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SUPPLEMENTARY METHODS

Genotyping

DNA samples were acquired from the NUgene biobank. All samples had a minimum DNA
concentration of 40 ng/ul. Genotyping was performed in the NUSeq Core Facility using Applied
Biosystems Tagman genotyping assays for CYP2C9*2 (rs1799853), CYP2C9*3 (rs1057910),
CYP2C9*4 (rs56165452), and VKORC1 c.-1639 G>A (rs9923231). Information on the Tagman
probes is presented in Table S7. Genotyping was performed according to the Applied
Biosystems pharmacogenomics experiments application guide. Standard genotyping quality
control procedures were performed, including the use of negative controls and duplicate

samples.

INR Variability (INRvar) and Time in Therapeutic Range (TTR)

INRvarA is the statistical variance of INR. Standard deviation of INR, a related parameter, has
been shown to have good predictive value for adverse events associated with warfarin
therapy.[1] INRvarB was derived using the Fihn variance growth rate method, which is a time-
dependent measure of INR variability — large changes between consecutive INR measurements
with small time gaps will contribute more to the summation than those that occur with large time

gaps.[2, 3]

TTRa was derived using the Rosendaal method that calculates the presumed time a person is
in the therapeutic range (2.0 — 3.0, inclusive) assuming that INR changes linearly between
consecutive measurements.[4] Notably, we did not linearly interpolate between consecutive

measurements if there were more than 8 weeks between them. TTRb is the simplest measure
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of long-term anticoagulation, measuring the fraction of INR measurements in the therapeutic

range. The pros and cons of TTRa and TTRb have been outlined elsewhere.[5]

INRvarA, INRvarB, TTRa, and TTRb were calculated using all INR data points collected within
the study period, defined as the time between 30 days after the first warfarin prescription and
the date of the last warfarin prescription. One extreme INR value (INR = 21.5) was excluded
from the analysis because it did not match the trend of surrounding INR values for that
participant. For calculation of the four outcome measures, all INR values on the same day were
averaged, which is a previously used strategy.[6] For calculation of INRvarB and TTRa, the
smallest unit of time we allowed in our calculation was one day (i.e., hours and minutes between

two data points were not considered).

Values for INRvarA and INRvarB deviated significantly from the normal distribution (Figure S1).
Natural logarithm transformations of INRvarA and INRvarB, Ln(INRvarA) and Ln(INRvarB,
respectively, yielded normally distributed data that we used for subsequent statistical analyses
to minimize the probability of a type | error. Log transformed INRvarB has previously been
shown to be a good predictor of adverse events associated with warfarin.[7] Three Ln(INRvarA)
data points were determined to be far outliers (Figure S2) and omitted from the analyses to

maintain a normal distribution (Table S$11).

Impact of CYP2C9-interacting drug exposure on INR

The time period from which INR values were sampled was defined by a minimum date (30 days
before the start of the interacting drug), and a maximum date defined as the earlier date
between 30 days after the start date and 7 days after the end date. The complexity of the
maximum date is to account for shorter courses of CYP2C9-interacting drugs. To be included in

the analysis, the interacting drug/time period entry had to satisfy the following criteria: (1) there
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were at least 14 days between the first day INR was measured and the start date of the drug,
(2) there were at least 7 days between the last day INR was measured and the start of the drug,
(3) at least 1 INR had to be measured within 2 weeks prior to the start date of the drug, and (4)

at least 1 INR had to be measured within 1 week after the start date.

