
Status:
Still in author review 



G6PD CPIC guideline highlights:
• 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?



> 80 drugs and 
chemicals



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)



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

4-aminosalicylic acid glyburide pegloticase tafenoquine

aspirin hydroxychloroquine phenazopyridine tolbutamide

Chloramphenicol mafenide primaquine toluidine blue

Chloroquine mepacrine probenecid tolazamide

chlorpropamide mesalazine Quinine trametinib

Ciprofloxacin methylene blue rasburicase vitamin C

dabrafenib moxifloxacin Sodium nitrite vitamin K

dapsone nalidixic acid sulfacetamide

dimercaprol nicorandil sulfadiazine

doxorubicin nitrofural sulfadimidine

furazolidone nitrofurantoin sulfamethoxazole

gliclazide norfloxacin sulfanilamide

glimepiride ofloxacin sulfasalazine

glipizide sulfisoxazole

Sulfonylurea
Sulfa antimicrobial



From CPIC SOP



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



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

High evidence

• Good quality studies 
supporting G6PD 
involvement with control 
groups; OR

• Case reports with strong 
biological mechanism 
(e.g., production of 
H202), especially if drug 
rarely used; AND 

• No convincing 
contradictory data

Moderate evidence

• Medium quality studies 
supporting G6PD 
involvement with control 
group; OR

• Case reports with 
plausible mechanism; 
AND

• Little to no convincing 
contradictory data

Weak evidence

• Case reports or in vitro 
evidence only, especially 
for commonly used 
drugs; OR 

• Studies that refute G6PD 
involvement with no 
convincing supportive 
studies; AND

• No convincing 
mechanistic data



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

High evidence

• Good quality studies 
supporting lack of 
G6PD involvement 
with control groups; 
AND 

• No convincing 
contradictory data

Moderate evidence

• Medium quality 
studies supporting 
lack of G6PD 
involvement with 
control group; AND

• Little to no 
convincing 
contradictory data

Weak evidence

• Weak/flawed 
studies supporting 
lack of G6PD 
involvement; OR

• Case reports or in 
vitro evidence only, 
especially for 
commonly used 
drugs



Worksheet 
for 
evidence 
review for 
current 
guideline: 
evidence 
linking 
hemolysis 
with drug 
use in 
G6PD 
deficiency



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)



HIGH RISK MEDICATIONS
Avoid in patients with G6PD deficiency

MEDIUM RISK MEDICATIONS
Use with caution in patients with G6PD deficiency

LOW-TO-NO RISK MEDICATIONS
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

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



Regulatory agency warnings

• 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) 

• 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

• 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

United States Food and 
Drug Administration 

(FDA)

European Medicines 
Agency (EMA)

Pharmaceuticals and 
Medical Devices Agency -

Japan  (PMDA)

Health Canada (Santé 
Canada) (HCSC)

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

gliclazide n/a n/a n/a n/a
glimepiride CAUTION CAUTION n/a CAUTION

glipizide CAUTION n/a n/a n/a
glyburide CAUTION AVOID 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 n/a
pegloticase AVOID AVOID n/a n/a

phenazopyridine n/a n/a n/a n/a
primaquine AVOID n/a n/a CAUTION
probenecid CAUTION n/a n/a n/a

quinine CAUTION n/a n/a AVOID
rasburicase AVOID AVOID AVOID AVOID

sodium nitrite AVOID n/a n/a AVOID
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 AVOID 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



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

United States Food and 
Drug Administration 

(FDA)

European Medicines 
Agency (EMA)

Pharmaceuticals and 
Medical Devices Agency 

- Japan  (PMDA)

Health Canada (Santé 
Canada) (HCSC)

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

gliclazide n/a n/a n/a n/a
glimepiride CAUTION CAUTION n/a CAUTION

glipizide CAUTION n/a n/a n/a
glyburide CAUTION AVOID 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



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

United States Food and 
Drug Administration 

(FDA)

European Medicines 
Agency (EMA)

