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TABLE 1 | Operational definitions.

Terms

Mono-drug resistant TB

Poly-drug resistant (PDR) TB
Rifampicin resistant (RR) TB
Multidrug resistant TB (MDR-TB
Extensive drug-resistant TB (XDR-TB)
Cured

Treatment completed

Died
Treatment failed

Defaulted

Successful outcomes
Unsuccessful outcomes
Married

Unmarried

ADRs Among Drug-Resistant TB Patients

Operational definitions

TB patients are non-responsive to a single anti-TB drug other than H and R in FLDs

TB patients are non-responsive to more than one FLDs, not including H and R

TB patient non-responsive to R only

TB patient non-responsive to both H and R

TB patient non-responsive to any FQs and any of the injectable SLDs (Am, Km, and Cm) in addition to H and R
DR-TB patient completes the TB treatment without any sign of therapy failure and obtains at least five consecutive negative
sputum cultures in the final treatment year taken a month apart

DR-TB patient completes the TB treatment with inadequate bacteriological results (less than five negative cultures in the final
year of treatment) but without any sign of therapy failure

DR-TB patient expires during the period of TB treatment

DR-TB patient obtains two or even more positive cultures out of the five cultures during the last year of therapy or if there is a
lack of improvement in therapeutic response

A gap of two or more consecutive months in the treatment of a DR-TB patient due to non-medical reasons

Cured or treatment completed

Died or treatment failed or defaulted

Legally recognized union between people called spouses

Without any legally recognized union

TB, tuberculosis; FLDs, first-line anti TB drugs; SLDs, second-line anti TB drugs; H, isoniazid; R, rifampicin; FQs, fluoroquinolones; Am, amikacin; Km, kanamycin;, Cm, capreomycin.

TABLE 2 | Adverse drug reactions.

Adverse
drug reactions (ADRs)

Allergic skin reaction

Anemia

Arthralgia

Body pain and headache
Dyspnoea

Gastrointestinal disturbances
Gynecomastia

Hemoptysis

Hepatotoxicity

Hypothyroidism
Hypokalemia
Hyperuricemia
Nephrotoxicity
Ototoxicity

Peripheral neuropathy

Psychiatric disturbances
Sleep disturbances
Swelling

Vertigo and dizziness
Visual disturbances

Definition

Any skin change characterized by pruritis, rash, acne, or photosensitivity reported by the patients and cross-examined by
the physician for possible anti-TB drugs effects

At least 1 serum hemoglobin value <13 g/dl (male) or <11.5 g/dl (female)*

Joint pain reported by the patients and recorded by the physician with or without arthritis

As reported by the patients

Any difficulty in breathing as reported by the patients and evaluated by the physician

Any case of gastritis, nausea, vomiting, abdominal pain, or diarrhea reported by the patients or documented by the physician
Consistent and painful enlargement of breast documented by the physician for possible anti-TB drug effects

Spitting of blood with cough as reported by the patients and documented by the physician

In the absence of symptoms, at least 1 elevated serum value of transaminase or bilirubin five times higher than the upper
normal value or three times higher in case of symptoms

At least 1 increased serum TSH value >10 IU/ml*

1 serum potassium value <3 mmol/L*

At least 1 serum increased value of uric acid >9 mg/dl*

At least 1 serum creatinine value >130 umol/L*

Hearing loss or tinnitus as reported by the patients and confirmed by audiometry or clinician examination

Symptoms linked with numbness or burning sensation of extremities as reported by the patients and evaluated by the
physician

Any cases of depression or psychosis evaluated by a psychologist or psychiatrist

As reported by the patients and documented by the physician

Evaluated by the physician by physical examination

As reported by the patients and evaluated by the physician

DIFFICULTY in vision as reported by the patients

Normal Ranges: Alanine aminotransferases (ALT) = up to 41 U/L; Bilirubin total = Up to 1.2 mg/dl; serum creatinine = 0.74-1.35 mg/dl; Hemoglobin (Hb) Male (13-18) g/dl Female

(11.5-16.5) g/dll.

(48.3%) and 140 (51.7%), respectively. The illness duration for nearly

Patients’ Characteristics and Frequency of

Adverse Drug Reactions

Males (n = 139) and females (n = 132) were nearly in an equal
proportion in the study. The mean age of all the participants was
36.75 (SD = 15.69) years. The mean baseline body weight was 45.44
(SD = 11.61) kg. Non-smoker patients (n = 248, 88.6%) constituted
the major proportion of the study. Most of the participants were
married (n = 195, 72%). Rural and urban participants were 131

half of the study participants (53.5%) before DR-TB diagnosis was
between 6-12 months. Most of the patients weighed less than 40 Kg.
Half of the patients (56.8%) had bilateral lung cavitation at the
baseline visit. None of the patients had positive HIV status. DR-TB
cases, in the current study, used an average of 5 (4-9) most likely
effective drugs in the intensive phase of treatment, while an average
of 6.38 (5-12) anti-TB drugs throughout the treatment. The median
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TABLE 3 | Patients’ characteristics and frequency of ADRs.

Characteristics

Gender
Male
Female
Age (years) (Mean + SD = 36.75 + 15.69)
18-35 years
36-50 years
>50 years
Patient weight at baseline (kg) (Mean + SD = 45.44 + 11.61)
<40 kg
>40 kg
Marital Status
Unmarried
Married
Residence
Rural
Urban
Smoking history
Non-smoker
Active and ex-smoker
Duration of illness prior to DR-TB diagnosis
Less than 6 months
6-12 months
1-2 years
More than 2 years
Treatment category
New
Relapse
Treatment after failure
Treatment after loss to follow-up
Others
Previous TB treatment
Yes
No
Resistance to All FLDs
Yes
No
Previous use of SLDs
Yes
No
Resistance to any SLDs
Yes
No
Co-morbidity
Yes
No
Patients’ family TB history/status
No TB
DS-TB
DR-TB
Hemoglobin level at baseline
Normal
Less than normal
Baseline sputum grading
Negative
Scanty?, +1°
+2°, 43¢
Lung cavitation at baseline
No cavitation
Unilateral cavitation
Bilateral cavitation
Body mass index (BMI)
Underweight
Normal

n (%)

139 (51.3)
132 (48.7)

139 (51.9)
80 (29.5)
52 (19.2)

188 (69.4)
83 (30.6)

76 (28)
195 (72)

131 (48.3)
140 (51.7)

240 (88.6)
31 (11.4)

74 (27.9)

145 (53.5)
37 (13.7)
15 (5.5)

38 ()14
6(2.2)
198 (73.1)
26 (9.6)
3(1.1)

233 (86.3)
37 (13.7)

14 (5.2)
257 (94.8)

17 (6.5)
244 (93.5)

71(26.2)
200 (73.8)

45 (16.6)
226 (83.4)

251 (92.6)
14 (5.2)
6(2.2)

64 (27)
173 (79)

22 (8.1)
134 (49.4)
115 (42.4)

50 (18.5)
67 (24.7)
154 (56.8)

ADRs Among Drug-Resistant TB Patients

Adverse drug reactions n (%)

Yes (n = 220) No (n = 51)
221 (81.2) 51 (18.8)
111 (79.9) 28 (20.1)
109 (82.6) 23 (17.4)
122 (87.8) 17 (12.2)
62 (77.5) 18 (22.5)
36 (69.2) 16 (30.8)
153 (81.4) 35 (18.6)
67 (80.7) 16 (19.3)
70 (92.1) 6(7.9)
150 (76.9) 45 (23.1)
108 (82.4) 23 (17.6)

