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ABSTRACT

Background: 6-Mercaptopurine (6-MP), a widely used anti-metabolite for the maintenance phase 
of childhood acute lymphoblastic leukemia (ALL), has been observed to cause myelotoxicity due to 
genetic polymorphism of thiopurine methyl transferase (TPMT), one of the drug-metabolizing 
enzymes. This study aimed to determine the frequency of thiopurine S-methyl transferase (TPMT) 
polymorphic variants in a group of Pakistani children with acute lymphoblastic leukemia (ALL) using 
6-mercaptopurine (6-MP).

Methods: Diagnosed cases (n=100) of ALL, either Pre-B or T-Cell, between the ages of 2 to 18 years were 
randomly selected from OPD of Children Cancer Hospital and National Institute of Child Health (NICH), 
Karachi. The subjects were under BFM (Berlin Frankfurt Munster) protocol. Expired and relapsed patients 
(2/100) were excluded. Blood samples were drawn and DNA was extracted from serum to determine 
the genotype of TPMT (*2, *3A, *3B and *3C) using allele-specific PCR (AS-PCR) and RFLP. PCR assays 
were done to detect the G238C transversion in TPMT*2 and the G460A and A719G transition in TMPT*3 
Alleles.

Results: Polymorphism in TMPT was found 100% (98/98) in ALL patients belonging to a heterozygous 
group. Out of them, 74.5% of ALL patients showed myelotoxicity. Furthermore, *1/*3B was the most 
prevalent variant TPMT allele observed with the highest frequency reported at 97%. The variant allele 
*1/*3A was found in only 3 patients, whereas,  TMPT*2 and *3C Alleles were not found.

Conclusion: The majority of our patients displayed a distinct TPMT genetic polymorphism TPMT*1/*3B 
which is comparatively rare in other parts of the world.
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INTRODUCTION
6-Mercaptopurine (6-MP) is a purine anti-metabolite that 
is widely used for the maintenance phase of childhood 
acute lymphoblastic leukemia (ALL)1; the most common 
type of cancer in children2. A large number of patients 
who are using 6-mercaptopurine demonstrate myelo-
toxicity3, which is attributed to genetic polymorphism of 
one of the drug-metabolizing enzymes, thiopurine 
methyl transferase (TPMT)4. It is a cytosolic enzyme 
involved in the methylation (inactivation) of 6-mercapto-
purine and 6-thioguanine5,6. Activation of prodrug 6-MP 
normally occurs by the action of hypoxanthine-guanine 
phosphoribosyl transferase (HGPRT) to form thioguanine 
nucleotide (TGN) and then its final incorporation into 
DNA to exert its cytotoxic effect7. An alternate pathway 
of metabolism of this drug includes the inactivation of the 
drug either to S-methylated metabolites by TPMT7 and 
6-thiouric acid by xanthine oxidase (XO)8. Inactivation of 
the drug ultimately decreases its availability for activation 
of TGNs all over the body including bone marrow cells. 
This way it prevents the chances of developing the lethal 
effect of myelotoxicity.

The activity of TPMT is inherited as an autosomal 
codominant trait exhibiting TPMT polymorphism9. 
Worldwide studies show the trimodal distribution in 
TPMT activity with approximately 89-90%, 10-11% and 
0.3% possessing high, intermediate, and low intra-cel-
lular TPMT activity9. Approximately 24 allelic variants of 
TPMT have been reported10; with a preponderance of 
TPMT*2, *3A, *3B and *3C being the most common6. All 
of these variant alleles result from point mutations in 
the coding sequence or mutations at intron-exon 
splice sites. The molecular defect in TPMT*2 is G238Æ C 
transversion (mutation) that leads to an amino substi-
tution at codon 80 (Ala80 Æ Pro). TPMT*3A  allele 
contains two different nucleotide transitions (muta-
tions) namely G460Æ A and A719 Æ G which led to the 
amino acid substitutions Ala154 Æ Thr and Tyr240 Æ Cys 
respectively. The other two common variant alleles 
TPMT*3B and TPMT*3C contain only single nucleotide 
transitions G460Æ A leading to amino acid substitution 
Ala154Æ Thr is present in TPMT*3B allele while transition-
ing A719 Æ G leading to Amino acid substitution of Tyr – 
Cys shows TPMT*3C as the polymorphic allele11. 

