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Background: Thiopurines are an important class of immunosuppressants despite their risk for 

hematopoietic toxicity and narrow therapeutic indices. Benign neutropenia related to an ACKR1 
variant (rs2814778-CC) is common among individuals of African ancestries.

Objective: We tested whether rs2814778-CC was associated with azathioprine discontinuation 

attributed to hematopoietic toxicity and lower thiopurine dosing.

Design: Retrospective cohort study.

Setting: Two tertiary care centers.

Patients: Thiopurines users with White or Black race.

Measurements: Azathioprine discontinuation attributed to hematopoietic toxicity. Secondary 

outcomes included weight-adjusted last dose, white blood cell (WBC) and delta WBC counts.

Results: The discontinuation rate of azathioprine attributed to hematopoietic toxicity was 

3.92/100 person-years among patients with the CC genotype (n=101) and 1.34/100 person-years 

among patients without the CC genotype (n=1,365) [hazard ratio (HR)=2.92, 95%CI: 1.57–5.41, 

competing hazards model]. The risk remained significant when adjusted by race (HR=2.61, 1.01–

6.71). The risk associated with race alone (HR=2.13, 1.21–3.75) was abrogated by adjustment for 

genotype (HR=1.13, 0.48–2.69). Lower dosing and other secondary outcomes, except delta WBC 

count, were significant among patients who did not discontinue for hematopoietic toxicity. Lower 

dosing was validated in an external cohort of 94 children of African ancestries prescribed the 

thiopurine 6-mercaptopurine (6-MP) for acute lymphoblastic leukemia (ALL). The CC genotype 

was independently associated with lower 6-MP intensity dosages relative to the target daily dose

—75 mg/m2 (CC: median 0.83 interquartile range [0.70–0.94] vs TT or TC: 0.94 [0.73–1.13], 

P=0.013).

Limitations: Unmeasured confounding. Data limited to tertiary centers.

Conclusion: Patients with the CC genotype faced higher risk for discontinuation for attributed 

hematopoietic toxicity and lower doses. Genotype, even adjusted for race, is associated with those 

risks.

Primary Funding Source: National Institutes of Health

The thiopurine azathioprine is a widely available, orally administered, and affordable 

immunosuppressant used globally for the treatment of a wide range of indications, including 

inflammatory conditions such as systemic lupus erythematosus (SLE), inflammatory bowel 

disease, and rheumatoid arthritis.(1) However, azathioprine has a narrow therapeutic index, 

and its use is often limited by side effects—primarily hematopoietic toxicity.(2–4) Genetic 

variants in thiopurine S-methyltransferase (TPMT) and nudix hydrolase 15 (NUDT15) more 

than double the risk for hematopoietic toxicity in patients taking azathioprine, but most 

patients who discontinue azathioprine do not carry these variants.(5–7)

Some individuals have lower neutrophil counts without increased risk for infection—a 

condition known as benign neutropenia.(8–10) One common form of benign neutropenia is 

due to a single nucleotide polymorphism (SNP), rs2814778, located in the promoter region 

of ACKR1 (also known as the Duffy antigen receptor for chemokines).(11, 12) This receptor 

is not only a chemokine binding protein, but also a blood group antigen expressed on 

Dickson et al. Page 2

Ann Intern Med. Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



erythrocytes and a receptor for Plasmodium vivax, a malaria parasite;(13) the homozygous 

variant rs2814778-CC prevents expression of ACKR1 on erythrocytes and confers resistance 

to P. vivax malaria.(14)

Individuals with the rs2814778-CC genotype have an ACKR1-null phenotype (i.e., Duffy-

null). This phenotype is found in approximately half of U.S. patients with recent African 

ancestries, but it is rare in individuals of European ancestries;(11, 15) as such, average 

neutrophil counts are lower among patients with African ancestries. After observing that 

patients with EHR-reported Black race discontinued azathioprine for hematopoietic toxicity 

at a higher rate than patients with EHR-reported White race in data collection,(5) we 

hypothesized that the rs2814778-CC genotype was associated with a difference in thiopurine 

discontinuation and dose, independent of race, age, indication, institution, and TPMT and 

NUDT15 metabolizer status.

