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)CPIC
G6PD CPIC guideline highlights:  Kciiimis

e Greater number of drugs (n=47) than other guidelines

 Classify drugs as low-to-no risk, medium-risk, high-risk, or no
recommendations
 Broad but shallow evidence base

* Many alleles:
* nomenclature
* Legacy WHO system for allele functionality

* More commonly tested by phenotype than genotype in “clinic”

* Only actionable Pgx gene on X chromosome
* “easy” to haplotype
* Incidental findings



G6PD

* Evidence review: evidence showing a drug’s association with
hemolytic anemia in G6PD deficiency

* high, moderate, weak, or no evidence

* For those drugs undergoing evidence review, assignment of drug to
risk category
* high-risk, medium-risk, low-to-no risk

* Assignment of Strength to prescribing recommendations
» Strong, moderate, optional, vs no recommendation




Which drugs?



Supplemental Table 56. Drug and compound safety reviews for GOPD deficient patients

Drug' compound FDA Drug Ttalian G6PD WHO Beutler er al, Cappellini er | Elvassi er al, (4 Luzzatto &
Label Deficiency Working 1994 (1) al, 2008 (3) 1008 (26) Pogsi,
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L Luzzatto® of Infancy
and
Childhood)
(14}
Acabpha indica Possible
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Started with > 80 drugs & chemicals; included 47 in literature review; 32
classified as high, med, or low-to-no risk (15 drugs did not even have a single
case report)

Criteria for includingin evidence review: Is the drug listed in Supplemental Table S6 (FDA
label, Italian G6PD, WHO working group, in one of 5 reviews)?

YES NO
Is the drug deemed “safe” in G6PD deficiency by all the Is there a warning regarding G6PD deficiency on the drug
references in Table S67 label by FDA or another regulatory agency?
YES NO YES NO
Exclude Is the drug used in clinical practice today? Include Exclude
YES NO

I
LY

Include Exclude



Drugs that underwent evidence review for AHA in setting of
G6PD deficiency

4-aminosalicylic acid glyburide pegloticase tafenoquine
aspirin hydroxychloroquine phenazopyridine
Chloramphenicol mafenide primaquine toluidine blue
Chloroquine mepacrine probenecid

mesalazine Quinine trametinib
Ciprofloxacin methylene blue rasburicase vitamin C
dabrafenib moxifloxacin Sodium nitrite vitamin K
dapsone nalidixic acid sulfacetamide

Sulfa antimicrobial

dimercaprol nicorandil sulfadiazine
doxorubicin nitrofural sulfadimidine
furazolidone nitrofurantoin sulfamethoxazole

norfloxacin sulfanilamide

ofloxacin sulfasalazine

sulfisoxazole



From CPIC SOP

Score the evidence

Initially, three or more authors will independently evaluate the literature. These authors
will be responsible for presenting studies and recommending a level of evidence for each
major finding to all guideline authors on a series of conference calls. All authors will be
responsible for reviewing the evidence prior to a conference call and all authors will
discuss and decide on the final score during these conference calls. Interim evidence
tables will be circulated to the entire author group after each call; any disagreements with
assignment of evidence will need to be sent in writing by 10 days after each summation.
Re-addressing review of previous evidence summations on future calls will not take place
unless circumstances are extraordinary, so all authors are required to review and declare
their disagreements in real time.

Publications supporting a major finding should be grouped together and scored based on
all the evidence that supports that major finding using the following criteria:

* High: Evidence includes consistent results from well-designed, well-conducted
studies.

* Moderate: Evidence is sufficient to determine effects, but the strength of the
evidence is limited by the number, quality, or consistency of the individual
studies; generalizability to routine practice; or indirect nature of the evidence.

* Weak: Evidence is insufficient to assess the effects on health outcomes because of
limited number or power of studies, important flaws in their design or conduct,
gaps in the chain of evidence, or lack of information

Valdes, R., Payne, D.A. & Linder, M.W. Laboratory analysis and application of pharmacogenetics
to clinical practice. (Washington, DC, NACB, 2010).



Reviewed hundreds of papers for drug associations with AHA in G6PD deficiency

«  <¥ Format Painter S e = — | o | B megseceme T AR Formatting ~ Table ~ ! I 4 : ’ ” - - - &/ Clear~ Filter ~ Select ~
Clipboard [} Font [} Alignment [ MNumber (] Styles Cells Editing Ideas Sensitivity
Al2 = b 35
A B C D E F G H | J K L M N
1 |PMID Study Year Drug Dose n Study Design Pediatric? Age (yrs, unle Sex Ethnicity Genotype Enzyme Assay Hemolytic Anemia
2 4390130 Pe et al 1969 aminosalicylic acid In vitro
3 13436516 Szeinberg et al 1957 aminosalicylic acid NR 1 Case Report NR NR NR Yemeni NR NR X
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Assigning evidence level for association of drug
with G6PD deficiency-associated hemolysis

Good quality studies
supporting G6PD
involvement with control
groups; OR

Case reports with strong
biological mechanism
(e.g., production of
H,0,), especially if drug
rarely used; AND

No convincing
contradictory data

e Medium quality studies e Case reports or in vitro
supporting G6PD evidence only, especially
involvement with control for commonly used
group; OR drugs; OR

e Case reports with e Studies that refute G6PD
plausible mechanism; involvement with no
AND convincing supportive

e Little to no convincing studies; AND
contradictory data e No convincing

mechanistic data



Assigning evidence level for lack of association of
drug with G6PD deficiency-associated hemolysis

e Good quality studies e Medium quality e Weak/flawed
supporting lack of studies supporting studies supporting
G6PD involvement lack of G6PD lack of G6PD
with control groups; involvement with involvement; OR
AND control group; AND e Case reports or in

e No convincing e Little to no vitro evidence only,
contradictory data convincing especially for

contradictory data commonly used

drugs
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G6PD drugs have been placed into 3 main categories:
high risk, medium risk, and low-to-no risk.

* There are separate prescribing tables for those 3 categories, plus
separate table for primaquine (dose-dependent)

* Each drug reviewed has a section in either main MS or supplement
* All recommendations apply to children and adults

* We have assigned a strength of prescribing recommendation (strong,
moderate, optional) to each drug for its use in G6PD deficiency

* For drugs with no relevant published articles linking that drug to an
increased risk of AHA in the setting of G6PD deficiency, there is no
recommendation (CPIC Level C)



Assigning risk level for drug-induced
hemolysis associated with G6PD deficiency

HIGH RISK MEDICATIONS MEDIUM RISK MEDICATIONS LOW-TO-NO RISK MEDICATIONS
Avoid in patients with G6PD deficiency Use with caution in patients with G6PD deficiency Use without regard to G6PD phenotype

High-level evidence + rarely used
drug; OR

Moderate-level evidence + rarely
used drug with regulatory
warnings for patients with G6PD
deficiency; OR

Moderate-level evidence + strong
biological mechanism for risk in
patients with G6PD deficiency

Moderate-level evidence without
a strong biological mechanism for
risk in patients with G6PD
deficiency; OR

Weak evidence + rarely used
drug; OR

Weak evidence + strong
regulatory warnings for patients
with G6PD deficiency that may
have hindered use in these
patients; OR

Weak evidence + strong biological
mechanism for risk in patients
with G6PD deficiency

Weak evidence + commonly used
drug; OR

Weak evidence + mild or
inconsistent regulatory warnings
for patients with G6PD deficiency



Regulatory agency warnings

e Authors considered current warnings from the U.S. Food and Drug
Administration (FDA); European Medicines Agency (EMA);
Pharmaceuticals and Medical Devices Agency, Japan (PMDA), and
Heath Canada (Santé Canada) (HCSC)

e Strong regulatory warnings were those that indicated that the drug
was “contraindicated” or should be “avoided” in patients with G6PD
deficiency; language that indicated drugs should be used with
“caution” was not considered strong.

* Inconsistent regulatory warnings were considered to be those that
were present for some but not all of these four agencies.

* Many such warnings predate the modern drug development era.



TABLE S3. SUMMARY OF SELECT REGULATORY AGENCY WARNINGS FOR
MEDICATION USE IN PATIENTS WITH G6PD DEFICIENCY

United States Food and European Medicines Pharmaceuticals and Health Canada (Santé
Drug Administration Agency (EMA) Medical Devices Agency - Canada) (HCSC)
(FDA) Japan (PMDA)
4-aminosalicylic acid n/a n/a n/a n/a
aspirin n/a n/a n/a n/a
| chloramphenicol n/a n/a n/a n/a
chloroquine CAUTION n/a n/a n/a
chlorpropamide CAUTION n/a n/a CAUTION
ciprofloxacin n/a n/a n/a n/a
dabrafenib CAUTION n/a n/a n/a
dapsone AVOID n/a CAUTION CAUTION
dimercaprol n/a n/a n/a n/a
doxorubicin n/a n/a n/a n/a
furazolidone n/a n/a n/a n/a
oliclazide n/a n/a n/a n/a
glimepiride CAUTION CAUTION n/a CAUTION
glipizide CAUTION n/a n/a n/a
glyburide CAUTION n/a CAUTION
| hydroxychloroquine CAUTION n/a n/a n/a
mafenide CAUTION n/a n/a n/a
mepacrine n/a n/a n/a n/a
mesalazine n/a n/a n/a n/a
methylene blue AVOID AVOID CAUTION n/a
moxifloxacin n/a n/a n/a n/a
nalidixic acid CAUTION n/a CAUTION n/a
nicorandil n/a n/a n/a n/a
nitrofural n/a n/a n/a n/a
nitrofurantoin CAUTION n/a n/a CAUTION
norfloxacin CAUTION n/a n/a CAUTION
ofloxacin n/a n/a n/a
pegloticase n/a n/a
phenazopyridine n/a n/a
primaquine n/a n/a CAUTION
probenecid n/a n/a n/a
quinine n/a
rasburicase
sodium nitrite n/a
sulfacetamide n/a n/a n/a n/a
sulfadiazine CAUTION n/a CAUTION CAUTION
sulfadimidine n/a n/a n/a n/a
sulfamethoxazole CAUTION n/a CAUTION
sulfanilamide n/a n/a n/a n/a
sulfasalazine CAUTION n/a CAUTION CAUTION
sulfisoxazole CAUTION n/a n/a
tafenoquine n/a n/a n/a
tolazamide CAUTION n/a n/a n/a
tolbutamide CAUTION n/a n/a CAUTION
toluidine blue n/a n/a n/a n/a
trametinib CAUTION n/a n/a n/a
vitamin C CAUTION n/a CAUTION CAUTION
vitamin K n/a n/a n/a n/a