Currently, sufficient data on TPMT genotyping of 
Pakistani ALL children does not exist. The present 
study aimed to determine the pattern of TPMT 
polymorphism in a group of Pakistani ALL patients 
undergoing treatment with 6 – MP. This TMPT geno-
typing will discriminate various polymorphic alleles in 
the group of ALL patients with low and high activity 
of TPMT. Genotyping of TMPT will help in identifying 
patients prone to myelosuppression. Hence, 
children at higher risk of developing myelosuppres-
sion will be managed by an adjusted dosage of 
6MP. This study was designed to determine the 
frequency of thiopurine S-methyl transferase (TPMT) 
polymorphic variants in a group of children of acute 

lymphoblastic leukemia (ALL) using 6-mercaptopu-
rine (6-MP), anti-metabolite for the maintenance 
phase of childhood acute lymphoblastic leukemia 
(ALL), in Pakistan.

METHODS
One hundred children of ALL ages 2 to 18 years were 
randomly registered for this case series study from OPD 
of Children Cancer Hospital and National Institute of 
Child Health (NICH). Informed consent was taken from 
their parents/guardians. Before this approval from the 
hospital ethics review committee was obtained. All the 
patients were receiving chemotherapy according to 
BFM protocol. Two patients, one had a relapse and 
one passed away during the study, were excluded. 
Five ml of blood was drawn from 98 patients and 
serum was separated. All sera samples were stored at 
-800C. DNA was extracted from buffy-coat by using 
Resin based DNA extraction buffer (BioSweep, Korea). 
4.5 µl of the extraction DNA was used for each PCR 
amplification reaction by adding 12.5 µl of Go-Taq 
green master mix (Promega, USA).

Allele-specific PCR (AS-PCR) was done for the detec-
tion of variants TPMT*2 (G238C), TPMT*3A (G460A and 
A719G), TPMT*3B (G460A) and TPMT*3C (A719G). the 
four variant TPMT alleles*2, *3A and *3C were amplified 
by detection of transversion G238C and transitions 
G460A and A719G in each patient. Separate PCRs 
with type-specific primers were used according to the 
modified protocol used by Rose et al.11 

For detection of G238C transversion; 4.5 µl of genomic 
DNA was amplified either with 4 µl of primer: P2WF 
(5’-GTATGATTTTATGCAGGTTTG-3’) for wild type or P2M 
(5-GTATGAATTTTATGCAGGTTTC-3 for mutant one, four 
µl of primer P2C (5-TAAATAGGAACCATCGGACAC-3 
was added to each amplification. To detect the 
G460A transition, a second PCR assay was done by 
using 4 µl of primers P460F (5-AGGGAGCTAGG-
GAAAAAGAAAGGTG-3) and P460R (5- CAAGCCT-
TATAGCCTTACACCCAGG-3). For RFLP, the PCR prod-
uct was digested with Mwol (restriction enzyme, 
Fermentas, USA) for one hour at 60°C. To detect the 
A719G transition, a third PCR assay using primers, P719F 
(5-GAGACAGAGTTTCACCATCTTGG-3) and P719R (5- 
CAGGCTTTAGCATAATTTTCAATTCCTC-3 was done 
under the same conditions as for those used for 460 
transition except that we digested the PCR product 
with AccI (restriction enzyme, Fermentas, USA).

Electrophoresis on 2% agarose gel was used to 
observe the PCR and RFLP products stained with 
ethidium bromide (Figure 1, 2) contamination was 
avoided by using standard precautionary measures. 
Statistical analysis was done by using percentages 
for both quantitative and qualitative variables.

RESULTS
For the detection of G238C, a DNA fragment was 

amplified with P2M P2C when the C23A mutant was 
present at 250bp, whereas the DNA fragment was 
amplified at 250bp with P2W and P2C primers when 
G238 (wild type) was present (Figure 1 and 2). MwoI 
digestion of wild type was done for deletion of G468 
transition which yielded fragments of 443 and 251bp 
whereas DNA containing the G468 transition/muta-

tion is not digested and yields an uncleaved 
fragment of 694bp (Figure 2). During RFLP of A719G 
after the introduction of an AccI restriction site in the 
amplified: wild-type DNA yielded an uncleaved 
fragment of 373bp while transition/mutation of 
A719G yielded fragments of 283 and 90 base pairs 
(Figure 1).

and mean age was calculated as 52.71±10.50 
years. There were 75%(45) were male whereas 
25%(15) were females. In this study, we determined 
the efficacy of a single anterior ilioinguinal 
approach for the management of bi-columnar 
acetabulum fracture and we found that the 
percentage of efficacy was 86.7%. Another study 
reported that a single anterior ilioinguinal approach 
had an efficacy of 95.5% (>80 Harris hip score) for 
the management of bi-columnar acetabulum 
fracture11. Gupta et al. reported in a study that a 
single anterior ilioinguinal approach had an efficacy 
of 81.8% (>80 Harris Hip Score) for the management 
of bi-columnar acetabulum fracture12. 