METHODS

This retrospective cohort study was conducted in BioVU, a clinical practice-based biobank 

at Vanderbilt University Medical Center. BioVU links de-identified electronic health records 

(EHR) with stored DNA samples(16) and access to demographic characteristics, clinical 

care notes, medical history, problem lists, medications, and diagnostic and procedure codes.

(17) The study was reviewed by the Vanderbilt University Medical Center’s Institutional 

Review Board (IRB#180498) and determined to be non-human subjects research.

Study population:

The study population included 1,466 patients (Figure 1). We identified potential azathioprine 

users through natural language processing and review of clinical records. Using data 

gathered from this review (Supplement Methods 1), we applied the following inclusion 

criteria: (1) available DNA successfully genotyped using the Illumina Infinium® Expanded 

Multi-Ethnic Genotyping Array plus custom content platform (VUMC BioVU MEGAEX) 

that passed post-imputation quality control; (2) new azathioprine users; (3) azathioprine 

prescribed for inflammatory conditions including SLE, vasculitis, rheumatoid arthritis, other 

connective tissue disorders, or inflammatory bowel disease; and (4) EHR-reported race as 

Black or White. Exclusion criteria were: (1) record of previous treatment with a thiopurine 

in the EHR; and (2) previous medical history that could indicate potentially compromise 

genetic material (e.g., stem cell transplant).

Genotyping and analysis of rs2814778:

The SNP associated with benign neutropenia— rs2814778—was directly genotyped as part 

of prior investigations on the VUMC BioVU MEGAEX platform. Standard quality control 

measures were applied (Supplement Methods 2).(5) Only the CC genotype for this SNP 

is associated with lower neutrophils; as such, we grouped individuals with TT and TC 

genotypes for comparison against patients with the CC genotype.
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Follow-up:

Patients entered the cohort on the date of their first mention of azathioprine use in the EHR. 

We defined end of follow-up as the first of the following dates: (1) day of discontinuation; 

(2) last confirmed azathioprine prescription or mention of use + 90 days; (3) lost to follow-

up; (4) day of death; or (5) end of the study—12/31/2018.

Outcomes:

We previously reviewed EHRs blinded to any genotype and recorded reasons (hematopoietic 

and non-hematopoietic) for azathioprine discontinuation (Supplement Methods 1).(5) The 

pre-specified primary study outcome was discontinuation of azathioprine attributed to 

hematopoietic toxicity, defined as leukopenia, neutropenia, thrombocytopenia, pancytopenia, 

and/or anemia, based on provider’s assessment. Patients fulfilled the outcome even if 

the review indicated additional reasons (e.g., fever), (Supplement Methods 1). Secondary 

outcomes were white blood cell (WBC) count and neutrophil count (NC) closest to end 

of follow-up (thirty days prior to last dose till three days subsequent), change in WBC 

count from initial dose to end of follow-up, and weight-adjusted last azathioprine dose. As a 

sensitivity analysis, we restricted WBC counts and NCs (stopping on last dose date).

Race:

We used EHR information to capture all clinical variables (Supplement Methods 1). To 

evaluate a real-world decision-making environment and account for potential social factors 

in our outcome, we used attribution of race in the clinical record, rather than a genetic 

determination of ancestry. Nevertheless, previous studies found that race and genetic 

ancestry have high concordance in BioVU, and we assessed the consistency of reported 

race and genetic ancestry (Supplement Methods 2).(18)

Other Covariates:

We also collected information about sex, age, initial daily dose of azathioprine, indication, 

calendar year of initial dose, baseline WBC count (closest measure to initial dose from 365 

days prior to and including initial dose date), and TPMT (genetic variants, enzyme levels, 

or metabolites) testing before azathioprine exposure from the EHR (Supplement Methods 

1). We generated calendar year tertiles and categorized indications as a binary variable 

(e.g., SLE or not). We assigned metabolizer status—normal, indeterminate, intermediate, 

or poor—for TPMT and NUDT15 based on the SNPs available after imputation and 

quality control (Supplement Methods 2; Supplement Table 1).(5) For statistical analyses, we 

designated patients’ overall TPMT/NUDT15 metabolizer status as the poorer of the two and 

further grouped patients as (1) poor/intermediate metabolizers or (2) normal/indeterminate 

metabolizers of azathioprine.

