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Abstract:   

 
Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) is considered to be 
the severest of serious immunologically mediate drug reactions (SIM-ADR)  and is true 
emergency with up to 50% mortality. SJS/TEN involves all age groups and presents with 
severe skin, mucous membrane and systemic involvement and is associated with 
significant long-term morbidity such as blindness, disfigured painful skin, chronic lung 
and digestive problems, post-traumatic stress disorder, limitation of treatment choices 
and aversion to medical care. A striking feature of many of the SIM-ADRs, including 

SJS/TEN, is the strong genetic association - and in many cases absolute requirement 

for variation that occurs within the human immune system  - i.e. for a specific HLA 

allele (Table 1).  In addition for some drugs the genetic associations appear to be 

much broader and additional predisposition may be associated with how drugs are 

metabolized.   Despite incredible advances over the last 10-15 years in the discovery 

of HLA alleles and other genes associated with  SJS/TEN associated with specific 

drugs this information is unavailable across the majority of drugs.  In addition the 

implication is that although an HLA risk allele appears to be the strongest association 

the presence of other genetic factors suggests that approaches that very broadly 

look for variation across the human genome are going to be necessary to predict, 

prevent and develop optimal therapeutic strategies for SIM-ADR such as SJS/TEN.  

In particular the following gaps exists in our knowledge:  1)  For common drugs such 

as anti-inflammatories and antibiotics what genes are associated with SJS/TEN  2) In 

cases where an HLA risk allele is present why do only a portion of patients carrying 

that allele get SJS/TEN when exposed to a drug  3) How can we use knowledge on 

the genetic and immune basis of SJS/TEN to develop safer drugs and predict the risk 

of SJS/TEN before drugs are used in man. 
 
 

1.0 Background 
 
SIM-ADR are a significant problem in clinical practice.  Such reactions are unpredictable, 
potentially life threatening and add to the cost and uncertainty of drug development.1-8  
Many reactions may be under-recognized in clinical practice and have a high morbidity 
and mortality if recognized late, if at all.  Ten years ago, we discovered that the gene, 
HLA-B*57:01, was responsible for a severe and potentially life threatening allergy to the 
anti-HIV drug abacavir (ABC).9-11  It is now clinical practice to test for the presence of this 
gene before prescribing abacavir, which continues to be commonly prescribed for the 
treatment of HIV infection.  Since this initial association was discovered and genetic 
screening widely implemented, we have described how abacavir binds to HLA-B*57:01 
to cause an allergic response.9-14  The findings of this research have informed how 
adverse drug reactions, and in particular immune (T-cell) mediated drug hypersensitive 
reactions (DHS), are triggered in some individuals but not others.   
 
Increasingly, genetic variation is described that contributions to the risk of SIM-ADRs. 

The table below illustrates many of the genetic associations with various SIM-ADRs that 
have been discovered thus far.  An electronic health record (EHR) paired with a DNA 
repository such as BioVu represents a unique opportunity and a potentially powerful tool 
for discovery. A recent phenome-wide association study to look at HLA variation (HLA 
PheWAS) used imputed HLA data from Human Exome Beadchip; this led to 115 four-
digit and 96 two-digit HLA allele-phenotype associations that were significant in both 
discovery and replication cohorts (Karnes et al., unpublished data). In this HLA-PheWAS 
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study, a total of 2044 significant associations were observed including reproduction of 
known associations between HLA and disease such as rheumatoid arthritis and diabetes 
as well as several previously undescribed associations. This represents a viable 
research mechanism for many types of autoimmune and inflammatory diseases. 
However, for researching other diseases, particularly the discovery of HLA association 
with SIM-ADRs within EHR, this type of study is currently much less feasible because  of 
imprecision and inconsistency in coding and phenotyping in the EHR. New approaches 
are hence needed to identify the extreme phenotypes of these SIM-ADRs within BioVu 
and develop algorithms that can be generally validated across EHR. 
 
Our lab uses a number of wet lab approaches that study the immunopathogenesis of 
cellular processes that contribute to drug hypersensitivity in small numbers of patients 
with well characterized phenotypes, and these approaches are complementary to 
defining genetic risk in larger populations of patients.15-17 

 
Although there are differences in the types of drugs involved, many of these diverse 
reactions, as outlined in Table 1, may share common complications, short and long-term 
morbidity and even a common genetic and immunopathogenetic basis.  For this reason, 
there is a rationale to create a single project in the synthetic derivative under which all of 
these reactions can be studied. 
 