* Lack of agreement
among agencies

* All FDA “avoids” will be
CPIC high-risk

* Some “avoids” by EMA,
PMDA, and HCSC will be
low-to-no risk by CPIC

* Many “cautions” by all
agencies will be low-to-
no risk or no
recommendation by
CPIC



TABLE S3. SUMMARY OF SELECT REGULATORY AGENCY WARNINGS FOR

MEDICATION USE IN PATIENTS WITH G6PD DEFICIENCY

United States Food and | European Medicines Pharmaceuticals and Health Canada (Santé
Drug Administration Agency (EMA) Medical Devices Agency Canada) (HCSC)
(FDA) - Japan (PMDA)

4-aminosalicylic acid n/a n/a n/a n/a
aspirin n/a n/a n/a n/a
chloramphenicol n/a n/a n/a n/a
chloroquine CAUTION n/a n/a n/a

chlorpropamide CAUTION n/a n/a CAUTION
ciprofloxacin n/a n/a n/a n/a
dabrafenib CAUTION n/a n/a n/a

dapsone n/a CAUTION CAUTION
dimercaprol n/a n/a n/a n/a
doxorubicin n/a n/a n/a n/a
furazolidone n/a n/a n/a n/a
gliclazide n/a n/a n/a n/a

glimepiride CAUTION CAUTION n/a CAUTION
glipizide CAUTION n/a n/a n/a

slyburide CAUTION n/a CAUTION
hydroxychloroquine CAUTION n/a n/a n/a
mafenide CAUTION n/a n/a n/a
mepacrine n/a n/a n/a n/a
mesalazine n/a n/a n/a n/a
methylene blue CAUTION w/a
moxifloxacin n/a n/a n/a n/a
nalidixic acid CAUTION n/a CAUTION n/a
nicorandil n/a n/a n/a n/a
nitrofural n/a n/a n/a n/a




TABLE S3. SUMMARY OF SELECT REGULATORY AGENCY WARNINGS FOR

MEDICATION USE IN PATIENTS WITH G6PD DEFICIENCY

United States Food and | European Medicines Pharmaceuticals and Health Canada (Santé
Drug Administration Agency (EMA) Medical Devices Agency Canada) (HCSC)
(FDA) - Japan (PMDA)
nitrofurantoin CAUTION n/a n/a CAUTION
norfloxacin CAUTION n/a n/a CAUTION
ofloxacin n/a n/a n/a n/a
pegloticase n/a n/a
phenazopyridine n/a n/a
primaquine n/a CAUTION
probenecid CAUTION n/a n/a
quinine CAUTION n/a
rasburicase
sodium nitrite n/a
sulfacetamide n/a n/a n/a n/a
sulfadiazine CAUTION n/a CAUTION CAUTION
sulfadimidine n/a n/a n/a n/a
sulfamethoxazole CAUTION n/a CAUTION
sulfanilamide n/a n/a n/a n/a
sulfasalazine CAUTION n/a CAUTION CAUTION
sulfisoxazole CAUTION n/a n/a AVOID
tafenoquine AVOID n/a n/a n/a
tolazamide CAUTION n/a n/a n/a
tolbutamide CAUTION n/a n/a CAUTION
toluidine blue n/a n/a n/a n/a
trametinib CAUTION n/a n/a n/a
vitamin C CAUTION n/a CAUTION CAUTION
vitamin K n/a n/a n/a n/a




Strength of recommendations

)yCPIC

Clinical Pharmacogenetics
Implementation Consortium

from the rating scale for evidence-based recommendations on the use of antiretroviral
agents (http://aidsinfo.nih.gov/contentfiles/AdultandAdolescentGL.pdf). Therapeutic
recommendations are graded as:

Strong recommendation for the statement: “The evidence is high quality and the
desirable effects clearly outweigh the undesirable effects.”

Moderate recommendation for the statement: “There is a close or uncertain balance™ as
to whether the evidence is high quality and the desirable clearly outweigh the undesirable
effects.

Optional recommendation for the statement: The desirable effects are closely balanced
with undesirable effects, or the evidence is weak or based on extrapolations. There is
room for differences in opinion as to the need for the recommended course of action.

No recommendation: There is insufficient evidence, confidence, or agreement to

provide a recommendation to guide clinical practice at this time



Table 2. Drug-specific
risk level and associated
strength of
recommendation for
patients with G6PD
deficiency for 47 drugs

Drug Risk Classification of Recommendation
dapsone High Strong
methylene blue High Moderate
pegloticase High Strong

rimaquine — standard dose High Strong
rasburicase High Strong
tafenoquine High Strong
toluidine blue High Moderate?
nitrofurantoin Medium Optional
primaquine — low dose (0.75 mg/kg or 45 mg once weekly for 8 weeks) for Plasmodium vivax malaria Medium Strong
4-aminosalicylic acid Low-to-no Optional
aspirin < 1 g/day Low-to-no Moderate
chloramphenicol Low-to-no Moderate
chloroquine Low-to-no Moderate
ciprofloxacin Low-to-no Optional
dimercaprol Low-to-no Optional
doxorubicin Low-to-no Optional
furazolidone Low-to-no Optional
glyburide Low-to-no Optional
hydroxychloroquine Low-to-no Moderate
mafenide Low-to-no Optional
nalidixic acid Low-to-no Optional
norfloxacin Low-to-no Optional
ofloxacin Low-to-no Optional
phenazopyridine Low-to-no Optional

rimaquine — single low dose (0.25 mg/kg) for Plasmodium falciparum malaria Low-to-no Strong
quinine Low-to-no Optional
sulfadiazine Low-to-no Optional
sulfadimidine Low-to-no Optional
sulfamethoxazole/trimethoprim Low-to-no Optional
sulfanilamide Low-to-no Optional
sulfasalazine Low-to-no Optional
sulfisoxazole Low-to-no Optional
tolbutamide Low-to-no Optional
vitamin C Low-to-no Moderate
vitamin K Low-to-no Moderate
aspirin > 1 g/day n/a No recommendation
chlorpropamide n/a No recommendation
dabrafenib n/a No recommendation
gliclazide n/a No recommendation
glimepiride n/a No recommendation
glipizide n/a No recommendation
mepacrine n/a No recommendation
mesalazine n/a No recommendation
moxifloxacin n/a No recommendation
nicorandil n/a No recommendation
nitrofural n/a No recommendation
probenecid n/a No recommendation
sodium nitrite n/a No recommendation
sulfacetamide n/a No recommendation
tolazamide n/a No recommendation
trametinib n/a No recommendation




examples



Assigning risk level for

rasburicase/pegloticase--Strong

HIGH RISK MEDICATIONS MEDIUM RISK MEDICATIONS LOW-TO-NO RISK MEDICATIONS
Avoid in patients with G6PD deficiency Use with caution in patients with G6PD deficiency Use without regard to G6PD phenotype

|

High-level evidence + rarely used
drug; OR

Moderate-level evidence + rarely
used drug with regulatory
warnings for patients with G6PD
deficiency; OR

Moderate-level evidence + strong
biological mechanism for risk in
patients with G6PD deficiency

Moderate-level evidence without
a strong biological mechanism for
risk in patients with G6PD
deficiency; OR

Weak evidence + rarely used
drug; OR

Weak evidence + strong
regulatory warnings for patients
with G6PD deficiency that may
have hindered use in these
patients; OR

Weak evidence + strong biological
mechanism for risk in patients
with G6PD deficiency

Weak evidence + commonly used
drug; OR

Weak evidence + mild or
inconsistent regulatory warnings
for patients with G6PD deficiency



Rasburicase (and it
pegylated
formulation,
pegloticase) lowers
uric acid by forming
allantoin and
hydrogen peroxide

Adenine

l

Hypoxanthine

N

Allopurinol ach|ne
Oxidase

Rasburicase

Guanine

\ 4

Xanthine

Uric Acid

Allantoin +CO, + H,0,




Assigning risk level for sulfamethoxazole--

optional

HIGH RISK MEDICATIONS MEDIUM RISK MEDICATIONS LOW-TO-NO RISK MEDICATIONS
Avoid in patients with G6PD deficiency Use with caution in patients with G6PD deficiency Use without regard to G6PD phenotype

High-level evidence + rarely used
drug; OR

Moderate-level evidence + rarely
used drug with regulatory
warnings for patients with G6PD
deficiency; OR

Moderate-level evidence + strong
biological mechanism for risk in
patients with G6PD deficiency

Moderate-level evidence without
a strong biological mechanism for
risk in patients with G6PD
deficiency; OR

Weak evidence + rarely used
drug; OR

Weak evidence + strong
regulatory warnings for patients
with G6PD deficiency that may
have hindered use in these
patients; OR

Weak evidence + strong biological
mechanism for risk in patients
with G6PD deficiency

Weak evidence + commonly used
drug; OR

Weak evidence + mild or
inconsistent regulatory warnings
for patients with G6PD deficiency




Sulfamethoxazole: weak evidence (case reports), plus conflicting evidence
(some negative studies with controls), plus inconsistent regulatory

A B

C

Drug Type of Expe Major Findings

1 - -
178 Sulfamethoxazole Clinical
180

181

182

183

184

1835

186

187

188

185

190

191

192

193

Hemolysis with
sulfamethoxazole
attributed to GGPD
deficiency.

warnings
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20732351 reaction is
25713697 frequently
28982343 dose-related
46571 (see CLIMNICAL
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16358034 ¥ and DOSAGE
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Sulfamethoxazole evidence review

* Case reports of AHA with no controls: 4116253 Owusu et al 1972;
2498187 Calabro et al 1989; 20065266 Chisholm-Burns et al 2010;
25713697 Perdigones et al 2014; 5061461 Allen et al 1972

* Single pt SAFETY reports (TMP/SMZ without AHA): 32648956 Lu et al
2020; 10157546 Reinke et al 1995; 16388034 Hui et al 2006

 Strongest study: 28982343 Hagag et al 2018:

* 1000 pts with G6PD deficiency and anemia, 4 of whom had received
TMP/SMZ (included no controls of TMP/SMZ without G6PD deficiency)



REVIEWS OF INFECTIOUS DISEASES « VOL. 9, SUPPLEMENT 2 « MARCH-APRIL 1987
© 1987 by The University of Chicago. All rights reserved. 0162-0886/87/0902-00270%02.00

Double blind randomized trial of TMP/SMZ

Use of Trimethoprim-Sulfamethoxazole in a Glucose-6-Phosphate 320/1600 mg IV q12hvsvanco1gIVq12h
Dehydrogenase-Deficient Population Half of pts were G6PD deficient
Norman Markowitz and Louis D. Saravolatz From the University of Michigan Medical School and the
Division of Infectious Diseases and Hospital Epidemiology, ReSU ItS ‘' NO TM P/S MX pt d eve IO ped AHA on Iy 1
. ’

Henry Ford Hospital, Detroit, Michigan
vanco pt developed AHA; no differences in Hb

Table 1. Demographic characteristics and hematologic parameters of patients receiving trimethoprim-sulfameth-
oxazole (TMP-SMZ) or vancomycin.