Statistical analyses:

We present demographic and clinical characteristics as numbers and percentages, dose and 

time-based variables as median and interquartile range (IQR), and other continuous variables 

as mean and standard deviation (SD). We used Fisher’s exact tests to compare categorical 

variables and Wilcoxon’s rank sum tests for continuous variables.
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In the primary analysis, we estimated the incidence rates of azathioprine discontinuation 

attributed to hematopoietic toxicity between patients with and without the CC genotype. 

These rates were adjusted for competing risks for discontinuation.(19) Results were further 

adjusted for the following: (1) sex and age at initial dose; (2) sex, age at initial dose, and 

TPMT/NUDT15 metabolizer status group; and (3) sex, age at initial dose, TPMT/NUDT15 

metabolizer status group, tertile of calendar year at initial dose, and indication of SLE 

(because SLE is frequently associated with leukopenia). As an alternative to potential 

overfitting, we calculated a propensity score using these variables; given the limited number 

of outcomes and relatively small exposure group,(20–23) we directly adjusted by the 

propensity score in Model 3. To assess balance, we calculated standardized mean differences 

after inverse probability treatment weighting. We also completed a sensitivity analysis using 

a linear predictor for our primary analysis Model 3.

These models were re-run adjusted for race to test whether race was acting as a 

confounder. Further, because the CC genotype is rare among individuals of predominantly 

European ancestries but common among individuals of predominantly African ancestries, 

several additional analyses addressed the relationship between race and genetic ancestry 

to rule out alternative potential explanations for the association. First, the association 

of another variant commonly associated with African ancestries—namely, rs334 (i.e., a 

variant that causes sickle-cell anemia)—was tested to determine if other alleles common 

in patients with African ancestries, but rare in patients with European ancestries, predicted 

azathioprine discontinuation for hematopoietic toxicity. Then, we addressed the possibility 

that socioeconomic factors or disparities in access to care based upon race propelled the 

differences we noted by genotype. If socioeconomic factors or disparities in access to care 

were playing a role in discontinuation attributed to hematopoietic toxicities, they likely 

would also contribute to discontinuation attributed to non-hematopoietic reasons. As such, 

we estimated the incidence rates and used Cox proportional-hazard models to compare the 

risk for azathioprine discontinuation due to hematopoietic toxicity and non-hematopoietic 

reasons by race. Finally, we repeated the primary analysis stratified by both genotype and 

race.

We also performed several sensitivity analyses: (1) adjustment for baseline WBC counts; 

(2) restricted to adults (i.e., patients ≥18 years of age at initial dose); (3) stratified 

by TPMT/NUDT15 metabolizer status; (4) without competing risk; and (5) with only 

neutropenia, leukopenia, and pancytopenia included in the outcome (i.e., with anemia and 

thrombocytopenia included among competing risks).. Additionally, we used Wilcoxon rank-

sum test to compare the secondary outcomes—weight-adjusted final dose, WBC counts 

and NC at last observation, and change in WBC counts from baseline to end of follow-up—

among patients with and without the rs2814778-CC genotype. We stratified these analyses 

by whether patients discontinued for attributed hematopoietic toxicity.

All analyses were conducted using StataCorp’s Stata software version 16.0.(24)

Validation:

The validation cohort expanded our ability to examine the association between rs2814778-

CC and clinical decision-making across a range of indications, treatment centers, and age 
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groups; its internal uniformity allowed us to assess the potential impact of rs2814778 

on drug metabolism. This cohort was comprised of 94 children of African ancestry with 

acute lymphoblastic leukemia (ALL) who were enrolled in the Children’s Oncology Group 

AALL03N1 trial (www.clinicaltrials.gov identifier NCT00268528)(25–27) and were normal 

TPMT and NUDT15 metabolizers. Azathioprine is a pro-drug of 6-mercaptopurine (6-MP);