The “gold standard” for treating displaced acetab-
ular fractures for the past 40 years has been surgery. 
A virtually perfect open reduction and internal 
fixation can significantly lower fracture complica-
tions and improve clinical outcomes for patients17. 
However, for acetabular fracture surgery, picking 
the right strategy is essential. previously, the majority 
of acetabular anterior column and anterior wall 
fracture cases were successfully treated with the 
typical ilioinguinal. A second incision exposing a 
lateral window along the iliac crest is utilized to 
enable reduction and fixation in fractures with a 
high anterior column component (exiting the iliac 
crest) or those needing posterior column lag screws.

Patients were classified based on BMI in a retrospec-
tive examination of 169 consecutive surgically 
repaired acetabular fractures to determine postop-
erative complications18. The results showed that the 
participants with a BMI of 30 or higher had a 2.1-fold 
increased risk of estimated blood loss of more than 
750 cc and a 2.6-fold increased risk of deep vein 
thrombosis, while those with a BMI of 40 or higher 
had a 5-fold increased risk of wound infection. 
Obese patients occasionally require surgical treat-
ment, but we can use this knowledge to educate 
patients about their elevated risk of problems and 
look into ways to reduce them19. 

In a retrospective analysis of 53 patients with surgi-
cally treated acetabular fractures who were 
followed for two years, age, fracture complexity, 
and injury to the head of femurs were statically 
meaningful markers of poor outcome2. Patients 
under the age of 40 had a better prognosis than 
those who were older. The authors believe that 
osteoporosis, which makes surgical reduction and 
fixation difficult, is a contributing factor in older 
patients’ inferior outcomes. A bigger trial by Matta, 
which also included 262 fractures followed for a 
minimum of two years revealed that age is an 
independent risk factor for clinical prognosis. Only 
68% of patients 40 years of age or older showed a 
G-E result compared to 81% of patients under the 
age of 40. In a more recent investigation, it was 

determined what characteristics in individuals 
above the age of 55 affected radiographic and 
clinical outcomes20. 

In a dataset consisting, Carroll et al. found that 50% of 
patients had concomitant injuries: 35% had lower 
extremity injuries, which were most common, 19% had 
chest injuries, 18% had head injuries, 13% had nerve 
palsies, 8% had abdomen injuries, 6% had genitouri-
nary injuries, and 4% had spine injuries21. As many as 
35% of isolated acetabular fractures necessitate blood 
transfusions, according to one research22. Upon admis-
sion, the sciatic nerve injury must also be examined. 
The peroneal division of the sciatic nerve is usually 
invariably injured, though less frequently the tibial 
division is as well. A foot drop will occur if the peroneal 
nerve division of the sciatic nerve is injured23,24. The 
surgical exposure and reduction of acetabular 
fractures may become more straightforward and 
practical with the improved method because it was 
closer to the acetabular quadrilateral plate11,25. 

CONCLUSION
The current study determined the efficacy of a 
single anterior ilioinguinal approach for the man-
agement of bi-columnar acetabulum fracture. The 
percentage of efficacy was 86.7%. Therefore, it is 
concluded that the use of the single anterior 
ilioinguinal approach for the treatment of acetabu-
lar fractures provides an excellent result. Further-
more, there were fewer complications, thus the 
single anterior ilioinguinal approach might be a 
preferable choice for the treatment of bicolumnar 
acetabular fracture.
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DISCUSSION
Acetabulum fractures typically occur in young 
adults as a result of high-velocity injuries (e.g., 
high-speed vehicle or falls on the floor from height); 
they are frequently linked to other potentially fatal 
injuries. The hip joint develops articular incongruity as 
a result of the fracture pieces being displaced, 
which causes aberrant pressure to be distributed on 
the articular cartilage surface. This may cause the 
cartilage surface to rapidly deteriorate, which can 
cause crippling hip joint arthritis. One of the most 
complicated injuries that orthopedic surgeons treat 
is acetabular fractures. Our grasp of surgical proce-
dures, reduction strategies, problems, and 
outcomes were introduced by Gupta and Ziran’s 
work12,13. After 20 years, up to 80% of acetabular 
fractures that had surgery reported good to 
outstanding functional outcomes14,15. 

The clinical prognosis of an acetabular fracture may 
be influenced by a variety of variables, including 
pre-existing disorders, injury-related factors, surgical 
concerns, and postoperative sequelae. Clinical 
success has been demonstrated to be highly 
dependent on the quality of the articular reduc-
tion15,16. Case reports of the surgical fixation of 
acetabular fractures were the first results to be 
published. A study used plates and screws to treat 
an acetabular fracture into the inner side of the ilium 
1943. In 1949, the anterior iliofemoral technique for 
surgically stabilizing an acetabular fracture was 
described13. 