Mean

Mean No. of patients Mean Mean Hgb Mean Hgb duration

age G-6-PD level level before level after of therapy
Group* (years) Male/female Black/white (U/g of Hgb) therapy (g/dl)  therapy (g/dl) (days)
A (TMP-SMZ }) 30.4 11/9 19/1 6.8 11.2 10.9 15.6
B (vancomycin ¢ ) 33.3 14/11 24/1 6.7 11.7 11.5 15.9
C (TMP-SMZ 1) 329 9/15 22/2 17.1 11.7 11.6 13.6
D (vancomycin 1) 30.1 15/16 29/2 17.3 11.7 11.8 20.7

NOTE. G-6-PD = glucose-6-phosphate dehydrogenase; Hgb = hemoglobin,
* A G-6-PD level of <11.9 U/g of Hgb is indicated by a downward arrow, and a G-6-PD level of 211.9 U/g of Hgb is indicated

by an upward arrow.

Table 3. Demographic characteristics and hematologic parameters of patients with severe glucose-6-phosphate
dehydrogenase deficiency (<4.5 U/g of hemoglobin [Hgb]) treated with trimethoprim-sulfamethoxazole (TMP-
SMZ) or vancomycin.

No. of patients Mean Hgb Mean Hgb Mean duration
level before level after of therapy
Group Male/female Black/white therapy (g/dl) therapy (g/dl) (days)
A (TMP-SMZ) 5/2 7/0 11.1 10.8 17.0

B (vancomycin) 8/2 10/0 12.3 11.7 11.8




Assigning risk level for Nitrofurantoin--

optional

HIGH RISK MEDICATIONS MEDIUM RISK MEDICATIONS LOW-TO-NO RISK MEDICATIONS
Avoid in patients with G6PD deficiency Use with caution in patients with G6PD deficiency Use without regard to G6PD phenotype

High-level evidence + rarely used
drug; OR

Moderate-level evidence + rarely
used drug with regulatory
warnings for patients with G6PD
deficiency; OR

Moderate-level evidence + strong
biological mechanism for risk in
patients with G6PD deficiency

Moderate-level evidence without
a strong biological mechanism for
risk in patients with G6PD
deficiency; OR

Weak evidence + rarely used
drug; OR

Weak evidence + strong
regulatory warnings for patients
with G6PD deficiency that may
have hindered use in these
patients; OR

Weak evidence + strong biological
mechanism for risk in patients
with G6PD deficiency

Weak evidence + commonly used
drug; OR

Weak evidence + mild or
inconsistent regulatory warnings
for patients with G6PD deficiency



Nitrofurantoin: moderate evidence (case reports plus one
study with controls and one supportive ex vivo study of RBCs)—
optional because evidence is barely moderate and drug is
extremely widely used
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Medications and Glucose-6-Phosphate
Dehydrogenase Deficiency

An Evidence-Based Review

Hlan Ymmgs&'r,' Lidia Arcavi®* Renata Schechmaster® Yulia Ah?yzwr} Hen PopIiSkf,?'
Janna Sm'::-r-::-:-:f::'zr,3 Svetlana Ei.a'r'g'qL and Matitiahu Berkovitch'

Table Il. Commonly used drugs that should be avoidad in patents

with glucose-6-phosphate dehydrogenase |:||

Dapsone High
Mathyithioninium chionde (mathylena blua)  High
Nitrofurantoin Medium
thuwm Low to no
Primaquine High (dose-dep)
- ——— High

High
Tolonum chionde (toluidine biue) 8

(plus tafenoquine = CPIC high)

Table Wl. Drugs that were considered unsafe by at least one source,
but according to our review can probably be given safely in normal
therapeutic doses to glucose-6-phosphate dehydrogenase-deficient
patients

Paracetamol (acetaminophen)

Aspirin {acetylsalicylic acid)

Aminophenazons

Antipyrine

Ascorbic acid (vitamin C)

Chloramphenicol

Chloraquine

Ciprofloxacin

Dipyrone (metamizole)

Succimer (dimerncaptosuccinic acid)

Furazolidons

Glibenclamide (glyburide)

Iscniazid

Isosorbide dinitrate

Morfloxacin

Malidizic acid

Mepacrine

Chuining

Sulfacetamide

Sultfanilamide

Sulfasalazine

Sufisoxazole

Thiazosulfane
Cotrimoxazods (trimethoprimsulfamethoxazole)




Guidelines Genes-Drugs Alleles Publications Meetings Resources Working Groups
Members Contact

CPIC

Genes-Drugs

CPIC assigns CPIC levels to genes/drugs with (1) PharmGKB Clinical Annotation Levels of Evidence of 1A, 1B,
2A and 2B, or (2) a PharmGKB PGx level for FDA-approved drug labels of “actionable pgx”, “genetic testing
recommended”, or “genetic testing required”, or (3) based on nomination to CPIC for consideration

The levels (A, B, C, and D) assigned are subject to change; only those gene/drug pairs that have been the
subject of guidelines have had sufficient in-depth review of evidence to provide definitive CPIC level
assignments

Need to update gene/drug pair page
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G6PD guideline prescribing
recommendations

Tables in main manuscript are generic for high, med, low risk drug (+
primaquine) but all alert language is drug-specific




Table 1. Assignment of predicted G6PD phenotype based on genotype

IV) allele and one deficient (class I-III)
allele

Predicted | Genotype? Examples of G6PD
phenotype genotypes®
Normal A person with one X chromosome carrying | B, Sao Boria, IV
a non-deficient (class IV) allele
A person carrying two non-deficient (class | B/B, B/Sao Boria, IV/TV
IV) alleles
Deficient A person with one X chromosome carrying | A-, Orissa, Kalyan-Kerala,
a deficient (class II-III) allele Mediterranean, Canton,
Chatham, II, ITT
A person carying two deficient (class II- A-/A-, A-/Orissa, Orissa/
III) alleles Kalyan-Kerala,
Mediterranean/
Mediterranean, Chatham
/Mediterranean, Canton/
Viangchan, II/II, II/III,
TII/TII
Deficient A person with one X chromosome carrying | Bangkok, Villeurbanne, 1
with a deficient (class I) allele
CNSHA
A person carrying two deficient (class I) Bangkok/Bangkok,
alleles Bangkok/Villeurbanne, I/'T
Variable* A person carrying one non-deficient (class | B /Bangkok,

B/Mediterranean, B/A-,
IV/I, IV/L, IV/III

CNSHA, chronic non-spherocytic hemolytic anemia; G6PD, glucose-6-phosphate
dehydrogenase; WHO, World Health Organization
IWHO classifications from (8), other details from (13). Class I alleles are extremely rare; the

distinction between class I and III alleles is not clear. Almost all patients will carry class II, 1L, |

or IV alleles.

*Dug to the large number of G6PD alleles, many other genotypes may be possible besides those
given as examples here: see the G6PD Allele Definition Table (5, 6) for a more comprehensive
list of alleles and G6PD Allele Functionality Table (5, 6) for their assigned function (WHO
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Meeting report of the technical consultation to review the classification of glucose-
6-phosphate dehydrogenase (G6PD)
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WHO convened a panel of temporary advisors in January 2022 to review the current classification of glucose-6-
phosphate dehydrogenase (G6FPD) and recommend changes where needed. Individuals affected by GEFPD deficiency
can develop acute haemolytic anaemia after exposure to 8-aminoguinolines tafenoquine and primaquine, the only
available medicines that are effective against the hypnozoite stage of Plasmodium vivax. The deliberations of the
meeting were informed by a literature review commissioned by WHO to examine G6PD activity for variants currently
classified in Classes Il and Ill, and by the presentation of an interim analysis of an individual patient meta-analysis of
GBPD activity among genetic variants.

Download (603.6 kB)
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Revised classification

a— Level of residual enzyme activity In future, GBPD variants should be classified based on the median residual enzyme activity in male
GEPD classification . . C o . -
(% of normal) hemizygous individuals for each variant expressed as percentage of normal activity as follows:
Class | (Severe enzyme deficiency with CNSHA) <10% with CNSHA
WHO classification of GGPD variants in homozygous and hemizygous individuals

Class Il (Severe) <10% Class Median of G6PD Activity Haemolysis
Class Il (Moderate to mild) 10-60% A <20% Chronic (CNSHA)

B <45% Acute, triggered
Class IV (Very mild or no enzyme deficiency) 60-150%

C 60-150% Mo haemolysis
Class V (Increased enzyme activity) more than twice normal U Any Uncertain cinical

significance

It should be made clear in all publications that this system is strictly for classifying genetic variants of
G6PD and applies primarily to hemi/homozygous individuals carrying a particular mutation. It should
not be used to classify individual patients.

https://www.who.int/publications/m/item/WHO-UCN-GMP-MPAG-2022.01



Fig. 1. Weighted mean G6PD activity for variants identified in Nannelli et al. (9)
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16 G6PD Class I-Ill variants were observed in American children with ALL
(n= 2489 non-whites, 3836 whites) with G6PD sequencing
All but one (D282H) are included on PharmacoScan

females females females females
(hom), (het), males, (hom), (het),
WHO_clas males, non- non- non- non- non- non-