For each analyzed study period, the following parameters were collected: peak INR, trough INR,
average INR, and number of INR data points in the [minimum date, medication start date] and
[medication start date, maximum date] time periods (“pre” and “post”, respectively). A total of
121 instances that satisfied these criteria were analyzed. If more than 20 instances were
available for a single drug, which was true for amiodarone, metronidazole, and
sulfamethoxazole, then that drug was analyzed separately. The remaining CYP2C9 inhibitors

were analyzed together, and the CYP2C9 inducers were analyzed together.
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Table S1: Genotype and allele frequencies

A)
Genotype Frequency
VKORCH1 (c. -1639 G>A)
G/G 139
G/A 188
A/A 71
Total 398
CYP2C9 *2
c/C 297
CIT 91
T/T 11
Total 399
CYP2C9 *3
A/A 352
A/C 47
c/C 0
Total 399
B)

‘ Rs# Gene (Allele) Minor Allele Minor Allele
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Frequency
rs1799853 CYP2C9 (*2) T 0.142
rs1057910 CYP2C9 (*3) C 0.059
rs9923231 VKORC1 T 0.415

A) Genotype frequencies for all successfully genotyped subjects. All alleles are in Hardy-Weinberg
equilibrium.
B) Minor allele frequencies are shown for CYP2C9*2, CYP2C9*3, and VKORC1.

Table S2: Descriptive statistics

A. Outcome Measures

Mean Minimum | Maximum Quartiles
Number of INR Measurements 77.9 14 1004 25,48, 102
INRvarA (Statistical variance) 0.75 0.01 4.27 0.36, 0.57, 0.92
INRvarB (Fihn variance) 1.34 0.03 15.73 0.36, 0.70, 1.58
Ln(INRvarA) -0.58 -4.61 1.45 -1.01, -0.57, -0.09
Ln(INRvarB) -0.31 -3.58 2.76 -1.02, -0.36, 0.46
TTRa (Rosendaal method, %) 50.5 0 941 35.2, 53.9, 67.6
TTRb (% of INRs in range) 414 0 88 28.0,42.9,53.5

B. INR stratification in analyzed participants
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Frequency (%)

Subtherapeutic INR Value
Therapeutic INR Value

Supratherapeutic INR Value

9,618 (39.0)
11,162 (45.3)

3,830 (15.6)

Total

24,610 (100)

(A) These parameters are reported for the 302 subjects included in the analysis. Note that all INR values

obtained in the same day were averaged before calculating INRvarA, INRvarB, Ln(INRvarA),
Ln(INRvarB), TTRa, and TTRb. (B) Includes INR values within the study period (between 30 days after

the 1st warfarin prescription start date and the last warfarin prescription end date) for the 302 subjects

who were analyzed. Subtherapeutic is defined as any INR value less than 2, therapeutic is defined as any

INR value between 2 and 3 (inclusive), and supratherapeutic is defined as any INR value greater than 3.

Table S3: Association of outcome measures with (A) genotype-predicted warfarin

response and (B) CYP2C9-interacting drugs

Analysis A Normal Sensitive Highly Sensitive p-value |
Ln(INRvarA) -0.64* (-0.74,-0.53) | -0.39* (-0.54, -0.25) -0.58 (-1.10, -0.05) 0.023
Ln(INRvarB) -0.46* (-0.62, -0.31) | -0.04* (-0.25, 0.18) -0.38 (-1.06, 0.30) 0.006
TTRa 50.9 (47.5, 54.4) 49.8 (45.5, 54.1) 52.1(32.5, 71.6) 0.902
TTRb 42.4 (39.8,45.1) 39.6 (36.3, 43.0) 42.1 (26.4, 57.9) 0.443

Analysis B 0 Interacting drugs | 1 Interacting drugs 2+ Interacting drugs | p-value
Ln(INRvarA) -0.69 (-0.86, -0.52) -0.53 (-0.66, -0.41) -0.43 (-0.58, -0.28) 0.064
Ln(INRvarB) -0.64*t (-0.91, -0.38) | -0.24* (-0.42, -0.06) -0.051 (-0.27, 0.16) 0.001
TTRa 54.8 (49.6, 60.0) 50.6 (46.4, 54.7) 46.2* (41.8, 50.6) 0.044
TTRb 47.0*t (42.8, 51.1) 39.9* (36.7, 43.1) 37.81(34.4,41.1) 0.002

For each subgroup, means are listed with 95% CI in parenthesis. Each p-value corresponds to a one-way

ANOVA test for the INR outcome measure against the three categories. Post hoc pairwise comparisons

were made using Tukey’s HSD. * and T indicate a significant pairwise comparison at the p < 0.05 level.

