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Introduction: Drug-induced aplastic anemia has long been a menacing outcome of modern
pharmacotherapy. The incidence of idiosyncratic, drug-induced aplastic anemia varies
depending on the genetic susceptibility and the associated drug. Only scarce studies have
explained the epidemiology and actual incidence of this reaction.

Purpose: The aim of the study was to establish the association between drugs and aplastic
anemia.

Methods: A case-control study was conducted with 191 cases and 696 controls at a tertiary
hospital for blood diseases in Karachi-Pakistan. Cases were patients of aplastic anemia
diagnosed through bone marrow biopsy. The controls did not have either AA or chronic
diseases. Each case was paired with four sex and age group match controls. Cases and
controls were compared with respect to the drugs used. Univariate and multivariate analysis
were performed in order to delineate the association.

Results: Median age of the study-participants was 27 years (04—69 years). The majority 84
(44%) were from age group 16 to 30 years. The male-to-female ratio was 2:1. Among study
participants, various drugs were significantly associated with aplastic anemia. Treatment of
epilepsy with carbamazepine showed a positive association (OR=2.7, 95% C.I, 1.0-6.8). An
increased risk of aplastic anemia was noted with exposure to thiazide (OR=3.1, 95% C.I,
1.3-7.4) and mebendazole (OR=3.7, 95% C.I, 1.5-9.2). However, risks were not increased
with chloramphenicol, trimethoprim/sulfamethoxazole, benzodiazepines, antihistamines, oral
contraceptives, and herbal medicine.

Conclusion: This large-scale case—control study provide association of aplastic anemia with
exposure to carbamazepine, thiazides and mebendazole in population of Pakistan. Patients
should be monitored with complete blood indices for early detection of drug toxicity.
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Introduction

Drug-induced aplastic anemia is a life-threatening reactions associated with certain
drugs which have the potential to be toxic to the bone marrow. Dose-dependent and
idiosyncratic toxicity are the two of the probable mechanisms for drug-induced
aplastic anemia.' Direct, metabolite-driven and immune-mediated toxic product
damaged the hematopoietic stem cells before their differentiation to stem cells.”
The mean lag time from onset of symptoms to therapy is 6.5 weeks (range few days
to months).” The degree of bone marrow suppression and pancytopenia depends on
the nature of the particular drug and its potential for toxicity.”*
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Chloramphenicol seems to be the biggest culprit.’®
The estimated incidence of aplastic anemia is 1 in 20,000
among the patients treated with chloramphenicol.” From
1950 to 1965, the chloramphenicol-induced aplastic ane-
mia accounts for 22% of the total cases. The overall
prevalence has declined with decreased use of chloram-
phenicol in recent decades. The time between exposure
and onset of the symptoms of aplastic anemia spans to
months.'°

Antiepileptic drugs carbamazepine, phenytoin, and val-
proic acid induced aplastic anemia occurs via toxic
metabolites.'' '? The risk of aplastic anemia ranging
from 1.4 to 60 cases/million, was detected among users
of carbamazepine (within a 5-month period).'* Felbamate
proved to be a risk factor for aplastic anemia with an
incidence of 127 cases/million per year.® Handoko et al
reported that poly-therapy with the antiepileptic drug was
more strongly associated with aplastic anemia than the
mono-therapy.'® Other higher-risk agents for aplastic ane-

616,17 and Mebendazole.® '

mia include Thiazides,

The other most cited drugs for aplastic anemia are,
thiazides, gold salts, and penicillamine, amidopyrine, tri-
methoprim/sulfamethoxazole and antithyroid medications,
in addition to the miscellaneous agents.” '*

Before prescribing any such drug that is known to
cause aplastic anemia; the benefits (control or cure the
illness) always need to be weighed against the risks of
the aplastic anemia in addition to other adverse effects.
The expected side effects (minimal to life-threatening) can
be avoided by the selection of another therapeutic agent
with very few to no side effects, lifestyle changes, medica-
tion discontinuation and monitoring of the health of the
patients.

In Pakistan, there is a scarcity of data about aplastic
anemia and its association with drugs. In the present study,
we have the objective to determine the linkage of different

drugs with the risk of aplastic anemia.

Methodology

A case-control study was conducted from 2015 to 2018 in
Karachi-Pakistan. All
selected from the National Institute of Blood Disease and

newly diagnosed cases were
Bone Marrow Transplantation.