AAChange.refGene s final.cat PharmacoScan white white white white white white white white

p.R454C [l classl-lll  Union,Maewo, Chinese-2, Kalo 2 0 3 0 0 0 0.002009 0
p.V291M [l classl-lll  Viangchan, Jammu 2 0 1 0 0 0 0.001205 0
p.H155D [l classl-lll Acrokorinthos 0 0 1 0 0 0 0.000402 0
p.R136C Il classl-Ill  Valladolid 0 0 1 0 0 0 0.000402 0
p.R439P Il classl-lll - Pawnee 0 0 0 0 0 1 0 0.000261
p.S188F [l classl-lll Mediterranean, Dallas, Panama, Sassari, Cagliari, Birmingham 0 0 0 1 0 0 0 0.000261
p.V68M 1 classl-lll  Asahi, A- 50 3 73 1 1 2 0.050623 0.001043
p.L323P 1 classl-lll  A-(968), Betica,Selma, Guantanamo 4 0 6 0 0 0 0.004018 0
p.E156K [ classl-lll  ilesha 1 0 2 0 0 0 0.001205 0
p.E317K 1] classl-lll  Kalyan-Kerala, Jamnaga, Rohini 0 0 1 0 0 1 0.000402 0.000261
p.D282H 11 classl-lll  Not Interrogated (Seattle, Lodi, Modena, Ferrara Il, Athens-like) 0 0 1 1 0 3 0.000402 0.001043
p.L235F [l classl-lll Nanning 0 0 1 0 0 0 0.000402 0
p.G163S [ classl-lll - Mahidol 1 0 0 0 0 0 0.000402 0
p.L128R [ classl-Ill  Salerno Pyrgos 1 0 0 1 0 0 0.000402 0.000261
p.R227Q 1] classl-lll - Mexico City 0 0 0 0 0 1 0 0.000261
p.148T 11 classl-lll Aures 0 0 0 0 0 1 0 0.000261
p.N126D \Y classlV A 138 25 131 8 2 8 0.11812 0.004692
p.D350H \% classlV Mirad'Aire 1 0 6 0 0 0 0.002812 0
p.M159| NA VUS Not Interrogated 1 0 1 0 0 1 0.000804 0.000261
p.G316D NA VUS Not Interrogated 0 0 1 0 0 1 0.000402 0.000261
p.D251N NA VUS Not Interrogated 0 0 1 0 0 0 0.000402 0
p.D194E NA VUS Not Interrogated 0 0 1 2 0 3 0.000402 0.001303
p.V303G NA VUS Not Interrogated 0 0 0 0 0 1 0 0.000261

Robinson KM, et al. Pharmacogenomics J. 2019;19(3):305-14.



'TABLE S2. ASSOCIATION BETWEEN ALLELIC VARTANTS AND G6PD ACTIVITY AS DEFINED BY THE WORLD
HEALTH ORGANIZATION

+

Functional Status Allele Classification

Severe enzyme deficiency, <10% normal WHO Class I
enzyme activity, with associated chronic
non-spherocytic hemolytic anemia

Severe enzyme deficiency, <10% normal WHO Class II
enzyme activity, no chronic non-
spherocytic hemolytic anemia

Moderate to mild deficiency, 10-60% of WHO Class ITI
normal enzyme activity

Normal activity, 60-150% normal enzyme | WHO Class IV
activity

WHO, World Health Organization
References: (2. 106)

Note: A single case of increased activity (a putative “Class V™ allele) was previously mcluded but will not be included going forward.



Clinical Pharmacogenetics Implementation
Consortium (CPIC) Guidelines for Rasburicase
Therapy in the Context of G6PD Deficiency Genotype

MV Rellingl, EM McDonath, T Chang3, KE Caudle!, HL McLeod?, CE Haidar!, T Klein? and

L Luzzatto®

Table 2 Recommended therapeutic use of rasburicase in relation to G6PD phenotype

.

Implications for

Classification of

G6PD phenotype phenotypic measures Dosing recommendations for rasburicase recommendations?
NormalP Low or reduced risk of No reason to withhold rasburicase based on G6PD statusP® Strong
hemolytic anemia
Deficient or deficient with At risk of acute Rasburicase is contraindicated; alternatives include allopurinol© Strong
CNSHA hemolyticanemia
VariableP Unknown risk of To ascertain that G6PD status is normal, enzyme activity must Moderate

hemolyticanemia

be measured; alternatives include allopurinol®

CNSHA, chronic nonspherocytic hemolytic anemia.

aRating scheme described in Supplementary Material online (see Strength of Recommendations). PA negative or inconclusive genetic test cannot be assumed to indicate
normal G6PD phenotype; an enzyme activity test is needed to assign G6PD phenotype in such cases. “Allopurinol is associated with severe cutaneous reactions in the rare carriers

of the HLA-B*58:01 allele.3?

CLINICAL PHARMACOLOGY & THERAPEUTICS



Table 3. Recommended therapeutic use of high risk drugs® in relation to G6PD phenotype

Predicted G6PD

Implications for

Therapeutic recommendations for high risk drugs

Classification of

Considerations

phenotype based on | phenotypic recommendations?
genotype measures
Normal Low risk of acute No reason to avoid a high risk drug based on G6PD | Strong
hemolytic anemia status
Deficient High risk of acute Avoid use of high risk drug See Table 2 for drug

hemolytic anemia

specific strength of
recommendation

Deficient with CNSHA

High risk of acute on
chronic hemolysis

Avoid use of high risk drug

Strong

Although there are not
published data in individuals
with the G6PD Deficient
with CNSHA phenotype,
there is a strong rationale to
avoid these drugs based on
evidence in G6PD Deficient
individuals.

Variable

Variable risk of acute
hemolytic anemia

To ascertain G6PD status, enzyme activity must be
measured. Drug use should be guided per the
recommendations based on the activity-based
phenotype.

Moderate

Due to X-linked mosaicism,
individuals with more than
one X chromosome (e.g.,
females, individuals with
Klinefelter syndrome) and
heterozygous for one
nondeficient (class IV) and
one deficient (class I-lI1)
allele may display a normal
or a deficient phenotype; an
enzyme activity test is
needed to assigh G6PD
phenotype in such cases.

Indeterminate

Unknown risk of
acute hemolytic
anemia

To ascertain G6PD status, enzyme activity must be
measured. Drug use should be guided per the
recommendations based on the activity-based
phenotype.

Moderate

*Drugs are classified as high, medium, or low-to-
no risk for acute hemolytic anemia based on
evidence review and based on assumptions of
normal dosing regimens. Drug-induced hemolysis
in G6PD deficiency is generally related to drug
dosage (the higher the dose, the more the
oxidative stress and the more likely anemia). Drugs
that are commonly given at high and low dosages
(e.g., primaquine and aspirin) have separate
recommendations for high vs. low dosage.



Table 4. Recommended therapeutic use of medium risk drugs* in

relation to G6PD phenotype

Predicted G6PD
phenotype based on

Implications for
phenotypic measures

Therapeutic recommendations for medium
risk drugs

Classification of
recommendations?

Considerations

genotype
Normal Low risk of acute No reason to avoid a medium risk drug based |Strong
hemolytic anemia on G6PD status
Deficient Medium risk of acute [Use medium risk drug at standard doses with |Drug-dependent Close monitoring may be more

hemolytic anemia

caution with close monitoring for anemia

important at higher or more
chronic dosage schedules, and in
the setting of infection or other
oxidative stress including
concomitant use of medium and
low risk drugs.

Deficient with CNSHA

High risk of acute on
chronic hemolysis

Avoid medium risk drugs

Moderate

There are insufficient data in
patients with the G6PD Deficient
with CNSHA phenotype to rate as
“strong,” but all medium risk drugs
should be avoided in these rare
patients due to the underlying
pathophysiology that confers high
risk for acute on chronic hemolysis.

Variable

Variable risk of acute
hemolytic anemia

If deemed necessary to ascertain G6PD status,
enzyme activity must be measured. Drug use
should be guided per the recommendations
based on the activity-based phenotype.

Moderate

Due to X-linked mosaicism,
individuals with more than one X
chromosome (e.g., females,
individuals with Klinefelter
syndrome) and heterozygous for
one nondeficient (class IV) and one
deficient (class I-1ll) allele may
display a normal or a deficient
phenotype; an enzyme activity test
is needed to assign G6PD
phenotype in such cases.

Indeterminate

Unknown risk of
acute hemolytic
anemia

If deemed necessary to ascertain G6PD status,
enzyme activity must be measured. Drug use
should be guided per the recommendations
based on the activity-based phenotype.

Moderate

*Drugs are classified as high, medium, or low-to-
no risk for acute hemolytic anemia based on
evidence review and based on assumptions of
normal dosing regimens. Drug-induced hemolysis
in G6PD deficiency is generally related to drug
dosage (the higher the dose, the more the
oxidative stress and the more likely anemia). Drugs
that are commonly given at high and low dosages
(e.g., primaquine and aspirin) have separate
recommendations for high vs. low dosage.



Table 5. Recommended therapeutic use of low-to-no risk drugs* in relation to G6PD phenotype

Predicted G6PD
phenotype based
on genotype

Implications for phenotypic
measures

Therapeutic recommendations
for low-to-no risk drugs

Classification of
recommendation
sa

Considerations

Normal Low-to-no risk of acute No reason to avoid a low-to-no | Strong
hemolytic anemia risk drug based on G6PD status.
Deficient Low-to-no risk of acute No reason to avoid a low-to-no |See Table 2 Although low-to-no risk drugs are not known to cause a
hemolytic anemia risk drug based on G6PD status higher risk of AHA in G6PD deficient than G6PD normal
at standard doses. patients, G6PD deficient patients may be at higher risk
of AHA due to oxidative stress from any cause, and
closer monitoring may be indicated.
Deficient with High risk of acute on chronic Optional
CNSHA hemolysis
Variable Low-to-no risk of acute No reason to avoid a low-to-no | Moderate Due to X-linked mosaicism, individuals with more than
hemolytic anemia risk drug based on G6PD status one X chromosome (e.g., females, individuals with
at standard doses. Klinefelter syndrome) and heterozygous for one
nondeficient (class IV) and one deficient (class I-1l)
allele may display a normal or a deficient phenotype; an
enzyme activity test is needed to assign G6PD
phenotype in such cases.
Indeterminate In the absence of signs and No reason to avoid a low-to-no | Moderate

symptoms of CNSHA, low-to-no
risk of acute hemolytic anemia

risk drug based on G6PD status
at standard doses.

*Drugs are classified as high, medium, or low-to-
no risk for acute hemolytic anemia based on
evidence review and based on assumptions of
normal dosing regimens. Drug-induced hemolysis
in G6PD deficiency is generally related to drug
dosage (the higher the dose, the more the
oxidative stress and the more likely anemia). Drugs
that are commonly given at high and low dosages
(e.g., primaquine and aspirin) have separate
recommendations for high vs. low dosage.



Table 6. Recommended therapeutic use of primaquine in relation to G6PD phenotype

Predicted Implications for Therapeutic recommendations Classificatio | Considerations
G6PD phenotypic n of
phenotype measures recommend
based on ations?
genotype
Normal Low risk of acute No reason to avoid primaquine based on G6PD Strong
hemolytic anemia |status
Deficient High risk of acute [Avoid primaquine, except in the following cases |Strong Dosing recommendations for primaquine in patients with

hemolytic anemia
with standard anti-
relapse treatment
of P. vivax or P.
ovale of 0.25-0.5
mg/kg daily for 14
days.

where established expert consensus guidelines
for the treatment of malaria should be followed:
(1) Treating Plasmodium falciparum malaria by
using primaquine single dose as a
gametocytocide at 0.25 mg/kg x1 dose (WHO)—
without need to monitor for hemolysis; and (2)
treating Plasmodium vivax or Plasmodium ovale
malaria for radical cure of liver-stage infections:
0.75 mg/kg once weekly x8 weeks (WHO) or 45
mg once weekly x8 weeks (CDC) --with close
monitoring for hemolysis. If primaquine is used at
doses higher or longer than these 2 regimens,
monitor very closely for hemolysis.