112 (80) 28 (20)
194 (80.8) 46 (19.2)
25 (80.6) 5(19.4)
64 (86.5) 10 (13.5)
117 (80.7) 28 (19.3)
27 (73) 10 (27)
12 (80) 3 (20)
32 (84.2) 6(15.8)
3 (50) 3 (50)
161 (81.3) 37 (18.7)
22 (84.6) 4 (15.4)
2 (66.7) 1(33.3)
188 (80.7) 45 (19.3)
31(83.8) 6(16.2)
12 (85.7) 2 (14.3)
208 (80.9) 49 (19.1)
12 (70.6) 5 (29.4)
198 (81.1) 46 (18.9)
57 (80.3) 14 (19.7)
163 (81.5) 37 (18.5
38 (84.4) 7(15.6)
182 (80.5) 44 (19.5)
206 (82.1) 45 (17.9)
11 (78.6) 3 (21.4)
3 (50) 3 (50)
56 (87.5) 8 (12.5)
150 (86.7) 23 (13.3)
18 (81.8) 4(18.2)
107 (79.9) 27 (20.1)
95 (82.6) 20 (17.4)
30 (60) 20 (40)
62 (92.5) 5(7.5)
128 (83.1) 26 (16.9)
31 (75.6) 10 (24.4)
66 (85.7) 11 (14.9)

(Continued on following page)
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TABLE 3 | (Continued) Patients’ characteristics and frequency of ADRs.

Characteristics Adverse drug reactions n (%)
n (%) Yes (n = 220) No (n = 51)
Overweight 153 (56.5) 123 (80.4) 30 (19.6)
Patient resistance category
RR only 134 (49.4) 110 (82.1) 24 (17.9)
PDR 1(0.4) 1 (100) 0
MDR 128 (47.2) 104 (81.3) 24 (18.8)
XDR 8 (3 5 (62.5) 3 (37.5)
Treatment outcome category
Cured 187 (69) 182 (82.7) 5(9.8)
Died 48 (17.7) 29 (60.4) 19 (39.6)
Failed 2(0.7) 2 (100) 0
Loss to follow-up (defaulted) 34 (12.5) 7 (20.6) 27 (79.4)

FLDs, first-line anti-TB drugs; SLDs, second-line anti-TB drugs; DS-TB, drug-susceptible TB; DR-TB, drug-resistant TB; kg, kilogram; SD, standard deviation.
41-9 Acid-fast bacilli (AFB)/100 high power field (HPF).

P10-99 AFB/100HPF.

°1-9 AFB/HPF.

9>9 AFB/HPF.

TABLE 4 | Drugs used along with daily dose and frequency of patients receiving each drug.

Group Drugs Recommended dose (mg/kg of body weight) Frequency of
patients
receiving each drug
n (%)
Group 1 FLDs H 16-20 once daily (Max dose 1,500 mg) 0
E 25 once daily (Max dose 2,000 mg) 73 (26.9)
Z 30 to 40 269 (99.3)
Group 2 injectable anti-TB drugs Am 15 to 20 249 (91.9)
Cm 15 to 20 35 (12.9)
Km 15 to 20 0
S 12-18 once daily (Max dose 1,000 mg) 1(0.4)
Group 3 fluoroquinolones Lfx 7.5t0 10 241 (88.9)
Mfx 751010 33 (12.2)
Group 4 oral bacteriostatic SLDs Eto 15 to 20 271 (100)
Pto 15 to 20 0
Cs 15 to 20 271 (100)
PAS 150 (Max dose 8-12 g) 236 (87.1)
Cfz 100 mg once daily 19 (7)
Lzd 600 my once daily 19 (7)
Bda 400 mg once daily for 2 weeks and then 200 mg three times per 1(0.4)
week
Group 5 anti-TB drugs with limited data available on the Amx/ 1,5600/375 mg daily 12 (4.4)
efficacy Clv
Clr 1,000 mg once daily 8 (3)

H, isoniazid; E, ethambutol; Z, pyrazinamide; Cs, cycloserine; Eto, ethionamide; PAS, para-amino salicylic acid; Am, amikacin; Cm, capreomycin; Km, kanamycin; S, streptomycin; L,
levofloxacin; Mfx, moxifloxacin; Pto, prothionamide; Cfz, clofazimine; Bdq, bedaquiline; Amx, Amoxicillin; Clv, Clavolonate; Lzd, linezolid; Clr, clarithromycin.

length of injectable administration was nine months (range 4-14), Patients’ Treatment Regimen
and the median length of DR-TB treatment was 20 months (range =~ Most of the patients were administered at least four or more

1-32). Successful treatment outcome (cured and completed) was  likely effective drugs in the intensive phase. Patients were kept
noted for 187 (69%), while unsuccessful treatment outcome was  on empirical therapy until the availability of DST results. After
observed for 48 (17.7%) died, 34 (12.5%) defaulted, and 2 (0.7%) the availability of DST results, an individualized regimen was
treatment failure. A detailed description of the patient’s socio- started. The detail of drugs used, along with daily doses and
demographic characteristics and clinical history has been frequency of patients using each drug, has been described in
provided in Table 3. Table 4.
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TABLE 5 | Identification of suspected drugs, frequency, and management of ADRs among DR-TB patients (n = 271).

Adverse drug
reaction

Gastrointestinal
Disturbances

Gastrointestinal

upset

Nausea and
Vomiting

Diarrhea
Hiccups

Oral Ulcer

Nervous System
Disorders
Depression

Sleep
disturbances
Psychosis

Aggression

Visual
disturbances

Memory loss

Electrolyte
disturbances

Arthralgia/
Hyperuricemia

Suspected

drugs

H, PAS,

Cs, Eto

PAS

PAS, H

Cs

Cs

Cs

Cs

Cs

Cs

Am

Z,Cs, H

ADR

frequency

(%)

181 (66.7)

146 (53.8)

29 (10.7)

4(1.47)
1(0.36)

1(0.36)

161 (59.4)

75 (27.6)

48 (17.7)

27 (10)

5 (1.84)

4 (1.47)

2(0.7)

151 (55.7)

137 (49.1)

Action taken

Counselled and reassured. Patients
were prescribed PP/l along with
prokinetics drugs. Medication was
modified for one patient and was
replaced with Lzd

Counselled and reassured. All
patients were prescribed
domperidone along with
prokinetics drugs. PAS dose was
reduced in one patient

Patients were prescribed
diosmectite powder

The patient was prescribed
Baclofen along with PP/

The patient was prescribed
Lignocaine gel and advised for use
of mouthwash

Counselled and prescribed SSR/
antidepressants. The dose of Vit B6
was also increased. The offending
agent was withheld temporarily in
one patient and dose was reduced
in another patient

All patients were counselled and
prescribed Benzodiazepines

All the patients were prescribed
antipsychotic medication after
referral to the psychiatry ward. 27
patients were prescribed
risperidone. The offending drug
was temporarily and permanently
stopped in two and one patient,
respectively, and dose was
reduced in one patient

Counselled and referred to the
psychiatry ward. All patients were
prescribed Fluphenazine HCI and
nortriptyline

Patients were counselled and were
referred to an ophthalmologist. Vit
B6 dose was increased in all
patients

The patients were prescribed a
higher dose of Vit B6

Patients were monitored and two
patients were advised for
potassium-rich food and a
potassium supplement was added
to two patients’ treatment regimen
due to Hypokalemia

Patients were prescribed NSAIDs
for symptomatic relief. One patient
was prescribed Allopurinol and
dose of Z was reduced in another
patient

Modified RR/MDR-TB

PAS (1)

Cs (2

None

Cs (9)

None

None

None

None

ADRs Among Drug-Resistant TB Patients

Type of Action taken

Dose Temporary Permanent
reduction withdrawal withdrawal
PAS (1)
PAS (1)
Cs (1) GCs (1) -
Cs (2) Cs (2) Cs (1)
Z()

(Continued on following page)
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TABLE 5 | (Continued) Identification of suspected drugs, frequency, and management of ADRs among DR-TB patients (0 = 271).