(28) in this trial, the planned target daily 6-MP protocol dose was 75 mg/m2, and the dose 

was adjusted based on bone marrow suppression or infections. We used the Wilcoxon-rank 

sum tests to compare dose intensity (i.e., the average ratio of actual 6-MP dose over 

planned per-protocol dose captured monthly over 6-months during maintenance therapy) 

between genotype groups. We also compared dose-adjusted metabolite levels—namely, 

thioguanine nucleotides (rTG) and 6-methylmercaptopurine nucleotides (MMPN) to address 

the possibility that differences in drug metabolism impacted outcomes. Genotypes for 

rs2814778 were directly interrogated using the Illumina Exome-12 BeadChip array.

Role of the funding source(s):

The funding source had no role in the study design; in the collection, analysis, and 

interpretation of data; in the writing of the report; nor in the decision to submit the paper for 

publication.

RESULTS

Cohort and follow-up:

The VUMC cohort included 1,466 new users of azathioprine with diagnoses of 

inflammatory conditions; their median follow-up was 20.7 [3.29–61.0] months. Patients 

had a mean age of 44.0±17.4 years, 985 (67.2%) were female, and 1,301 (88.7%) were 

White. EHR-reported race was consistent with genetic ancestry. In this cohort, 1,295 

(99.5%) patients with White race had predominantly European ancestries, and 155 (93.9%) 

patients with Black race had predominantly African ancestries (P<0.001). Patients with 

the CC genotype (n=101) had a median follow-up of 21.6 months compared to 20.4 

months for the 1,365 patients with the TT or TC genotype (P=0.56). Table 1 shows the 

baseline characteristics of patients included in the study by genotype. Patients with the CC 

genotype did not differ significantly in initial dose, calendar year of initial dose, or prior 

testing for TPMT. As anticipated, the CC genotype was very rare among patients with 

EHR-reported White race (n=5; 0.38%)(Supplement Table 2). Additionally, patients with the 

CC genotype had lower mean baseline WBC, younger age, higher prevalence of SLE, and 

lower prevalence of normal TPMT/NUDT15 metabolizer status compared to patients with 

the TT or TC genotype.

Azathioprine discontinuation attributed to hematopoietic toxicity by rs2814778 genotype:

The primary endpoint, discontinuation of azathioprine attributed to hematopoietic toxicity, 

occurred in 71 patients—12 patients with the CC genotype (3.92/100 person-years) and 

59 patients with either the TT or TC genotype (1.34/100 person-years). In competing risk 

analysis, the risk for discontinuation attributed to hematopoietic toxicity was higher for 

patients with the CC genotype (HR=2.92, 95% CI:1.57–5.41, P=0.001), and this association 

remained significant in all adjusted models: Model 1 (aHR=3.05, 95% CI:1.65–5.62, 
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P<0.001), Model 2 (aHR=2.89, 95%CI:1.56–5.30, P=0.001), and Model 3 (aHR=2.85, 95% 

CI:1.55–5.23, P=0.001), (Supplement Table 3). When we calculated standardized differences 

after inverse probability treatment weighting, all differences were <0.06, indicating good 

balance (Supplement Table 4);(20, 29) when we re-ran the propensity score adjusted model 

using a linear predictor as a sensitivity analysis, the results were consistent with our primary 

analysis adjusted Model 3 (HR=2.93, 95%CI: 1.60–5.37, p=0.001). A series of sensitivity 

analyses yielded similar results to our primary analysis (Supplement Table 3). Figure 2 

shows the cumulative incidence of azathioprine discontinuation due to myelotoxicity over 

time by genotype group.

Accounting for confounding by common ancestral genetic traits or EHR-reported race:

When the primary models were adjusted for race, the results suggested that race did not 

impact risk beyond its correlation with the genotype. Without adjusting for genotype, race 

had an association with discontinuation attributed to hematopoietic toxicity in competing 

risk analysis (HR=2.13, 95%CI: 1.21–3.75, P=0.009). However, that association was 

abrogated when race was adjusted by genotype (HR=1.13, 95%CI: 0.48–2.69, P=0.78), 

while the CC genotype remained significant when adjusted by race (HR=2.61, 95%CI: 

1.01–6.71, P=0.047). Results were consistent after additional adjustments, when assessed by 

genetic ancestry, and when restricted to patients with Black race (Supplement Table 5).

