraft P, Rothman N, Slager S, Berchuck A, Pharoah PD,
Sellers T, Gayther S, Pearce C, Goode E, Schildkraut J, Moysich K,
Amundadottir L. Jacobs E, Klein A, Petersen Risch H, Stolzenbergsolomon
R, Wolpin B, Li D, Eeles R, Haiman C, Kefarai Z, Schumacher F, Al Olama
AA, Purdue M, Scelo G, Dalgaard M, Greene M, Grotmol T, Kanetsky P,
McGlynn K, Nathanson K, Turnbull C, Wiklund F, BetaCancer Association
Consortium (BCAC), Vaughan T, Colon Cancer Family Registry (ColonCFR),
Huyghe J, Glubb D, Genetics and Epidemiology of Colorectal Cancer Consortium
(GECCO), NewtorBi shop J, Glioma International
Liu G, Le Machand L, Cerhan J, Riggan M, Ferreigtesias A, Bracci P,
Hoover R, The Practical Consortium, Hofmann J, Testicular Cancer Consortium
(TECACQC), Chanock S, Chatterjee N, Gar€ilbpsas M. Assessment of polygenic
architecture and risk prediction based ommmon variants across fourteen
cancers. Accepted for publication, Nat Commun. PMCID: PMC Journal in
Process.

Babic A, Sasamoto N, Rosner BA, Tworoger SS, JordaiRiSdh HA, Harris HR,
Rossing MA, Doherty JA, Fortner RT, Cha@Gtpude J, Goodman MT,
Thompson PJ, Moysich KB, Ness RB, Kjaer SK, Jensen A, Schildkraut JM, Titus
LJ, Cramer DW, Bandera EV, Qin B, Sieh W, McGuire V, Sutphen R, Pearce
CL, Wu AH, Pike M, Webb PM, Modugno F, Terry KL. Association between
breastfeeding and ovarian cancer risk. piass, JAMA Oncol 2020. PMCID:
PMC Journal in Process.

Zhu J, Shu X, Guo X, Liu D, Bao J, Milne R, Giles GG, Wu C, Du M, White E,
Risch HA, Malats N, Duell EJ, Goodman PJ, Li D, Bracci P, Katzke V, Neale
RE, Gallinger S, Van Den Eeden S, Arslan A, CanEaKooperberg C, Beane
Freeman L, Scelo G, Visvanathan K, Haiman CA, Le Marchand L, Yu H,
Petersen GM, Stolzenbe&plomon R, Klein AP, Cai Q, Long J, ShuCX Zheng
W, Wu L. Associations between genetically predicted blood protein biomarkers
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and pancrdec cancer risk.  Accepted for publication, Cancer Epidemiol
Biomarkers Prev. PMCID: PMC Journal in Process.

Pham YTFH, Utuama O, Thomas CE, Park JA, La Vecchi®isch HA, Tran CTFD,
Le TV, Boffetta P, Raskin L, Luu HN. High Mobility Group A Protén
(HMGAZ2) as a tumor cancer diagnostic and prognostic marker: A systematic
review and metanalysis. Accepted for publication, Eur J Cancer Prev. *Not a
result of NIH funding.

Xiao Y, He L, Chang W, Zhang S, Wang R, Chen X, Li X, Wan&i&ch H. Self
harmbehaviors, suicidal ideation and associated factors among rurbakeleftd
children in west China. Accepted for publication, Annals of Epidemiology. *Not
a result of NIH funding.

Lor GCY, Risch HA, Fung JW, Yeung SLA, Wong IOL, Zheng W, Pang H.
Reportng and guidelines for Mendelian randomization analysis: a systematic
review of oncological studies. Accepted for publication, Cancer Epidemiol. *Not
a result of NIH funding.

Feng H, Gusev A, Pasaniuc B, Wu L, Long J, Al Z, Aittomaki K, Andrulis IL,
Anton-Culver H, Antoniou AC, Arason A, Arndt V, Aronson KJ, Arun BK,
Asseryanis E, Auer PL, Azzollini J, Balmafa J, Barkardottir RB, Barnes DR,
Barrowdal e D, Beckmann MW, Behrens S, Be
K, Blanco A, Blomgvist C, Boeckx B, ®&danova NV, Bojesen SE, Bolla MK,
Bonanni B, Borg A, Brauch H, Brenner H, Briceno |, Broeks A, Brining T,
Burwinkel B, Cai Q, Caldés T, Caligo MA, Campbell I, Canisius S, Campa D,
Carter BD, Carter J, Castelao JE, Ch&gude J, Chanock SJ, Christiangén
Chung WK, Claes KBM, Clarke CL; GEMO Study Collaborators; EMBRACE
Collaborators; GEHBOC study Collaborators, Couch FJ, Cox A, Cross SS,
Cybulski C, Czene K, Daly MB, de la Hoya M, De Leeneer K, Dennis J, Devilee
P, Diez O, Domchek SM, Dork T, D&anta-Silva |, Dunning AM, Dwek M,
Eccles DM, Ejlertsen B, Ellberg C, Engel C, Eriksson M, Fasching PA, Fletcher
O, Flyger H, Fostira F, Friedman E, Fritschi L, Frost D, Gabrielson M, Ganz PA,
Gapstur SM, Garber J, Gargldosas M, Garcisaenz JA, Gaudet MMsiles
GG, Glendon G, Godwin AK, Goldberg MS, Goldgar DE, Gonzéleza A,
Greene MH, Gronwald J, Guénel P, Haiman CA, Hall P, Hamann U, Hake C, He
W, Heyworth J, Hogervorst FBL, Hollestelle A, Hooning MJ, Hoover RN,
Hopper JL, Huang G, Hulick PJ, Humphse¥, Imyanitov EN; ABCTB
Investigators; HEBON Investigators; BCFR Investigators; OCGN Investigators,
Isaacs C, Jakimovska M, Jakubowska A, James P, Janavicius R, Jankowitz RC,
John EM, Johnson N, Joseph V, Jung A, Karlan BY, Khusnutdinova E, Kiiski JI,
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Research Grants Held:

20202025

20182020

20182018

20172018

20162021

20132017

20112016

20112015

AP Klein (Principal Investigator), G Petersen, D HA Risch, P Bracci,

S Gallinger, RHung, M Meng, E Jacobs, J Manjer, M Sund, V Katzke, A
Arslan, L Le Marchand, R Milne, R Stolzenbe&sglomon, C
Kooperberg, S van den Eeden, J Genkinger, A Schwartz, J Brody, S
Lynch, A Tjgnneland, YO Shu, L Amundadottir, K Visvanathan, B
Wolpin. Multi-Ancestry Mapping of Pancreatic Cancer Susceptibility
Loci. (National Cancer Institute, $112,843 total direct costs to Yale
subcontract over 60 months)