Adverse drug
reaction

Ototoxicity

Pruritis/Rash/
Acne

Dyspnoea

Body Pain and
Headache
Tinnitus

Peripheral
neuropathy

Anorexia

Hypothyroidism

Dizziness

Hemoptysis

Anemia

Nephrotoxicity

Suspected
drugs

Am, S

Am, Cm, Eto

Cs

PAS

Z, Cs

PAS

Cm

ADR
frequency
(%)

65 (24)

35 (12.9)

34 (12.5)

27 (10)

24 (8.9)

14 (5.2)

7 (2.58)

5 (1.84)

4 (1.47)

3(1.1)

Action taken

Counselled. Am was replaced to
Cm in 33 patients and dose was
reduced in nine patients while use
was withheld temporarily and
permanently in one and three
patients, respectively. Nine patients
were kept without management as
they had completed their injectable
treatment and this ADR was
subsided

Counselling was provided to
patients. Antihistamine and
hydrocortisone therapy was
prescribed along with the use of r

All patients were counselled and
prescribed a bronchodilator

All patients were counselled and
prescribed NSAIDs

All patients were counselled and
prescribed Betahistine. The
Injection was stopped temporarily
in one patient and advised on an
alternate day in another patient

All patients were counselled and
prescribed duloxetine and vit B6
dose was increased

All patients were prescribed
appetizers and multivitamins

All were counselled and prescribed
thyroxine. Use of the offending
agent was stopped in one patient
and dose was reduced in another
patient

Patients were counselled. The dose
of Vit B6 was increased in all
patients. Z was advised to be taken
on an alternate day in one patient.
one patient was prescribed
Prochlorperazine, and another
patient was prescribed Betahistine

Patients were counselled. All three
patients were prescribed
Tranexamic acid

Patients were counselled. One
patient was prescribed for iron
supplement and one patient was
advised for blood transfusion along
with the temporary withdrawal of
the offending agents

Patients were counselled and
prescribed prednisolone along with
the removal of the offending agent
permanently in one patient and
replaced with Lzd in another patient

Modified RR/MDR-TB
regiment

Am (45) S (1)

Skin emollients. Fusidic acid
was prescribed for one
patient. Two patients were
prescribed anti-acne
therapy

None

None

Cm (2)

None

None

PAS (2)

None

PAS (2)

Cm (2)

Type of Action taken

Dose Temporary Permanent
reduction withdrawal withdrawal
Am (9) Am (1) Am (3)

None
Cm (1) Cm (1) -
PAS (1) PAS (1)
Z(1)
PAS (2)
Cm (2)

(Continued on following page)
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TABLE 5 | (Continued) Identification of suspected drugs, frequency, and management of ADRs among DR-TB patients (0 = 271).

Adverse drug Suspected
reaction drugs
Palpitations

Gynecomastia

Menstrual Eto
irregularities

Photosensitivity Eto
Swelling

ADR

frequency

(%)

2(0.7)

2(0.7)

1 (0.36)
1 (0.36)

1 (0.36)

Action taken

Counselling was provided to the
patients. Beta-blockers were
prescribed

NSAIDs were added to patients’
treatment along with counselling

The patient was counselled and
referred to a gynecologist

The patient was prescribed a higher
dose of Vit B6

The patient was counselled and
prescribed a diuretic

Modified RR/MDR-TB

None

None

None

None

None

ADRs Among Drug-Resistant TB Patients

Type of Action taken

regiment

Permanent
withdrawal

Temporary
withdrawal

H, isoniazid; Cs, cycloserine; Eto, ethionamide; PAS, para-amino salicylic acid; Z, pyrazinamide; Am, amikacin; Cm, capreomycin; S, streptomycin; NSAID, non-steroidal anti-inflammatory

drugs; Lzd, linezolid; vit, vitamin.

TABLE 6 | Univariate analysis of risk factors associated with adverse drug reactions.

Variable

Gender
Female
Male

Age (years) (Mean + SD = 36.75 + 15.69)

18-35 years
36-50 years
>50 years

Patient weight at baseline (kg) (Mean + SD = 45.44 + 11.61)

<40 kg

>40 kg
Marital Status

Married

Unmarried
Residence

Rural

Urban
Smoking history

Non-smoker

Active and ex-smoker

Duration of illness prior to DR-TB diagnosis

Less than 6 months
6-12 months
1-2 years
More than 2 years
Treatment category
New
Relapse
Treatment after failure
Treatment after loss to follow up
Others
Previous TB treatment
No
Yes
Resistance to All FLDs
No
Yes
Previous use of SLDs
No

Odds ratio (95% CI)

Referent
0.876 (0.454-1.542)

Referent
0.48 (0.231-0.996)
0.314 (0.144-0.682)

Referent
0.958 (0.496-1.849)

Referent
3.5 (1.426-8.590)

Referent
0.852 (0.462-1.570)

Referent
1.186 (0.431-3.263)

Referent
0.6583 (0.298-1.430)
0.422 (0.158-1.130)
0.625 (0.150-2.612)

Referent
0.188 (0.03-1.16)
0.816 (0.318-2.093)
1.031 (0.26-4.086)
0.375 (0.029-4.821)

Referent
0.809 (0.318-2.055)

Referent
1.413 (0.306-6.521)

Referent

p-value

0.567

0.011
0.049
0.003

0.898

0.006

0.607

0.742

0.397
0.286
0.086
0.519

0.403
0.072
0.672
0.965
0.452

0.655

0.657

0.294
(Continued on following page)
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TABLE 6 | (Continued) Univariate analysis of risk factors associated with adverse drug reactions.

Variable

Yes
Resistance to any SLDs
No
Yes
Co-morbidity
No
Yes
Patients’ family TB history/status
No TB
DS-TB
DR-TB
Hemoglobin level at baseline
Normal
Less than normal
Baseline sputum grading
Negative
Scanty?, +1°
+2°, +3°
Lung cavitation at baseline
No cavitation
Cavitation
Body mass index (BMI)
Under weight
Normal
Overweight

Odds ratio (95% CI) p-value
0.558 (0.187-1.661)

Referent 0.822
0.924 (0.466-1.833)

Referent 0.541
1.312 (0.549-3.135)

Referent 0.183
0.801 (0.215-2.989) 0.741
0.218 (0.043-1.118) 0.068

Referent 0.028
2.023 (1.079-3.793)

Referent 0.855
0.881 (0.275-2.817) 0.83
1.056 (0.322-3.455) 0.929

Referent
4.086 (2.067-8.076) 0.00

Referent 0.386
1.935 (0.743-5.039) 0.176
1.328 (0.584-2.994) 0.502

SLDs, second line anti-TB drugs; DS-TB, drug susceptible TB; DR-TB, drug resistant TB; kg, kilogram; SD, standard deviation.

41-9 Acid-fast bacilli (AFB)/100 high power field (HPF).
P10-99 AFB/100HPF.

©1-9 AFB/HPF.

959 AFB/HPF; FLDs, first-line anti-TB drugs.

Bold values means that p-value is significant.

Resistance Pattern Among Study Patients
Among all the patients, RR-TB, MDR-TB, XDR-TB, and PDR-TB

patients constituted 134 (49.45%), 128 (47.23%), 8 (2.95%), and 1
(0.3%), respectively.