 
 
 
 
 
 

Table 1:  Genetic ADR associations in the literature18 

 
Drug IM-ADR Associated HLA 

alleles 
PPV NPV NNT Populations 

Abacavir Hypersensitivity 
syndrome 

B*57:01 55% 100% 13 European, African 

Carbamazepine SJS/TEN B*15:02 3% 100% in 
Han Chinese 

1,000 Han Chinese, Thai, Malaysian, Indian 

  B*15:117    Korean, Japanese 

  B*15:18, B*59:01 and 

C*07:04 
   Japanese 

  A*31:017    Japanese, northern European, Korean 

 DRESS 8.1 AH (HLA A*01:01, 

Cw*07:01, B*08:01, 
DRB1*03:01, 

DQA1*05:01, 

DQB1*02:01) 

   Caucasians 

  A*31:01 0.89% 99.98% 3,334 Europeans 
  A*31:01 0.59% 99.97% 5,000 Chinese 

  A*31:01    Northern Europeans, Japanese, and 
Korean 

  A*11 and B*51 (weak)    Japanese 
 MPE A*31:01 34.9% 96.7% 91  
Allopurinol SJS/TEN, DRESS B*58:01 (or B*58 

haplotype) 
3% 100% in 

Han Chinese 
250 Han Chinese, Thai, European, Italian, 

Korean 
Oxcarbazepine SJS/TEN B*15:02 and B*15:18    Han Chinese, Taiwanese 
Lamotrigine SJS/TEN B*15:02 (positive)    Han Chinese 
  B*15:02 (no association)    Han Chinese 
Phenytoin SJS/TEN B*15:02(weak), Cw*08:01 

and DRB1*16:02 
   Han Chinese 
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CYP2C9*3 
 DRESS/MPE B*13:01(weak), B*51:01 

(weak)    CYP2C9*3 
   Han Chinese 

Nevirapine SJS/TEN C*04:01    Malawian 
 DRESS DRB1*01:01 and 

DRB1*01:02 (hepatitis and 

low CD4+) 

18% 96%  Australian, European and South African 

  Cw*8 or Cw*8-B*14 

haplotype 
   Italian and Japanese 

  Cw*4    Blacks, Asians, Whites 

Han Chinese 

  B*35 B*35:01, B*35:05 16% 97%  Asian 
 Delayed rash DRB1*01    French 
  Cw*04    African, Asian, European, and Thai 
  B*35:05, rs1576*G 

CCHCR1 status 
   Thai 

Dapsone HSS B*13:01 7.8% 99.8% 84  
Efavirenz Delayed rash DRB1*01    French 
Sulfamethoxazole SJS/TEN B*38    European 
Amoxicillin-
clavulanate 

DILI DRB1*15:01, DRB107 

(protective), A*02:01, 

DQB1*06:02 and 
rs3135388, a tag SNP of 

DRB1*15:01-DQB1*06:02 

   European 

Lumiracoxib DILI DRB1*15:01-
DQB1*06:02-

DRB5*01:01-DQA1*01:02 

haplotype 

   International, multicenter 

Ximelagatran DILI DRB1*07 and DQA1*02    Swedish 
Diclofenac DILI HLA-B11, C-24T, 

UGT2B7*2, IL-4 C-590-A 
   European 

Flucloxacilin DILI B*57:01, DRB1*07:01-

DQB1*03:01 
0.12% 99.99% 13,819 European 

Lapatinib DILI DRB1*07:01-

DQA1*02:01-
DQB1*02:02 

   International, multicenter 

Thiopurines 
(azathioprine, 6-
mercaptopurine 

Pancreatitis DRB1*07:01-DQA1*02:01    International, multicenter 

 
 
2.0 Rationale and Specific Aims 
 
Vanderbilt’s de-identified medical record database, the Synthetic Derivative (SD), 
provides a useful platform for potentially identifying a large population of patients who 
have experienced a diverse SIM-ADRs without  directly involving human subjects. 
Vanderbilt’s DNA repository BioVU can be used to provide corresponding genotypes to 
these records.  
 
Specific Aims: 
 

Specific Aim 1:  Identify cases of severe immunologically mediated adverse 
drug reactions (SIM-ADR)  within the SD using relevant search criteria and 
manual review.  This will focus on the identification of severe life threatening 
reactions such as Stevens-Johnson Syndrome/Toxic epidermal necrolysis 
(SJS/TEN). 
 
Specific Aim 2:  Identify methods to phenotype these reactions that can be 
applied across different electronic medical record systems. 
 



Protocol Version #: 1  6 

Protocol Date: 07-12-16 

Specific Aim 3:  Create the basis for and identify study questions that can then 
be applied in BioVu to test the  hypothesis that genetic variation contributes to 
SIM-ADRs using pre-existing genetic data and/or by using new platforms (MEGA 
chip for typing, high resolution HLA typing, KIR typing, etc.). 
 