The list of interacting drugs utilized for (B) can be found in Table 3.
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Table S4: Analysis of the interacting drug/genotype interaction

A. Significance of interaction term from two-way ANOVA

Outcome variable p-value
Ln(INRvarA) 0.043*
Ln(INRvarB) 0.093

TTRa 0.183
TTRb 0.168

B. Subgroup analyses of outcome variables

LnINRvarA 0 Interacting drugs 1 Interacting drugs 2+ Interacting drugs p-value
Normal -0.91*™ (-1.09, -0.72) -0.56* (-0.74, -0.39) -0.49" (-0.67, -0.32) 0.005
Sensitive -0.31% (-0.62, 0.004) -0.51 (-0.70, -0.31) -0.30 (-0.61, -0.002) 0.401
Highly Sensitive | -1.28 (-2.64, 0.09) -0.23 (-1.39, 0.93) -0.22 (-1.49, 1.05) 0.070
p-value 0.001 0.690 0.448

Ln(INRvarB) 0 Interacting drugs 1 Interacting drugs 2+ Interacting drugs p-value
Normal -1.02*™ (-1.32, -0.73) -0.32* (-0.57, -0.08) -0.15" (-0.41, 0.11) <0.001
Sensitive -0.06% (-0.53, 0.42) -0.10 (-0.36, 0.16) 0.10 (-0.36, 0.55) 0.779
Highly Sensitive | -1.15 (-2.10, -0.19) -0.42 (-1.81, 0.97) 0.42 (-1.82, 2.67) 0.068
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p-value 0.001 0.446 0.444

TTRa 0 Interacting drugs 1 Interacting drugs 2+ Interacting drugs p-value
Normal 59.1*T (52.4, 65.8) 48.6* (42.9, 54.4) 46.6" (41.1,52.0) 0.011
Sensitive 48.2 (39.7, 56.6) 53.8 (47.5, 60.2) 44 .8 (36.7, 53.0) 0.226
Highly Sensitive 60.4 (-31.6, 152.3) 45.8 (15.2, 76.4) 50.0 (-24.4, 124.5) 0.817
p-value 0.124 0.459 0.890

TTRb 0 Interacting drugs 1 Interacting drugs 2+ Interacting drugs p-value
Normal 51.0*™ (45.8, 56.1) 39.6* (35.1, 44.0) 38.47 (34.4, 42.4) <0.001
Sensitive 40.7* (33.8, 47.5) 41.0 (36.2, 45.8) 36.0 (29.2, 42.7) 0.473
Highly Sensitive 53.6 (-16.0, 123.2) 31.6 (2.7, 60.5) 41.1 (-8.0, 90.3) 0.478

p-value

0.047

0.657

0.751

(A) Two-way ANOVA was utilized with each outcome variable to check if the interacting drug/genotype

interaction term significantly contributed to the model. * indicates statistical significance at the p < 0.05

level. (B) Subgroup analyses for each outcome variable. For each subgroup, means are listed with 95%

Clin parenthesis. The p-values in the rows correspond to one-way ANOVA analyses for each genotype

bin with interacting drugs as the independent variable. The p-values in the columns correspond to one-

way ANOVA analyses for each interacting drug bin with genotype as the independent variable. Post hoc

pairwise comparisons were made using Tukey’s HSD. *, T, and 1 indicate a significant pairwise

comparison at the p < 0.05 level.