CY Jeon (Principal Investigator), S Freedland, S Kim, NY KyggorK
Nuckols, SJ PandoHA Risch, B Spiegel. Predicting the Diagnosis of
Pancreatic Cancer by Leveraging Big DatéNational Cancer Institute,
$235,000 total direct costs over 24 months)

ML Irwin (Principal Investigator), L Lu,H Risch. Impact of exercise
and dietinduced weight loss on immunosuppression in breast cancer
survivors (Cynthia Barnett Breast Cancer Foundation, $25,000 total
costs over 12 months)

HA Risch (Principal Irvestigator), L Lu. Feasibility of circulating
exosomal proteins in ovarian cancer diagisos (Brozman Ovarian
Cancer Foundation, $25,000 total costs over 12 months)

AP Klein (Principal Investigator), P Bracci, S Cleary, S GadmgR
Hung, D Li, R Neale, S Olson, G PetersétA Risch, G Scelo.
Validation and Finescale Mapping of Pancreatic Cancer Susceptibility
Loci. (National Cancer Institute, $220,000 total direct costs to Yale
subcontract over 60 months)

Y Guan, XMa (Principal Investigators), D Zimmerman, P Diggle, T
Holford, H Risch, L Mueller, Y Zhang.New Statistical Methods to
Handle Spatial Uncertainty in Cancer Risk EstimatigNational Cancer
Institute, $1,100,000 total direct costs over 48 months)

R Kurman (Principal Investigator), H Bean, L Cope, T DiaMontes,

M Gauthier, D Huso, D Levine, E Matloff, S Narod, V ParkadshRisch,

G Rosner, P Shaw;M Shih, R Soslow, R Vang, K VisvanatharsLT
Wang, et al. Prevention of Ovarian HigiGrade Serous Carcinoma by
Elucidating Its Early Chages. (Department of Defense USMRMC,
$9,166,162 total direct costs, of which $199,000 total direct to Yale
epidemiology subcontract, over 60 months).

AP Klein (Principal Investigator), P Bracci, P Brennan, E Duell, S
Gallinger, D Li, R Neale, ®lson, G PeterserjA Risch. Validation
and Finescale Mapping of Pancreatic Cancer Susceptibility Loci.
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(National Cancer Institute, $197,000 total direct costs to Yale subcontract
over 48 months)

20112013 AP Klein, HA Risch (Co-Principal Investigators) Validation and Fine
Scale Mapping of Pancreatic Cancer Susceptibility LodiNational
Human Genome Research Institute, covers costs of-$aaje high
throughput genotyping of collaborative medenter pancreatic cancer
study (see previous grant) tite Center for Inherited Disease Research
(CIDRY)).

20102016 H Yu (Principal Investigator), M Irwin, X Ma, S Maynél Risch, H
Zhao, J Lim. Epidemiologic Study of Hepatocellular Carcinoma in the
US (National Cancer Institute, $5,385,000 total directtsas/er 60
months)

20102014 T Sellers (Principal Investigator), A Berchuck, G Bloom, M Clyde, D
Fenstermacher, B Fridley, S Gayther, W Ge, E Goode, E Iversén, H
Lin, S Mears, A Monteiro, T Moorman, L Pearce, P Pharoah, C Phelan,
H Risch, MA Rossing, J &hildkraut, G Trench, Yy Tsai. Follow-up of
Ovarian Cancer Genetic Association and Interaction Studies (FOCI)
(National Cancer Institute, $108,926 total direct costs to Yale subcontract
20122014)

20102013 CL Pearce (Principal Investigator), JA DolyertS Gayther, VM
McGuire, H Risch, MA Rossing, J Schildkraut, TA Sellers, W Sieh, D
Stram, G Trench, P Webb, A Whittemore, A Widentifying Ovarian
Cancer Susceptibility Alleles Using Genolivede Scan Data (National
Cancer Institute, $22,500 total ditecosts to Yale subcontract)

20092014 M Irwin (Principal Investigator), J Dziura, R McCorkle, G Mét Risch,
P Schwartz, H Yu.Impact of Exercise on Ovarian Cancer Prognosis
(National Cancer Institute, $2,045,493 total direct costs over 59 months)

2009-2012 T Vaughan, D Whiteman (Principal Investigators), L Bernstén,
Corley, MD Gammon, L Hardie, N Hayward, G Liu, L Murray, O Nyrén,
U Peters, B ReidHA Risch, Y Romero, N Shaheen, D Stram, D Van
Den Berg, B Weir, AWu.Barrettds and Esophageal
Consortium Genetic Susceptibility Study(National Cancer Institute,
$3,750,000 total direct costs over 36 months)

20092010 M Goodman (Principal Investigator), A Berchuck, J Ché@tgude, D
Cramer, CM Garcia, E @de, S Krueger Kjaer, R Ness, P Phardih,
Risch, M Rossing, R Sutphen, K Terry, G Trench, A Whittemore.
Collaborative Genetic Study of Ovarian Cancer RigNational Cancer
Institute, $17,419 total direct costs over 12 months, to Yale subcontract)

2007-2014 HA Risch (Principal Investigator), YI Gao, MS Kidd, H Yu. Case
Control Study of Pancreas Cancer in Shanghai, Chi(dational Cancer
Institute, $1,858,377 total direct costs over 75 months)

20072012 P Salovey (Principal Investigator), M Irwir§T Mayne, HA Risch.
Promoting Cancer Prevention/Control with Message Framing: III.
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19992005

Extending Tailored Cancer Information Servidelivered Messages
Across the Cancer Continuum(National Cancer Institute: $1,525,215
total direct costs over 58 months)

R Neale (Principal Investigator), D Whiteman, J Young, L Fritschi, J
Fawcett, P WebbH Risch. CaseControl Study of Genetic and
Environmental Risk Factors for Pancreatic Carcinaon{&lational Health
and Medical Research Council (Australia): AU$SUE total
nonacademic direct costs over 60 months)

T Sellers (Principal Investigator), D Ballinger, J Barnh@&@tean, ME
Colter, Y Huang, E Iversen, J Lancaster, J McLaughlin, S Narod, VS
PankratzH Risch, J Schildkraut, R SutphertaplotypeBased Genome
Screen for Ovarian Cancer Loci(National Cancer Institute, $5,726,016
total direct costs over 60 months)

R Neale (Principal Investigator), D Whiteman, L Fritschi, J Young, J
Fawcett, P Webl Risch. A CaseControl Study of the Eimvonmental
and Genetic Causes of Pancreatic Carcinom#&Queensland Cancer
Fund: AU$258,339 total nonacademic direct costs over 16 months)

HA Risch (Principal Investigator), FS Gorelick, D Jain, MS Kidd, ST
Mayne, MD Topazian, H Yu.CaseControl Study of Pancreas Cancer
Etiologic Factors (National Cancer Institute: $2,578,672 total direct
costs over 80 months, in NCE)

H Yu (Principal Investigator)HA Risch, ST Mayne, M Irwin, B
Cartmel. Role of Genetic and Lifestyle Interplay in bite Cancer
(National Cancer Institute: $2,185,432 total direct costs over 60 months,
in NCE)