A potential case was a patient having at least two of the
following three criteria: (hemoglobin <10g/100 mL, reti-
culocytes <50 x 10°/L, granulocytes <1.5 x 10°/L, plate-
lets <100 x 10°/L). Bone marrow biopsy is also required
with decreased cellularity and the absence of significant

infiltration. Exclusion criteria

included the presence of other hematologic diseases such

fibrosis or neoplastic

as other neoplasia, neural tube defects, hypersplenism or
pancytopenia associated systemic diseases (myelodysplas-
tic syndrome, Fanconi’s anemia, and paroxysmal nocturnal
hemoglobinuria). In addition history of congenital forms
of aplastic anemia, AIDS, previous organ transplantation,
Felty’s syndrome and Kostmann’s syndrome; chemother-
apy, immunotherapy or radiotherapy were also excluded.

A person devoid of aplastic anemia or other blood-
related disorders considered as a control. For each case,
four gender and age (range + 5 years) matched controls
were enrolled. All controls were selected from the patients
who were admitted in or have visited the same institute.
Acceptable diagnosis for control were the cases of minor
road traffic accident, acute abdominal emergencies, acute
infections, and other conditions such as cataract, glau-
coma, etc. The same exclusion criteria were used for the
cases as for the controls.

In-person interviews were conducted with the cases and
controls to collect information regarding demographic, socio-
economic status, history of illness, and drugs used, with the
help of a questionnaire. The drugs included Chloramphenicol,
Beta-lactam antibiotics (ampicillin/amoxicillin, penicillin, and
cephalosporins), Trimethoprim/sulfamethoxazole,
Thiazides,
inflammatory drugs, Benzodiazepines, Chlorpheniramine,

Tetracycline, certain  non-steroidal  anti-
Mebendazole, antiepileptic, and herbal preparations. All
selected drugs were identified through literature review and
expert opinion. A person who had a history of drug intake
between 29 and 180 days before the diagnosis of aplastic
anemia, is considered as an exposed person. Exposure to
drugs less than 29 days was excluded because temporality
could not be determined. Information on the timing, frequency,
and period of use (including use ranging back beyond 180
days) was recorded. Dosage information was not collected due
to the poor recall of study participants.

To estimate aplastic anemia risk associated with drugs,
odds ratios (OR) with 95% confidence intervals were
calculated by wusing univariate regression models.
Additionally, a multivariate logistic regression model was
also used to control the effects of age, gender, region, total
household income, years of education, history of occupa-
tional exposure to solvents, and pesticides. P < 0.05 was
considered statistically significant.

The study protocol was approved by the Ethical
Review Committee of the Liaquat University of Medical

and Health Sciences, Jamshoro NO. LUMHS/REC/-122
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dated 02—-01-2014. Written informed consent was obtained
from each participant (or parents and caregivers if case
was a minor) before interviews. All participants’ informa-
tion was anonymized and de-identified prior to the analysis
by using codes. This study complies with the Declaration
of Helsinki.

Results

Age group and genders of the cases and controls were the
same as the matching was done. There were slightly more
males than females. The median age of cases was 27 years
(ranging between 04 and 69 years). Predominate cases 84
(44%) were belongs from the age group 16-30 years. The
odds of aplastic anemia increase with the age group 31-50
years (OR=1.6, 95% C.I 1.0-2.7) and >50 years 50
(OR=2.0, 95% C.I 1.0-3.7). Participants living in rural
environments were at a higher (OR=2.1, 95% C.I 1.5—
3.0) as compare to those belong from urban areas
(Table 1).

The monthly income of the participants was used as an
index of socioeconomic status. We reported no association
of income with the risk of aplastic anemia. An association
with having no education (OR=1.9, 95% C.I 1.3-2.6) and
involvement in any type of occupation (OR=1.4, 95% C.I
1.0-1.9) was observed in this study (Table 2).

The use of antiepileptic drugs in cases and controls is
shown in Table 3. Antiepileptic drugs were more prevalent
among cases n=11 (6%) than controls n=19 (3%) yielding
acrude OR of 2.1 (95% C.I, 1.04.6). In 11 cases of aplastic
anemia 8 (4%) were using carbamazepine and showed

Table | Distribution of 191 Cases of Aplastic Anemia and 696
Controls by Region According to Age, Gender and Residence

Table 2 Monthly Income and Employment Status of 191 Cases of
Aplastic Anemia and 696 Controls

Variables Cases Controls OR | 95% C.I
N=191 N=696 Lower
(%) (%) Upper
Social Classes
< 10,000 PKR 34 (18%) 144 (21%) Ref
10,000-20,000 PKR 29 (15%) 116 (17%) 09 | 05-1.6
> 20,000 PKR 26 (14%) 94 (14%) 08 | 04-15
Education
No education 80 (42%) 190 (27%) 1.9 1.3-2.6
Yes Education 111 (58%) | 506 (73%)
Occupation
Yes* 87 (46%) 258 (37%) 1.4 1.0-1.9
No 104 (54%) | 438 (63%) Ref | 0.5-1.6
*Cases: Own business=45, private sector=32, public sector =10
*Control: Own business=52, private sector=150, public sector =56

Abbreviation: PKR, Pakistani Rupees.

significant association (OR= 2.7; 95% C.I, 1.0-6.8). After
adjustment for confounders, the use of antiepileptic drugs
was significantly associated with aplastic anemia (adjusted
odds ratio (aOR) 2; 95% C.I1 2.1-4.7).

