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The Dual Role of  

Pharmacogenomics  in 
HIV Treatment

Personalized 

Medicine Based on 
Host-Viral Interaction

Role of Pharmacogenomics  
associated with HIV drug resistance 
(the viral genome).

Role of Pharmacogenomics  of 
adverse effects due to 
antiretroviral drugs (the human 
genome).
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A remarkable event happened on World AIDS Day in 2004 (พ.ศ. 
2547), when the Thai government adopted antiretroviral 
treatment in its Universal Health-Care System”

Thailand have had 1.17 million people with 
HIV/Aids over the years, with 447,640 
living with the disease now. The number of 
new infections had been reduced to about 
8,900 per year. 

However, there is an  issue of Drug-resistant 
HIV 'on increase' in Thailand.
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B.C 2550 = B 3,855,600,000
B.C 2551 = B 4,325,966,000

B.C. 2552 =B 2,983,800,000 

B.C. 2553 =B 2,770,000,000 

B.C. 2554 =B 2,970,000,000 

(Number of patients receiving ARVs = 153,214)

B.C. 2555 = B 2,940,000,000 

(Number of patients receiving ARV = 157,600)

B.C. 2556 = B 3,599,000,000 baht 

(Number of patients receiving ARVs = 181,000)

B.C. 2557 = 2,946.997  billion baht

First line regimen =181,000X1,200X12= ฿2.6 Billion/$87 Million

Second line regimen =181,000X5,000X12= ฿10.8 Billion/$360 Million

Third line regimen =181,000X8,000X12= ฿ 17.3 billion/$576 Million

)

The National Health Security Office (NHSO) has set nearly 
B 3 billion/$ 100 M as a budget for HIV/AIDs care and 
treatment (2012) while planning to increase the budget to 
B3.5 billion/$ 114 M for next year (2013).
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How lucky being Thai.
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Strict adherence

Our Mission:
To make first-line 
ARV last longer

Missing  just two drug doses can 
result in increased levels of virus in 
the body, or resistance to the drug, 
derailing their effectiveness and 
causing treatment failure and waste 
of financial resources. That patient needs  
to  switch to costlier second-line ones (2-9 times)

Factors make it hard for patients to 
take ARVs  on schedule as 
prescribed : ADR & Life style

Start First-line ARV: 
CD4<200 cells/ul)

Over 13-15 years

With in 3 months

Poor adherence

1

2

3

4
5



11/12/56

5

First-line ARV therapy
GPOvir 1,200 baht/patient/month   = 1,440,000,000 baht/100,000 patients

NVP 200 mg + d4T 30 mg + 3TC 150 mg

Second-line therapy (2-9 times more expensive)
NRTI + PI /patient/month =  2,880,000,000-12,960,000,000 baht

Due to the unique ability of HIV to mutate, drug resistance can arise when a person misses even a couple of doses of a 
drug (i.e. "is not compliant"). We can  improve the medication compliance, if we can minimize the occurrence of 
adverse drug events.

Good /Poor 
Adherence 

PGx
testing

Minimize ADR

Good adherence

Increase 
efficacy

Increase 
durability of 
first-line ARV  
to last  as long 

as possible

Reduce usage of 
costly second-
line regimens

Viral load (The concentration 
of a virus, such as HIV, in 
the blood) & HIV-1 drug 

resistant testing

The earlier the better (a lot cheaper)
This reduces drug  resistance and 
cross-resistance.

Role of Pharmacogenomics  
associated with HIV drug 
resistance (the viral genome).