Types of ADRs, Their Frequency, and

Management

Among all the patients who were enrolled in the study, a total of
718 ADRs were observed. The occurrence and frequency of various
ADRs were reported during the treatment. Gastrointestinal
disturbances (66.7%), nervous system disorders (59.4%), and
electrolyte disturbances (55.7%) remained the highest reported
ADRs during therapy. These ADRs were followed by arthralgia
(49.1%), ototoxicity (24%), pruritic reactions/rash (12.9%),
dyspnoea (12.5%), and tinnitus (8.8%). A small number of
patients reported some less frequent ADRs such as nephrotoxic,
peripheral  neuropathy, gynecomastia, —menstrual cycle
irregularities, memory loss, haemoptysis, visual disturbances,
anaemia, anorexia, dizziness/vertigo, and photosensitivity. Life-
threatening ADRs were not common. Arthralgia was associated
with hyperuricaemia in only one patient out of 137. The majority of
the ADRs reported were during the intensive phase and were
managed with ancillary or symptomatic treatment. Identification
of suspected drugs, frequency, and management of ADRs among
DR-TB patients has been described in Table 5.

Factors Associated With the Occurrence of

Adverse Drug Reactions

The variables that emerged with possible association of
occurrence of ADRs included age, being unmarried (p-value =
0.006) OR 3.5;95% CI (1.426-8.590), hemoglobin level at baseline
less than normal (p-value = 0.028) OR 2.023; 95% CI
(1.079-3.793), and lung cavitation at baseline (p-value
0.000) with OR 4.086; 95% CI (2.067-8.076) as mentioned in
Table 6. When multivariate binary logistic regression was applied
as given in Table 7, lung cavitation at baseline (p-value = 0.001)
OR 3.419 (1.694-6.902) emerged as the only variable associated
with the occurrence of ADRs.

DISCUSSION

The emergence of drug resistance in TB has posed a global
threat due to its infectious nature and is considered fatal. The
complex combination of drug therapy with associated ADRs
has made it quite difficult to efficiently manage patients. In the
present study, 220 (81%) patients experienced ADRs.
However, the majority of the ADRs were resolved with
collective efforts of physician-led interventions combined
with psychologist and family support, and none of the
ADRs progressed to any permanent termination of therapy
among study participants.
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TABLE 7 | Multivariate analysis of risk factors for occurrence of adverse drug

reactions.

Variable B S.E. OR (95% CI) p-value
Age (18-35) years Referent 0.306
36-50 years -0.067 0.443 0.935 (0.392-2.23) 0.88
>50) years -0.618 0.457 0.539 (0.22-1.32) 0.176
Unmarried 0.892 0.542  2.441 (0.844-7.061) 0.1
Baseline hemoglobin level ~ 0.499  0.342  1.648 (0.843-3.222) 0.144
Baseline lung cavitation 1.229 0.358  3.419 (1.694-6.902) 0.001

Bold values means that p-value is significant.

The frequency of ADRs in the current study was found to be in
line with already published studies from Russia (73.3%) (Shin
et al., 2007), Pakistan (72%) (Ahmad et al., 2018), Turkey (69%)
(Tortn et al., 2005), and India (57.6%) (Dela et al., 2017). A
higher frequency was reported in a study where nearly all of the
patients (99%) experienced at least one ADR (Ganiyu et al., 2021).
The present study was supported by some other studies
conducted in Latvia (79%) (Bloss et al., 2010), China (90.7%)
(Zhang et al., 2017), Indonesia (70%) (Nilamsari et al., 2021), and
Italy (89%) (Gualano et al., 2019). Likewise, three studies reported
from Pakistan also reported the occurrence of ADRs ranging
from 63% to 77% (Ahmad et al., 2018; Javaid et al., 2018; Atif,
2021). Contrary to already mentioned, studies from South Africa
(38.9%), Ethiopia (51%) (Merid et al., 2019), and India (47%),
where lower ADRs frequency was reported. The varying
differences in the frequency of ADRs in reported studies may
be due to differences in attitudes towards therapy, such as lack of
treatment adherence, default rate, differences in opinions of
patients and physicians with respect to ADRs reporting, ability
to detect, drug use pattern, differences in a support program, early
assessment, and management of ADRs (Li et al., 2014; Akshata
et al,, 2015a; Hoa et al,, 2015; Kelly et al., 2016; Dela et al., 2017;
Zhang et al., 2017; Prasad et al., 2019). Nutritional practices,
geographic location, age, patient awareness, and nature of co-
morbidity with DR-TB are some of the patient-relevant factors
(Zhang et al,, 2017; Merid et al, 2019). A lack of harmony
regarding the ADRs reporting among patients and physicians
was reported in one of the studies. Patients had reported more
ADRs than those documented by the clinicians (Kelly et al,
2016). This reflected the perception differences about ADRs
between physicians and patients. Another study reported the
lack of provision of the required information about the regimen
(Atif et al., 2016). Inadequate knowledge about drugs and drug-
induced ADRs leads to patients’ erroneous ADRs reporting
(Partnership, 2015). The complex nature of the regimen with
the presence of co-morbidity leads to a higher risk of ADRs
occurrence, as widely reported in published literature (Furin et al.,
2001; Mouton et al., 2016; Schaaf et al., 2016; Merid et al., 2019).

In our study, gastrointestinal disturbances [n = 181 (66.7%)]
appeared as one of the most reported ADRs. Our findings are
consistent with the studies reporting prevalence ranging from 10
to 100% in various groups undergoing DR-TB treatment (Hoa
et al., 2015; Ahmad et al., 2018; Furin et al., 2001; Lakhani et al.,
2019; Ganiyu et al., 2021). These disturbances were reported with
an incident rate of 32%, according to a meta-analysis of 28 studies

ADRs Among Drug-Resistant TB Patients

comprising approximately 4000 DR-TB patients (Wu et al,
2016). Subgroup disturbances included gastritis (53%), nausea
and vomiting (10.7%), diarrhea (1.47%), and a few cases of oral
ulcers and hiccups. Similar findings with higher frequency were
reported in studies reported from Pakistan (42%) (Ahmad et al,,
2018), Ethiopia (59%) (Bezu et al., 2014), India (71%) (Akshata
etal., 2015a), and Russia (75%) (Shin et al., 2007). Among all the
patients who reported gastrointestinal disturbances, regimen
modification was considered in only two patients. The
suspected drug was replaced in one patient, and the dose of
the suspected drug was reduced in the other. All other patients
managed these ADRs with ancillary drugs comprising
antiemetics, prokinetics, and proton pump inhibitors. Similar
management was reported in another study conducted among
MDR-TB patients in Pakistan (Ahmad et al., 2018). Even though
gastrointestinal disturbances occur more frequently as compared
to any other ADR, most patients need symptomatic therapy due
to the mild to moderate nature of severity, thus avoiding
termination of the causative agent (Nathanson et al., 2004;
Carroll et al.,, 2012; Furin et al., 2001; Prasad et al., 2019).
Nervous system disorders were reported in 59.4% of the study
cohort. Among these, depression (27.6%), sleep disturbances
(17.7%), psychosis  (10%), aggression (1.84%),
disturbances (1.47%), and memory loss (0.7%) were reported.
These findings are supported by similar findings reported in
Pakistan (29%) (Ahmad et al, 2018) and Egypt (26.5%)
(Elmahallawy et al., 2012). The psychiatric disorder prevalence
was found to be in a range of 4% to 36% in individual studies
among DR-TB patients (Furin et al., 2001; Hoa et al., 2015). Anti-
TB drugs suspected of psychiatric complications include
isoniazid, fluoroquinolones, ethionamide, and cycloserine
(Carroll et al.,, 2012; WHO, 2014b; Gupta et al., 2020). Apart
from ADRs, societal stigma attached to the disease, the length of
therapy, financial problems, and any previous therapy
experiences also severely affect patients (Tandon et al., 1980;
Barnhoorn and Adriaanse, 1992; Kiecolt-Glaser and Glaser, 2002;
Rajeswari et al., 2005; Furin et al., 2014). Reported studies have
mentioned the usefulness of discontinuation of cycloserine in
some patients (Prasad et al., 2016; Dela et al., 2017; Ahmad et al,,
2018). The psychological and psychiatric disturbances of lesser
severity can be managed by a specialized healthcare professional,
social support, or by prescribing anti-depressants to DR-TB
patients. In severe cases, the offending drug can be terminated
or replaced with other alternatives (Gupta et al., 2020). In our
research, cycloserine was suspected to be the main culprit drug. It
was temporarily removed from therapy in two patients, whereas it
was permanently removed for one patient diagnosed with
psychosis. The dose was also reduced for one patient. The rest
of the patients were managed with counselling and prescribing
anti-psychotic drugs, which led to the resolution of psychosis in
all patients. All patients (75) diagnosed with depression were
counselled by a psychologist and were prescribed SSRIs.
Cycloserine was withheld temporarily in one patient while the
dose was reduced in another depression patient. One of the meta-
analyses suggested for removal of cycloserine without
compromising the treatment outcome among DR-TB patients
and recommended clofazimine, fluoroquinolones, or bedaquiline

visual

Frontiers in Pharmacology | www.frontiersin.org

104

June 2022 | Volume 13 | Article 883483


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Massud et al.

use if the DST results do not recommend otherwise (Lan et al.,
2020).