The use of chloramphenicol (topical) was identified
among n=13 (7) cases and n=26 (4%) of the controls;
there was no association of drug with aplastic anemia
(OR=1.8; 95% C.I, 0.94-3.73). Likewise, no risk was
observed with use of trimethoprim/sulfamethoxazole
(OR=1.5, 95% C.I 0.97-2.62). With few users of tetracy-
cline the estimated odds ratio was greater than one with
a non-significant confidence interval (OR=1.8, 95% C.I
0.9-3.6). The observed odds ratio for B lactam antibiotics
(penicillin, ampicillin/amoxicillin, and cephalosporin)
were (OR=1.9, 95% C.I 0.93-3.69) (Table 3).

Variables Cases Controls | OR | 95% C.I Ten (5%) patients with aplastic anemia and twelve
N=191 N=696 Lower controls (2%) had been exposed to Thiazides before the
) ) Upper diagnosis of aplastic anemia. The calculated odds ratio
Age Categories with thiazides was (OR=3.1; 95% C.I 1.3-7.4). The multi-
=15 years 40 (21%) | 98 (14%) Ref variate odds ratio for thiazide after adjustment of confoun-
16=30years | B4 (44%) | 308 (44%) | 1.4 | 09-23 ders was (aOR= 1.7; 95% C.I 1.2-5.1). No risk was
31-50 years 48 (25%) 196 (28%) 1.6 1.0-2.7 h th d of fu ide (Table 3
>50 years 19 (10%) | 94 (14%) 20 | 1037 observed with the used of furosemide (Table 3).
The other drugs that were also associated with aplastic
Gender anemia are mebendazole (OR=3.7; 95% C.I, 1.5-9.2). The
Male 129 (68%) | 484 (70%) 09 | 0.6-1.2 diusted odd tio f bendazol 25 (95% C.1
Female 62 32% | 212 30%) adjusted odds ratio for mebendazole was 2.5 (95% C.
1.5-4.3). A number of drugs that have been commonly
Residence associated with aplastic anemia have not been used by
Rural 115 (60%) | 284 (41%) 2.1 1.5-3.0 fficient trols. therefore. n iden fa
Urban 76 (40%) | 412 (59%) 51'1 .c1en cases or con rols, e e'o.e, o' e'V ence of asso
ciation was found with antihistaminic drugs, oral
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Table 3 History of Drugs Exposure Among 191 Aplastic Anemia Cases (29-180 Days Before Diagnosis) and 696 Controls

Drugs Cases N=191 (%) Controls N=696 (%) OR 95% C.1 Lower Upper
Antiepileptic drugs
Carbamazepine 8 (4%) I (2%) 2.7 1.0-6.8
Phenytoin 3 (2%) 8 (1%) 1.3 0.3-5.2
Antibiotics
Trimethoprim/Sulfamethoxazole 25 (13%) 60 (9%) 1.5 0.9-2.6
Chloramphenicol (Tropical) 13 (7%) 26 (4%) 1.8 0.9-3.7
Tetracycline 14 (7%) 28 (4%) 1.8 0.9-3.6
Beta Lactam 13 (7%) 25 (4%) 1.9 0.9-3.6
Macrolides 12 (6%) 25 (4%) 1.7 0.8-3.6
Diuretics
Thiazides 10 (5%) 12 (2%) 3.1 1.3-74
Furosemide 6 (3%) 20 (3%) | 0.5-2.1
Miscellaneous
Antihistaminic drugs 32 (17%) 116 (17%) | 0.7-1.4
Oral anti-diabetics 4 (2%) 28 (4%) 0.5 0.0-1.4
Interferon 2 (1%) 29 (4%) 0.2 0.0-1.0
Mebendazole 10 (5%) 10 (1%) 37 1.5-9.2
Benzodiazepine 14 (7%) 48 (7%) | 0.5-1.9
Herbal medicine 14(7%) 70 (10%) 0.7 0.3-1.2

antidiabetics, interferon, benzodiazepine, and herbal pre-
parations. No cases as well as controls were reported to
use acetazolamide, Antithyroid drugs, and gold (Table 3).