Additional potential factors were addressed to assess whether race increased risk 

independent of the CC genotype, including (1) common ancestral traits, and (2) 

socioeconomic factors and/or access to care related to racial identification. First, an 

association analysis with the sickle cell anemia variant rs334 found no significant 

association between the minor allele and discontinuation attributed to hematopoietic 

toxicities (Supplement Table 5). With respect to the impact of racial identification, while 

associations for discontinuation attributed to hematopoietic toxicities remained significant 

by race before adjustment for genotype, non-hematologic toxicities were not (Supplement 

Figure 1; Supplement Table 3). Finally, the cohort was stratified by both race and genotype 

for association analysis to assess whether race was compounding the association detected 

for genotype. Patients with a CC genotype and EHR-reported White race were omitted from 

this analysis, because their numbers were very small (n=5) and most had predominantly 

African ancestries (n=4)(Supplement Table 2). Patients with the TT or TC genotype did not 

differ significantly in their associations by race. Relative to White patients with the TT or 

TC genotype, in competing risk analyses, Black patients with the TT or TC genotype had 

a HR=0.96 (95%CI: 0.30–2.99, P=0.94), while EHR-reported Black patients with the CC 

genotype had a HR=3.06 (95%CI: 1.65–5.70, P<0.001). This difference was consistent after 

adjustments (Supplement Table 5). Figure 3 shows the cumulative incidence of azathioprine 

discontinuation due to myelotoxicity over time by genotype group and EHR-reported race.

Secondary outcomes:

Secondary outcomes included available last WBC count, last NC, change in WBC count 

from baseline to end of follow-up, and weight-adjusted final dose. Among patients 

discontinued for attributed hematopoietic toxicity (n=71), the last WBC count, last NC, 

and weight-adjusted final dose did not differ significantly between genotypes (Table 2; 
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Supplement Table 6). Among patients who did not discontinue for attributed hematopoietic 

toxicity (n=1,294), last WBC count and NC were significantly lower for patients with 

the CC genotype compared to patients with the TT or TC genotype. Moreover, the weight-

adjusted final dose was 1.05 [0.65–1.49] mg/kg/day for patients with the CC genotype 

versus 1.27 [0.78–1.89] mg/kg/day for patients with the TT or TC genotype (P=0.009). This 

difference remained significant when restricted to normal TPMT/NUDT15 metabolizers 

(1.02 [0.65–1.47] versus 1.31 [0.79–1.90] mg/kg/day, P=0.005). There was no significant 

difference in the change in WBC count from baseline to end of follow-up among patients in 

either group.

Validation cohort:

Because the CC genotype is so rare among individuals of predominantly European 

ancestries and in order to avoid the potential impact of disparate TPMT/NUDT15 

metabolizer status, the validation cohort was limited to patients of African ancestries with 

normal TPMT/NUDT15 metabolizer status. Consistent with dosing results in the main 

VUMC cohort (for patients who were not discontinued for hematopoietic toxicity), children 

with African ancestry who carried the CC genotype (n=67) tolerated lower 6-MP dose 

intensity compared to children who carried the TT or TC genotypes (n=27): 0.83 [0.70–

0.94] vs 0.94 [0.73–1.13], P=0.013 (Figure 4). In contrast, dose-adjusted metabolite levels 

did not differ significantly between the two groups (Supplement Figure 2).

