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Motivation for PharmCAT
To automate the annotation of .vcf files with the appropriate 
haplotypes or diplotypes from the CPIC guideline genes*, and 

generate a report with the corresponding CPIC guideline 
prescribing recommendations

* Future versions of PharmCAT may include PGx information as well



CPIC Tables: 
Genetic Test Results -> Actionability

Genotypes to alleles
(e.g. g.94761900C>T + 

g.94762706A>G = 
CYP2C19*4B)

Functions to alleles 
(e.g. CYP2C19*4B = no 

function)

Alleles to diplotypes
(e.g. g.94761900CT + 

g.94762706AG = 
CYP2C19*1/*4B)

Diplotypes to 
phenotypes

(e.g. CYP2C19*1/*4B = 
intermediate 
metabolizer) 

Interpretation of phenotypes
(e.g. CYP2C19 intermediate 

metabolizer = altered drug for 
clopidogrel; no change for 

TCAs)

Phenotypes to 
actionability

(e.g. intermediate 
metabolizer + Rx for 

clopidogrel = interruptive 
alert)

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials

https://cpicpgx.org/guidelines/
https://www.pharmgkb.org/page/cyp2c19RefMaterials


Why is This Not Simple?

• Good quality sequence, phased – multiple options for diplotype
calling

• Many (most) don’t map to phenotype or action

• Low quality sequence, in a few cases exomes, and snp chip, unphased 
• Haplotype assignment and diplotype assignment can be tricky
• Assigned diplotypes can affect phenotype and recommendations
• GeT-RM/CDC project sent same samples to different labs and got different 

results because of what was tested for – PharmCAT wants to minimize this
• No caller can change what is tested for



Three different haplotype assignments for CYP2C19 are shown
*17, *4, and a *4 sub-allele

These are defined based on two specific positions (-806C>T and 1A>G)

*4

*4 sub-allele



Three different haplotype assignments for CYP2C19 are shown
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These are defined based on two specific positions (-806C>T and 1A>G)

increased function
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*4 sub-allele
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If both variants are present, but only the base at position -806 is reported:  
Assigned diplotype = *1/*17 = RM phenotype

*4

*4 sub-allele



no function

If both variants are present, and reported:  
Are these variants in cis? -> Assigned diplotype = *1/*4 (sub-allele)
Are these variants in trans? -> Assigned diplotype = *4/*17 

Both possible diplotypes are mapped to IM phenotype 
(as opposed to the RM phenotype for *1/*17)

*4

*4 sub-allele



Why Does This Matter?

• Haplotype and diplotype calling can affect phenotype and 
recommendations

• No tool can change what is tested for
• Need for awareness and transparency in reporting about what is 

tested and what is found
• If the genotype information is there - use it
• If the genotype information is missing – say so, be very clear what 

cannot be called
• If there is >1 possibility  - say so
• If the result is defaulting to *1 because no variants are found – say what 

you tested for, importantly that person may NOT be *1



Pharmacogenomics Clinical Annotation Tool 
(PharmCAT)
• End-to-end

• automate the annotation of .vcf files with the appropriate 
genotypes or diplotypes and generate a report, starting with CPIC 
guideline prescribing recommendations

• Research purposes may not need recommendations
• Some already have diplotypes and/or phenotypes

• Alternate algorithm
• Genetic test report

• Modularize tool for multiple uses



Report Generator B
Input: JSON report

Output: FHIR report
*support batching

Report Builder
Input: phenotypes and 

metadata
Output: JSON report with 
CPIC Recommendations

*support batching

Report Generator A
Input: JSON report
Output: HTML/PDF
*support batchingPhenotyper

Input: diplotypes and 
metadata

Output: phenotypes (e.g. 
metabolizer status) and 

metadata
*support batching

VCF formatting and QC
Input:  VCF file

Output: clean VCF file
*support multi-sample 

VCF

Named Allele Matcher
Input: clean  VCF file

Output: diplotypes and 
metadata

*support batching

ALT/OPTIONAL 
Phenotyper INPUT  

(formatted as Named 
Allele Matcher OUTPUT):
Diplotypes from external 
reports or programs e.g. 