Other frequently reported nervous system disorder was
difficulty in sleeping. Around 17.7% of patients reported sleep
disturbances. Similar findings were reported from a study held in
Egypt (22.5%), while another study from Bangladesh reported
44% sleep disturbances (Ibrahim et al., 2017; Masuma et al.,
2018). The differences in various studies may be attributed to the
patient-reported versus physician-documented ADRs as reported
in a study from the United States, where insomnia was the most
common reported ADR (67%) by the patients, while clinicians
documented only 2% of the sleep disturbances (Kelly et al., 2016).
All patients were counselled and reassured for therapy
continuation. Benzodiazepines were prescribed for sleep
disturbances without the need for treatment modification.

Despite the higher frequency of electrolyte disturbances (55%),
hypokalemia was diagnosed in only two patients who were
advised for potassium-rich food and the addition of potassium
supplements in their treatment regimen without causing any
treatment modification. The low incidence of hypokalemia may
be attributed to the aggressive and efficient management of DR-
TB therapy with continuous monitoring.

Arthralgia was reported in 49% of the study participants with
varying degrees of severity during anti-TB therapy (Wu et al,
2016; Sineke et al., 2019; Gupta et al., 2020; Tornheim et al., 2021).
Similar findings of higher frequency were reported in studies
conducted in Russia (47%) (Shin et al., 2007) and China (56.4%)
(Zhang et al., 2017), whereas a lower incidence was reported in
studies from Namibia (26%) (Sagwa et al., 2013) and Ethiopia
(34%) (Bezu et al., 2014). Joint pain was among the most reported
ADR while evaluating the health-related quality of life in the DR-
TB cohort (Sineke et al., 2019). Bedaquiline, fluoroquinolones,
streptomycin, ethambutol, and pyrazinamide are thought to be
involved in arthralgia by causing hyperuricemia (Gerdan et al.,
2013; Wu et al,, 2016; Gupta et al., 2020; Lan et al., 2020). Joint
pain developed during therapy subsides with non-steroidal anti-
inflammatory drugs (NSAIDs), uric acid lowering agents, or
taking sufficient rest (Gupta et al,, 2020). In the current study,
all the patients were prescribed NSAIDs for symptomatic relief.
One patient was prescribed Allopurinol, and the dose of
pyrazinamide was reduced in another patient.

Hearing loss was reported in 24% of the patients in the present
study, which is in line with the already reported 28.3% incidence
in a cohort of 12793 DR-TB patients. The occurrence of hearing
loss was highest among patients using amikacin and lowest in
patients using capreomycin (Wrohan et al, 2021). Similar
findings were reported in studies conducted elsewhere (Wu
et al., 2016). Higher dose per body weight on a monthly basis
[adjusted odds ratio (aOR)] 1.15, 95% CI 1.04-1.28 and longer
duration of amikacin (aOR1.98, CI 1.04-2.12) use are associated
with the development of ototoxicity (Modongo et al, 2014).
Amikacin was the causative agent for this disability of mild to
moderate severity in the current study. Amikacin was replaced
with capreomycin in thirty-three patients, and the dose was
reduced in nine patients. Use was withheld temporarily and
permanently in one and three patients, respectively. Nine
patients were kept without management because they had

ADRs Among Drug-Resistant TB Patients

completed their injectable treatment and the ADR subsided
gradually. None of the patients developed any permanent loss.

Pruritis, rash, or acne was reported in 35 (12.9%) patients.
Similar findings have been reported with varying frequencies
ranging from 45% to 2.64% (Bezu et al, 2014; Akshata et al,
2015b; Rathod et al., 2015; Nagpal et al., 2018). Pyrazinamide and
amikacin were suspected as the causative agents. Antihistamine
and hydrocortisone therapy was prescribed with the use of skin
emollients. Fusidic acid was prescribed for one patient. Two
patients were prescribed anti-acne therapy.

Dyspnea was observed in 12.5% of the patient with mild to
moderate severity. All patients were counselled and were
prescribed bronchodilators. Tinnitus was reported by 9% of
the patients. All patients were prescribed betahistine.
Capreomycin was stopped temporarily in one patient and was
advised to be taken on alternate days in another patient. Anemia
was reported in two patients; one patient was prescribed an iron
supplement, and the other was advised for blood transfusion
along with the temporary withdrawal of para-amino salicylic acid.

Peripheral neuropathy was reported in a relatively small
number (5.2%) of patients that adversely affects the daily
quality of life. Higher frequency was reported in studies in
Bangladesh (28%) (Masuma et al., 2018), Russia (13%) (Shin
etal., 2003), and India (18.75%) (Tiwari et al., 2015). Comparable
findings to the current study were reported from Pakistan (2.2%)
(Ahmad et al, 2018). Anti-TB drugs such as linezolid,
cycloserine, isoniazid, fluoroquinolones, SLDs, ethambutol, and
ethionamide are blamed for peripheral neuropathy (Gupta et al,,
2020). These drugs interfere with pyridoxine metabolism by
various mechanisms (Ebadi et al., 1982; Cohen, 2001). In the
present study, only cycloserine was suspected of causing
neuropathy. Pyridoxine has been prescribed for the
management of peripheral neuropathy along with a tricyclic
antidepressant, usually amitriptyline. In cases of severity, one
or more offending drugs were terminated or temporarily removed
(Shin etal., 2007; Brust et al., 2013; Gupta et al., 2020). All patients
were prescribed duloxetine for nerve pain and fibromyalgia. The
dose of vitamin B6 was increased, and no modifications were
made to the regimen.

Nephrotoxicity was not common in our study, with only 2
(0.7%) patients having toxic effects of anti-TB drugs as
mentioned in the literature (Shin et al., 2007; Bezu et al., 2014;
Furin et al., 2001; Ahmad et al., 2018). A study from Bangladesh
reported an increased creatinine level among 3% of the DR-TB
patients (Masuma et al., 2018). The most common nephrotoxic
drug used for DR-TB treatment was capreomycin, followed by
kanamycin and amikacin (Shibeshi et al., 2019). Patients were
counselled and prescribed prednisolone along with the
permanent removal of the offending agent in one patient and
replacement with linezolid in another patient.

Hypothyroidism was also a less frequent observation (1.84%),
and patients were counselled and were prescribed thyroxine. The
use of para-amino salicylic acid was stopped in one patient, and
the dose was reduced in another patient. Gynecomastia,
menstrual cycle irregularities, haemoptysis, memory loss,
visual  disturbances, anorexia,  dizziness/vertigo, and
photosensitivity were some of the lower frequency ADRs in
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this cohort. Encouragingly, no case of hepatotoxicity was
reported in our cohort.