Discussion

Drugs are the important risk factors believed to be linked
Published literature identified
a range of pharmaceutical agents (as mention earlier)

with aplastic anemia.

related with development of aplastic anemia. Avoidance
of suspected drugs will reduce the incidence of aplastic
anemia and improve the quality of life.

In this study, we found an association between aplastic
anemia and exposure to carbamazepine with odds of 2.7.
A similar chance of disease was also documented by
Handoko et.al.'?
scribed drug that had a relationship with aplastic anemia as
different 18720

Carbamazepine, phenytoin, and phenobarbitone are the

Carbamazepine is the most widely pre-

documented in a case  report.
first choice antiepileptic drugs. Regardless of the availabil-
ity of newer antiepileptic drugs, these drugs are widely
used because of their effectiveness and low cost. All three
drugs induce both dose-related toxicity and hypersensitiv-
ity, adverse effects on liver, brain, kidney, gastrointestinal
and haemopoietic systems.'® ! The risk of aplastic ane-

mia with the use of other antiepileptic drug like sodium

valproate!' phenytoin'? and felbamate®® were found in
several case reports. We did not find any significant asso-
ciation of Phenytoin with aplastic anemia.

Sulfa-containing drugs are of particular interest
because they seem to be strongly associated with aplastic
anemia in certain regions of the world.> % In our study
13% of the cases were exposed to sulfa-containing drugs
and showed non-significant association. A strong relation-
ship was also documented in a study of Thailand.®'¢
IAAAS data showed that the risk of aplastic anemia
increased with combination of trimethoprim.?* In our set-
ting, increased use of sulfa-containing drugs is linked with
over the counter availability of the drugs and self-
medication to treat infections.

Among all the drugs, chloramphenicol has been the
most common cause of aplastic anemia and attributed to
20% to 30% of total cases”>**° in the United States near
fifty percent of aplastic anemia cases were caused by
these drugs from 1949 to 1952.*7 Globally, despite its
effectiveness, low cost, and few numbers of side effects,
the use of chloramphenicol has been limited. However,
withdrawal from markets was not followed by a decline
in the incidence of aplastic anemia. Based on this discus-
sion, we agree with the view of Surapol Issaragrisil et al'®

that aplastic anemia risk among chloramphenicol users
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was probably overrated and biased in the past by
a selective tendency to report chloramphenicol-exposed
cases. The current study did not find any significant
association of chloramphenicol with aplastic anemia as
only 1.1% of the cases and controls had a history of
a topical use (eye drops) of chloramphenicol and not for
systematic use. Similar uses with no significant associa-
tion were also in studies conducted in
Thailand.®'°

For diuretics agents, the current study identified associa-

reported

tion with thiazide diuretics; a similar association was reported
in studies done in a different part of the world.'® ** However,
in IAAAS® use of thiazide diuretics was not related to aplastic
anemia which might be due to the difference of study region.
Mebendazole, an anthelmintic drug, is of particular interest
because it appears to be significantly connected with aplastic
anemia according to the results of this study. A similar asso-
ciation was confirmed by globally.®"”

In Pakistan, herbal medicines or home remedies used
are common because people believe that they might be
effective in the treatment of different diseases. These her-
bal medicines are formulated with well-known or
unknown drugs or chemicals®® that might be associated
with aplastic anemia.’' In this study, herbal medicines
were used in 7% of cases and 1% of controls that indicates
no association between aplastic anemia and the use of
herbal medicines. A similar finding was also reported by
S Issaragrisil et al in Thailand.®

In the management of drug induced aplastic anemia,
the first step is to withdraw the suspected drug, as early
removal can lead to the reversal of the bone marrow
suppression effect. In the supportive care, transfuse the
erythrocytes and platelets and give prophylactic antimicro-
bials and antifungals.*® Allogeneic hematopoietic stem cell
transplantation (HSCT) and immunosuppressive therapy
are the major treatment options for drug-induced aplastic
anemia. Antithymocyte globulin and cyclosporine is also
used for the treatment of aplastic anemia.>?

Conclusion and Recommendations

Our study replicates the well-known association between
carbamazepine, thiazides, and mebendazole. The risk of
this idiosyncratic reaction differs for different individuals.
It is suggested that clinicians be aware of the possibility of
drug-related aplastic anemia and revise their prescribing
habits accordingly. There is an urgent need to develop the
capacity building of clinicians for continuous surveillance
of the safety and efficacy of the pharmaceutical products

which are used in their clinical practice. Formulation of
new legislation for drug safety and national guidelines for
pharmacovigilance is also recommended.
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