In the current study, the age distribution of the 
patients was done, and it shows that out of 60 
patients, 49(81.7 %) were in the age group of 40-60 
years and 11(18.3%) were in the age group of 61-80 

Raza et al.
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INTRODUCTION
6-Mercaptopurine (6-MP) is a purine anti-metabolite that 
is widely used for the maintenance phase of childhood 
acute lymphoblastic leukemia (ALL)1; the most common 
type of cancer in children2. A large number of patients 
who are using 6-mercaptopurine demonstrate myelo-
toxicity3, which is attributed to genetic polymorphism of 
one of the drug-metabolizing enzymes, thiopurine 
methyl transferase (TPMT)4. It is a cytosolic enzyme 
involved in the methylation (inactivation) of 6-mercapto-
purine and 6-thioguanine5,6. Activation of prodrug 6-MP 
normally occurs by the action of hypoxanthine-guanine 
phosphoribosyl transferase (HGPRT) to form thioguanine 
nucleotide (TGN) and then its final incorporation into 
DNA to exert its cytotoxic effect7. An alternate pathway 
of metabolism of this drug includes the inactivation of the 
drug either to S-methylated metabolites by TPMT7 and 
6-thiouric acid by xanthine oxidase (XO)8. Inactivation of 
the drug ultimately decreases its availability for activation 
of TGNs all over the body including bone marrow cells. 
This way it prevents the chances of developing the lethal 
effect of myelotoxicity.

The activity of TPMT is inherited as an autosomal 
codominant trait exhibiting TPMT polymorphism9. 
Worldwide studies show the trimodal distribution in 
TPMT activity with approximately 89-90%, 10-11% and 
0.3% possessing high, intermediate, and low intra-cel-
lular TPMT activity9. Approximately 24 allelic variants of 
TPMT have been reported10; with a preponderance of 
TPMT*2, *3A, *3B and *3C being the most common6. All 
of these variant alleles result from point mutations in 
the coding sequence or mutations at intron-exon 
splice sites. The molecular defect in TPMT*2 is G238Æ C 
transversion (mutation) that leads to an amino substi-
tution at codon 80 (Ala80 Æ Pro). TPMT*3A  allele 
contains two different nucleotide transitions (muta-
tions) namely G460Æ A and A719 Æ G which led to the 
amino acid substitutions Ala154 Æ Thr and Tyr240 Æ Cys 
respectively. The other two common variant alleles 
TPMT*3B and TPMT*3C contain only single nucleotide 
transitions G460Æ A leading to amino acid substitution 
Ala154Æ Thr is present in TPMT*3B allele while transition-
ing A719 Æ G leading to Amino acid substitution of Tyr – 
Cys shows TPMT*3C as the polymorphic allele11. 

Currently, sufficient data on TPMT genotyping of 
Pakistani ALL children does not exist. The present 
study aimed to determine the pattern of TPMT 
polymorphism in a group of Pakistani ALL patients 
undergoing treatment with 6 – MP. This TMPT geno-
typing will discriminate various polymorphic alleles in 
the group of ALL patients with low and high activity 
of TPMT. Genotyping of TMPT will help in identifying 
patients prone to myelosuppression. Hence, 
children at higher risk of developing myelosuppres-
sion will be managed by an adjusted dosage of 
6MP. This study was designed to determine the 
frequency of thiopurine S-methyl transferase (TPMT) 
polymorphic variants in a group of children of acute 

lymphoblastic leukemia (ALL) using 6-mercaptopu-
rine (6-MP), anti-metabolite for the maintenance 
phase of childhood acute lymphoblastic leukemia 
(ALL), in Pakistan.

METHODS
One hundred children of ALL ages 2 to 18 years were 
randomly registered for this case series study from OPD 
of Children Cancer Hospital and National Institute of 
Child Health (NICH). Informed consent was taken from 
their parents/guardians. Before this approval from the 
hospital ethics review committee was obtained. All the 
patients were receiving chemotherapy according to 
BFM protocol. Two patients, one had a relapse and 
one passed away during the study, were excluded. 
Five ml of blood was drawn from 98 patients and 
serum was separated. All sera samples were stored at 
-800C. DNA was extracted from buffy-coat by using 
Resin based DNA extraction buffer (BioSweep, Korea). 
4.5 µl of the extraction DNA was used for each PCR 
amplification reaction by adding 12.5 µl of Go-Taq 
green master mix (Promega, USA).