Pharmaceuticals and 
Medical Devices Agency 

- Japan  (PMDA)

Health Canada (Santé 
Canada) (HCSC)

nitrofurantoin CAUTION n/a n/a CAUTION
norfloxacin CAUTION n/a n/a CAUTION
ofloxacin n/a n/a n/a n/a

pegloticase AVOID AVOID n/a n/a
phenazopyridine n/a n/a n/a n/a

primaquine AVOID n/a n/a CAUTION
probenecid CAUTION n/a n/a n/a

quinine CAUTION n/a n/a AVOID
rasburicase AVOID AVOID AVOID AVOID

sodium nitrite AVOID n/a n/a AVOID
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 AVOID 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



Drug Risk Classification of Recommendation 
dapsone High Strong
methylene blue High Moderate
pegloticase High Strong
primaquine – standard dose High Strong
rasburicase High Strong
tafenoquine High Strong
toluidine blue High Moderatea

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
primaquine – 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 

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



examples



HIGH RISK MEDICATIONS
Avoid in patients with G6PD deficiency

MEDIUM RISK MEDICATIONS
Use with caution in patients with G6PD deficiency

LOW-TO-NO RISK MEDICATIONS
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

Assigning risk level for 
rasburicase/pegloticase--Strong



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



HIGH RISK MEDICATIONS
Avoid in patients with G6PD deficiency

MEDIUM RISK MEDICATIONS
Use with caution in patients with G6PD deficiency

LOW-TO-NO RISK MEDICATIONS
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

Assigning risk level for sulfamethoxazole--
optional



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

warnings



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)



Double blind randomized trial of TMP/SMZ 
320/1600 mg IV q12h vs vanco 1 g IV q 12 h
Half of pts were G6PD deficient 

Results: no TMP/SMX pt developed AHA; only 1 
vanco pt developed AHA; no differences in Hb



HIGH RISK MEDICATIONS
Avoid in patients with G6PD deficiency

MEDIUM RISK MEDICATIONS
Use with caution in patients with G6PD deficiency

LOW-TO-NO RISK MEDICATIONS
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

Assigning risk level for Nitrofurantoin--
optional



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



CPIC group

High

High
Medium
Low to no
High (dose-dep)

High
High

(plus tafenoquine = CPIC high)



Need to update gene/drug pair page



G6PD guideline prescribing 
recommendations

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







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



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







16 G6PD Class I-III 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

AAChange.refGene
WHO_clas
s final.cat PharmacoScan

males, 
white

females 
(hom), 
non-
white

females 
(het), 
non-
white

males, 
non-
white

females 
(hom), 
non-
white

females 
(het), 
non-
white

non-
white white

p.R454C II classI-III Union,Maewo, Chinese-2, Kalo 2 0 3 0 0 0 0.002009 0
p.V291M II classI-III Viangchan, Jammu 2 0 1 0 0 0 0.001205 0
p.H155D II classI-III Acrokorinthos 0 0 1 0 0 0 0.000402 0
p.R136C II classI-III Valladolid 0 0 1 0 0 0 0.000402 0
p.R439P II classI-III Pawnee 0 0 0 0 0 1 0 0.000261
p.S188F II classI-III Mediterranean, Dallas, Panama‚ Sassari, Cagliari, Birmingham 0 0 0 1 0 0 0 0.000261
p.V68M III classI-III Asahi, A- 50 3 73 1 1 2 0.050623 0.001043
p.L323P III classI-III A- (968), Betica,Selma, Guantanamo 4 0 6 0 0 0 0.004018 0
p.E156K III classI-III ilesha 1 0 2 0 0 0 0.001205 0
p.E317K III classI-III Kalyan-Kerala, Jamnaga, Rohini 0 0 1 0 0 1 0.000402 0.000261

p.D282H III classI-III Not Interrogated (Seattle, Lodi, Modena, Ferrara II, Athens-like) 0 0 1 1 0 3 0.000402 0.001043
p.L235F III classI-III Nanning 0 0 1 0 0 0 0.000402 0
p.G163S III classI-III Mahidol 1 0 0 0 0 0 0.000402 0
p.L128R III classI-III Salerno Pyrgos 1 0 0 1 0 0 0.000402 0.000261
p.R227Q III classI-III Mexico City 0 0 0 0 0 1 0 0.000261
p.I48T III classI-III Aures 0 0 0 0 0 1 0 0.000261
p.N126D IV classIV A 138 25 131 8 2 8 0.11812 0.004692
p.D350H IV classIV Mirad'Aire 1 0 6 0 0 0 0.002812 0
p.M159I 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.