In our study, after statistical analysis, lung cavitation at the
baseline was linked to the higher probability of ADRs among
DR-TB patients. Patients with cavitation are at higher odds of
developing ADRs than those without pulmonary cavitation,
which is consistent with the findings already reported among
DR-TB patients in Pakistan (Javaid et al., 2018). Identification
of predictors for factors that may contribute to the probability
of occurrence of ADRs can help to develop individual and
focused monitoring plans, which may result in enhanced
patient compliance and better disease management. The
present study also found that successful outcomes had a
significant correlation with the occurrence of ADRs. It is
considered that patients may terminate therapy due to
ADRs and sometimes may miss the dose of the suspected
drug without informing the physician. The analysis of
predictors for successful treatment outcomes was not in the
scope of this study.

One of the limitations of our study is the absence of
documentation of the severity of ADRs, which would have
helped to assess ADR severity impact on the treatment
outcome. Another limitation may be the absence of
medication records for co-morbidities in patients having any
co-morbidity. One of the key areas of ADRs reporting is discord
between physicians and patients about certain ADRs, such as
nausea, vomiting, dizziness, body pain, and headache (Kelly et al.,
2016). The 69% treatment outcome of this study is quite below
the WHO criterion of 75%; therefore, it is recommended to put all
possible efforts into better and enhanced management of
treatment plans, especially for loss to follow-up patients.
Although this was the first prospective study at the current
study site, it is emphasized to have multicenter prospective
studies for better assessment of the treatment efficacy. Regular
clinical monitoring and quality laboratory analysis along with
multidisciplinary approaches are needed to avoid the
unsuccessful outcomes.
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Objective: This study aimed to investigate the clinical impact of HLA-B*15:02
pharmacogenomics (PGx) testing before carbamazepine (CBZ)/oxcarbazepine (OXC)
prescriptions and to determine whether this PGx testing was associated with the
reduction of CBZ/OXC-induced cutaneous adverse drug reactions (CADRS) in Thailand.

Methods: This retrospective observational cohort study was conducted by obtaining
relevant HLA-B*15:02 PGx-testing and clinical data from electronic medical records during
2011-2020. 384 patient data were included in this study to investigate the clinical decision
on CBZ/OXC usage before and after the HLA-B*15:02 PGx testing, and 1,539 patient data
were included in this study to demonstrate the incidence of CBZ/OXC-induced SCARs
and SJS between HLA-B*15:02 tested and non-tested patients. To analyze and
summarize the results, descriptive statistics were employed, and Fisher exact test was
used to compare the clinical difference between the HLA-B*15:02 positive and negative
groups and to compare the differences of SCARs incidence.

Results: 384 patients were included in this study as per the inclusion criteria. Of these, 70
patients carried HLA-B*15:02, of which 63 and 65 patients were not prescribed with CBZ/
OXC before and after the availability of genotyping results, respectively. In the remaining
HLA-B*15:02 non-carriers, 48, and 189 patients were prescribed CBZ/OXC before and
after genotyping results were available, respectively. The findings of this study showed that
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the incidence of SCARs of CBZ/OXC was significantly lower (p < 0.001) in the HLA-B*15:02
screening arm than in the non-screening arm.

Conclusion: HLA-B pharmacogenetics testing influenced the selection of appropriate
AEDs. The presence of mild rash in the HLA-B*15:02 negative group indicates that other
genetic biomarker (HLA-A*31:017) and/or non-genetic variables are involved in CBZ/OXC-
induced CADRs, emphasizing that CBZ/OXC prescriptions necessitate CADR monitoring.
The hospital policy and clinical decision support (CDS) alert system is essential to
overcome the barriers associated with the utilization of PGx guidelines into clinical practice.

Keywords: carbamazepine, HLA-B risk alleles, pharmacogenomics, cutaneous adverse drug reactions, precision

medicine

INTRODUCTION

Carbamazepine (CBZ) is a first-generation antiepileptic drugs
(AEDs) used to treat a variety of neurological and psychiatric
problems, including epilepsy, trigeminal neuralgia, and bipolar
disorders. In Thais, there has been a well-documented association
between HLA-B*15:02 and CBZ-induced Stevens-Johnson
syndrome (SJS) and toxic epidermal necrolysis (TEN) (Hung
et al., 2006; Locharernkul et al., 2008; Tassaneeyakul et al., 2010;
Tangamornsuksan et al., 2013; Sukasem et al., 2018; Sukasem
et al, 2021b). In 2013, the government launched a policy
requiring HLA-B*15:02 pharmacogenetic (PGx) testing before
the start of CBZ in Bangkok as a pilot study (Department of
Medical Sciences, 2013). Subsequently, national policy screening
for HLA-B*15:02 was reinforced by the National Health Security
Office (NHSO) in 2018 throughout Thailand (Ang et al., 2017;
Chang et al., 2020; Sukasem et al., 2021a; Jantararoungtong et al.,
2021). Besides HLA-B*15:02, some other variants such as HLA-
B*15:08, HLA-B*15:11 and HLA-B*15:21 may also affect the
safety of CBZ and found to be other HLA-B risk alleles
associated with CBZ-induced cutaneous adverse drug reactions
(CADRs) (Jaruthamsophon et al, 2017; Volpi et al., 2018;
Kloypan et al., 2021).

In addition, Chen et al. reported a strong association between
the HLA-B*15:02 allele and oxcarbazepine (OXC)-induced SJS/
TEN in Chinese and Thai populations (Chen et al, 2017).
Consequently, the Clinical Pharmacogenetics Implementation
Consortium (CPIC) guideline recommended to avoid the
prescription of CBZ and OXC in HLA-B*15:02 carrier (Phillips
et al., 2018).

Although knowledge and research on PGx testing in Thailand
have been rapidly expanding in recent years (Jaruthamsophon
et al., 2017), there has been no longitudinal research on the
application of HLA-B*15:02 genotype results in daily clinical
practice, including documentation of severe cutaneous adverse
drug reactions (SCARs) and new adverse drug reactions (ADRs)
in electronic medical records, patterns of AEDs prescriptions
based on genotype results, and assessment of the CADRs. This is
the first research of its kind in Thailand, and it focuses on these
fascinating topics.

The goal of this study was to investigate how PGx testing
(HLA-B*15:02) affected the CBZ/OXC prescriptions and the

reduction of CBZ/OXC-induced SCARs in Thais. The findings
of this study have the potential to help physicians regarding the
prescription of appropriate AEDs in clinical practice for those
patients carrying HLA-B*15:02 CBZ/OXC-risk alleles and to
support NHSO Thailand’s HLA-B*15:02 screening as the
national policy.

METHODOLOGY
Study Population

This was a retrospective cohort study conducted at the
Ramathibodi Hospital of the Faculty of Medicine. In order to
determine the influence of HLA-B*15:02 PGx testing in clinical
practice, 1,020 patients with performed HLA-B*15:02 PGx testing
between 2011 and 2020 were included. Among 1,020 patients, 636
patients were excluded due to incomplete data (n = 266), PGx
tested for other AEDs (n = 51), repeated PGx order (n = 53), and
less than 15 years of age (n = 266) (Figure 1). This study did not
include HLA-B genotyping that was performed to test the
association of drug induced CADRs. Subsequently, 384
patients were enrolled for analysis. Patients’ demographic
information, such as age, gender, diagnosis, and drug-related
information, such as the number of CBZ prescriptions and their
association to HLA-B*15:02 genotyping results, CADRs types,
drug allergic history, PGx testing, number of comorbidities, types
of comorbidities, and alternative drugs utilized were recorded. All
CADRs were diagnosed and confirmed by a dermatologist at
Ramathibodi Hospital in Thailand.