Role of Pharmacogenomics  of 
adverse effects due to 
antiretroviral drugs (the human 
genome).
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Number of samples for drug resistance testing from 1999 to the end of 2013 at 
Ramathibodi Hospital, Thailand

0

500

1000

1500

2000

2500

3000

3500

4000

(1) Retrospective Study 
Almost 20,000 HIV genotyping results 

11

Year of enrollment

(1) Retrospective Study 
Prevalence of NRTIs, NNRTIs and PIs resistance from 1999 - 2012
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(1) Retrospective Study 
Prevalence of NRTIs, NNRTIs and PIs resistance and possible 
resistance in 2012

13

HIV-1 Drug-resistance assay 
based on Sanger sequencing.
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US FDA 
Approved HIV -DR 

Assays

Interpretations:

• TruGene,

• ViroScore,

• ViroScore-Plus,

• RamaScore,

• VirtualPhenotype

Nucleotide 
sequence 
(…AAGTCTC
CGCATGCAT
A…)
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DNA sequencing bottleneck
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In order to increase sensitivity in detecting drug 
resistant mutation, the Thailand Center of 
Excellence for Life Sciences (TCELS) started 
partial support in 2012 by using amplicon (ultra 
deep) sequencing; a new field that is being 
enabled largely through NGS technology. 
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The Sunday Nation December 1, 2013 1:00 am
Mahidol University's Faculty of Medicine at Ramathibodi Hospital has succeeded in developing "HIV-1 Deep 
Sequencing" as a better test for drug-resistant HIV that will yield results 100 times more sensitive than before.
To mark the World AIDS Day, the centre will provide this "HIV-1 Deep Sequencing" tests to patients and 
provide consultations when reading the test results to doctors treating people with HIV free-of-charge from 
December 1 on. For more details, call 02-201-1470 or download information from http://sdrv.ms/1dGGRwy.

The centre's chief Dr Wasan Chantratita said Thailand had had 1.17 million people with HIV/Aids over the 
years, with 447,640 living with the disease now. He said the number of new infections had been reduced to 
about 8,900 per year. However, there was the issue of drug-resistant HIV, so the better testing method for 
drug-resistant HIV was timely and they could also adjust prescribed anti-retroviral drugs.

The collaboration between the centre, plus the Science and Technology Ministry's Thailand Centre of 
Excellence for Life Sciences (TCELS) and Roche Diagnostics (Thailand) Ltd would enable doctors to detect 
mutated HIV from a small amount of blood from a patient, Wasan said.

So, doctors could change prescribed anti-retroviral drugs and cut down a chance of cross-resistance occurring. 
This would also prevent drug-resistant patients from having to take the mostly imported and expensive 
second formula.

This would save the country money, he said.

Next Generation sequencing
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Roche 454 GS-Junior

Next Generation Sequencers

>35 Mb
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Picotiter plate > 100,000 wells
Approximately  70,000 beads filled in the wells
Each bead will produce 500 bp
Per run would be 35 Million bp
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Current   Sequencing Next Generation   Sequencing 

Selection of 
resistant HIV

Incomplete suppression
Inadequate potency   
Inadequate drug levels
Inadequate adherence
Pre-existing resistance 
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Metzner K, Paredes R, CHAIN Training slides
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Sanger sequencing

Next generation sequencing
(Ultrasensitive resistance test)

More than 10 % of HIV-1-positive persons (naïve) in Spain & 2.4-7.8% in Thailand  become infected with 
viruses that are already resistant to at least one antiretroviral drug.

Inadequate or 
inappropriate  ARV 

treatment  will quickly 
lead to treatment

Failure

Next generation sequencing
(Ultrasensitive resistance test)

Inadequate or 
inappropriate  ARV 

treatment  will quickly 
lead to treatment

Failure

Salvage
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Jon Li, et al  (JAMA 2011)

33

Increased risk of virological failure 

Risk of virological failure NOT increased

Risk increased in some subjects or non-significant trend towards increased risk

Therefore, doctors could change 
prescribed antiviral drugs and cut down 
the chance of cross-resistance occurring.

This would also prevent drug-resistant 
patients from having to take the mostly 
imported and expensive second formula, 
thus, saving the country medical 
expenditure.  
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Role of Pharmacogenomics  
associated with HIV drug 
resistance (the viral genome).

Role of Pharmacogenomics  of 
adverse effects due to 
antiretroviral drugs (the human 
genome).