Predicted G6PD 
phenotype based on 
genotype

Implications for 
phenotypic 
measures

Therapeutic recommendations for high risk drugs Classification of 
recommendationsa

Considerations

Normal Low risk of acute 
hemolytic anemia 

No reason to avoid a high risk drug based on G6PD 
status

Strong

Deficient High risk of acute 
hemolytic anemia 

Avoid use of high risk drug See Table 2 for drug 
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–III) 
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 

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

Moderate

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



Predicted G6PD 
phenotype based on 
genotype

Implications for 
phenotypic measures

Therapeutic recommendations for medium 
risk drugs

Classification of 
recommendationsa

Considerations

Normal Low risk of acute 
hemolytic anemia 

No reason to avoid a medium risk drug based 
on G6PD status

Strong

Deficient Medium risk of acute 
hemolytic anemia 

Use medium risk drug at standard doses with 
caution with close monitoring for anemia

Drug-dependent Close monitoring may be more 
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–III) 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

Table 4. Recommended therapeutic use of medium risk drugs* in relation to G6PD 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. 



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 
hemolytic anemia 

No reason to avoid a low-to-no 
risk drug based on G6PD status.

Strong

Deficient Low-to-no risk of acute 
hemolytic anemia 

No reason to avoid a low-to-no 
risk drug based on G6PD status 
at standard doses. 

See Table 2 Although low-to-no risk drugs are not known to cause a 
higher risk of AHA in G6PD deficient than G6PD normal 
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 
CNSHA

High risk of acute on chronic 
hemolysis

Use all drugs cautiously in this 
group; if used, close monitoring 
for anemia is recommended.

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

Variable Low-to-no risk of acute 
hemolytic anemia

No reason to avoid a low-to-no 
risk drug based on G6PD status 
at standard doses. 

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

No reason to avoid a low-to-no 
risk drug based on G6PD status 
at standard doses. 

Moderate

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



Table 6. Recommended therapeutic use of primaquine in relation to G6PD phenotype
Predicted 
G6PD 
phenotype 
based on 
genotype

Implications for 
phenotypic 
measures

Therapeutic recommendations Classificatio
n of 
recommend
ationsa

Considerations

Normal Low risk of acute 
hemolytic anemia 

No reason to avoid primaquine based on G6PD 
status

Strong

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

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.

Strong Dosing recommendations for primaquine in patients with 
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 
CNSHA

High risk of acute 
on chronic 
hemolysis

Avoid primaquine Strong The strength of evidence among patients with the G6PD 
Deficient phenotype provides strong rationale to also 
avoid primaquine in the setting of the more severe G6PD 
Deficient with CNSHA phenotype.

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–III) 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 

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. 



CDS alert language: drug specific



examples



CDS for rasburicase (high risk drug, strong recommendation)

G6PD 
Phenotype

CDS 
Context, 
Relative to 
Genetic 
Testing CDS Alert Text 

No G6PD 
result on file 

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.

G6PD normal No CDS n/a
G6PD 
deficient

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.

G6PD 
deficient with 
CNSHA

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.

G6PD 
variable

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. 

G6PD 
indeterminat
e 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. 


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 
Phenotyp

CDS 
Context, 

CDS Alert Text 

No G6PD 
result on 
file 

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.

G6PD No CDS n/a
G6PD 
deficient

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.

G6PD 
deficient 
with 

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.

G6PD 
variable

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. 

G6PD 
indetermi
nate 

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. 