 Specific Aim 4:  To obtain full range genetic typing from all serious  
 Immunologically-mediated drug reactions found in BioVu 
 
 
 
 
3.0 Animal Studies and Previous Human Studies 
 
Immunologically-mediated drug reactions are a major cause of morbidity, mortality, 
hospitalization and cost, and hence there is an unmet need to improve drug safety and 
the efficiency of drug development by identifying the propensity of compounds to cause 
hypersensitivity before their use in humans.  The 100% negative predictive value of 
HLA-B*57:01 for abacavir HSR has been established and HLA-B*57:01 is now used as a 
routine guideline-based screening test prior to abacavir initiation.9-11  It has been well 
established by our group and others that abacavir specific CD8+ T cell responses are 
seen in 10-14 day cultures from 100% of abacavir unexposed HLA-B*57:01 healthy 
donors and that this effect is not seen with other B17 serotype alleles such as HLA-
B*58:01 or HLA-B*57:02/3.10,11,16  We and others have shown that abacavir non-
covalently occupies the F pocket of the peptide-binding groove of HLA-B*57:01 and 
alters the repertoire of peptides that bind and are immunogenic.19,20  The altered 
repertoire of self-peptides presented to T cells thus causes the equivalent of an 
alloreactive T cell response that mediates hypersensitivity.19-21  This explains the 
exquisite specificity of abacavir for HLA-B*57:01 and the 100% negative predictive value 
of HLA-B*57:01 for abacavir hypersensitivity, which allows HLA-B*57:01 to be used as a 
screening test in routine HIV clinical practice.  The abacavir example can now be used to 
define a pre-clinical drug screening approach to examine the relationship between drug-
HLA structural interactions and their functional consequences, the specific 
immunopathogenesis of other drug hypersensitivity syndromes, and the reason why 
some patients carrying an HLA risk allele do not develop the disease. This study could 
also be an important contributor to drive hypotheses for such studies. 
 
There is an unmet need to define the immunological basis and find predictive genetic 
markers for serious adverse drug reactions.  This is particularly true for very severe 
adverse drug reactions such as SJS/TEN where the mortality is up to 50% and there is 
significant short and long-term morbidity that can include blindness, compromise of the 
respiratory system, adhesions (gastrointestinal and gynecological systems) as well as 
post-traumatic stress disorder. 
 
4.0 Inclusion/Exclusion Criteria 
 
Inclusion Criteria: We will include patients in SD who display the relevant SIM-ADR 
phenotype in their record and who have a DNA sample available.  Search criteria in the 
SD will involve drug-specific and phenotype-specific criteria.  After the initial searches 
are made, manual review of each file will be done to ensure whether or not patients have 
the selected SIM-ADR phenotype and to evaluate the efficacy of the search criteria.  
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The search in the SD will serve to identify the relevant SIM-ADR phenotypes.  A 
prerequisite for application to BioVu will be identification of a critical number of patients 
with a specific SIM-ADR, whether phenotype and/or drug specific, that can then be 
paired with the appropriate drug tolerant phenotype for a case control study.  See table 
below under statistical consideration for example of SIM-ADRs of interest, some 
potential search terms, and search numbers (based on Record Counter). 
 
Exclusion Criteria: Our SD search criteria will exclude patients who have common non-
drug related etiologies for the symptoms of SIM-ADR.  The manual review will also serve 
to eliminate patients who do not have the relevant SIM-ADR phenotype and will also 
servie to identify useful mechanisms to identify these patients (key words, coding, 
laboratory parameters etc) that can be developed as part of a phenotype or natural 
language processing algorithm. 
 
Controls: Controls will include patients in SD who have a DNA sample in BioVU 
available and who have been on the same drug as an affected patient for at least three 
months without developing a SIM-ARD. 
 
5.0 Enrollment/Randomization 
 
There is no randomization involved in this study. This study will exclusively utilize 
information extracted from medical records in the Vanderbilt University Medical Center 
“Synthetic Derivative” database (SD) to identify patients.  
 
6.0 Study Procedures 
 
This study will exclusively utilize information extracted from medical records in the 
Vanderbilt University Medical Center “Synthetic Derivative” database (SD).  The SD is a 
de-identified copy of the main hospital medical record databases created for research 
purposes.  The de-identification of SD records was achieved primarily through the 
application of a commercial electronic program, which was applied and assessed for 
acceptable effectiveness in scrubbing identifiers.  For instance, if the name “John Smith” 
appeared in the original medical record, its corresponding record in the SD does not 
contain “John Smith”. Instead, it is permanently replaced with a tag [NAMEAAA, BBB] to 
maintain the semantic integrity of the text. Similarly, dates, such as “January 1, 2004” 
have been replaced with a randomly generated date, such as “February 3, 2003.”   