To demonstrate how prospective HLA-B*15:02 testing likely
reduces the occurrence of hypersensitivity reactions to CBZ/
OXC, we recruited 1,539 patients data who were prescribed
CBZ/OXC for a period of 2013-2021 and further classified
them as tested for HLA-B*15:02 group or not tested for HLA-
B*15:02 group. We retrospectively collected CBZ/OXC
prescribing data, HLA-B*15:02 testing data, and SCARs
occurrence data for this part of the study.

To exemplify the overall trend of HLA-B*15:02 testing
requests within and outside of Ramathibodi Hospital, we
collected overall HLA-B*15:02 PGx testing for CBZ/OXC that
was performed during 2011-2020 and presented them in
percentage as per year (Figure 2).
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FIGURE 1 | The flowchart of patients recruitment and clinical decision in HLA-B*15:02 positive (n = 70) and HLA-B*15:02 negative (n = 314) in Ramathibodi
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The studies involving human participants were reviewed and
approved by the Ethical Review Committee on Research
Involving Human Subjects, Faculty of Medicine Ramathibodi
Hospital, Mahidol University. The patients provided written
informed consent to participate in this study.

HLA-B genotyping

Genomic DNA samples were isolated from EDTA blood, using
the MagNAprue Compact Nucleic Acid Isolation kits (Roche
Applied Science, Mannheim, Germany). The@quality of
genomic DNA was measured by NanoDrop ND-1000
(Thermo Scientific, Wilmington, United States). HLA-B
alleles were analyzed by the polymerase chain reaction-
sequence specific oligonucleotide probe (PCR-SSOP) assay
and Luminex™ Multiplex Technology with well established
protocols.

In brief, the DNA sample obtained from patients was
amplified by polymerase chain reaction (PCR). The PCR
product was then hybridized against a panel of sequence
specific ~ oligonucleotide probes on coated polystyrene
microspheres that had sequences complementary to stretches
of polymorphism within the target HLA-B. The amplicon-probe
complex was then visualized using a colorimetric reaction and
fluorescence detection technology by the Luminex®IS 100 system
(Luminex Corporation, Austin, Texas, United States). Analysis of
the HLA class I alleles were performed using HLA fusion software
version 2.0 (One Lambda, Canoga Park, CA, United States). For
each allele, the results were reported as either HLA-B*15:02
positive or negative.

Data Analysis

Descriptive statistics were employed to summarize and analyze
the collected data. The Fisher exact test was used to compare the
clinical characteristics of the HLA-B*15:02 positive (positive
group) and HLA-B*15:02 negative (negative group) and to

calculate the difference of the SCARs incidence between the
HLA-B*15:02 tested group and non-tested groups.

RESULTS

Patients Characteristics, Diagnosis,
Comorbidities, Adverse Drug Reactions

(ADRs), Drug Allergy
Out of 1,020 patients undertaking HLA-B*15:02 genotyping tests
during 2011-2020, only 384 patients were included as per the
inclusion criteria in this study (Figure 1). Incomplete data (n =
266), tested for other AEDs (n = 51), Patients’ data under the age of
15 (n = 266), and repeatedly requested data (n = 53) were excluded
from this study. Our study population consists of 243 (63.28%)
females and 141 (36.72%) males. The age range of this population
was 15-95, with a mean age of 49.23 + 19.79 (SD). Out of 384
patients, 112 (29.16%) were diagnosed with different types of epilepsy.
The second most common disease for the CBZ indication was
trigeminal neuralgia (n = 95, 24.74%). Neuropathic pain (n = 64,
16.67%), hemifacial spasm (n = 14, 3.65%), tonic spasm (n = 13,
3.39%), and bipolar disorder (n =23, 5.99%) were the other commonly
diagnosed diseases for which CBZ was prescribed in this study. Sixty-
three cases were in miscellaneous categories (Table 1).
Comorbidities were discovered in 108 (28.12%) patients, 17
(17/70, 24.29%) of them were HLA-B*15:02 positive and the
remaining 91 (91/314, 28.98%) were HLA-B*15:02 negative. The
CBZ was prescribed in doses ranging from 50 to 800 mg, while the
OXC was prescribed in doses ranging from 300 to 600 mg.
According to the findings, 36.46% (n = 140) of the patients had
previous ADR history, while 18.49% (n = 71) had previously
experienced CADRs. HLA-B*15:02 positive patients had higher
CADRs than HLA-B*15:02 negative patients (18/70, 25.71% vs
53/314, 16.88%, p = 0.09), however, the difference was insignificant.
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TABLE 1 | Patients characteristics, diagnosis, comorbidities, adverse drug reactions (ADRs), drug allergy.

Parameter Total HLA-B*15:02 Positive HLA-B*15:02 Negative p-value®
Number of Patients (%) 384 70 (18.23) 314 (81.77)
Age (year)
Range 15-95 15-94 15-95 -
Mean+SD 49.23 + 19.79 46.34 + 20.25 49.89 + 19.66 -
Gender (%)
Male 141 (36.72) 32 (45.71) 109 (34.71) <0.0001°
Female 243 (63.28) 38 (54.29) 205 (62.29)
Diagnosis (%)
Epilepsy 112 (29.16) 20 (28.57) 92 (29.30) -
Trigeminal Neuralgia 95 (24.74) 18 (25.71) 77 (24.52) -
Neuropathic pain 64 (16.67) 14 (20.0) 50 (15.92) -
Hemifacial spasm 14 (3.65) 0 14 (4.46) -
Tonic spasm 13 (3.39) 1(1.43) 12 (3.82) -
Bipolar disorder 23 (56.99) 4 (5.71) 19 (6.05) -
Miscellaneous 63 (16.40) 13 (18.57) 50 (15.92) -
CBZ/OXC Dosage (mg) CBZ50-800/0XC300-600 CBZ200-800/0XC300-600 CBZ 50-800/0XC300-600 -
ADR History (%) 140 (36.46) 33 (47.14) 107 (34.08) 0.05
CADRs and Non CADRs (%)
CADRs 71 (18.49) 18 (25.71) 53 (16.88) 0.09
Non-CADRs 69 (17.97) 15 (21.43) 54 (17.20) -
CBZ/OXC prescription (%)
Prescribed 194 (50.52) 5 (7.14) 189 (60.19) <0.0001
Not prescribed 190 (49.48) 65 (92.86) 125 (39.81) -
Comorbidities (%) 108 (28.12) 17 (24.29) 91 (28.98) 0.46
Types of Comorbidities (%)
SLE 9 (2.34) 3 (4.29) 6 (1.91) -
RA 3(0.78) 2 (2.86) 1(0.31) -
CA 15 (3.90) 3 (4.29) 12 (3.82) -
HIV 4 (1.04) 1(1.43) 3 (0.96) -
DM 9 (2.34) 2 (2.86) 7 (2.23) -
CNS infections 6 (1.56) 1(1.43) 5 (1.59) -
Thyroid 6 (1.56) 1(1.43) 5 (1.59) -
Others 56 (14.58) 4 (5.71) 52 (16.56) -
Past Drug Allergy (%) 140 (36.46) 33 (47.14) 107 (34.08) 0.05
Other AEDs 48 (12.50) 13 (18.57) 35 (11.15) -
Other Drugs 92 (23.96) 20 (28.57) 72 (22.93) -
Past PGx testing (%) 40 (10.42) 4 (5.71) 36 (11.46) 0.06
B*13:01 14 (3.65) 1(1.43) 13 (4.14) -
B*57:01 2 (0.52) 1(1.43) 1P -
B*58:01 16 (4.17) 1(1.43) 15 (4.78) -
B*35:05 9 (2.34) 1(1.43) 8 (2.55) -
Number of CADRs in CBZ/OXC used (%) 21 (56.47) 0 21 (6.69) 0.01
Mild 19 (4.95) 0 19 (6.05) -
Severe 2 (0.52) 0 2 (0.64) -
Number of non-CADRs in CBZ/OXC used (%) 22 (5.73) 0 22 (7.01) 0.01

CBZ, Carbamazepine; OXC, Oxcarbazepine; RA, Rheumatoid arthritis; HIV, Human immunodeficiency virus; SLE, Systemic Lupus Erythromatous; CA, Carcinoma,; DM, Diabetes Mellitus;
ADR, Adverse drug reactions; CADRS, Cutaneous adverse drug reactions; AEDs, Antiepileptic Drugs; PGx, Pharmacogenetic Testing; SD, Standard Deviation.

p value calculated using fisher exact test

bone patient had 2 PGx testing history

°p value calculated between male and female.