Stargazer, Aldy, StellarPGx

Report Builder OUTPUT &
Report Generator A&B 

INPUT:
PharmCAT JSON report

ALT/OPTIONAL 
Report Builder INPUT 

(formatted as Phenotyper
OUTPUT):

Phenotypes (e.g. 
metabolizer status)

from external reports 

Phenotyper OUTPUT &
Report Builder INPUT:

phenotypes (e.g. 
metabolizer status) and 

metadata in JSON

Named Allele Matcher 
OUTPUT &

Phenotyper INPUT:
diplotypes and metadata 

in JSON

Processor OUTPUT &
Named Allele Matcher 

INPUT:
normalized VCF file Report Generator B 

OUTPUT:
PharmCAT FHIR report

Report Generator A 
OUTPUT:

PharmCAT HTML/PDF 
report

OPTIONAL/RECOMMENDED
VCF Pre-processor

Input:  VCF file
Output: clean VCF file

*support multi-sample VCF

Normalized 
VCF file

User supplied 
INPUT:
VCF file



• Build version GRCh38

• Allele calls at PharmCAT
positions must be provided 
including reference alleles; 
missing positions are assumed 
unknown to the user and are 
not used by PharmCAT

• Quality of vcf file is the 
responsibility of the user

• Variants should be in expected 
formats

• 1 VCF per sample

VCF File Requirements



PharmCAT Provides a VCF Preprocessing Tool 
to Take Care of Real-World VCF Format Issues

Input VCF 

PharmCAT-ready VCF(s) for each sample Report of missing positions

PharmCAT 
VCF Preprocessing module

✓ VCF normalization (left-aligned, parsimonious format)
✓ Conversion to PharmCAT expected multi-allelic format
✓ Output PharmCAT-ready VCFs separately for each sample
✓ Automatically download the GRCh38/hg38 fasta and index files 
from the NIH FTP site if not provided
✓ Option to process a selected subset of samples
---------------------------------------------------------------------------------
(Pending) Provide an option to convert ./. to 0/0



PharmCAT VCF Preprocessing Tool Is Publicly 
Available on GitHub

https://github.com/PharmGKB/PharmCAT

✓ Instructions and tutorial of the preprocessing 
tool are available on the GitHub wiki page.
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Step 1

User supplies a VCF file PharmCAT provides
allele definition files
Based on CPIC/PharmGKB
and PharmVar core alleles

+

Gene
Diplotypes

And 
Variant

Genotypes
For CPIC 

Genes and 
Variants

=



Named Allele Matcher 

Algorithms to match allele definitions to variant call data from vcf input:
• If data is unphased, generate all possible combinations of genotypes for the 

positions of interest.
• Attempt to match each combination to a named allele.
• If there are matches, and data is unphased, try to build diplotypes by making 

sure that the genotype combinations are possible – take longest match.



Report Generator B
Input: JSON report

Output: FHIR report
*support batching

Report Builder
Input: phenotypes and 

metadata
Output: JSON report with 
CPIC Recommendations

*support batching

Report Generator A
Input: JSON report
Output: HTML/PDF
*support batchingPhenotyper

Input: diplotypes and 
metadata

Output: phenotypes (e.g. 
metabolizer status) and 

metadata
*support batching

VCF formatting and QC
Input:  VCF file

Output: clean VCF file
*support multi-sample 

VCF

Named Allele Matcher
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*support batching
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Diplotypes from external 
reports or programs e.g. 
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metadata in JSON

Named Allele Matcher 
OUTPUT &

Phenotyper INPUT:
diplotypes and metadata 

in JSON

Processor OUTPUT &
Named Allele Matcher 

INPUT:
normalilzed VCF file Report Generator B 

OUTPUT:
PharmCAT FHIR report

Report Generator A 
OUTPUT:

PharmCAT HTML/PDF 
report

OPTIONAL/RECOMMENDED
VCF Pre-processor

Input:  VCF file
Output: clean VCF file

*support multi-sample VCF

Normalized 
VCF file

User supplied 
INPUT:
VCF file



Step 2

PharmCAT provides allele function and 
phenotype mapping based on CPIC/PharmGKB

+

Gene Diplotypes
And 

Variant Genotypes
For CPIC Genes 

and Variants

=

Optional:
Gene Diplotypes

From External 
Program 

or Genetic Report

Phenotypes
For CPIC 

Genes and 
Variants
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Step 3

PharmCAT provides CPIC guideline 
recommendations based on phenotype

+ =
Phenotypes

For CPIC Genes 
and Variants

PharmCAT provides case-based messages and 
caveats

PharmCAT JSON 
and HTML reports

Optional:
Gene 

Phenotypes
From Genetic 

Report
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Input: JSON report

Output: FHIR report
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*support batching
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Output: clean VCF file
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Named Allele Matcher
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metadata in JSON

Named Allele Matcher 
OUTPUT &

Phenotyper INPUT:
diplotypes and metadata 
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Processor OUTPUT &
Named Allele Matcher 

INPUT:
normalized VCF file Report Generator B 

OUTPUT:
PharmCAT FHIR report

Report Generator A 
OUTPUT:

PharmCAT HTML/PDF 
report

OPTIONAL/RECOMMENDED
VCF Pre-processor

Input:  VCF file
Output: clean VCF file

*support multi-sample VCF

Normalized 
VCF file

User supplied 
INPUT:
VCF file



Step 4: PharmCAT Report
• Summary of vcf variant input

(position, rsID, nucleotide call)
• Highlights missing vcf variant input
• Mapping to related allele



Current Status: Release v1.0.0
• Based on data from the CPIC DB via the API

• Each PharmCAT release will be current with what was pulled from the CPIC DB with 
each release

• Supported gene and drug coverage at https://pharmcat.org/summary/
• Note that warfarin and peg-interferon don’t have recommendations in the CPIC DB

• Named Allele Matcher genes:
• CACNA1S, CFTR, CYP2B6, CYP2C9, CYP2C19, CYP3A5, CYP4F2, DPYD, IFLN3, NUDT15, 

RYR1, SLCO1B1, TPMT, UGT1A1, VKORC1
• Phenotyper genes:

• Genes above + CYP2D6, G6PD, MT-RNR1 (external source)
• Statistics based on UK Biobank samples

Pre-processing tool average 
run time: 3.8 sec/sample

PharmCAT average run 
time: 4.3 sec/sample 



PharmCAT integration into EHR
• Developers of EHRs working hard to integrate genomics into clinical 

records
• Standards have been under development for several years
• We are leveraging these standards to integrate PharmCAT with EHRs
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PharmCAT integration into EHR
• Developers of EHRs working hard to integrate genomics into clinical 

records
• Standards have been under development for several years
• We are leveraging these standards to integrate PharmCAT with EHRs
• Test integration of various modules of PharmCAT within Epic @ UPenn
• Test PharmCAT on biobank samples and return in Epic development 

mode @ UPenn
• Build code to integrate with Epic using HL-7 standards (with and 

without genomics module)
• Disseminate best practices to other institutions (e.g. Stanford)



Partial and Combination Allele Calls
• When looking at biobank/very large datasets, we have seen variant 

combinations not catalogued from submissions in PharmVar
• Not novel variants, but variants in existing allele definitions found in novel 

combinations
• Currently, PharmCAT gives a “no call” in these situations

• Appropriate for clinical implementation purposes
• We would like to capture what variants are seen together in these cases for 

phased data
• Good for research, discovery and phenotype prediction

• Future: 
• batch processing, integrated pre-processing step
• adding other genes/drugs/prescribing information (e.g. FDA label information)
• identifying and predicting function of novel variants (not in this grant cycle)



Summary

• PharmCAT was created to fill a gap in the field of implementation of 
pharmacogenomics into clinical care

• Our philosophy is to create a resource with community input and 
engagement that can create more transparency in PGx reporting of results

• Future versions will include greater functionality
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