G6PD deficiency are derived from the malaria treatment
guidelines issued by the World Health Organization and
the U.S. Centers for Disease Control and Prevention.

Deficient with |High risk of acute |Avoid primaquine Strong The strength of evidence among patients with the G6PD

CNSHA on chronic Deficient phenotype provides strong rationale to also
hemolysis avoid primaquine in the setting of the more severe G6PD

Deficient with CNSHA phenotype.

Variable Variable risk of To ascertain G6PD status, enzyme activity must Moderate |[Due to X-linked mosaicism, individuals with more than one
acute hemolytic be measured. Drug use should be guided per the X chromosome (e.g., females, individuals with Klinefelter
anemia recommendations based on the activity-based syndrome) and heterozygous for one nondeficient (class

phenotype. IV) and one deficient (class I-11l) allele may display a
normal or a deficient phenotype; an enzyme activity test is
needed to assign G6PD phenotype in such cases.

Indeterminate |Unknown risk of To ascertain G6PD status, enzyme activity must Moderate

acute hemolytic
anemia

be measured. Drug use should be guided per the
recommendations based on the activity-based
phenotype.

*Drugs are classified as high, medium, or low-to-
no risk for acute hemolytic anemia based on
evidence review and based on assumptions of
normal dosing regimens. Drug-induced hemolysis
in G6PD deficiency is generally related to drug
dosage (the higher the dose, the more the
oxidative stress and the more likely anemia). Drugs
that are commonly given at high and low dosages
(e.g., primaquine and aspirin) have separate
recommendations for high vs. low dosage.
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CDS for rasburicase (high risk drug, strong recommendation)

G6PD CDS
Phenotype Context,
Relative to
Genetic
Testing CDS Alert Text
No G6PD Pre-test The patient's G6PD status may be predictive of hemolytic anemia with rasburicase. A G6PD test does not appear to have been
result on file ordered for this patient. Consider ordering a G6PD genotype or enzyme activity test. Use of an alternative agent is

recommended if the patient is G6PD deficient. Please consult a clinical pharmacist for more information.
G6PD normal No CDS n/a

G6PD Post-test This patient has a result consistent with G6PD deficiency. Rasburicase is very likely to cause hemolytic anemia in patients

deficient with G6PD deficiency and should be avoided. Strongly consider use of an alternative agent. If it is deemed that this medication
remains the preferred agent, monitor the patient closely for signs of hemolysis. Please consult a clinical pharmacist for more
information.

G6PD Post-test This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Rasburicase

deficient with is very likely to cause hemolytic anemia and worsen any existing anemia and should be avoided. Strongly consider use of an

CNSHA alternative agent. Please consult a clinical pharmacist for more information.

G6PD Post-test You are attempting to place an order for rasburicase on a patient whose G6PD genotype results in a phenotype assignment of

variable variable G6PD activity (enzyme activity could range from normal to deficient). The patient is at increased risk of developing

hemolytic anemia if they are G6PD deficient and rasburicase is prescribed. A test of G6PD enzyme activity may be
informative. Please consult a clinical pharmacist for more information.

G6PD You are attempting to place an order for rasburicase on a patient whose G6PD genotype does not allow an assignment of
indeterminat G6PD phenotype. The patient is at increased risk of developing hemolytic anemia if they are G6PD deficient and rasburicase is
e Post-test prescribed. A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more information.



population general

		Drug Ordered		G6PD Phenotype		Activity Score		CDS Context, Relative to Genetic Testing		CDS Alert Text 

		rasburicase		No G6PD result on file 		n/a		Pre-test		The patient's G6PD status may be predictive of hemolytic anemia with rasburicase. A G6PD test does not appear to have been ordered for this patient. Consider ordering a G6PD genotype or enzyme activity test. Use of an alternative agent is recommended if the patient is G6PD deficient. Please consult a clinical pharmacist for more information.

		rasburicase		G6PD normal		n/a		No CDS		n/a

		rasburicase		G6PD deficient		n/a		Post-test		This patient has a result consistent with G6PD deficiency. Rasburicase is very likely to cause hemolytic anemia in patients with G6PD deficiency and should be avoided. Strongly consider use of an alternative agent. If it is deemed that this medication remains the preferred agent, monitor the patient closely for signs of hemolysis. Please consult a clinical pharmacist for more information.

		rasburicase		G6PD deficient with CNSHA		n/a		Post-test		This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Rasburicase is very likely to cause hemolytic anemia and worsen any existing anemia and should be avoided. Strongly consider use of an alternative agent.  Please consult a clinical pharmacist for more information.

		rasburicase		G6PD variable		n/a		Post-test		You are attempting to place an order for rasburicase on a patient whose G6PD genotype results in a phenotype assignment of variable G6PD activity (enzyme activity could range from normal to deficient). The patient is at increased risk of developing hemolytic anemia if they are G6PD deficient and rasburicase is prescribed.  A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more information. 

		rasburicase		G6PD indeterminate 		n/a		Post-test		You are attempting to place an order for rasburicase on a patient whose G6PD genotype does not allow an assignment of G6PD phenotype. The patient is at increased risk of developing hemolytic anemia if they are G6PD deficient and rasburicase is prescribed. A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more information. 



		Notes

		The specific wording of the alert text may differ among sites.

		"Clinical pharmacist" may be a pharmacist, pharmacologist, or a clinician with pharmacogenomics expertise/training.
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CDS for nitrofurantoin (medium risk drug, optional strength)

G6PD CDS
Phenotyp Context,
No G6PD Pre-test
result on

file

G6PD No CDS
G6PD Post-test
deficient

G6PD Post-test
deficient

with

G6PD Post-test
variable

G6PD Post-test
indetermi

nate

CDS Alert Text

The patient's G6PD status may be predictive of hemolytic anemia with nitrofurantoin. A G6PD test does not appear to have
been ordered for this patient. Consider ordering a G6PD genotype or enzyme activity test. Increased monitoring for signs of
hemolysis may be recommended if the patient is G6PD deficient. Please consult a clinical pharmacist for more information.

n/a

This patient has a result consistent with G6PD deficiency. Use nitrofurantoin with caution and monitor the patient for signs of
hemolysis. Please consult a clinical pharmacist for more information.

This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA).
Nitrofurantoin may cause hemolytic anemia and worsen any existing anemia and should be avoided. Consider use of an
alternative agent. Please consult a clinical pharmacist for more information.

You are attempting to place an order for nitrofurantoin on a patient whose G6PD genotype results in a phenotype assignment
of variable G6PD activity (enzyme activity could range from normal to deficient). The patient may be at increased risk of
developing hemolytic anemia if they are G6PD deficient and nitrofurantoin is prescribed. A test of G6PD enzyme activity may
be informative. Please consult a clinical pharmacist for more information.

You are attempting to place an order for nitrofurantoin on a patient whose G6PD genotype does not allow an assignment of
G6PD phenotype. The patient may be at increased risk of developing hemolytic anemia if they are G6PD deficient and
nitrofurantoin is prescribed. A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more
information.



population general

		Drug Ordered		G6PD Phenotype		Activity Score		CDS Context, Relative to Genetic Testing		CDS Alert Text 

		nitrofurantoin		No G6PD result on file 		n/a		Pre-test		The patient's G6PD status may be predictive of hemolytic anemia with nitrofurantoin. A G6PD test does not appear to have been ordered for this patient. Consider ordering a G6PD genotype or enzyme activity test. Increased monitoring for signs of hemolysis may be recommended if the patient is G6PD deficient. Please consult a clinical pharmacist for more information.

		nitrofurantoin		G6PD normal		n/a		No CDS		n/a

		nitrofurantoin		G6PD deficient		n/a		Post-test		This patient has a result consistent with G6PD deficiency. Use nitrofurantoin with caution and monitor the patient for signs of hemolysis. Please consult a clinical pharmacist for more information.

		nitrofurantoin		G6PD deficient with CNSHA		n/a		Post-test		This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Nitrofurantoin may cause hemolytic anemia and worsen any existing anemia and should be avoided. Consider use of an alternative agent.  Please consult a clinical pharmacist for more information.

		nitrofurantoin		G6PD variable		n/a		Post-test		You are attempting to place an order for nitrofurantoin on a patient whose G6PD genotype results in a phenotype assignment of variable G6PD activity (enzyme activity could range from normal to deficient). The patient may be at increased risk of developing hemolytic anemia if they are G6PD deficient and nitrofurantoin is prescribed.  A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more information. 

		nitrofurantoin		G6PD indeterminate 		n/a		Post-test		You are attempting to place an order for nitrofurantoin on a patient whose G6PD genotype does not allow an assignment of G6PD phenotype. The patient may be at increased risk of developing hemolytic anemia if they are G6PD deficient and nitrofurantoin is prescribed. A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more information. 



		Notes

		The specific wording of the alert text may differ among sites.

		"Clinical pharmacist" may be a pharmacist, pharmacologist, or a clinician with pharmacogenomics expertise/training.







































Flow Chart





Change log

		Date		Note

		9/8/21		created





image1.png

G6PD Genotype and Medium Risk Drugs: Point of Care Clinical Decision Support (CDS)

Yes No | Nopostiestalert
— required; continue
with drug order

Medium risk drug
order initiated

No Yes

CDS pre-test alert CDS postiestalrt!or

(aditional action may oty prescriber with
be considered’) recommendation

“Sae Pre- and Post.Test Alerts tab for pre-test alrt examples
©Additonal actons may incude ordering a pharmacogenetic test, preventing the lnician from ordering the mdication, or llowing the clnician t cancel outof the alert,
<Priorly resultis dofined s a genalic tos resul that nocessitales a change in drug, drug dose, or drug montoring.
“Sae Pre- and Post-Test Alerts tab for posLtest alert exampls.