TABLE 2 | Clinical decision on CBZ/OXC usage before and after received the HLA-B*15:02 PGx testing.

Therapeutics Before the HLA-B*15:02 Testing After Received the HLA-B*15:02 reports

+ve (n = 70) -ve (n = 314) Total (n = 384) Hold CD +ve (n = 70) -ve (n = 314) Total (n = 384)
CBZ/OXC 7 (10.00%) 48 (15.29%) 55 (14.32%) 329 (85.67) 5 (7.14%) 189 (60.19%) 194 (50.52%)
Alternative drugs 63 (90.00%) 266 (84.71%) 329 (85.68%) - 65 (92.86%) 125 (39.80%) 190 (49.48%)

CD, Clinical Decision; CBZ, Carbamazepine; OXC, Oxcarbazepine; +ve, HLA-B*15:02 positive; -ve, HLA-B*15:02 negative.
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TABLE 3 | Cases of CBZ/OXC-induced SCARs and fixed drug eruption after
received CBZ without PGx testing.

Case Gender Age HLA-B Genotype ADRs type Year of
Report
1 F 51 B*15:02/46:01 SJS/TEN 2013
2 F 32 B*15:02/44:03 SJS/TEN 2014
3 M 93 B*40:01/58:01 DRESS 2015
4 M 35 B*15:02/39:09 SJS 2015
5 M 64 B*15:02/58:01 SJS 2015
6 F 38 B*27:06/58:01 DRESS 2016
7 F 40 B*15:02/18:01 SJS 2016
8 F 43 B*15:02/46:01 SJS 2016
9 F 19 B*15:02/15:02 SJS/TEN 2017
10 M 23 B*15:02/15:25 SJS 2018
11 M 54 B*15:02/40:01 TEN 2018
12 F 57 B*15:02/46:01 TEN 2019
13 F 56 DNA not available FDE 2019

ADRs, Adverse drug reactions;, CBZ, carbamazepine; DRESS, drug reaction with
eosinophilia and systemic symptoms; FDE, fixed drug eruption; SCARs, Severe
cutaneous adverse drug reactions; SJS, Stevens-Johnson syndrome; TEN, toxic
epidermal necrolysis.

48 of the 384 patients had a prior history of AED allergy,
with 18.57% (13/70) and 11.15% (35/314) belonging to the
HLA-B*15:02 positive and negative groups, respectively (p = 0.05).

Clinical Decision on CBZ/OXC Usage
Before and After the HLA-B*15:02 PGx

Testing

Table 2 shows the status of a clinical decision on CBZ/OXC
prescription. Because all of the patients were scheduled to
receive CBZ/OXC therapy, HLA-B*15:02 testing was
performed as per the national policy. Out of 384 patients,
the clinical decision on CBZ/OXC was put on hold for 85.67%
of patients and requested the HLA-B*15:02 testing prior
prescription. Because of the clinical urgency, 55 patients
were prescribed CBZ/OXC while the HLA-B*15:02 testing
was ordered. HLA-B*15:02 carriers were found in 70 of the
384 cases. This accounts for 18.23% of the overall study
population. Fortunately, CBZ was not prescribed in 63 of 70
patients with HLA-B*15:02 carriers before the genotyping
results were available; and after receiving the HLA-B*15:02
results, CBZ/OXC was not prescribed in 65 of 70 patients. Only
48 patients in the negative group received CBZ/OXC before the
HLA-B*15:02 requested, but 189 patients with HLA-B*15:02
negative were prescribed CBZ/OXC following the results
available in the electronic medical record (EMRs) (Table 2).
In this cohort, five patients were remain treated with CBZ/
OXC-based regimen since they were received this regimen for
longer than 3 months and had no CADRs. On the other hand,
189 patients in HLA-B*15:02 negative group were
administered CBZ/OXC as recommended. Surprisingly, 21
patients with negative HLA-B*15:02 had CADRs, of which 2
patients (9.52%) were SCARs (one DRESS and one SJS cases)
and 19 patients (90.48%) were mild rash. Non-CADRs were
also observed in 22 patients with negative HLA-B*15:02, with
dizziness being the most common ADRs (Table 1).

HLA-B*15:02 Genotyping as Standard-of-Care in Thailand

Cases of Carbamazepine-Induced SCARs

Without PGx Testing

In this study, 13 cases were reported as CBZ-induced SCARs after
received CBZ without PGx testing during 2013-2021 (Table 3).
Among them, the patients were diagnosed as SJS/TEN (n = 10),
Drug rash with eosinophilia and systemic symptoms (DRESS, n =
2) and fix-drug eruption (FDE, n = 1). Remarkably, HLA-B*15:02
were positive in all SJS/TEN cases (10/10, 100%), where as
negative in DRESS and FDE cases. Two patients with CBZ-
induced DRESS showed no HLA-B*15:02 positive (HLA-
B*27:06/58:01 and HLA-B*40:01/58:01).

Incidence of SUS-TEN Between Tested and
Non-tested Patients Who Prescribed With

CBZ/OXC

Available data demonstrated that prospective HLA-B*15:02
probably reduces the incidence of hypersensitivity reactions to
CBZ/OXC (Table 4). Of the 1,539 patients who were prescribed
for CBZ/OXC, 916 (59.5%) were tested for the HLA-B*15:02 allele
and 623 (40.5%) were not tested. The incidence of clinically
diagnosed SCARs to CBZ/OXC was significantly lower (p <
0.001) in the screening arm (0.22%) when compared to the
non-screening arm (1.93%). Moreover, 10 of 623 (1.61%) of
non-tested patients suffered from SJS/TEN, while only 1 of
916 (0.22%) was observed in tested patients (p < 0.001).

Trend of HLA-B*15:02 Testing Requested by
Out-Side and In-Side of Ramathibodi

Hospital

The Laboratory for Pharmacogenomics (PPM), Ramathibodi
Hospital has been established as the first reference laboratory
for PGx testing in Thailand. Figure 2 illustrates the trend of HLA-
B*15:02 testing in the country and also hospital during
2011-2020. Totally, 5,191 PGx testing for CBZ/OXC were
performed during 2011-2020 in Thailand whereas 1,020
(19.64%) patients were requested HLA-B*15:02 for CBZ/OXC
treatment in Ramathibodi Hospital. Interestingly, only 58
samples were requested by clinicians in 2011, but the number
of PGx testing was escalated to 1,002 and 1,277 in 2014 and 2015,
respectively. The similar trend was found in Ramathibodi
Hospital; it started with three patients in 2011 and has
gradually risen in 2014 (n = 278) and dropped in 2015 (n =
116), 2016 (n = 108), 2017 (n = 106), 2018 (n = 138), 2019 (n =
104) and 2020 (n = 117). Totally, 696 (13.27%) and 170 (16.67%)
HLA-B*15:02 detected in Thailand and
Ramathibodi Hospital, respectively.

carriers were

Alternative Drugs Prescription in Patients

With HLA-B*15:02 Positive

In order to prevent the SJS/TEN from CBZ/OXC, the alternative
AEDs choices were prescribed in HLA-B*15:02 carriers as per the
Thailand Clinical Practice Guidelines for Epilepsy and also
NHSO policies. Figure 3 depicts the alternative medications
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