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

G6PD PhenotypeCDS 
Context, 
Relative 
to Genetic 
Testing CDS Alert Text 

No G6PD result on  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.

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 
with CNSHA

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. 

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 indetermina  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 
to Genetic Testing

CDS Alert Text 

No G6PD result on file No CDS n/a
G6PD normal No CDS n/a
G6PD deficient No CDS n/a
G6PD deficient with 
CNSHA

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. 

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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Avoid
• Dapsone
• Methylene Blue
• Pegloticase
• Primaquine – std does
• Rasburicase
• Tafenoquine
• Toluidine blue

G6PD Deficiency Avoid Alert



This patient has an active entry on the problem list for G6PD 
deficiency. [Name of drug] may cause hemolytic anemia in patients 
with G6PD deficiency and should be used with caution. If this 
medication is used, monitor the patient for signs of hemolysis 
including hyperbilirubinemia, methemoglobinemia, and abdominal 
pain. Please consult a clinical pharmacist or click on Add’l info for 
more information 

This patient has an active entry on the problem list for G6PD 
deficiency. Nitrofurantoin MAY cause hemolytic anemia in patients 
with G6PD deficiency and should be used with caution. If this 
medication is used, monitor the patient for signs of hemolysis 
including decreased hemoglobin, methemoglobinemia, 
hyperbilirubinemia, and abdominal pain. Please consult a clinical 
pharmacist or click on Add’l info for more information. 

Caution

Cancel Nitrofurantoin order

Continue Nitrofurantoin order- benefit outweighs risk

G6PD Deficiency Caution Alert

Use with 
caution

• Nitrofurantoin
• Primaquine—low 

dose



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

You are attempting to place an order for Dapsone on a patient 
who has unknown G6PD status. The patient may be at increased 
risk of developing hemolytic anemia if G6PD deficient and 
Dapsone is prescribed. G6PD enzyme activity testing is 
recommended to assess for G6PD deficiency prior to prescribing 
Dapsone (check the box below). Please consult a clinical 
pharmacist or click on Add’l info for more information. 

Cancel Dapsone order

Continue Dapsone order- benefit outweighs risk

Pre G6PD Result Alert



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).”



Question slides



Current risk assignments for G6PD drugs; primaquine is dose-dependent

dapsone High-risk Moderate

methylene blue High-risk Moderate

pegloticase High-risk Strong

primaquine – standard dose High-risk Strong

rasburicase High-risk Strong

tafenoquine High-risk Strong

toluidine blue High-risk Moderate*

nitrofurantoin Medium-risk Optional

primaquine – low dose 
(0.75 mg/kg or 45 mg once 
weekly for 8 weeks) for 
Plasmodium vivax malaria Medium-risk Strong

4-aminosalicylic acid Low-to-no risk Optional
aspirin ≤ 1 g/day Low-to-no risk Moderate
chloramphenicol Low-to-no risk Moderate
chloroquine Low-to-no risk Moderate
ciprofloxacin Low-to-no risk Optional
dimercaprol Low-to-no risk Optional
doxorubicin Low-to-no risk Optional
furazolidone Low-to-no risk Optional
glyburide Low-to-no risk Optional
hydroxychloroquine Low-to-no risk Moderate
mafenide Low-to-no risk Optional
nalidixic acid Low-to-no risk Optional
norfloxacin Low-to-no risk Optional
ofloxacin Low-to-no risk Optional
phenazopyridine Low-to-no risk Optional
primaquine – single 
low dose (0.25 mg/kg) 
for Plasmodium 
falciparum malaria Low-to-no risk Strong
quinine Low-to-no risk Optional
sulfadiazine Low-to-no risk Optional
sulfadimidine Low-to-no risk Optional
sulfamethoxazole Low-to-no risk Optional
sulfanilamide Low-to-no risk Optional
sulfasalazine Low-to-no risk Optional
sulfisoxazole Low-to-no risk Optional
tolbutamide Low-to-no risk Optional
vitamin C Low-to-no risk Moderate
vitamin K Low-to-no risk Moderate

aspirin > 1 g/day
chlorpropamide
dabrafenib
gliclazide
glimepiride
glipizide
mepacrine
mesalazine
moxifloxacin
nicorandil
nitrofural
probenecid
sulfacetamide
tolazamide
trametinib