‘Blue shading indicates interaction with provider







CDS for primaquine (language is dose dependent, all strong
recommendations)

G6PD Phenotype CDS
Context,
Relative
to Genetic
Testing CDS Alert Text

No G6PD result oiNo CDS The patient's G6PD status may be predictive of hemolytic anemia with primaquine, depending on the primaquine dosage
regimen. A G6PD test does not appear to have been ordered for this patient. Consider ordering a G6PD genotype or enzyme
activity test. Increased monitoring for signs of hemolysis may be recommended if the patient is G6PD deficient, depending on
dosage. Please consult a clinical pharmacist for more information.

G6PD normal No CDS n/a

G6PD deficient No CDS This patient has a result consistent with G6PD deficiency. Avoid primaquine, except in the following cases where established
expert consensus guidelines for the treatment of malaria should be followed: (1) Treating Plasmodium falciparum malaria by
using primaquine single dose as a gametocytocide at 0.25 mg/kg x1 dose (WHO)—without need to monitor for hemolysis; and
(2) treating Plasmodium vivax or Plasmodium ovale malaria for radical cure of liver-stage infections: 0.75 mg/kg once weekly
x8 weeks (WHO) or 45 mg once weekly x8 weeks (CDC) --with close monitoring for hemolysis. If primaquine is used at doses
higher or longer than these 2 regimens, monitor very closely for hemolysis.

G6PD deficient Post-test This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Increased

with CNSHA monitoring for worsening of hemolytic anemia may be indicated for patients with G6PD deficiency with CNSHA who receive
medications. Please consult a clinical pharmacist for more information.

G6PD variable  No CDS This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Primaquine
is likely to cause hemolytic anemia and worsen any existing anemia and should be avoided. Consider use of an alternative
agent or alternative dosage. Please consult a clinical pharmacist for more information.

G6PD indetermini:No CDS You are attempting to place an order for primaquine on a patient whose G6PD genotype results in a phenotype assignment of
variable G6PD activity (enzyme activity could range from normal to deficient). The patient may be at increased risk of
developing hemolytic anemia if they are G6PD deficient and primaquine is prescribed, depending on the dose. A test of G6PD
enzyme activity may be informative. Please consult a clinical pharmacist for more information.



population general

		Drug Ordered		G6PD Phenotype		Activity Score		CDS Context, Relative to Genetic Testing		CDS Alert Text 

		primaquine		No G6PD result on file 		n/a		No CDS		The patient's G6PD status may be predictive of hemolytic anemia with primaquine, depending on the primaquine dosage regimen. A G6PD test does not appear to have been ordered for this patient. Consider ordering a G6PD genotype or enzyme activity test. Increased monitoring for signs of hemolysis may be recommended if the patient is G6PD deficient, depending on dosage. Please consult a clinical pharmacist for more information.

		primaquine		G6PD normal		n/a		No CDS		n/a

		primaquine		G6PD deficient		n/a		No CDS		This patient has a result consistent with G6PD deficiency. Avoid primaquine, except in the following cases where established expert consensus guidelines for the treatment of malaria should be followed: (1) Treating Plasmodium falciparum malaria by using primaquine single dose as a gametocytocide at 0.25 mg/kg x1 dose (WHO)—without need to monitor for hemolysis; and (2) treating Plasmodium vivax or Plasmodium ovale malaria for radical cure of liver-stage infections: 0.75 mg/kg once weekly x8 weeks (WHO) or 45 mg once weekly x8 weeks (CDC) --with close monitoring for hemolysis. If primaquine is used at doses higher or longer than these 2 regimens, monitor very closely for hemolysis.

		primaquine		G6PD deficient with CNSHA		n/a		Post-test		This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Increased monitoring for worsening of hemolytic anemia may be indicated for patients with G6PD deficiency with CNSHA who receive medications.  Please consult a clinical pharmacist for more information. 

		primaquine		G6PD variable		n/a		No CDS		This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Primaquine is likely to cause hemolytic anemia and worsen any existing anemia and should be avoided. Consider use of an alternative agent or alternative dosage.  Please consult a clinical pharmacist for more information.

		primaquine		G6PD indeterminate 		n/a		No CDS		You are attempting to place an order for primaquine on a patient whose G6PD genotype results in a phenotype assignment of variable G6PD activity (enzyme activity could range from normal to deficient). The patient may be at increased risk of developing hemolytic anemia if they are G6PD deficient and primaquine is prescribed, depending on the dose.  A test of G6PD enzyme activity may be informative. Please consult a clinical pharmacist for more information. 



		Notes

		The specific wording of the alert text may differ among sites.

		"Clinical pharmacist" may be a pharmacist, pharmacologist, or a clinician with pharmacogenomics expertise/training.
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CDS for sulfamethoxazole, low-to-no risk drug, optional strength

G6PD Phenotype CDS Context, Relative CDS Alert Text
to Genetic Testing
No G6PD result on file No CDS n/a
G6PD normal No CDS n/a
G6PD deficient No CDS n/a
G6PD deficient with Post-test This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Increased
CNSHA monitoring for worsening of hemolytic anemia may be indicated for patients with G6PD deficiency with CNSHA who receive
medications. Please consult a clinical pharmacist for more information.
G6PD variable No CDS n/a

G6PD indeterminate No CDS n/a



population general

		Drug Ordered		G6PD Phenotype		Activity Score		CDS Context, Relative to Genetic Testing		CDS Alert Text 

		sulfamethoxazole/trimethoprim		No G6PD result on file 		n/a		No CDS		n/a

		sulfamethoxazole/trimethoprim		G6PD normal		n/a		No CDS		n/a

		sulfamethoxazole/trimethoprim		G6PD deficient		n/a		No CDS		n/a

		sulfamethoxazole/trimethoprim		G6PD deficient with CNSHA		n/a		Post-test		This patient has a result consistent with G6PD deficiency with chronic nonspherocytic hemolytic anemia (CNSHA). Increased monitoring for worsening of hemolytic anemia may be indicated for patients with G6PD deficiency with CNSHA who receive medications.  Please consult a clinical pharmacist for more information. 

		sulfamethoxazole/trimethoprim		G6PD variable		n/a		No CDS		n/a

		sulfamethoxazole/trimethoprim		G6PD indeterminate 		n/a		No CDS		n/a



		Notes

		The specific wording of the alert text may differ among sites.

		"Clinical pharmacist" may be a pharmacist, pharmacologist, or a clinician with pharmacogenomics expertise/training.
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2 G6PD Deficiency Avoid Alert

2 * AVOID * ____Avoid

* Dapsone

This patient has an active entry on the problem list for GGPD
deficiency. Rasburicase is likely to cause hemolytic anemia in patients * Methylene Blue

with G6PD deficiency and should be avoided. If this medication is the . Pegloticase

preferred agent, monlltor the patient ft.:-r sug_ns of hemfa.lysm. mclgdlng Primaquine — std does
decreased hemoglobin, methemoglobinemia, hyperbilirubinemia, and .

abdominal pain. Please consult a clinical pharmacist or click on Add" * Rasburicase
info for more information. * Tafenoquine

{ e Toluidine blue

Alert Action

Cancel Rasburicase order

Continue Rasburicase order- benefit outweis'-- ~isk

| Addlini.




2  G6PD Deficiency Caution Alert

/L * Caution * Use with

This patient has an active entry on the problem list for G6PD Ca utiOn
deficiency. Nitrofurantoin MAY cause hemolytic anemia in patients _ ,
with G6PD deficiency and should be used with caution. If th’ ) Nljcrofure?ntom
medication is used, monitor the patient for signs of her iy is *  Primaquine—low
including decreased hemoglobin, methemoglobin< .ua, dose
hyperbilirubinemia, and abdominal pain. Please c. sult a clini |

pharmacist or click on Add’l info for more ."armati. .

Alert Action

Cancel Nitrofurantoin or~ .

Continue Nitrofuranto. order- b 1efit utweighs risk

Add info




2 Pre G6PD Result Alert

* Alertis presented to prescriber when ordering a medication on the Avoid
list and patient does not have a G6PD genotype or enzyme activity result

2 *GB6PD"

You are attempting to place an order for Dapsone on a patient
who has unknown G6PD status. The patient may be at incr~ ,ed
risk of developing hemolytic anemia if G6PD deficient a..u
Dapsone is prescribed. G6PD enzyme activity test’ ;1s
recommended to assess for G6PD deficiency pric ‘o pre-cribing
Dapsone (check the box below). Please - =sultac  _al
pharmacist or click on Add’l info for mor i1, *matio

Cancel Dapsone order

Continue Dapss oiu.  Yene. outwe._ “ris.

Add Order for:

Glucose-6-PD Quantigitive -> . Collect Now, Blood, ONCE

Add inlo




Other considerations, incidental findings

* Non-drug triggers: dietary, infections, hyperuricemia, sepsis

* “because the G6PD gene is located on the X chromosome, self-
identified males who have a G6PD diplotype indicating the presence
of two G6PD alleles may have an inherited sex chromosome disorder
such as Klinefelter syndrome. This syndrome occurs in ~1 in 600
persons assigned male at birth, and there are possible medical
interventions that may be indicated once that diagnosis is confirmed.
Consideration for involvement of genetic counselors and procedures
to confirm that diagnosis should be in place for those who routinely

test G6PD genotype (51).”
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Current risk assignments for G6PD drugs; primaquine is dose-dependent

Low-to-no risk No recommendation

High or Medium risk

. . 4-aminosalicylic acid  Low-to-no risk Optional -
dapsone High-risk Moderate - y ) P aspirin > 1 g/day
aspirin < 1 g/day Low-to-no risk Moderate hi i
methylene blue High-risk Moderate chloramphenicol Low-to-no risk Moderate ELOIRHORANMNEE
. ) ) chloroquine Low-to-no risk Moderate dabrafenib
pegloticase High-risk Strong ciprofloxacin Low-to-no risk Optional gliclazide
;ilmerc::f)r.ol tow-to-no r!sllz gpt!ona: glimepiride
. . . . -to-no ris ptiona
rimaquine — standard dose High-risk Stron SEEIEE S inizi
P q g g furazolidone Low-to-no risk Optional glipizide
rasburicase High-risk Strong glyburide Low-to-no risk Optional mepacrine
taf . High-risk St hydroxychloroquine  Low-to-no risk Moderate mesalazine
afenoquine igh-ris rong . P . - -
ma;f;anlde - tow to-no rlsllz gptlona: moxifloxacin
idi ioh-ri * nalidixic aci ow-to-no ris ptiona . i
toluidine blue High-risk Moderate . . ! nicorandil
) ) ) ) ) norfloxacin Low-to-no risk Optional
nitrofurantoin Medium-risk Optional I — P p—— Optional nitrofural
phenazopyridine Low-to-no risk Optional probenecid
primaquine —single :
. . low dose (0.25 ma/kg) sulfacetamide
primaquine — low dose oo Blesmeafum tolazamide
(0.75 mg/kg or 45 mg once falciparum malaria Low-to-no risk Strong trametinib
weekly for 8 weeks) for quinine Low-to-no risk Optional
Plasmodium vivax malaria Medium-risk Strong sulfadiazine Low-to-no risk Optional
sulfadimidine Low-to-no rfsk Optfonal Note: other
sulfamethoxazole Low-to-no risk Optional
sulfanilamide Low-to-no risk Optional SU|f0nV|UreaS, sulfas,
sulfasalazine Low-to-no risk Optional and C]UiﬂOlOﬂES are
sulfisoxazole Low-to-no risk Optional | t isk
tolbutamide Low-to-no risk Optional Ow-to-no ris
vitamin C Low-to-no risk Moderate
vitamin K Low-to-no risk Moderate