Table S5: INR behavior immediately before and after administration of CYP2C9-

interacting drugs

Interacting drug INR Difference Mean 95% CI p-value
Group
Amiodarone Maximum Change in INR 1.04 (0.52, 1.57) <0.001
(n=34) (PostPeak — PreAvg)
Change in Average INR -0.01 (-0.35, 0.34) 0.972
(PostAvg — PreAvq)
Metronidazole Maximum Change in INR 0.50 (0.19, 0.81) 0.003
(n=35) (PostPeak — PreAvg)
Change in Average INR -0.30 (-0.58, -0.02) 0.036
(PostAvg — PreAvg)
Sulfamethoxazole | Maximum Change in INR 0.61 (0.15, 1.08) 0.012
(n=25) (PostPeak — PreAvg)
Change in Average INR -0.15 (-0.40, 0.11) 0.247
(PostAvg — PreAvg)
Other CYP2C9 Maximum Change in INR 0.32 (-0.03, 0.68) 0.074
inhibitors (PostPeak — PreAvg)
(n=20) Change in Average INR -0.11 (-0.37,0.15) 0.382
(PostAvg — PreAvg)
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CYP2C9 inducers | Maximum Change in INR -0.93 (-1.35, -0.51) 0.002
(n=7) (PostTrough — PreAvg)
Change in Average INR -0.53 (-1.09, 0.02) 0.058
(PostAvg — PreAvg)

Criteria for the study period are described in the Supplementary Methods. For each analyzed study
period, the following parameters were collected: peak INR, trough INR, average INR, and # of INR data
points in the [minimum date, interacting drug start date] and (interacting drug start date, maximum date]
time periods (pre and post, respectively). A single participant could contribute multiple study periods to
this analysis.

For each listed difference, the p-value corresponds to a t-test comparing the two sets of INRs included in
the difference (i.e. PostAvg and PreAvg). Statistical significance was taken to be at the p < 0.05.

Table S6: Variable descriptions

Variable Description

Age in 2017 or at death Study participant’s calculated age in 2017 or at the time of
death if known to be deceased before 2017

Age at first warfarin Age was extracted from the NMEDW? for each warfarin

prescription prescription. Ages were sorted for each participant and the

youngest age for each participant was recorded as his or her
age at first warfarin prescription

Weight Self-reported at the time of NUgene enrollment

BMI Calculated from participant’s self-reported weight and height at
the time of NUgene enroliment.

Sex Self-reported at the time of NUgene enrollment

Warfarin Indication Diagnosis given on, or within 1 day of, initial warfarin

prescription. Diagnoses were filtered by ICD9 code. All
diagnoses with an ICD9 code between 400 and 499 or 745.5,
289.81, V43.3, V43.65, or V43.64 were retained. Duplicated
and irrelevant diagnoses were removed. All remaining
diagnoses were categorized into one of the four categories of
warfarin indication (thrombosis, atrial fibrillation, stroke, or
orthopedic). Of note, atrial fibrillation includes both atrial
fibrillation and atrial flutter. Orthopedic includes both hip and
knee joint replacement. Stroke also includes transient cerebral
ischemia. Some participants had multiple warfarin indications,
in which case they were counted in multiple categories, as
appropriate. Remaining participants were classified as other or
unknown. Other/unknown includes those with a warfarin
indication that does not fall into one of the above 4 categories
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(e.g. antiphospholipid syndrome or heart valve replacement),
as well as those for which either no diagnosis was recorded
within 1 day of the warfarin prescription start date or all
diagnoses recorded within this time appeared irrelevant to
warfarin initiation.

INR Value Filtered to remove duplicate recordings of the same INR value
by excluding all values that were redundant in participant
number, INR filed date, and INR value.