No recommendation

Note: other 
sulfonylureas, sulfas, 
and quinolones are 
low-to-no risk

Low-to-no riskHigh or Medium risk



Current risk assignments for G6PD drugs

dapsone High-risk Moderate

methylene blue High-risk Moderate

pegloticase High-risk Strong

primaquine – standard dose High-risk Strong

rasburicase High-risk Strong

tafenoquine High-risk Strong

toluidine blue High-risk Moderate*

nitrofurantoin Medium-risk Optional

primaquine – low dose 
(0.75 mg/kg or 45 mg once 
weekly for 8 weeks) for 
Plasmodium vivax malaria Medium-risk Strong

4-aminosalicylic acid Low-to-no risk Optional
aspirin ≤ 1 g/day Low-to-no risk Moderate
chloramphenicol Low-to-no risk Moderate
chloroquine Low-to-no risk Moderate
ciprofloxacin Low-to-no risk Optional
dimercaprol Low-to-no risk Optional
doxorubicin Low-to-no risk Optional
furazolidone Low-to-no risk Optional
glyburide Low-to-no risk Optional
hydroxychloroquine Low-to-no risk Moderate
mafenide Low-to-no risk Optional
nalidixic acid Low-to-no risk Optional
norfloxacin Low-to-no risk Optional
ofloxacin Low-to-no risk Optional
phenazopyridine Low-to-no risk Optional
primaquine – single 
low dose (0.25 mg/kg) 
for Plasmodium 
falciparum malaria Low-to-no risk Strong
quinine Low-to-no risk Optional
sulfadiazine Low-to-no risk Optional
sulfadimidine Low-to-no risk Optional
sulfamethoxazole Low-to-no risk Optional
sulfanilamide Low-to-no risk Optional
sulfasalazine Low-to-no risk Optional
sulfisoxazole Low-to-no risk Optional
tolbutamide Low-to-no risk Optional
vitamin C Low-to-no risk Moderate
vitamin K Low-to-no risk Moderate

aspirin > 1 g/day
chlorpropamide
dabrafenib
gliclazide
glimepiride
glipizide
mepacrine
mesalazine
moxifloxacin
nicorandil
nitrofural
probenecid
Sodium nitrite
sulfacetamide
tolazamide
trametinib

No recommendation

Note: other 
sulfonylureas, sulfas, 
and quinolones are 
low-to-no risk

Low-to-no riskHigh or Medium risk





Existing G6PD allele frequency table



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

• Mixed evidence has led 
to different conclusions 
and recommendations

• Lack of consensus 
possibly due to 
–medication risk level
–confounding factors

• Infection

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



> 190 
variants 
described, 
but most 
are very 
rare



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

A- rs1050828
8.7% of 
blacks

Viangchan
rs137852327 
0.3% of all

968 
rs76723693 
0.1% of all

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

SJ patients



Wild type

A-; Class III (low); MAF up to 0.24 African

Asahi; Class III (low); rare (Asian)

A; Class IV (normal); MAF .1-.34 African

DMET, PharmacoScan

PharmacoScan







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





> 190 
variants 
described, 
but most 
are very 
rare



Wild type

A-; Class III (low); MAF up to 0.24 African

Asahi; Class III (low); rare (Asian)

A; Class IV (normal); MAF .1-.34 African

DMET, PharmacoScan

PharmacoScan



G6PD variants based on sequencing (n=6325; 39% non-
white): > 83% of variants are A-/Asahi

6.4% of non-whites 
and <1% of whites 
have a Class I-III 
variant

1393

5011 1
Male (non-white, n=1455)

B Asahi, A- classI-III VUS

2225

1 32
Male (white, n=2231)