Allele-specific PCR (AS-PCR) was done for the detec-
tion of variants TPMT*2 (G238C), TPMT*3A (G460A and 
A719G), TPMT*3B (G460A) and TPMT*3C (A719G). the 
four variant TPMT alleles*2, *3A and *3C were amplified 
by detection of transversion G238C and transitions 
G460A and A719G in each patient. Separate PCRs 
with type-specific primers were used according to the 
modified protocol used by Rose et al.11 

For detection of G238C transversion; 4.5 µl of genomic 
DNA was amplified either with 4 µl of primer: P2WF 
(5’-GTATGATTTTATGCAGGTTTG-3’) for wild type or P2M 
(5-GTATGAATTTTATGCAGGTTTC-3 for mutant one, four 
µl of primer P2C (5-TAAATAGGAACCATCGGACAC-3 
was added to each amplification. To detect the 
G460A transition, a second PCR assay was done by 
using 4 µl of primers P460F (5-AGGGAGCTAGG-
GAAAAAGAAAGGTG-3) and P460R (5- CAAGCCT-
TATAGCCTTACACCCAGG-3). For RFLP, the PCR prod-
uct was digested with Mwol (restriction enzyme, 
Fermentas, USA) for one hour at 60°C. To detect the 
A719G transition, a third PCR assay using primers, P719F 
(5-GAGACAGAGTTTCACCATCTTGG-3) and P719R (5- 
CAGGCTTTAGCATAATTTTCAATTCCTC-3 was done 
under the same conditions as for those used for 460 
transition except that we digested the PCR product 
with AccI (restriction enzyme, Fermentas, USA).

Electrophoresis on 2% agarose gel was used to 
observe the PCR and RFLP products stained with 
ethidium bromide (Figure 1, 2) contamination was 
avoided by using standard precautionary measures. 
Statistical analysis was done by using percentages 
for both quantitative and qualitative variables.

RESULTS
For the detection of G238C, a DNA fragment was 

amplified with P2M P2C when the C23A mutant was 
present at 250bp, whereas the DNA fragment was 
amplified at 250bp with P2W and P2C primers when 
G238 (wild type) was present (Figure 1 and 2). MwoI 
digestion of wild type was done for deletion of G468 
transition which yielded fragments of 443 and 251bp 
whereas DNA containing the G468 transition/muta-

tion is not digested and yields an uncleaved 
fragment of 694bp (Figure 2). During RFLP of A719G 
after the introduction of an AccI restriction site in the 
amplified: wild-type DNA yielded an uncleaved 
fragment of 373bp while transition/mutation of 
A719G yielded fragments of 283 and 90 base pairs 
(Figure 1).

G238C WILDTYPE (250bp)…..POSITIVE
G238C MUTANT TYPE (250bp)…..NEGATIVE
G460A APMLIFIED PRODUCT (694bp)…..POSITIVE
G460A RFLP PRODUCT (694,443 and 251bp)…..CLEAVED PRODUCT (HETEROZYGOUS TRANSITION PRESENT)
A719G APMLIFIED PRODUCT (373bp)……POSITIVE
A719G RFLP PRODUCT (373,238 and 90bp)……CLEAVED PRODUCT (HETEROZYGOUS TRANSITION PRESENT)

Figure 1: RFLP of A719G after the introduction of an AccI restriction site in the amplified: wild-type DNA yielded an 
uncleaved fragment of 373bp while transition/mutation of A719G yielded fragments of 283 and 90 base pairs.

G238C WILDTYPE (260bp)…..POSITIVE
G238C MUTANT TYPE (250bp)…..NEGATIVE
G460A APMLIFIED PRODUCT (694bp)…..POSITIVE
G460A RFLP PRODUCT (694,443 and 251bp)…..CLEAVED PRODUCT (HETEROZYGOUS TRANSITION PRESENT)
A719G APMLIFIED PRODUCT (373bp)……POSITIVE
A719G RFLP PRODUCT (373)……UNCLEAVED PRODUCT (TRANSITION ABSENT)

Figure 2: DNA containing the transition/mutation is not digested and yields an uncleaved fragment of 694bp.

and mean age was calculated as 52.71±10.50 
years. There were 75%(45) were male whereas 
25%(15) were females. In this study, we determined 
the efficacy of a single anterior ilioinguinal 
approach for the management of bi-columnar 
acetabulum fracture and we found that the 
percentage of efficacy was 86.7%. Another study 
reported that a single anterior ilioinguinal approach 
had an efficacy of 95.5% (>80 Harris hip score) for 
the management of bi-columnar acetabulum 
fracture11. Gupta et al. reported in a study that a 
single anterior ilioinguinal approach had an efficacy 
of 81.8% (>80 Harris Hip Score) for the management 
of bi-columnar acetabulum fracture12. 