INR Filed Date Date and time” of INR measurement
Days from start of first Calculated from INR filed date and initial warfarin prescription
warfarin prescription start date

(INR filed dateb) — (first warfarin prescription start dateb)
Days from end of last warfarin | Calculated from INR filed date and final warfarin prescription

prescription start date

(INR filed date” ) — (last warfarin prescription end date” )
Warfarin/interacting drug Date and time” when warfarin or interacting drug prescription
prescription start date started
Warfarin/ interacting drug Date and time” of when warfarin or interacting drug prescription
prescription end date ended

@Additional information about the NMEDW is available at http://nucats.northwestern.edu/resources/data-

science-and-informatics/nmedw/index.html

®All date and time-based measures in a given participant’s extracted EHR dataset are shifted by the same
random time interval so that the each participant’s clinical event timeline is preserved, while de-identifying

each participant and eliminating Protected Health Information.

Table S7: Applied Biosystems Tagman assays

CYP2C9 *2 (rs1799853)

Chr.10: 94942290 on Build GRCh38

C/T, Transition Substitution
GATGGGGAAGAGGAGCATTGAGGACICITIGTGTTCAAGAGGAAGCCCGCTGCCT

CYP2C9 *3 (rs1057910)

Chr.10: 94981296 on Build GRCh38

C/A, Transversion Substitution
TGTGGTGCACGAGGTCCAGAGATACIC/IAITTGACCTTCTCCCCACCAGCCTGCC

CYP2C9 *4 (rs56165452)

Chr.10: 94981297 on Build GRCh38

C/T, Transition Substitution
GTGGTGCACGAGGTCCAGAGATACA[CIT]ITGACCTTCTCCCCACCAGCCTGCCC

VKORC1 c. -1639 G>A (rs9923231)

Chr.16: 31096368 on Build GRCh38

C/T, Transition Substitution
GATTATAGGCGTGAGCCACCGCACCICITIGGCCAATGGTTGTTTTTCAGGTCTT



http://nucats.northwestern.edu/resources/data-science-and-informatics/nmedw/index.html
http://nucats.northwestern.edu/resources/data-science-and-informatics/nmedw/index.html
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The context sequence [VIC/FAM] for each Tagman assay utilized is presented, labeled by gene and
standard SNP nomenclature (bold), SNP ID (parentheses), chromosomal location (italics), and description

of the nucleotide change (italics).
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Table S8: CYP2C9 inhibitors and inducers

CYP2C9 inhibitors

CYP2C9 inducers

Amiodarone (193)

Aprepitant (0)

Capecitabine (2)

Bosentan (5)

Cotrimoxazole (0)

Carbamazepine (6)

Efavirenz (1)

Enzalutamide (0)

Etravirine (0)

Nevirapine (0)

Fenofibrate (39)

Phenobarbital (0)

Fluconazole (56)

Rifampin (12)

Fluvastatin (7)

Secobarbital (0)

Fluvoxamine (0)

St. John’s Wort (0)

Isoniazid (3)

Lovastatin (12)

Metronidazole (109)

Miconazole (14)

Oxandrolone (0)

Paroxetine (31)

Phenylbutazone (0)

Probenecid (3)

Sertraline (84)

Sulfamethoxazole (109)

Sulfaphenazole (0)

Sulfinpyrazone (0)

Teniposide (0)

Tigecycline (1)

Voriconazole (6)

Zafirlukast (2)

This list was obtained by combining (1) CYP2C9 inhibitors and inducers on FDA label for warfarin [8] and
(2) CYP2C9 inhibitors and inducers from the Flockhart Table of Drug Interactions [9]. The number in
parenthesis is the number of times each drug occurs in the combined medical record of the 401
participants who meet the inclusion criteria for this study (see Table 1). Drugs that did not occur in this
cohort were excluded from the analysis.
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Table S9: Methodology for selecting CYP2C9 inhibitors and inducers

References for
Mechanistic
Evidence (ME)

References for
Clinical Evidence (CE)