B Asahi, A- classI-III VUS

1589

1 9
Female (white, n=1599)

B Asahi (hom) classI-III (hom)

VUS (het) variable

938

3 89
Female (non-white, n=1030)

B Asahi, A- (hom) classI-III (hom)

VUS (het) variable

1=Asahi/A-
3=other Class I-III
2=VUS

3=Asahi/A- hom
0=other Class I-III hom
4=VUS het
89=variable (het, > 90% A-)

50=Asahi/A-
11=other Class I-III
1=VUS

1=Asahi/A- hom
0=other Class I-III hom
6=VUS het
9=variable (het)

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



16 G6PD Class I-III 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

AAChange.refGene
WHO_clas
s final.cat PharmacoScan

males, 
white

females 
(hom), 
non-
white

females 
(het), 
non-
white

males, 
non-
white

females 
(hom), 
non-
white

females 
(het), 
non-
white

non-
white white

p.R454C II classI-III Union,Maewo, Chinese-2, Kalo 2 0 3 0 0 0 0.002009 0
p.V291M II classI-III Viangchan, Jammu 2 0 1 0 0 0 0.001205 0
p.H155D II classI-III Acrokorinthos 0 0 1 0 0 0 0.000402 0
p.R136C II classI-III Valladolid 0 0 1 0 0 0 0.000402 0
p.R439P II classI-III Pawnee 0 0 0 0 0 1 0 0.000261
p.S188F II classI-III Mediterranean, Dallas, Panama‚ Sassari, Cagliari, Birmingham 0 0 0 1 0 0 0 0.000261
p.V68M III classI-III Asahi, A- 50 3 73 1 1 2 0.050623 0.001043
p.L323P III classI-III A- (968), Betica,Selma, Guantanamo 4 0 6 0 0 0 0.004018 0
p.E156K III classI-III ilesha 1 0 2 0 0 0 0.001205 0
p.E317K III classI-III Kalyan-Kerala, Jamnaga, Rohini 0 0 1 0 0 1 0.000402 0.000261

p.D282H III classI-III Not Interrogated (Seattle, Lodi, Modena, Ferrara II, Athens-like) 0 0 1 1 0 3 0.000402 0.001043
p.L235F III classI-III Nanning 0 0 1 0 0 0 0.000402 0
p.G163S III classI-III Mahidol 1 0 0 0 0 0 0.000402 0
p.L128R III classI-III Salerno Pyrgos 1 0 0 1 0 0 0.000402 0.000261
p.R227Q III classI-III Mexico City 0 0 0 0 0 1 0 0.000261
p.I48T III classI-III Aures 0 0 0 0 0 1 0 0.000261
p.N126D IV classIV A 138 25 131 8 2 8 0.11812 0.004692
p.D350H IV classIV Mirad'Aire 1 0 6 0 0 0 0.002812 0
p.M159I 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.



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

A- rs1050828
8.7% of 
blacks

Viangchan
rs137852327 
0.3% of all

968 
rs76723693 
0.1% of all

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

SJ patients



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

pos platform
multi. 
coef multi.p n.typed maf

white. 
maf

black. 
maf

gene. 
func snp.func allele

153764217exomechip,wes,snp6 2.635 3.19E-05 406 0.034 0 0.117exonic
nonsyno
nymous A-

153763492wes,dmet 1.459 5.06E-03 563 0.075 0 0.328exonic
nonsyno
nymous A

153759858wes 0.698 2.40E-01 374 0.306 0.118 0.837UTR3

153776107wes -0.911 2.82E-01 350 0.009 0 0.034
upstrea
m

153760654wes 0.442 6.04E-01 375 0.141 0.108 0.223exonic synonymous

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



G6PD phenotype based on genotype by gender

747, 97%

21, 3%

Male G6PD Phenotype
n= 768 

587, 94%

30, 5% 6, 1%

Female G6PD Phenotype
n=623 

Normal Phenotype

Variable Phenotype

Deficient Phenotype

PG4KDS data on PharmacoScan™ from 06/2020



• 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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