SA Narod (Principal Investigator), B Rosen, JR McLaughlin, P Shaw,
HA Risch. The contribution of BRCA2 to ovarian cance(National
Cancer Institutef Canada: $375,000 total nonacademic direct costs over
36 months)

H Yu (Principal Investigator{A Risch. DNA Methylation, Aging, and
Prostate Cancer Risk (National Cancer Institute: $600,000 total direct
costs over 48 months)

JP Mncato (Principal Investigator), W Li, P Peduz2A Risch, D Jain.
Risk of Mortality in Prostate CanceUSVA: $424,000 total direct costs
over 48 months)

P Salovey (Principal InvestigatorjJA Risch, ST Mayne, M Morra.
Promoting Cancer Prevdgion/Control with Message Framing. .|l
(National Cancer Institute: $1,324,481 total direct costs over 72 months)

HA Risch (Principal Investigator), AE Bale.DNA Polymorphisms in
Ovarian Cancer: Cas€ontrol Study (National Cancer Institute:
$325,168 total direct costs over 58 months)
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19982002 JP Concato (Principal Investigator), W Li, P Peduzzi, S Flynn, C Howe,
HA Risch, D Esrig. Risk of Mortality in Prostate Cancer (USVA:
$425,245 total direct costs over 48 months)

19972003 HA Risch (Principal Investigator), L DiPietro, AF Saftlas, A Duleba, ML
Carcangiu. CaseControl Study of Ovarian Cancer Hormonal Etiology
(National Cancer Institute: $1,445,806 total direct costs over 70 months)

19972000 SA Narod (Principal InvestigatorHA Risch. RiskFactor Analysis of
BRCA1 and BRCA2 Carriers (National Cancer Institute: $1,228,000
total direct costs over 36 months)

19972001 P Salovey (Principal InvestigatorHA Risch, M Morra. Promoting
Cancer Prevention/Control with Message FramingN&ional Cancer
Institute: $498,295 total direct costs over 48 months)

19961999 P Salovey (Principal InvestigatorHA Risch, M Morra. Message
Framing, Persuasion, and Cancer Prevention/DetectiofAmerican
Cancer Society: $198,000 total direct costs @4emonths)

19942000 HA Risch (Principal Investigator), JR McLaughlin, SA Narod, Ri%ch,
EJ Holowaty, BARRosen, DEC Cole. GeneticEpidemiology Study of
Epithelial Ovarian Tumors (National Cancer Institute: $799,551 total
direct costs over 69 months)

19941997 SA Narod (Principal Investigator), HT LyncHA Risch, DE Goldgar.
The Prevention of Hereditary Breast and Ovarian Cancé¢National
Cancer Institute: $356,875 total direct costs over 34 months)

19921996 HA Risch (Principal Investigator), ST Byne, R Dubrow, AB West.
Epidemiologic Study of Esophageal/Gastric AdenocarcinoiiNational
Cancer Institute: $536,163 total direct costs over 43 months)

19911992 HA Risch (Principal Investigator). LatencyTemporality Analysis in
CaseControl Studiesof Chronic Exposures (National Institutes of
Health (BSRG): $19,000 total direct costs over 12 months)

19901991 HA Risch (Principal Investigator), GR Howe, R West, LM Strané.
RecordLinkage Cohort Study of Menopausal Hormone Usage and
Endometrial Caner in Saskatchewan (National Health Research and
Development Program, Health and Welfare Canada: $50,476 total
nonacademic direct costs over 8 months)

19901994 JAJ Stolwijk (Principal InvestigatorljA Risch, ST Mayne, R Dubrow,
T Holford. Cancer Preention Research Unit for Connecticut at Yale
(National Cancer Institute: $3,865,000 total direct costs over 60 months)

19891993 HA Risch (Principal Investigator), LD Marrett, GR Howe, M JaiA
CaseControl Study of Dietary Factors and Epithelial Owari Cancer
(National Health Research and Development Program, Health and
Welfare Canada: $343,766 total nonacademic direct costs over 41
months)

193



19861990 GR Howe (Principal InvestigatorjA Risch, M Jain, JD Burch, C Wall.
Research Project Support ofiet NCIC Epidemiology Unit(National
Cancer Institute of Canada: total nonacademic direct costs $228,093 in
19867; $440,454 in 1988; $205,617 in 1988, etc.)

Selected Scholarly Presentations and Workshops:

5/19 APancreati c Canc daCamar Gas@ont@lItCondortiunPancr e a
(PanC4) Annual Meeting, Baltimore, MD.

3/19 AReducing Mortality of What Wil Be tt
Year s from Now. O V i -assosiatech GathcerOt her
Research Seminar, Yale School of MedicinewN¢aven, CT.

5/18 ANew Concepts in Causation. o Keynot e
Control Consortium (PanC4) Annual Meeting, Baltimore, MD.

2/18 "Risk Factors for Pancreatic Cancer." Yale Pancreas Symposium 2018:
Multidisciplinary Management of fpareatic Cancer. New Haven, CT.

4/17 AReducing Mortality of what wi | | be t
Years from Now. O Gastroenterologic

Center, New Haven, CT.

3/17 AGenomewi de AssociationnStAmeyi oanPadpws
Pancreatic Cancer CasSmntrol Consortium (PanC4) Annual Meeting,
Baltimore, MD.

3/17 ANew Markers and Approaches in Predicl
Pancreatic Cancer CasSmntrol Consortium (PanC4) Annual Meeting,
Baltimore, MD

12/16 AGenomewi de Association Study of Pancr
Pancreatic Cancer Ca@mntrol Consortium (PanC4) GWAS Study
Annual Meeting, Bethesda, MD.

10/16 AReducing Mortality of Pancreatic Can
Inaugural Global Oncology Seminar Series speaker, Yale Cancer Center,
New Haven, CT.

6/16 APreventi on o f Pancreatic Cantroler . 0
Consortium (PanC4) Annual Meeting, Milan, Italy.

1/16 AReducing Mortality ofof @ahcartDeathiFivd be t
Years from Now. 0 Department of Ther a
Medicine, New Haven, CT.

10/15 AReducing Mortality of what wi | | be t
Year s from Now. O Di vision of Cance
National Cancer Institute, NIH, Rockville, MD.

3/15 fAbsol ut e Ri s k Model s f or Pancreatic |

Control Consortium (PanC4) Annual Meeting, Baltimore, MD.
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12/12

3/12

3/12

9/11

3/11

1/11

1/11

1/11

11/10

11/10

5/10

3/10

7/09

Keynote Speaker, AFrom Cancerand@regi str a

Prevention. o Cancer Registrars Asso
Meeting, Norwich, CT.
APancreatic Cancer Ri sk Mo eCertrad . 0 P

Consortium (PanC4) Annual Meeting, Baltimore, MD.
Cancer Cent er Heboobaated pyl&jcAB@ Hlsod Gréup and

the Etiology of Pancreatic Cancer in
School of Medicine, New Haven, CT.
AEti ol ogy of Pancreatic Cancer: Theory

Chronic Disease Epidemiologyale University School of Public Health,
New Haven, CT.