The “gold standard” for treating displaced acetab-
ular fractures for the past 40 years has been surgery. 
A virtually perfect open reduction and internal 
fixation can significantly lower fracture complica-
tions and improve clinical outcomes for patients17. 
However, for acetabular fracture surgery, picking 
the right strategy is essential. previously, the majority 
of acetabular anterior column and anterior wall 
fracture cases were successfully treated with the 
typical ilioinguinal. A second incision exposing a 
lateral window along the iliac crest is utilized to 
enable reduction and fixation in fractures with a 
high anterior column component (exiting the iliac 
crest) or those needing posterior column lag screws.

Patients were classified based on BMI in a retrospec-
tive examination of 169 consecutive surgically 
repaired acetabular fractures to determine postop-
erative complications18. The results showed that the 
participants with a BMI of 30 or higher had a 2.1-fold 
increased risk of estimated blood loss of more than 
750 cc and a 2.6-fold increased risk of deep vein 
thrombosis, while those with a BMI of 40 or higher 
had a 5-fold increased risk of wound infection. 
Obese patients occasionally require surgical treat-
ment, but we can use this knowledge to educate 
patients about their elevated risk of problems and 
look into ways to reduce them19. 

In a retrospective analysis of 53 patients with surgi-
cally treated acetabular fractures who were 
followed for two years, age, fracture complexity, 
and injury to the head of femurs were statically 
meaningful markers of poor outcome2. Patients 
under the age of 40 had a better prognosis than 
those who were older. The authors believe that 
osteoporosis, which makes surgical reduction and 
fixation difficult, is a contributing factor in older 
patients’ inferior outcomes. A bigger trial by Matta, 
which also included 262 fractures followed for a 
minimum of two years revealed that age is an 
independent risk factor for clinical prognosis. Only 
68% of patients 40 years of age or older showed a 
G-E result compared to 81% of patients under the 
age of 40. In a more recent investigation, it was 

determined what characteristics in individuals 
above the age of 55 affected radiographic and 
clinical outcomes20. 

In a dataset consisting, Carroll et al. found that 50% of 
patients had concomitant injuries: 35% had lower 
extremity injuries, which were most common, 19% had 
chest injuries, 18% had head injuries, 13% had nerve 
palsies, 8% had abdomen injuries, 6% had genitouri-
nary injuries, and 4% had spine injuries21. As many as 
35% of isolated acetabular fractures necessitate blood 
transfusions, according to one research22. Upon admis-
sion, the sciatic nerve injury must also be examined. 
The peroneal division of the sciatic nerve is usually 
invariably injured, though less frequently the tibial 
division is as well. A foot drop will occur if the peroneal 
nerve division of the sciatic nerve is injured23,24. The 
surgical exposure and reduction of acetabular 
fractures may become more straightforward and 
practical with the improved method because it was 
closer to the acetabular quadrilateral plate11,25. 

CONCLUSION
The current study determined the efficacy of a 
single anterior ilioinguinal approach for the man-
agement of bi-columnar acetabulum fracture. The 
percentage of efficacy was 86.7%. Therefore, it is 
concluded that the use of the single anterior 
ilioinguinal approach for the treatment of acetabu-
lar fractures provides an excellent result. Further-
more, there were fewer complications, thus the 
single anterior ilioinguinal approach might be a 
preferable choice for the treatment of bicolumnar 
acetabular fracture.
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DISCUSSION
Acetabulum fractures typically occur in young 
adults as a result of high-velocity injuries (e.g., 
high-speed vehicle or falls on the floor from height); 
they are frequently linked to other potentially fatal 
injuries. The hip joint develops articular incongruity as 
a result of the fracture pieces being displaced, 
which causes aberrant pressure to be distributed on 
the articular cartilage surface. This may cause the 
cartilage surface to rapidly deteriorate, which can 
cause crippling hip joint arthritis. One of the most 
complicated injuries that orthopedic surgeons treat 
is acetabular fractures. Our grasp of surgical proce-
dures, reduction strategies, problems, and 
outcomes were introduced by Gupta and Ziran’s 
work12,13. After 20 years, up to 80% of acetabular 
fractures that had surgery reported good to 
outstanding functional outcomes14,15. 

The clinical prognosis of an acetabular fracture may 
be influenced by a variety of variables, including 
pre-existing disorders, injury-related factors, surgical 
concerns, and postoperative sequelae. Clinical 
success has been demonstrated to be highly 
dependent on the quality of the articular reduc-
tion15,16. Case reports of the surgical fixation of 
acetabular fractures were the first results to be 
published. A study used plates and screws to treat 
an acetabular fracture into the inner side of the ilium 
1943. In 1949, the anterior iliofemoral technique for 
surgically stabilizing an acetabular fracture was 
described13. 