Current risk assignments for G6PD drugs

Low-to-no risk No recommendation

High or Medium risk

dapsone High-risk Moderate 4-ar-n.inosalicylic acid Low-to-no r?sk Optional aspirin > 1 g/day
aspirin < 1 g/day Low-to-no risk Moderate .
methylene blue High-risk Moderate chloramphenicol Low-to-no risk Moderate chlorpropamide
. ) ) chloroquine Low-to-no risk Moderate dabrafenib
pegloticase High-risk Strong ciprofloxacin Low-to-no risk Optional gliclazide
dimercaprol Low-to-no risk Optional glimepiride
. . . . doxorubicin Low-to-no risk Optional L.
primaquine — standard dose High-risk Strong furazolidone Low-to-no risk Optional glipizide
rasburicase High-risk Strong glyburide Low-to-no risk Optional mepacrine
hydroxychloroquine  Low-to-no risk Moderate mesalazine
tafenoquine High-risk Strong mafenide Low-to-no risk Optional monxifloxacin
toluidine blue High-risk Moderate* nalidixic a.cid Low-to-no risk Opt?onal nicorandil
norfloxacin Low-to-no risk Optional
nitrofurantoin Medium-risk Optional ofloxacin Low-to-no risk Optional nitrofural
phenazopyridine Low-to-no risk Optional probenecid
rimaquine — single . Resrof
IF:)w d:se P mgg/kg) Sodium nitrite
primaquine — low dose for Plasmodium sulfacetamide
(0.75 mg/kg or 45 mg once falciparum malaria Low-to-no risk Strong tolazamide
weekly for 8 weeks) for quinin.e . Low-to-no risk Opt?onal e
Plasmodium vivax malaria Medium-risk Strong sulfadiazine Low-to-no risk Optional
sulfadimidine Low-to-no risk Optional Note: other
sulfamethoxazole Low-to-no risk Optional
sulfanilamide Low-to-no risk Optional squonyIureas, SU|fa S,
sulfasalazine Low-to-no risk Optional and quino|ones are
sulfisoxazole Low-to-no risk Optional .
tolbutamide Low-to-no risk Optional low-to-no risk
vitamin C Low-to-no risk Moderate
vitamin K Low-to-no risk Moderate
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specifications for point-of-care G6PD te;ts tlo guide use of 8-aminoquinolines for rad}cal culre of P.
vivax.
Objectives

i) Revise the most widely used classification of G6PD variants.

ii)  Discuss requirements for defining new variants.

iii)  Propose new categorization of G6PD for ICD-11, including classification of G6PD variants

and clinical manifestations.
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Technical Report Series, no. 366. Geneva: World Health Organization; 1967
(https://apps.who.int/iris/bitstream/handle/10665/40660/WHQO_TRS_ 366.pdf?sequence=1&isAll
owed=y).

2. Yoshida A, Beutler E, Motulsky AG. Human glucose-6-phosphate dehydrogenase variants. Bull
World Health Organ. 1971;45(2):243-53.

3. Glucose-6-phosphate dehydrogenase deficiency. WHO Working Group. Bull World Health Organ.
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Clinical Pharmacogenetics Implementation
Consortium (CPIC) Guidelines for Rasburicase
Therapy in the Context of G6PD Deficiency Genotype

MV Relling!, EM McDonagh?, T Chang?, KE Caudle!, HL McLeod", CE Haidar!, T Klein? and

L Luzzatto’

Existing G6PD allele frequency table

Supplemental Table 54. Frequencies of G6FD variants’ available with commercial testing in major race/ethnic gﬂ:mpnﬁl

Allele WHO | dbSNP cDINA All Caucasian South American African Azian
Class” r:ID* substitution”
ATy EVE 1000 Ally EVE [T ATy EVE ] ATy EvS 7] AR EVS [ITT7)
Haigureap” e Hagozg:" Trcnes” H:.'.||||:|.'.||I T H:.:l||:.'.||I [ =TT = Higeip™ o’
T-1v mIOES FTEAAr WA 113 S]] i V55 ST 0017 A SITE ETT] 0312 0.324 1 A i
A- 11 ml0S0EE 22G=4, 3T6A~-C A (L] HIA A o A HiA T A i 0.7 LA Mra BA A
ml0S0ETS
Asaki I ml0S0ETE 02G=A Ik Dl 017 [
Weditamansan I = WAESE SEC=T WA T 0563 A i T WA i MR WA i T3] WA 0 MA WA
(also known
as Dallas,
Panama,
Sassamn)
Canmon i 2 1376G=T WA WA T= o Mrh o i A ] i Mk 1] ot TA | T = 00
{also known [1376G=C is .
az Taiwan- Conanza variant)
Hakka, Crifia-
like,
Aprizento-
kg
Dnisa i BTETELEE Ej=a WA WA MIA WA Mk WA Mk Mk WA Mk Mk WA WA HA WA
Falan- ] w13 TRy [T WA WA MA WA Mk WA Mk Mk WA Mk Mk WA WA HA WA
Kerala
Chatham o mIA0Ese 103 G=A A 0 (495 MrA A ST A A HiA WA HiA 0 WA HIA A A

"Average allele frequencies are reported. based oo the acmal numbers of subjects with each allels reported in multipls sadies

EGmu]:-Eui according to major race'ethnic groups for studies as dafined in Supplemental Tabkle 55
‘From (13); the phenotype associated with each variant according o WHO classification

*Mational Center for Biotechnology Information dbSNP databass hitp://wrarw ncbi nlm nih. sovprojects SHE

**DMA reference sequence; WA 01042351 1:c., alleles representad are on the negative chromosomal strand. The GSPD gene is on the negative chromesomal strand, allelss on
PhamGER (www pharmzkb.org) are complemented to the plus chromosomal strand for standardization.
" Affymetrix Hapmap database. hitp:aww affrmetrix com’

"Wational Heart Lung and Blood Institute Exome Variant Server database. hop://evs. gs. washington eduEVS

#1000 Genomes Project database. hitp: boowrser. L senomes o1z index hirnl
M/A not available.




/&\ A list of medications to avoid in patients with G6PD
deficiency has not been universally adopted

P Mixed evidence has Ied Name Molecular Formula Rii:;;e' For Whom Note
. . Glimepiride CaaHzg Ny O5 S High All
to different conclusions
. Glucosulfone Caq Hzg Nz Naz Org b Al
and recommendations ‘
Hydroxychloroquine Cya Hag CIN3 O High Al
luprofen CH3H1802 Medium All
Indigofera Tinctoria . Medium Al
Isobutyl Nitrite CaHg N O, High Medit., Asia
* Lack of consensus
. Lawsone Inermis - Medium Al
possibly due to
Levofloxacin C1gHzp FN3 Qg High Medit., Asia
—medication risk level
Mefloquine Cy7 Hyg Fs Ny O High Al
—confounding factors o
sulfate)
i InfeCtion Menadione (menaphtone)  Cy3 Hg Oz High all Mote
W/ 4,1 23[4]567 8910 » | M Pagesizells ~

G6PD deficiency favism association. https://www.g6pd.org/en/G6PDDeficiency/SafeUnsafe.aspx.



> 190
variants
described,
but most
are very
rare

>

d
i

Frequency of GEPD deficien! males Polymorphic GSPD variants
<0.5% 7.0-99%% ® A-(202A)  Chatham Mediterranean @ Tapei
05-29%% | 100-149%% A-(968C) @ Combra  Mahidol @ Union

N 30-60%% N150-1260%% @ Awxes  OCosenza @ Santamara @ Viangchan

@Canton | Kaiping ' Seatte @ Local variant



/&\I\/Iost common Class I-Ill variant observed was A- (we found in 8.7% of

SJ patients

blacks)

1000 Genomes Project Phase 3 allele frequencies

A-rs1050828
8.7% of
blacks

Viangchan
rs137852327
0.3% of all

968
rs76723693
0.1% of all

ALL AMR
/ » C96% » (O 99%
» T 4% T 1%
ALL AFR AMR EAS EUR SAS

» A 100%
G: 0%

* A 100% _ _
0 G 0% . * A 100% . * A 100%

» A 099%
G 1%

Plus we found one Pawnee variant (< 1 in 100,000 Exac)
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Both mutations in G6PD A - are necessary to produce
the G6PD deficient phenotype

Margaret Town, Jose M.Bautista, Philip J.Mason and Lucio Luzzatto*
Department of Haematology, Royal Postgraduate Medical School, Hammersmith Hospital, London W12 ONN, UK
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' pKK231-2GSPD

. ] _.h‘_\'_\_l-\_\-h\_\_\_ g i
/ \ T DMET, PharmacoScan

o1-] 119 126
val Glin AsSn / B Wild type
Val Gin ASp A A; Class IV (normal); MAF .1-.34 African
GIn ASN 68M Asahi; Class Ill (low); rare (Asian)
)E Gin :E A= A-; Class Il (low); MAF up to 0.24 African
PharmacoScan | Y2 Glu ASN I 15E

Metl Glu AsSn | 19E,68M



Primaquine Phosphate
Oral route
HIV infection - Pneumocystis pneumonia
Malaria, Prevention of relapse; Adjunct
Malaria; Prophylaxis
HIV infection - Pneumocystis pneumonia
1) Guideline Dosage

a) Usual dosage (mild to moderate): 30 mg (base) orally once daily for 21 days in combination with clindamycin 450 mg avery 6 hours to 800 mg every 8 hours orally [7]

b) Usual dosage (moderate to severe): 30 mg (base) orally once daily for 21 days in combination with clindamycin 450 mg every 6 hours to 500 mg every 8 hours orally or clindamycin 630 mg every & hours to 300 mg every 8
hours IV [7]