ผ่ืนแพ้ยารุนแรงชนดิ Steven-Johnson syndrome (SJS) และ Toxic epidermal 
necrosis syndrome (TENS)
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Drug induced SJS/TENs in Thailand 1998-2008 
(Reference: Thai FDA 2008)

Drug name Count

1. SULFAMETHOXAZONE+ TRIMETHOPRIM 1,234

2. CARBAMAZEPINE 703

3. ALLOPURINOL 664

4. PHENYTOIN 451

5. AMOXYCILLIN 342

6. STAVUDINE + LAMIVUDINE+NEVIRAPINE 313

7. PHNOBARBITAL 189

8. IBUPROFEN 156

9. NEVIRAPINE 122

10. TETRACYCLINE 113

Genomic markers have been  found  and utilized as   predictive  tools by our group.

We revealed novel DNA screening assays for 8 of 10 drugs with the most 
severe ADRs, as listed by the Thai Food and Drug administration. 

Genome-Wide Association Studies (GWAS)
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We performing more than 3,000 
GWAS and comparing two large 
groups of individuals; one with no 
adverse drug reactions, as a 
control, and one case group 
affected by serious side effects 
after taking the drug in question.

Chromosome 6

Discovery: Genomic predictive markers for HIV-1 pharmacogenetics

HIV-ADR All-in-One
HLA-B*1502 =>การแพย้า Carbamazepine (ยากันชัก)*
HLA-B*5801 =>การแพย้า Allopurinol (ยาลดกรดยรูกิ)*
HLA-B*5701 =>การแพย้า Abacavir (ยาตา้นไวรัสเอดส)์*
HLA-B*3505 =>การแพย้า Nevirapine (ยาตา้นไวรัสเอดส)์
CCHCR1 =>การแพย้า Nevirapine (ยาตา้นไวรัสเอดส)์
CYP2B6=> การแพย้า Nevirapine & Efaviren (ยาตา้นไวรัส
เอดส)์
HLA-B*4001 =>การแพย้า Stavudine/d4T (ยาตา้นไวรัสเอดส)์ 

ผูป่้วยเมือ่มอีาการแพย้าจะหยดุใชร้ยาตา้นไวรัสหรอืใชไ้มต่อ่เน่ือง
เชือ้เกดิการกลายพันธุแ์ละดือ้ตอ่ยาตา้นไวรัสในทีส่ดุ
*คน้พบโดยนักวจัิยกลุม่อื่น

3Patents: Risk assessment for lipodystrophy and cutaneous adverse drug reactions from antiretroviral agents

Lab-on-a-chip

Reagent kit

Social Impact: Life-saving and cost-saving from adverse drug reaction and HIV drug resistance.

Innovation: HIV-1 pharmacogenetic screening tests

Chromosome 19

International publications: >14

The winner of Thailand 
innovation awards

2011

These predictive markers have been included in the same test, under the code 
name “All-In-One PGX-HIV”. The above anti-retroviral drugs could cause severe 
ADRs, such as Stevens-Johnson syndrome, hypersensitivity, and lipodystrophy
syndromes. The assay received the Thailand Innovation Award in 2011. 
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Sensitive allele-frequency

detection (typically 5%)

Interrogate up to 10 mutations from 

different amplicons in a single base 

extension reaction

Multiplexing capability up to 10-plex

งานแถลงขา่ว การน าเสนอผลงานวชิาการในการประชมุ 7th IAS Conference on HIV Pathogenesis, Treatment and Prevention, 
International AIDS Society (IAS2013) Kuala Lumper, Malaysia, June 30-July 3, 2013

ศ.นพ.สมนึก สงัฆานภุาพ

HLA-B*35:05 and CCHCR1 screening reduces nevirapine-associated cutaneous 

adverse reactions in Thailand: a prospective multicenter randomized controlled trial
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A non-profit health network in U.S. has recently suggested testing 
HLA-B*3505 before NVP prescription in Thai descent based on our 
finding. 
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