In the current study, the age distribution of the 
patients was done, and it shows that out of 60 
patients, 49(81.7 %) were in the age group of 40-60 
years and 11(18.3%) were in the age group of 61-80 
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One of the latest studies showed and compared the 
various pattern of TMPT polymorphic variant alleles 
in different parts of the world including the study 
done on South West Asians also which showed the 
prevalence of TMPT*3A11,12. Many TMPT variant 
alleles have been detected around the world with 
many variants reported from one region also. Unlike 
these reports, only one variant *1/*3B which is very 
rare in the world was detected in this study as a 
major component. Keeping in view the variable 
frequencies of the four common TMPT alleles *2, *3A, 
*3B and* 3C worldwide this study also analyzed the 
same TMPT allelic variants. By reviewing the literature 

on TMPT population studies it was noted that 19 
cases of TMPT*3B have been reported from a total of 
12208 alleles, a frequency of only 0.16% although 
their homozygous and heterozygous variants were 
not identified. Whereas, in this study, 96.94% of 
patients were identified with heterozygous variant 
*1/*3B. The polymorphic variant alleles TMPT *3A and 
TMPT*3C accounted for 4% (488 alleles) and 1.38% 
(168 alleles), respectively, of the total amount of 
alleles published while this study showed only 03.06% 
of patients with heterozygous *1/*3A and none of 
the patients was found to express *2 or *3C allele.

This is the first study of its kind in Pakistan with unexpect-
ed genotyping results of TMPT variant alleles. Because 
of these results, it is suggested that children identified 
as heterozygous *1/*3B TMPT genotype may be 
started with a lower dose of 6-MP while ALL patients 
identified as a homozygous variant may be supervised 
strictly with caution during the period of 6-MP therapy.

To further validate the results and to make it more 
applicable for adjusting the dosage of 6-MP in child-
hood ALL in Pakistan, it is suggested that large popula-

tion-based studies of TMPT genotyping of ALL patients 
as well as of healthy individuals may be done. This can 
be approached through advanced or alternative 
technologies analyzing the role of TMPT genetic 
polymorphism including pyro-sequencing of the TMPT 
gene as well as HPLC of drug metabolite levels of 
6-MP. Day-to-day improvements and advancements 
in pharmacogenetics and human genomics of differ-
ent drugs including 6-mercaptopurine worldwide 
suggest.

Table 1: Genotype distribution in the population studied.

Table 2: Demographic data of ALL patients positive for *1/*3B genotype.

TPMT Male Female Total

56(57.14%) 42(42.86%) 98

*1/*2 0 0 0

*1/*3A 2 1 3

*1/*3B 54 4 95

*1/*3C 0 0 0

Variables Frequency n (%)

Gender
Male Female

54(56) 41(43.2)

Age Group
1.1 – 5 years 5 – 10 years 10.1 years – onwards

40(42.1) 31(32.6) 24(25.3)

Ethnicity
Urdu Sindhi Balochi Punjabi Pushto Hindu

35(36.8) 31(32.6) 8(8.42) 7(7.37) 13(13.7) 1(1.05)

Family History of Cancer
Yes No

10(10.5) 85(89.5)

Consanguinity
Yes No

52(54.7) 43(45.3)

Socioeconomic Status – Income
Lower Middle High 

72(75.8) 21(22.1) 2(2.11)

and mean age was calculated as 52.71±10.50 
years. There were 75%(45) were male whereas 
25%(15) were females. In this study, we determined 
the efficacy of a single anterior ilioinguinal 
approach for the management of bi-columnar 
acetabulum fracture and we found that the 
percentage of efficacy was 86.7%. Another study 
reported that a single anterior ilioinguinal approach 
had an efficacy of 95.5% (>80 Harris hip score) for 
the management of bi-columnar acetabulum 
fracture11. Gupta et al. reported in a study that a 
single anterior ilioinguinal approach had an efficacy 
of 81.8% (>80 Harris Hip Score) for the management 
of bi-columnar acetabulum fracture12. 

The “gold standard” for treating displaced acetab-
ular fractures for the past 40 years has been surgery. 
A virtually perfect open reduction and internal 
fixation can significantly lower fracture complica-
tions and improve clinical outcomes for patients17. 
However, for acetabular fracture surgery, picking 
the right strategy is essential. previously, the majority 
of acetabular anterior column and anterior wall 
fracture cases were successfully treated with the 
typical ilioinguinal. A second incision exposing a 
lateral window along the iliac crest is utilized to 
enable reduction and fixation in fractures with a 
high anterior column component (exiting the iliac 
crest) or those needing posterior column lag screws.