AGenetic Ef fects and Modi fiers of Rac
Survival i n Pancreatic C aCoutrelr , 0 Pa
Consortium (PanC4) Annual Meeting, New York, NY.

Keynote Spak er |, AWhy i s Pancreatic Cancer
the US, in Spite of the Higher Prevalence of Risk Factors in Asia?
Observations on t he Eti ol ogy o f P

Epidemiology Association National Meetings, Sapporo, Japan.

Depart ment BR@AD ianda BRCA2 Mutations: Population
Frequencies and Associations with a
Epidemiology and Prevention, Aichi Cancer Center Research Institute,

Nagoya, Japan.

Cancer Center Gr amceatkR €ancedless Fragddntyin i s P a
Asia than in the US, in Spite of the Higher Prevalence of Risk Factors in
Asi a? Observations on the Etiology
National Cancer Center, Tokyo, Japan.

Educational Se s s i oniron@entmianda risfactori Ge n e,
interaction in pancreatic cancer. o /
Annual International Meeting, Philadelphia PA.

Wor kshop PriRA®WN4 rait atoinon fnand ri sk of (
Biennial meeting of the Ovarian Gzer Association Consortium
(OCAC), Bethesda, MD.

Cancer Center Retreat Sleliocobacter rpylori i ABO b
colonization and pancreatic cancer .
Medicine, New Haven, CT.

fiHelicobacter pyloricolonization, ABD blood group and risk of pancreatic
cancer , 0 Pancr-€oattoli Gonsatiam (PanC4) Sransale
Meeting, Bethesda, MD.

Epidemi ol ogy Gr and Ro uHleticebactefipylasimcr eas C
the U.S. and China. o D egha Cancee n t of
Institute, Shanghai, China.
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3/09 Cancer Center Gr and Ro und-€anceriiRisk consi s
Factors and Disease Incidence Between the U.S. and China: Observations
on t he Eti ol ogy of Pancreas Cancer.
Medicdne, New Haven, CT.

11/08 Workshop Participant, Defining the Public Health Research Agenda for
Ovarian Cancer, Centers for Disease Control, Atlanta, GA.

7/08 Wor kshop Pr Bldicobadtea tpylaxinain d A pancr eas can
Biological and Clinical Risksand Potential Benefits ofelicobacter
pylori Colonization, Division of Microbiology and Infectious Diseases,
NIAID, NIH, Bethesda, MD.

1/08 Research Semi nar : ASmoki nigy eandaglaumg O
Program in Cancer Prevention and Control, Yaen¢&r Center, New
Haven, CT.

11/07 Wor kshop PrB&GAdandBRCA2KIuiationsii Frequencies in the
General Population of North America and Associations with Breast,
Ovary, St omac h, Pancreas and Ot her C
Symposium of Newrrontiers in Cancer Research and Advanced Training
Workshop of Cancer Molecular Epidemiology, Nanjing Medical
University, Nanjing, China.

10/07 Wor kshop Presentation: AWhy have epid
clinical trial s rnfaQancer@revergidn &/orksdop.o Thi
CHS National Cancer Control Center, Faculty of Medicine, Technion
Israel Institute of Technology, Haifa, Israel.

6/07 Wor kshop: AAdvanced Statistical Met h
Department of Community Medicine @&rEpidemiology, Technion Israel
Institute of Technology Faculty of Medicine, Haifa, Israel.

3/07 Ruth and Bruce Rappaport Seminar: fAWhy
in China than the US, in Spite of the Generally Higher Chinese
Prevalence of Risk Faxtr s : Il nsights on the Etiolo
Faculty of Medicine, Technion lIsrael Institute of Technology, Haifa,
Israel.

2/07 Seminar : ASmoking adgetungacanoer Depamw

Community Medicine and Epidemiology, Technion I$rémstitute of
Technology Faculty of Medicine, Haifa, Israel.

1/07 Seminar : AEti ol ogic theories for epi th
Community Medicine and Epidemiology, Technion Israel Institute of
Technology Faculty of Medicine, Haifa, Israel.

11/06 Se mi nBRCA1 and BRCA2 Mutations: Frequencies in the General
Population and Associations with Breast, Ovary, Stomach, Pancreas and
Ot her Cancers. o New York University

2/06 Cancer Cent er BRCAlmnad BACA2u Mutasons: Tieir
Frequencies in the General Population and Their Associations with
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11/05

11/05

6/05

5/05

5/02

12/01

10/01

6/01

10/00

9/98

5/98

Breast, Ovary, St omac h, Pancreas
School of Medicine, New Haven, CT.

Symposium: "Why Pancreas Cancer is Less Frequent in Ciamathe US,
in spite of the Generally Higher Chinese Prevalence of Risk Factors:
Insights on the Etiology of Pancreas Cancer." Clinical Oncological
Society of Australia annual scientific meeting, Brisbane, Australia
(Sponsored by the Queensland Cancedlrun

Symposium: "Risks and penetrances of germIBRCALl and BRCA2
mutations for ovarian, breast, stomach, pancreas and other cancers:
updated results from the Ontario (Canada) ovarian cancecokiort
study.” Clinical Oncological Society of Ausliga annual scientific
meeting, Brisbane, Australia (Sponsored by the Queensland Cancer
Fund).

Seminar: "Why Pancreas Cancer is Less Frequent in China than the US, in
spite of the Generally Higher Chinese Prevalence of Risk Factors:
Insights on the Hblogy of Pancreas Cancer." Tumor Registrars
Association of Connecticut Quarterly Meeting, Y-alew Haven
Hospital, New Haven, CT.

Seminar: "Why Pancreas Cancer is Less Frequent in China than the US, in
spite of the Higher Prevalence of Risk Factdisere: Insights on the
Etiology of Pancreas Cancer." Sylvester Comprehensive Cancer Center,
University of Miami, Miami, FL.

Symposium: "Genetic Epidemiology of Ovarian Cancer." Ovarian Cancer
and HighRisk Women: Implications of Prevention, Scriegnand Early
Detection. University of Pittsburgh, Pittsburgh, PA.

Seminar: "Prevalence and Penetrance of GermBRCAL1 and BRCA2
Mutations in Unselected Ovarian Cancer." Kaplan Cancer Center, NYU
School of Medicine, New York, NY.

ResearchSeminar: "Prevalence and Penetrance of GerniR&€Al and
BRCA2 Mutations in Unselected Ovarian Cancer." Memorial Sloan
Kettering Cancer Center, New York, NY.

Combined Monthly Research Seminar: "Prevalence and Penetrance of
GermlineBRCAlandBRCA Mutations in Unselected Ovarian Cancer."
Programs in Ovarian Cancer, Cancer Genetics and Cancer Prevention,
Yale Cancer Center, New Haven, CT.