See Drug Consult reference: Prevention and Treatment of Pneumocystis Jiroveci Pneumonia (PCP) in HIV-Infected Persons - COC/NIH/ADSA Guidelines
Malaria, Prevention of relapse; Adjunct
1) Guideline Dosing

a) Dosage: 52.6 mqg orally for 14 days; use as an adjunct to an appropriate primary (ie, blood-stage) treatment agent, such as chleroquing, in the treatment of uncomplicated Plasmodium vivax or P ovale malaria [2][1]

b) Alternate dosage: 78.9 mg orally once weekly for 3 weeks for patients who are borderline glucose-8-phosphate dehydrogenase (GEPD) deficient; consultation with an infectious disease specialist is advised if the alternative
regimen is used in persons who are GEPD deficient [2][1]

2) FDA Dosing
a) Usual dosage: 26.3 mg orally once daily for 14 days [3].

b) Concomitant medications: Use in combination with a course of chloroquine phosphate [3]

See Drug Consult reference: Malaria -- CDC Recommendations for United States Residents
Malaria; Prophylaxis

1) Prophylaxis For Short-Duration Travel

a) For primary prophylaxis in adults with short-duration travel to areas with primarily Plasmodium vivax malaria, the CDC recommends primaquine phosphate at a dose of 52.6 mg (2 tablets) orally daily beginning 1 to 2 days prior
to travel to the malarious area, continued daily at the same time each during the stay in the malarious area, and then for 7 days after departure from the area [12].
2) Presumptive Anti-relapse Therapy

a) For presumptive anti-relapse therapy, the COC recommends that adults receive a dose of primaquine phosphate 52.6 mg (2 tablets) orally daily for 14 days after departura from the malarious area. Primaquine is given with the
primary prophylactic medication. When the primary therapy is chloroquine, doxycycline, or mefloquing, give primaguine during the last 2 weeks of prophylaxis. If the primary agent is atovaquone/proguanil, give primaguine during

the final 7 days of atovaguone/proguanil therapy, and then continue primaguine for an additional 7 days. If overlap of primaguine with the primary medication is not possible, primaquine may still be given after primary prophylaxis
is complete. Presumptive anti-relapse therapy is not required in persons who received primaquine for primary prophylaxis [12][12].

See Drug Consult reference: Malaria -- CDC Recommendations for United States Residents



GLoBAL MALARIA
PROGRAMME

Policy brief on single-dose primaquine
as a gametocytocide in Plasmodium falciparum malaria

January 2015

Need for testing for G6PD deficiency before single low-dose primaquine administration

Clinically significant haemolysis is not expected to occur in either G6PD-normal or

-deficient individuals given a single 15-mg adult dose (0.25 mg base/kg) of primaquine.
Therefore, there is no need for systematic testing for G6PD deficiency before administering a

single dose of 0.25 mg primaquine base per kg body weight.



Dysoley et al. BMC Infectious Diseases (2019) 19:250
https://doi.org/10.1186/512879-019-3862-1 BMC InfectiOUS Disea

RESEARCH ARTICLE

he tolerability of single low dose d
primaquine in glucose-6-phosphate
deficient and normal falciparum-infected
Cambodians

Lek Dysoley'~, Saorin Kim®, Sergio Lopes®, Nimol Khim?, Steven Bjorges®, Samphornarann Top®, Chea Huch',

Huy Rekol', Nelli Westercamp®, Mark M. Fukuda’, Jimee Hwang®, Arantxa Roca-Feltrer!, Mavuto Mukaka™'®,

Didier Menard®'"" and Walter R. Taylor”'®"" j

0.25 mg base/kg single dose
49 nl pts; 12 deficient
Hb: p = 0.04

—e—— G6PD-deficient -=--8----  GBPD-normal

Mean for G6PDd Mean for G6PDn

Fig. 3 Haemoglobin dynamics of the HemoCue measured hemoglobin concentrations as a function of glucose-6-phosphate dehydrogenase
(G6PD) status

\




(' Cochrane
yo? Library

Cochrane Database of Systematic Reviews

Primaquine at alternative dosing schedules for preventing relapse

in people with Plasmodium vivax malaria (Review)
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Both mutations in G6PD A - are necessary to produce
the G6PD deficient phenotype

Margaret Town, Jose M.Bautista, Philip J.Mason and Lucio Luzzatto*
Department of Haematology, Royal Postgraduate Medical School, Hammersmith Hospital, London W12 ONN, UK
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Val Gin ASp A A; Class IV (normal); MAF .1-.34 African
GIn ASN 68M Asahi; Class Ill (low); rare (Asian)
)E Gin :E A= A-; Class Il (low); MAF up to 0.24 African
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G6PD variants based on sequencing (n=6325; 39% non-

6.4% of non-whites

white): > 83% of variants are A-/Asahi and <1% of whites
Male (white, n=2231) have a Class I-llI
2\1f3 Male (non-white, n=1455) variant

S0

1=Asahi/A- 50=Asahi/A-
3=other Class I-lll 11=other Class |-l
2=VUS 1=VUS

m B m Asahi, A- mclassl-lll VUS
m B m Asahi, A- mclassl-lll VUS
Female (white, n=1599) Female (non-white, n=1030)
—\/_

3=Asahi/A- hom

O=other Class I-lll hom

4=V US het

89=variable (het, > 90% A-)

3
1=Asahi/A- hom ‘
O=other Class I-1ll hom
6=VUS het

9=variable (het)

=B m Asahi, A- (hom) = classl-IIl (hom)

m VUS (het) m variable

=B m Asahi (hom) = classl-lll (hom)

m VUS (het) m variable
Robinson KM, et al. Pharmacogenomics J. 2019;19(3):305-14.



/&\16 G6PD Class I-lll variants were observed in American children with
ALL (n= 2489 non-whites, 3836 whites) with G6PD sequencing
All but one (D282H) are included on PharmacoScan

females females females females
(hom), (het), males, (hom), (het),
WHO_clas males, non- non- non- non- non- non-

AAChange.refGene s final.cat PharmacoScan white white white white white white white white

p.R454C [l classl-lll  Union,Maewo, Chinese-2, Kalo 2 0 3 0 0 0 0.002009 0
p.V291M [l classl-lll  Viangchan, Jammu 2 0 1 0 0 0 0.001205 0
p.H155D [l classl-lll Acrokorinthos 0 0 1 0 0 0 0.000402 0
p.R136C Il classl-Ill  Valladolid 0 0 1 0 0 0 0.000402 0
p.R439P Il classl-lll - Pawnee 0 0 0 0 0 1 0 0.000261
p.S188F [l classl-lll Mediterranean, Dallas, Panama, Sassari, Cagliari, Birmingham 0 0 0 1 0 0 0 0.000261
p.V68M 1 classl-lll  Asahi, A- 50 3 73 1 1 2 0.050623 0.001043
p.L323P 1 classl-lll  A-(968), Betica,Selma, Guantanamo 4 0 6 0 0 0 0.004018 0
p.E156K [ classl-lll  ilesha 1 0 2 0 0 0 0.001205 0
p.E317K 1] classl-lll  Kalyan-Kerala, Jamnaga, Rohini 0 0 1 0 0 1 0.000402 0.000261
p.D282H 11 classl-lll  Not Interrogated (Seattle, Lodi, Modena, Ferrara Il, Athens-like) 0 0 1 1 0 3 0.000402 0.001043
p.L235F [l classl-lll Nanning 0 0 1 0 0 0 0.000402 0
p.G163S [ classl-lll - Mahidol 1 0 0 0 0 0 0.000402 0
p.L128R [ classl-Ill  Salerno Pyrgos 1 0 0 1 0 0 0.000402 0.000261
p.R227Q 1] classl-lll - Mexico City 0 0 0 0 0 1 0 0.000261
p.148T 11 classl-lll Aures 0 0 0 0 0 1 0 0.000261
p.N126D \Y classlV A 138 25 131 8 2 8 0.11812 0.004692
p.D350H \% classlV Mirad'Aire 1 0 6 0 0 0 0.002812 0
p.M159| NA VUS Not Interrogated 1 0 1 0 0 1 0.000804 0.000261
p.G316D NA VUS Not Interrogated 0 0 1 0 0 1 0.000402 0.000261
p.D251N NA VUS Not Interrogated 0 0 1 0 0 0 0.000402 0
p.D194E NA VUS Not Interrogated 0 0 1 2 0 3 0.000402 0.001303
p.V303G NA VUS Not Interrogated 0 0 0 0 0 1 0 0.000261

Robinson KM, et al. Pharmacogenomics J. 2019;19(3):305-14.
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SJ patients

Most common Class I-lll variant observed was A-
(we found in 8.7% of blacks)

1000 Genomes Project Phase 3 allele frequencies

A-rs1050828
8.7% of
blacks

Viangchan
rs137852327
0.3% of all

968
rs/76723693
0.1% of all

ALL AMR
/ » C96% » (O 99%
» T 4% T 1%
ALL AFR AMR EAS EUR SAS

» A 100%
G: 0%

* A 100% _ _
0 G 0% . * A 100% . * A 100%

» A 099%
G 1%

Plus we found one Pawnee variant (< 1 in 100,000 Exac)



/L Even with WES, no additional genotypes significantly
correlated with G6PD activity besides the A- variant

pos platform

153764217 exomechip,wes,snpb6

153763492 wes,dmet
153759858 wes
153776107 wes

153760654 wes

multi.
coef multi.p

2.635 3.19E-05

1.459 5.06E-03
0.698 2.40E-01
-0.911 2.82E-01

0.442 6.04E-01

n.typed maf

406

563
374
350

375

0.034

0.075

0.306

0.009

0.141

white.  black. gene.

maf

maf func snp.func allele

nonsyno
0 0.117exonic  nymous A-

nonsyno
0 0.328exonic  nymous A

0.118 0.837UTR3
upstrea

0 0.034m

0.108 0.223exonic  synonymous

Robinson KM, et al. Pharmacogenomics J. 2019;19(3):305-14.



Jr\ G6PD phenotype based on genotype by gender

Male G6PD Phenotype Female G6PD Phenotype
n=768 n=623

30, 5%

21, 3% ® Normal Phenotype

“ Variable Phenotype

B Deficient Phenotype

PG4KDS data on PharmacoScan™ from 06/2020
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Prevalence of G6PD deficiency in a large cohort
of HIV-infected patients

Jose A. Serpa ®*, Erick Villarreal-Williams @, Thomas P. Giordano *°

e 75 of 1110 (6.8%) HIV pts had G6PD deficiency

37 deficient pts prescribed TMP/SMZ (160/800 qd or BID), 5
developed AHA (one due to surgery)

 AHA was not assessed in the non-deficient pts
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