Criterion not met

Consistent in vitro or
in vivo evidence of

Clinical evidence that
drug can produce

Criteria C change in PT/INR in

Qrgg |.nh|té|;’uYnF?2cc);r9 setting of warfarin use

inducing (=3 participants total)
Amiodarone [10-12] [13, 14]
Capecitabine [15] [16]
Efavirenz [17-19] [20] CE
Fenofibrate [21] [21, 22]
Fluconazole [23, 24] [24]
Fluvastatin [25, 26] [27-29]
Isoniazid [30, 31] [32] ME, CE
Lovastatin [33] [34] ME, CE
Metronidazole [35, 36] [37]
Miconazole® [38, 39] [40, 41]
Paroxetine [42, 43] [44] ME
Probenecid [45, 46] [47] ME, CE
Sertraline [42] [48-50] CE
Sulfamethoxazole [51, 52] [53, 54]
Tigecycline [55, 56] [55] ME, CE
Voriconazole [39, 57] [58]
Zafirlukast [59] [60]
Bosentan [61] [62]
Carbamazepine [63] [64]
Rifampin [65, 66] [67]

®There is evidence of a CYP2C9-mediated miconazole-warfarin interaction for both the oral gel and

topical cream formulations of miconazole.

For a given drug, the search terms “drug 2c9”, “drug cyp2c9”, and “drug warfarin” were used in Pubmed

and Google Scholar to find references. Representative examples from the literature are included in the

table above. The reasons for omitting drugs are indicated in the “Criterion not met” column. Excluded

drugs contain references because examples from the literature regarding their interaction with CYP2C9

were found, but the evidence in those examples were determined to not meet the criteria outlined in the

table.
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Table S$10: INR variability and time in therapeutic window calculations

Outcome Variable

Calculation Method

INRvarA
Statistical variance method [1, 68]

o = T (X=XP
(n-1)

Measure of the distribution of values from their mean

INRvarB
Fihn variance growth rate method [2, 3, 69, 70]

, 1 (INRis1 — INR))*

o : (n_
1) Ti

Measure of time-weighted INR variance

TTRa
Rosendaal Method [4, 71]

Days in Therapeutic Range (2-3)
Total Days

Incorporates the frequency of INR measurements and
assumes changes in INR are linear over time

TTRb
Traditional Method [5]

# of INR Measurements in Therapeutic Range (2-3)
Total # of INR Measurements

All INRs obtained in a given day were averaged when calculating these variables. All calculations were
done in Python 2.7.15 on the Spyder IDE. T; in the denominator of INRvarB (Fihn method) is entered as

weeks.
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Table S11: Characteristics of three participants omitted from Ln(INRvarA) analysis

PiNum | CYP2C9 | VKORCT1 Interacting drugs Ln(INRvarA) | Ln(INRvarB) | TTRa TTRb INR
1 *1*2 AIG fenofibrate;fluconazole -4.61 -2.92 0.0 0.0 18
2 *1*1 A/A -3.91 -3.02 0.0 0.0 16
3 *1*1 A/IG fluconazole -3.86 -2.06 0.0 0.0 15
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Figure S1: Histograms of INRvarA, INRvarB, Ln(INRvarA), Ln(INRvarB), TTRa, TTRb
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All histograms of the n = 302 participants remaining after applying the inclusion and exclusion criteria

(Figure 1). INRvarA and INRvarB deviated too far away from normality to do ANOVA analyses (top).

Hence, a natural logarithm transformation was applied to both variables, yielding Ln(INRvarA) and

Ln(INRvarB) (middle), which are much better approximations of normal distributions.
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Figure S2: Box Plots of Ln(INRvarA), Ln(INRvarB), TTRa, TTRb
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The y-axis for Ln(INRvarA) and Ln(INRvarB) is found on the left side; the y-axis for TTRa and TTRb is
found on the right side. The red checkmarks represent outliers. Based on these boxplots, we omitted the
three most negative Ln(INRvarA) data points from the Ln(INRvarA) analysis. These three points (-4.61, -
3.91, -3.86) are far outliers for this outcome measure (Ln(INRvarA) > Q; + 3*IQR). See Table S11 for

omitted participants.
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