Departmental Seminar: "Etiology of Epithelial Ovarian Cancer." Department
of Public Health Sciencespk Chase Cancer Center, Philadelphia, PA.

"Etiologic Mechanisms in Epithelial Ovarian Cancer," Third International
Symposium on Hormonal Carcinogenesis, Seattle, WA.

Departmental Grand Rounds: "BRCA1 and BRCA2 Mutations in Unselected
Ovarian Cacer," Department of Gynecologic Oncology, Yale University
School of Medicine, New Haven, CT.
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9/97

9/97

3/97

2/97

1/97

6/96

6/96

6/95

6/94

6/93

2/93

9/92

9/92

6/92

12/91

Departmental Seminar: "Etiologic Mechanisms in Epithelial Ovarian
Cancer." Division of Epidemiology, Columbia University School of
Public Health, New YorkiNY.

"Use of aspirin and other nesteroidal antinflammatory drugs and risk of
esophageal and gastric cancer." American College of Epidemiology
Annual Meetings, Cambridge, MA.

"Risk Factors for Familial and Hereditary Ovarian Cancer." Acaeri
Cancer Society Science Writers Seminar, Reston, VA.

Departmental Grand Rounds: "Etiologic and Histologic Considerations in the
Occurrence of Ovarian Cancer.” Department of Pathology, Yale School
of Medicine, New Haven, CT.

Departmental Semar. "Ovarian Cancer Pathophysiology: Etiologic and
Methodologic Issues." Department of Epidemiology, University of North
Carolina School of Public Health, Chapel Hill, NC.

"Risk factors for BRCAZdassociated ovarian cancer." NCI Extramural
GeneticEpidemiology Pls Second Biennial Meetings, Frederick, MD.

"Estrogen replacement therapy and the risk of epithelial ovarian cancer.”
Society for Epidemiologic Research Annual Meetings, Boston, MA.

"Pelvic inflammatory disease and the risk qfiteelial ovarian cancer.”
Society for Epidemiologic Research Annual Meetings, Snowbird, UT.

"Dietary fat intake and the risk of epithelial ovarian cancer." Society for
Epidemiologic Research Annual Meetings, Miami, FL.

"A cohort study of meopausal hormone usage and breast cancer in
Saskatchewan." Society for Epidemiologic Research Annual Meetings,
Keystone, CO.

"A cohort study of menopausal hormone usage and breast cancer in the
province of Saskatchewan, Canada." International Epalegy
Association Regional European Meeting, Jerusalem.

"A recordlinkage cohort study of menopausal hormone usage and breast
cancer in Saskatchewan." American College of Epidemiology Annual
Meetings, Bethesda, MD.

"Recordlinkage cohort stug of menopausal hormone usage and breast
cancer." Yale/Dana Farber Conference on Cancer Prevention and
Control, Department of Epidemiology and Public Health, Yale
University, New Haven, CT.

"Are female smokers at higher risk for lung cancer tharersatokers? A
casecontrol analysis by histologic type." Society for Epidemiologic
Research Annual Meetings, Minneapolis, MN.

Departmental Seminar: "Some interesting results on lung cancer in women."
Department of Epidemiology and Public Health,ler&niversity, New
Haven, CT.
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11/89

8/89

4/89

6/88

4/88

3/88

12/87

12/87

11/87

11/87

9/87

11/86

9/86

Departmental Seminar: "Occupational and dietary associations with bladder
cancer incidence." Department of Epidemiology and Public Health, Yale
University, New Haven, CT.

"A demonstration of the GLIMP computer ggram for epidemiologic
analysis." Canadian Epidemiology Research Conference Meetings,
Ottawa.

"Nonlinear doseaesponse models with standard logistic regression.” Upstate
New York and Southern Ontario Epidemiology Group Meetings,
Toronto.

"A unified framework for metanalysis by maximum likelihood." Society
for Epidemiologic Research Annual Meetings, Vancouver.

Departmental Seminar: "Occupational and dietary factors in the study of
cancer of the bladder.” Division of Epidemiology aBdbstatistics,
Graduate School of Public Health, San Diego State University, San
Diego, CA.

Seminar: "Diet and occupation in the causation of bladder cancer.” School of
Public Health, New York State Department of Health, SUNY, Albany,
NY.

Departmental Seminar: "Dietary and occupation factors in a-caseol
study of bladder cancer." Department of Epidemiology, Harvard School
of Public Health, Boston, MA.

Departmental Seminar: "Risk factors for spontaneous abortion and its
recurrence,and habitual abortion." Department of Medical Genetics,
Hospital for Sick Children, Toronto.

Departmental Seminar: "Occupational and dietary factors in the causation of
bladder cancer.” Department of Social and Preventive Medicine, SUNY
School ofMedicine, Buffalo, NY.

Departmental Seminar: "Dietary and occupational factors in the study of
bladder cancer." Department of Epidemiology and Biostatistics,
University of Western Ontario, London.

Departmental Seminar: "Dietary and occupagiofactors in a caseontrol
study of bladder cancer." Department of Epidemiology and Community
Medicine, University of Ottawa.

Departmental Seminar: "Application of linear structural hypotheses in
observational epidemiologic studies." DepartmanEnvironmental and
Occupational Medicine, Mount Sinai School of Medicine, New York,
NY.

Departmental Seminar: "Application of linear structural equations in
observational epidemiologic studies.” Department of Epidemiology and
Public Health, YaldJniversity, New Haven, CT.
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6/86 "Measuring tumor induction period in casentrol studies of chronic

exposures." Society for Epidemiologic Research Annual Meetings,
Pittsburgh, PA.
8/84 “Nitrate and ascorbate in a study of gastric cancer."
Epidemiology Association Meetings, Vancouver.

"An improved method for obtaining confidence intervals of the odds ratio in

logistic regression.” Epidemiologic Methods Workshop, Upstate New
York and Southern Ontario Epidemiology Group Meetings, iitar.o

Intern&tiona

5/84
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Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FIVE PAGES.

NAME: Risch, Harvey A.

eRA COMMONS USER NAME (credential, e.g., agency login): hrisch

POSITION TITLE: Professor of Epidemiology

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional
education, such as nursing, include postdoctoral training and residency training if
applicable. Add/delete rows as necessary.)