 
The SD database (which contains over 2.5 million electronic records, with no defined 
exclusions) will be accessed through database queries and search queries are 
performed according to the project description defined here.  Searches are logged and 
will be audited.  De-identified datasets are exported directly from the system into a 
statistical/analysis program.  As no HIPAA identifiers are available in the SD database, 
and the proposed project does not plan to re-identify these records using the identified 
VUMC database, this study meets criteria for non-human subjects research.  
Nonetheless, to ensure confidentiality and appropriate use of the SD, all relevant key 
personnel for this study will enter into a data use agreement, which prohibits any use of 
the data not described in this application, including the re-identification of the SD 
records. 
 
It is estimated that approximately 200 cases of SJS/TEN related to different drugs 

across different ethnicities  within BioVu will undergo typing on the Infinium Multi-Ethnic 
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Genotyping Array (MEGA chip) with KIR and HLA imputation.  Prominent in these 
samples will be SJS/TEN due to antibiotics (Bactrim), anticonvulsants, anti-
inflammatories and allopurinol. An additional 60-100 cases of SJS/TEN will be accrued 
from cases prospectively ascertained within Vanderbilt and outside collaborators.  
Overall it is estimated by the end of 1 year 100 cases will be typed and by the end of 1.5 
years 360 cases will be typed.  These cases will be compared drug tolerant controls 
matched for age gender and ethnicity for which it is anticipated Megachip data will 
already exist within BioVu. 
 
Genotyping data will be curated for quality control using PLINK. For DNA samples with 
MEGA chip data available, we will remove samples with an individual call rate <98%, 
heterozygosity > 5 S.D form the mean, wrongly assigned gender, or duplication. 
Remaining samples will be assessed for population stratification using principal 
component analyses implemented in EIGENSOFT and STRUCTURE. Cases of 
SJS/TEN will be compared 1:2 ratio with age, gender and ethnicity matched drug 
tolerant controls. The 1000 genome project subjects will be used as the reference panel. 

 
 
 
 
7.0 Risks 
 
There is no risk involved to patients in this study.  
 
8.0 Reporting of Adverse Events or Unanticipated Problems involving Risk to 

Participants or Others 
 
As SD and BioVU are de-identified, using them does not involve patient interaction, and 
does not qualify as a study involving human participants, there is no risk to patients 
whose files and DNA samples are used in this study.  Additionally, we will only use DNA 
samples from patients that already have them on record and will not collect any new 
patient DNA samples, so there are no risks from collecting DNA samples in this study. 
 
9.0 Study Withdrawal/Discontinuation 
 
Patients may opt out of having their DNA stored in BioVU.  If a patient whose file is 
involved in the study chooses to have their DNA removed, their corresponding SD 
record will show that there is no DNA sample available, and we will remove that record 
from the study. 
 
10.0 Statistical Considerations 
 
This study in the synthetic derivative is an exploratory study that will allow us to identify 
specific SIM-ADR clinical phenotypes.  This will serve as a feasibility test for the 
identification of SIM-ADR phenotypes within the SD that could potentially be applied and 
validated against other electronic health records.  Only those SIM-ADRs that are likely to 
be adequately powered (likely n>25 of any extreme phenotype) will be taken forward for 
a separate application to BioVu.  This separate application would then include the 
sample size and power calculations relevant to the phenotype of interest based on the 
predicted range of effect sizes.  As extreme phenotypes are identified, the coding and 
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terms within the records of these “cases” will provide invaluable information to identify 
new cases within the SD. 
 
 
 
Table 2:  SIM-ADR phenotypes of interest, potential search terms and sample 
review numbers in Record Counter 
 

SIM-ADR Examples of Implicated Drugs Example Search Criteria 
Preliminary 
RC records* 

SJS/TEN 

Carbamzaepine, allopurinol, 
sulfonamide antibiotics, phenytoin, 
NSAIDs, lamotrigine, phenobarbital, 

penicillins, other antibiotics 

For SJS: "Stevens-Johnson Syndrome" or its 
abbreviations mentioned in record or ICD-10 codes 
L51.1-Stevens-Johnson syndrome or L51.3-Stevens-