DISCUSSION

In this retrospective cohort study of new thiopurine users, the ACKR1 variant rs2814778-

CC was associated with a difference in thiopurine discontinuation and dose, independent 

of race, age, indication, institution, and TPMT and NUDT15 metabolizer status. In the 

primary cohort, we sought to identify the patterns of discontinuation and dose reduction by 

genotype and to verify that they were evident external to race across a range of indications, 

ages, and metabolizer statuses. We found that patients with the rs2814778-CC genotype 

discontinued azathioprine due to attributed hematopoietic toxicity at an almost 3-fold higher 

rate compared to patients who carried the TT or TC genotype. Multiple sensitivity analyses 

supported the robustness of these findings. In the validation cohort, we further expanded 

the scope of indications and ages addressed by this study to confirm a broader pattern of 

dose-reduction by genotype; moreover, the restricted characteristics of this cohort (i.e., race, 

indication, age group, and TPMT metabolizer phenotype) allowed us to examine whether 

drug metabolism as measured by metabolites—not available in the primary cohort—were 

differential by genotype in an otherwise largely uniform cohort. In both the primary and 

validation cohorts we found that patients with the CC genotype had lower dosing, but 

patients in the validation cohort had no difference in metabolites by genotype.

Racial minority populations experience health and healthcare disparities that arise from 

multiple interactive factors, including social and biological determinants.(30) Increasing 

evidence supports the notion that a failure to account for biologic determinants, such as the 

CC genotype, has altered clinical practice adversely in other situations (e.g., unnecessary 

bone marrow biopsies or under-prescription of clozapine).(31, 32) Cell count monitoring 
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(e.g., WBC, ANC) is a standard part of care in the use of thiopurines, meant to guide clinical 

decision making regarding the safety of continued use and dose. Given that standards 

are primarily derived from patients with European ancestry, results that fall below these 

“safe” thresholds routinely lead to discontinuation or dose reduction. For patients with the 

rs2814778-CC genotype, a genotype found in the majority of Black patients in the United 

States (and likewise 58.1% of patients with reported Black race in the primary cohort), this 

means that WBC results that fall within the usual observed range for a Duffy-null phenotype 

could trigger clinical decisions that would not be made if WBC results fell within the usual 

observed range for patients without a Duffy-null phenotype.(33, 34)

In the past, some researchers have argued that race could be used to predict genetic traits, 

and from these traits, clinical outcomes. However, this notion has been challenged, favoring 

the evaluation of a patient’s individual circumstances.(35) Based on our results as well 

as currently available information for the rs2814778-CC genotype, we recommend testing 

for the Duffy-null phenotype be considered if leukopenia is detected while a patient is on 

azathioprine or prior to azathioprine initiation. Duffy antigen phenotyping is more widely 

available and returns reliable results more quickly than genotyping.(33, 36) If the Duffy-null 

phenotype is present, an absolute neutrophil count below 1.5 × 109 cells/L is typical, and 

this count is not necessarily associated with adverse events;(33, 37) as such, treatment 

modification (i.e., discontinuation or dose reduction) is not automatically indicated if the 

threshold remains within the typical range for patients with the Duffy-null phenotype. This 

recommendation to test all patients, rather than patients with Black race only, is grounded in 

several concerns: first, the genotype appears among other racial/ethnic groups;(38) second, 

there is a possibility of inconsistent racial identification and genetic ancestry; and third, 

making this recommendation only for patients with Black race risks the possibility of 

reducing genetic diversity to a uniform racial characteristic.

This study was confined to data from tertiary care centers, thus potentially pre-selecting 

for access to care and/or socioeconomic factors. While we did not have access to direct 

measures of socioeconomic status (e.g., income, education level), one would anticipate that 

if socioeconomic factors were a driving factor in the observed differences, discontinuation 

for non-hematopoietic reasons would also be differential between races; however, our 

results showed no significant difference, again suggesting that this genotype, rather than 

other measured and unmeasured potential confounders, has the dominant role. Another 

limitation was that we relied upon clinical decision-making as recorded in the EHR, rather 

than specific lab results to determine the primary outcome. As clinicians monitor their 

patients, a pattern of results (e.g., a downward trajectory in WBC levels) may lead to 

discontinuation or suboptimal dosing prior to achieving a pre-specified level of toxicity; 

however, and consistent with our primary analysis, we observed a similar threshold for 

final weight-adjusted dose, last WBC count, and last NC in patients with and without the 