INSTITUTION AND DEGREE Completion Date
LOCATION (if applicable) | MM/YYYY FIELD OF STUDY

California Institute of B.S. 06/1972 Mathematics, Biology
Technology, Pasadena, CA
UCSD School of Medicine, M.D. 06/1976 Medicine
La Jolla, CA
University of Chicago, Ph.D. 06/1980 Biomathematics
Chicago, IL
University of Washington, Postdoctoral 12/1982 Epidemiology
Seattle, WA

A. Personal Staément

Harvey A. Risch, MD, PhD, Professor of Epidemiology at the Yale School of Public
Health, Yale School of Medicine and the Yale Cancer Ceniszcfr of the Molecular
Cancer Epidemiology Laboratory and Shared Resource of the Yale Cancer Center and
Yale School of Public Healthl am a medically trained epidemiologist with graduate
training in biomathematics and postgraduate training in epidemiology and prevention.
have worked extensively as an investigator in the field of cancer epidemiologyrior mo
than 30 years. | have served on numerous national and international committees and
review panels, as well as on various editorial boards, currently includidguhaal of the
National Cancer InstitutgheAmerican Journal of Epidemiologgnd thdnternational
Journal of Cancer Over my academic career, | have been PhD advisor to five students;
PhD dissertation committee member for 11; MPH/MSc advisor for 39; Postdoctoral
Fellow advisor for 16 fellows, and host to four visiting professors. My-terng research
interests include dietary, hormonal, molecular and genetic factors and the etiology and
prevention of neoplasms of various sites, particularly of the pancreas, and particularly
involving Helicobacter pylori | have been principal investigataf more than a half

dozen large field studies of cancer. These projects includecasel studies of gastric
cancer in Ontario, Canada; two of dietary and reproductive factors and ovarian cancer and
one ofBRCAlandBRCA2mutations in Ontario; and sacontrol studies in Connecticut

of esophageal and gastric cancer and ovarian cancer. More recently, | have been principal
investigator of two large populatidrased caseontrol studies of pancreatic cancer, one in
the state of Connecticut and a secom8hanghai, China. | am also aiowestigator of a
large populatiorbased caseontrol study of pancreatic cancer in Queensland, Australia. |
have also been the Yale Connecticut subcontract Pl for the Conné&liciter Cancer
Study.
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| am a foundag member and steering committee member of the Pancreas Caneer Case
Control (PanC4) Consortium, have participated extensively in the PanScan (Pancreas
Cancer Genomwide Association Studies) Consortium and in four other internation
cancer research consartiln my career tdate, | have received more than $13 million in
research funding. According to Google Scholar
(https://scholar.google.com/citations?user=E1US9ucAAAAJ&nkxr=a0), | have an

h-index of88 and more than 36,400 research citatiorddi®.
B. Positions and Honors

9/79-8/80
9/80-12/82
1/8312/90
1/83-6/90

7/90-12/90

1/91-6/01

9/06-8/07

7/01-Present

1/12-Present

1982Present
1984 Present
1991-Present

19871991

1995
19972002

1997; 2000
1998

1998, 20013
20002002

2000, 01, 08

Fellow, Department of Pathology, University of Chicago, Chicago, IL.
Postdoctoral Fellow, Department of Epidemiology, Sché&ublic
Health and Community

Medicine, University of Washington, Seattle, WA.
EpidemiologistBiostatistician, National Cancer Institute of Canada,
Toronto, Ontario.

Assistant Professor, Dept. of Preventive Medicine and Biostatistics,
University of Toronto,

Toronto, Ontario (Concurrent Appointment).

Associate Professor, Dept. of Preventive Medicine and Biostatistics,
University of Toronto,

Toronto, Ontario (Concurrent Appointment).

Associate Professor, DepartmefntEpidemiology and Public Health,
Yale University School of

Medicine, New Haven, CT.

Lady Davis Visiting Professor, Department of Community Medicine and
Epidemiology, Faculty

of Medicine, Technion Israel Institute of Technology, Haifa, Israel
Professor, Department of Chronic Disease Epidemiology, Yale School of
Public Health.

Director, Molecular Cancer Epidemiology Laboratory and Shared
Resource, Yale

Cancer Center and Yale School of Public Health

Membe, Society for Epidemiologic Research

American Society of Preventive Oncology

Fellow, American College of Epidemiology (Member 1983D0)

Health and Welfare Canada, National Health Research and Development
Program Gant

Review Panels 53, 58: Epidemiology, Occupational Health and Chronic
Disease

NIH External Site Reviewer

US Army MRMC OvarianCancerResearcliProgramAdvisory/Review
Integration Panel

NIH Study Section Member: Epidemigp (EDC2)

American Cancer Society Extramural Grant Reviewer

NIH Study Section Member: Special Emphasis (ZRG4/1)

Study Section Chair: National Cancer Institute of Canada Epidemiology
Panel

Dutch Cancer Society Eramural Research Grant Reviewer
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https://scholar.google.com/citations?user=E1US9ucAAAAJ&hl=en&oi=ao

20022003 NIH Study Section Member: Pancreas SPORE (ZCA1)

2003 NIH Study Section Member: Small Grants in Epidemiology (ZCA1)
2004 Cancer Council Australia Extramural Research Grant Reviewer
2004, 2006 NIH Study Sectia Member: Cancer Genetics (CG)

2005 NIH Study Section Member: Cancer Epidemiology, Prevention and

Control (NCIE X1)

20062008 Pancreatic Cancer Action NetweAACR Career Development Awards
Scientific Review Cmte

2007 NIH Study Section Member: Gefignvironment Interactions (ZHL1
CSRD S1R)

2009, 2010 NIH Study Section Member: Epidemiology of Cancer Member Conflicts
(ZRG1 HORQ, PSEB)

2011 NIH Study Section Member: Barrett's Esophagus Translational Res.
Network (ZCA1 SRLB1)

20132015 NIH Study Section Meber: Cancer Epidemiology Cohorts (ZCAl
SRLB-9 M2 B, TCRB9 J2 R)

2013 NIH Study Section Member: Cancer Management and Epidemiology
(ZCA1 SRLBB (J1) S)

2016 NIH Study Section Member: Population Science (U01) (ZCAl RTRB
M1 R)

2019 Medical Research CoutJK External Reviewer

19972014  Associate Editor and Edit@ro tem American Journal of Epidemiology
2014Present Member, Board of EditorsAmerican Journal of Epidemiology
2000Present Associate EditorJournal of the National Cancer Institute
2008Present Editor: International Journal of Cancer

2018 AiBest of the AACR Journalso for HAAspi
Pancreatic Cancer, 0 one of the most h
Biomarkers & Prevention (CEBP) articles published in 2016 (April 2018)

( http://aacrjournals.orgfb-rischrbio )

2018 The Ruth Leff Siegel Award for Excellence in Pancreatic Cancer
Research (2018), $50,000
(' http://columbiasurgery.org/pancreas/Hefi-siegetaward)

2019 Member,Connecticut Academy of Science and Engineering

2020 Highest attentiorscoring papr ever published in the American Journal
of Epidemiology(https://oxfordjournals.altmetric.com/details/82900p54

C. Contributions to Science(from more than 325 peeeviewed scientific
research publications-ate)

1. Etiology of Ovarian Cancer. Despite dozens of studies showing reduced risk

of ovarian cancer with increasing parity and with increasing duration of oral

contraceptive use, how these factors are involved in the etigloggess has remained
obscure. Over the last three decades, two main theories have competed for scientifi
attention: the Aincessant ovul ation hypo
hypot hesis. 0 Evi dence bearguishghenmwebn t hes
During my postdoctoral fellowship at thuniversity of Washington, | worked on an

ovarian cancer casmntrol study led by Dr. Noel Weiss. | develogestatistical

approach that showed that the magnitudes of effects for age, pariof,arsé

contraception and other factors contributing to duration of ovulation were substantially

t he
e t
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inconsistent, and thus that these factors had to exert at least some of their effects on risk
in a manner different from any effect on ovulation:

a. Risch HA, Wass NS, Lyon JL, Daling JR, Liff IM. Events of reproductive life
and the incidence of epithelial ovarian cancer. Am J Epidemiol 1983;117:128
39.