Johnson syndrome-toxic epidermal necrolysis 
overlap syndrome and either allopurinol phenytoin, 

phenobarbital, carbamazepine, or or lamotrigine.  
For TEN: "Toxic epidermic necrolysis" or its 

abbreviations mentioned in record and either 
allopurinol or carbamazepine 

240 

DRESS 
Allopurinol, Bactrim, vancomycin, 

phenytoin, carbamazepine, 
lamotrigine 

Contains ICD-9 E930-Antibiotics causing adverse 
effects in therapeutic use or E936.1 (anticonvulsants) 

and 288.3-Eosinophilia, 780.6 Fever, and ICD-9/10 
rash codes, and vancomycin or phenytoin 

525 

Acute generalized 
exanthematous 

pustulosis (AGEP) 
Hydroxychloroquine, aminopenicillin 

Contains "Acute generalized exanthematous 
pustulosis,” “AGEP” or other abbreviations in record 

695 

Eosinophilic 
pneumonia 

Daptomycin 
Contains ICD-9 code 518.3-Pulmonary eosinophilia 

and either "drug-induced" or "drug induced" 
mentioned in record 

215 

Linear IgA bullous 
disease 

Vancomycin 
Contains either "linear IgA" or “LABD” in record and 

vancomycin 
510 

Fixed drug 
eruption 

NSAIDS, antibiotics Contains "fixed drug eruption" in record 420 

*All RC searches were filtered to include all BioVU Samples  

 
11.0 Privacy/Confidentiality Issues 
 
The SD is a de-identified database within which patient names are replaced by a study-
specific 8-digit ID number. Within each patient file, relevant identifying information such 
as names, addresses, phone numbers, and dates are either altered or removed to 
protect patient anonymity. Upon requesting a DNA sample from BioVU, a DNA sample is 
identified using the patient’s study-specific ID number. If identifying information is shown 
in the SD patient file, we will report it through the appropriate channels. 
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12.0 Follow-up and Record Retention 
 
Duration of study will be from date of approval until end of study. Records will be stored 
indefinitely. 
 
13.0    Expected outcomes 
 
 
It is expected that the bioinformatics mechanisms developed to identify cases of 
SJS/TEN within the synthetic derivative can be applied across other medical record 
systems in the United States and internationally. A collaboration already exists with a 
group within the armed forces and a consortium within the United States where this will 
be possible It is estimated that up to 500 additional cases of SJS/TEN will be uncovered 
with these methods that may be amenable for call back and genetic testing. 
 
We currently have one of the largest prospective collection of paired skin, blood and 
bliser fluid samples from SJS/TEN patients and parallel research is in place to determine 
the mechanisms by which drugs mediate SJS/TEN in patients at genetic risk. 
This project will provide dense genotyping on a large population of patients with 
SJS/TEN related to different drugs and it is expected that it will uncover new genetic 
association particularly for drugs where little information exists such as antibiotics 
(Bactrim), anti-inflammatories and some other anticonvulsants and mood stabilitizing 
drugs such as lamotrigine.  It is expected that new genetic risk factors outside of the 
HLA region will be discovered. 
 
The discovery of genetic risk factors will be a critical step in building a scientific model 
that explains the immune basis for SJS/TEN. It is expected that with this information 
other parts of the puzzle (such as the link between genetic predisposition and 
development of SJS/TEN) will be uncovered and this will lead to the development of 
sensitive blood tests that may detect which patients carrying a specific HLA allele and/or 
other genetic risk factors will go on to develop SJS/TEN disease.  This will mean that it 
will be possible to screen patients at risk before they receive a high risk drug to prevent 
SJS/TEN.  This will also facilitate the design and development of safer drugs. 
 
14.0 Timelines 
 

Specific Aims Year 
1 

First 6 months 
year 2 

Second six 
months year 
two 

Aim 1: Identify cases of SJS/TEN and other SIM-
ADR within the synthetic deriveative 

 
 

 
 

 
 

Aim 2: Identify bionformatic mechanisms to 
identify SJS/TEN within the electronic health 
record which can be broadly applied to other 
electronic medical record systems 

 
 
 
 

 
         
 
 

 

Aim 3: To apply dense genotyping of cases of 
SJS/TEN identified within BioVu 
First 100 cases 
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Additional 160 cases            

Aim 4: To obtain full range genotyping of all SIM-
ADR identified within BioVu 

   

 
 
Budget: 
 
Full budget to be added:  estimated to cover 200 SJS/TEN samples x $500/samples 
Megachip including QC costs = $10,000; Bioinformatic analysis/computational 
imputation of genotyping: $80/hour x 72 hours = $5760; programmer time/0.10 research 
analyst = $4,240. 
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