CC genotype among those discontinued for attributed hematopoietic toxicity. Moreover, 

for patients who did not discontinue azathioprine for hematopoietic toxicity, last WBC 

count, last NC, and most importantly, final weight-adjusted dose were significantly lower 

for patients with the CC genotype. Additionally, genotype status was not known to the 

treating providers. Nevertheless, the results were robust across multiple sensitivity analyses 

and consistent with findings in a validation cohort of children with ALL; in both cohorts, 
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patients with the CC genotype received lower-intensity doses of thiopurines if they were not 

discontinued for hematopoietic toxicity (both had a ratio of approximately 0.88). Further, 

in the validation cohort, the dose-adjusted 6-MP metabolite concentrations were similar by 

rs2814778 genotype, which suggests that the association between the CC genotype and 

azathioprine dose or discontinuation for attributed hematopoietic toxicity is unrelated to 

the pharmacokinetics of thiopurines. Finally, the validation cohort primarily confirmed the 

findings of our secondary outcome. However, the breadth of the primary and validation 

cohorts affirms the likelihood that this phenomenon is driven by perceptions of risk largely 

unrelated to disease characteristics or drug metabolism.

In summary, patients with the CC genotype faced higher risk for azathioprine 

discontinuation attributed to hematopoietic toxicity and lower doses of thiopurines. 

Genotype, even adjusted for race, is associated with those risks. As such, the next steps 

for research will be to determine if specific lower WBC counts with the rs2814778-CC 

genotype impart greater risks for infection, and if not, whether different WBC thresholds are 

appropriate for discontinuation or dose reduction. A second important question to address 

will be whether patients with the rs2814778-CC genotype taking thiopurines suffer adverse 

consequences resulting from undertreatment of disease.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Inclusion Criteria in the VUMC Cohort
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Figure 2: 
Probability of Azathioprine Discontinuation for Hematopoietic Toxicity in the VUMC 

Cohort by rs2814478 Genotype

HR=hazard ratio
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Figure 3: 
Probability of Azathioprine Discontinuation for Hematopoietic Toxicity in the VUMC 

Cohort by EHR-Reported Race and rs281447S Genotype

EHR=electronic health record, HR=hazard ratio

*White-CC patients excluded due to small numbers (n=5)
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Figure 4: 
Average Dose Intensity for 6-MP by rs2814478 Genotype in the Validation Cohort

6-MP=6-mercaptopurine
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Table 1:

Patient Characteristics at Initial Azathioprine Dose by rs2814778 Genotype in the VUMC Cohort

CC (n=101) TT or TC (n=1365) Standardized Mean Difference

EHR-reported race, n (%)

 White 5 (5.0) 1296 (95.0) −4.13

 Black 96 (95.0) 69 (5.0)

Sex, n (%)

 Female 75 (74.3) 910 (66.7) −0.17

 Male 26 (25.7) 455 (33.3)

Age in years, mean±SD 39.8±15.5 44.4±17.5 0.28

Indications, n (%)

 Systemic lupus erythematosus (SLE) 26 (25.7) 139 (10.2) −0.41

 Inflammatory bowel disease (IBD) 57 (56.5) 755 (55.3) −0.02

 Inflammatory condition other than SLE or IBD 18 (17.8) 471 (34.5) 0.39

Initial daily dose (mg/day), median [IQR] 50 [50–100] 50 [50–100] 0.15

Calendar year of initial dose, median [IQR] 2011 [2007–2013] 2010 [2008–2013] −0.01

Tested prior to initiation of azathioprine, n (%) 53 (52.5) 696 (51.0) −0.03

Overall TPMT/NUDT15 metabolizer status, n (%)

 Normal 87 (86.1) 1257 (92.1) 0.19

 Indeterminate 3 (3.0) 5 (0.4) −0.20

 Intermediate 10 (9.9) 100 (7.3) −0.09

 Poor 1 (1.0) 3 (0.2) −0.10

Baseline WBC (K/μL), mean±SD 7.5±3.5*
8.8±3.7

† 0.34

EHR=electronic health record, TPMT=thiopurine S-methyltransferase, NUDT15=nudix hydrolase 15, WBC=white blood cell count

*
n=92

†
n=1215
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