In addition, whether the lower parity among women with ovarian cancer was a result of
underlying conditionspr due to behavioral choices for having smaller families was
unknown. These relations bear on the causal direction of the association between parity
and ovarian cancer risk. In a casmtrol study of ovarian cancer that | carried out as Pl
in Ontario, Gnada, 1989992, among other aspects, | examined episodes of
unsuccessful pregnancy attempts, and found that for nulliparous women, later age at
onset of the first unsuccessful attempt was significantly associated with risk (p=.0016);
cases reported suaffertility about 4.7 years later than controls. Over aged5l§ears,
more than 80% of the subjects were not prevented by infertility or hystergérom
becoming pregnant. Thus, the relatively lower parity of cases compared to controls is
likely dueto voluntary choices for having fewer children:

b. Risch HA, Marrett LD, Howe GR. Parity, contraception, infertility and the risk
of epithelial ovarian cancer. Am J Epidemiol 1994;140:985

Through the miel990s, epithelial ovarian cancer was considé&egely one etiologic
disease, with some different characteristics for endometrioid tumors. In evaluating data
from my study and others, | realized that mucinous tumors also had substantially
different etiologic characteristics. This work opened thel fielrecognizing that the

main types of epithelial ovarian cancer have distinguishing etiologies:

c. Risch HA, Marrett LD, Jain M, Howe GR. Differences in risk factors for
epithelial ovarian cancer by histologic type: results of a-casé&ol study. Am J
Epidemiol 1996;144:3632.

Finally, in considering my studies in the context of the literature on the etiology of
ovarian cancer, | realized that appreciable evidence implicated the hormones
progesterone and androgens in the etiology (decreasing and imgnesis,

respectively). | proposed this theory in a review paper, and subsequent work by many
individuals on this topic continues-tiate:

d. Risch HA. Hormonal etiology of epithelial ovarian cancer, with a hypothesis
concerning the role of androgens amdgesterone. J Natl Cancer Inst
1998;90:177486.

2. BRCAland BRCA2Mutations and Cancer. In the mid1990s, it became

apparent that high penetrance mutations were contributing to substantial fractions of
familial ovarian cancer. Just bef@&CAlandBRCA2were identified, as PI | carried

out during 1994000 a populatiofbased caseontrol study of high penetrance

mutations in ovarian cancer, in Ontario, Canada. After the study began, the genes were
identified and we used sequencing and related metbadentify mutations. This work

was conducted with Dr. Steven Narod, who became PI of the study renewal after 2000.
| developed statistical methods to estimate lifetime penetrance of the mutations for
ovarian and other cancers, to estimate populatiematence of the mutations, and to
examine differences in risk and penetrance according to locations of the mutations in the
genes. This work has been a standard of reference for knowledgB&ioAl/2

mutations in ovarian and other cancers:

a. Narod SARisch H, Moslehi R, Dgrum A, Neuhausen S, Olsson H, Provencher
D, Radice P, Evans G, Bishop S, Brun&,Ponder BAJ, Klijn JGM. Oral
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contraceptives and the risk of hereditary ovarian cancer. The Hereditary Ovarian
Cancer Clinical Study Group. N Engl J ¥2998;339:4248.

b. Risch HA, McLaughlin JR, Cole DEC, Rosen B, Bradley L, Kwan E, Jack E,
Vesprini DJ, Kuperstein G, Abrahamson JLA, Fan |, Wong B, Narod SA.
Prevalence and penetrance of germBRCAlandBRCA2mutations in a
population series of 649 womevith ovarian cancer. Am J Human Genet
2001;68:70010.

c. Risch HA, McLaughlin JR, Cole DEC, Rosen B, Bradley L, Fan |, Tang J, Li S,
Zhang S, Shaw PA, Narod SA. PopulatRiRCAlandBRCA2mutation
frequencies and cancer penetrances: &@&hort study irOntario, Canada. J
Natl Cancer Inst 2006;98:16946.

Paper 2.c was among the first populati@sed studies to demonstrate a significant
association oBRCA2mutations in pancreatic cancer, and helped to establish that
BRCAlandBRCA2mutations (not jusinutations in the gene regions) are involved in
cancers other than breast and ovary.

3. Lung Cancer in Women In the 1980s, it had become apparent that incidence
rates of lung cancer in women in North America were rising dramatically. From a
populationbased caseontrol study of lung cancer in men and women in Ontario,
Canada, led by Dr. Anthony Miller, | analyzed cigarette smoking differences and
showed that at every level of smoking, female smokers had significantly greater risks
than male smokers, amdncluded that females had, ddee-dose, greater susceptibility
to cigarette smoking than males:

a. Risch HA, Howe GR, Jain MJ, Burch JD, Holowaty EJ, Miller AB. Are female
smokers at higher risk for lung cancer than male smokers? Acocatel
analysisby histologic type. Am J Epidemiol 1993;138:283.

This paper received substantial attention, as well as some criticism that absolute risks are
not assessable in casentrol studies. A few subsequent cohort analyses claimed to

show no smokingdjustedisk differences between males and females. | pointed out

that ten cohort studies by that time had shown baselinecamcerrisks for women at

75% of male risks, thus the huge smoking risks for women did indeed reflect higher
absoluteisks. Further, showed that the cohort analyses had used erroneous statistical
hypotheses, the correct one examining desponse separately for males and females

(i.e., interaction between sex and smoking dose):

b. Risch HA, Howe GR, Jain MJ, Burch JD, Holowaty EJ, MilkB. Lung
cancer risk for female smokers. Science 1994:263:8206

c. Risch HA, Mi Il l er AB. Re: ifnAre Women Mor e
Natl Cancer Inst 2004;96:1560.
4. Etiology of Pancreatic Cancer In 2001, a second report was published

showingan association between colonizationHbslicobacter pyloriand risk of

pancreatic cancer. After determining thatpylori does not colonize the human

pancreas, in reviewing the pathophysiology of the organism, | theorized that it was the
bacterial effed on gastric acidity, risk up or down according to organism CagA

negative or positive strain type, respectively, that modulates pancreatic cancer risk. This
hypothesis has received a lot of scientific attention:

a. Risch HA. Etiology of pancreatic cancerjttva hypothesis concerning the role
of N-nitroso compounds and excess gastric acidity. J Natl Cancer Inst
2003;95(13):94&0.
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| subsequently carried out two populatibased caseontrol studies, one in
Connecticut, where CagA positive and negative rstrare both common, and a second
in Shanghai, China, where Cagpsitive strains predominate. These studies both
showed that CagAegative colonization is associated with increased risk, and-CagA
positive colonization with decreased risk:

b. Risch HA, Yu H, Lu L, Kidd MS. ABO blood grouptielicobacter pylori
seropositivity, and risk of pancreatic cancer: a @asdrol study. J Natl Cancer
Inst 2010;102(7):5058. PMCID: PMC2902822.

c. Risch HA, Lu L, Kidd MS, Wang J, Zhang W, Ni Q, GaoT, Yu H.
Helicobacte pylori seropositivities and risk of pancreatic carcinoma. Cancer
Epidemiol Biomarkers Prev 2014;23(1):182 PMCID:PMC394715
Metaanalysis suggests that this etiologic distinction by strain type may be real, and it
has been moderately confirmed indies in Poland and Australia, though other earlier
studies are unclear. This theory needs to be resolved, as it has substantial bearing on
possible prevention of pancreatic cancer. Finally, | have recently developed statistical
models to show that thenlawn risk factors, when accompanied by objective prodrome
signs and symptoms of the disease, can be used to predict the diagnosis of pancreatic
cancer over the subsequerB Years:

d. Risch HA, Yu H, Lu L, Kidd MS. Detectable symptomatology preceding the
diagnosis of pancreatic cancer and absolute risk of pancreatic cancer diagnosis.
Am J Epidemiol 2015;182(1):284. PMCID: PMC Journal in Process.

My PhD dissertation in biomathematics involved development of quantitative stochastic
differential equation maels of infectious epidemic processes and advanced statistical
analysis of data in these models. | completed substantial graduate coursework in
measureheoretic advanced probability theory and statistics in the department of
statistics at the Universityf Chicago, under Patrick Billingsley, Ron Thisted and Paul
Meier. This preparation, along with extensive undergraduate work in mathematics,
computer programming and cpotation, made me highly suited for the development of
the absoluteisk statisticaimodels in the above work.

5. Genomewide Association Studies of Ovarian, Endometrial, Esophageal and
Pancreatic Cancer | have been an active participant in the OCAC, iCOGS, E2C2,
BEAGESS and PanScan consortial genamde association (GWAS) studies. mma
also a canvestigator of the Johns Hopkins Pancreatic Cancer GWAS Study, led by Dr.
Alison Klein, and CePl with her of the CIDR application that funded GWAS
genotyping in that study. As part of my biomathematics PhD curriculum, | took
coursework in honan genetics, statistical genetics and theoretical population genetics.
My involvements in the GWAS consortia, while not comprising leadership roles, have
provided me with continuing and extensive experience with all of the methodologies
employed to carrput and interpret GWAS studies of cancer. Data from my-case
control studies have been included in all of these consortial analyses, and | have
contributed substantial points of interpretation and discussion to the published
manuscripts. Talate, | am &o-author on more than three dozen cancer GWAS
publications, of which the following three serve as a representative sample among eight
in pancreas cancer:
a. Petersen GM, Amundadottir L, Fuchs CS, Kraft P, StolzerBetgmon RZ,

Jacobs KB, Arslan AA, Buende-Mesquita HB, Gallinger S, Gross M,

Helzlsouer K, Holly EA, Jacobs EJ, Klein AP, LaCroix A, Li D, Mandelson MT,

Olson SHRisch HA, Zheng W, Albanes D, Bamlet WR, Berg CD, Boutron
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Ruault M-C, Buring JE, Bracci PM, Canzian F, Clipp S, Cotterchio M, de
Andrade M, Duell EJ, Gaziano JM, Giovannucci EL, Goggins M, Hallmans G,
Hankinson SE, Hassan M, Howard B, Hunter DJ, Hutchinson A, Jenab M, Kaaks
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Abstract

For the past few months, HMOs have faced crowded emergency rooms and insufficient
hospital and intensive-care-unit beds, all from the worst pandemic of this century, COVID-19.
In a large HMO in Brazil, our approach was to allow treating physicians to prescribe antiviral
medications immediately at presentation, and prednisone starting on day-6 of symptoms to
treat pulmonary inflammation. We implemented this COVID-19 protocol for outpatients and
studied 717 consecutive SARS-CoV-2-positive patients 40 years of age or older presenting
at our emergency rooms. Use of hydroxychloroquine (HCQ), prednisone or both significantly
reduced hospitalization risk by 50-60%. lvermectin, azithromycin and oseltamivir did not
reduce risk further. Hospitalization risk was doubled for people with diabetes or obesity,
increased by two-thirds for people with heart disease, and by 75% for each decade of age
over age 40. Similar magnitudes of reduced risk with HCQ and prednisone use were seen
for mortality risk, though were not significant because of only 11 deaths among the 717
patients. This work adds to the growing literature of studies that have found substantial
benefit for use of HCQ combined with other agents in the early outpatient treatment of

COVID-19, and adds the possibility of steroid use to enhance treatment efficacy.



Mankind has been facing one of the greatest challenges of the XXI century: a
pandemic (1) caused by a new virus, SARS-CoV-2, thought to be transmitted by
droplets and contact with contaminated surfaces or objects (2). Clinical
manifestations of coronavirus disease 2019 (COVID-19) patients range from
asymptomatic to mild non-specific signs and symptoms to severe pneumonia with
organ function damage and eventually mortality (3, 4). There is a clear need to try to
stop disease progression as early in the disease process as possible. Infected
patients with comorbidities such as heart failure, diabetes, asthma or chronic
obstructive pulmonary disease and obesity, and patients over sixty years of age are
at substantially higher risk to develop severe disease and tend to have higher risks
of death (5-7). Many drugs have been tried in hospitalized patients, with largely
discordant results (8-11). Randomized double-blind controlled trials demonstrating
benefit or lack of benefit of drugs will not be available any time soon, as many clinical
sites are still recruiting patients (12). Early outpatient illness is very different than
hospitalized severe disease and treatment therefore will differ between these two
distinct groups. Relatively little is established about utility of medications in early
outpatient treatment. Currently (13) it is understood that COVID-19 is a four-phase
illness: phase 1 is viral replication, followed by pulmonary inflammation in phase 2,
“cytokine storm” and acute respiratory distress in phase 3, and disseminated multi-
organ involvement in phase 4. For treatment at the beginning of the illness, there are
indications that chloroquine and especially hydroxychloroquine (HCQ) may be
beneficial, but no specific antiviral medications have demonstrated proven efficacy
as yet (14, 15). Recently, the Brazil Federal Committee for Medicine has approved
the prescription of chloroquine and HCQ for clinically suspected COVID-19 patients

at the physician’s discretion with informed consent (16) and the Health Ministry has
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