Patients were classified based on BMI in a retrospec-
tive examination of 169 consecutive surgically 
repaired acetabular fractures to determine postop-
erative complications18. The results showed that the 
participants with a BMI of 30 or higher had a 2.1-fold 
increased risk of estimated blood loss of more than 
750 cc and a 2.6-fold increased risk of deep vein 
thrombosis, while those with a BMI of 40 or higher 
had a 5-fold increased risk of wound infection. 
Obese patients occasionally require surgical treat-
ment, but we can use this knowledge to educate 
patients about their elevated risk of problems and 
look into ways to reduce them19. 

In a retrospective analysis of 53 patients with surgi-
cally treated acetabular fractures who were 
followed for two years, age, fracture complexity, 
and injury to the head of femurs were statically 
meaningful markers of poor outcome2. Patients 
under the age of 40 had a better prognosis than 
those who were older. The authors believe that 
osteoporosis, which makes surgical reduction and 
fixation difficult, is a contributing factor in older 
patients’ inferior outcomes. A bigger trial by Matta, 
which also included 262 fractures followed for a 
minimum of two years revealed that age is an 
independent risk factor for clinical prognosis. Only 
68% of patients 40 years of age or older showed a 
G-E result compared to 81% of patients under the 
age of 40. In a more recent investigation, it was 

determined what characteristics in individuals 
above the age of 55 affected radiographic and 
clinical outcomes20. 

In a dataset consisting, Carroll et al. found that 50% of 
patients had concomitant injuries: 35% had lower 
extremity injuries, which were most common, 19% had 
chest injuries, 18% had head injuries, 13% had nerve 
palsies, 8% had abdomen injuries, 6% had genitouri-
nary injuries, and 4% had spine injuries21. As many as 
35% of isolated acetabular fractures necessitate blood 
transfusions, according to one research22. Upon admis-
sion, the sciatic nerve injury must also be examined. 
The peroneal division of the sciatic nerve is usually 
invariably injured, though less frequently the tibial 
division is as well. A foot drop will occur if the peroneal 
nerve division of the sciatic nerve is injured23,24. The 
surgical exposure and reduction of acetabular 
fractures may become more straightforward and 
practical with the improved method because it was 
closer to the acetabular quadrilateral plate11,25. 

CONCLUSION
The current study determined the efficacy of a 
single anterior ilioinguinal approach for the man-
agement of bi-columnar acetabulum fracture. The 
percentage of efficacy was 86.7%. Therefore, it is 
concluded that the use of the single anterior 
ilioinguinal approach for the treatment of acetabu-
lar fractures provides an excellent result. Further-
more, there were fewer complications, thus the 
single anterior ilioinguinal approach might be a 
preferable choice for the treatment of bicolumnar 
acetabular fracture.
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DISCUSSION
Acetabulum fractures typically occur in young 
adults as a result of high-velocity injuries (e.g., 
high-speed vehicle or falls on the floor from height); 
they are frequently linked to other potentially fatal 
injuries. The hip joint develops articular incongruity as 
a result of the fracture pieces being displaced, 
which causes aberrant pressure to be distributed on 
the articular cartilage surface. This may cause the 
cartilage surface to rapidly deteriorate, which can 
cause crippling hip joint arthritis. One of the most 
complicated injuries that orthopedic surgeons treat 
is acetabular fractures. Our grasp of surgical proce-
dures, reduction strategies, problems, and 
outcomes were introduced by Gupta and Ziran’s 
work12,13. After 20 years, up to 80% of acetabular 
fractures that had surgery reported good to 
outstanding functional outcomes14,15. 

The clinical prognosis of an acetabular fracture may 
be influenced by a variety of variables, including 
pre-existing disorders, injury-related factors, surgical 
concerns, and postoperative sequelae. Clinical 
success has been demonstrated to be highly 
dependent on the quality of the articular reduc-
tion15,16. Case reports of the surgical fixation of 
acetabular fractures were the first results to be 
published. A study used plates and screws to treat 
an acetabular fracture into the inner side of the ilium 
1943. In 1949, the anterior iliofemoral technique for 
surgically stabilizing an acetabular fracture was 
described13. 

In the current study, the age distribution of the 
patients was done, and it shows that out of 60 
patients, 49(81.7 %) were in the age group of 40-60 
years and 11(18.3%) were in the age group of 61-80 
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DISCUSSION
The current study presented data on the evaluation 
of the genetic polymorphism of Thiopurine 
S-methyltransferase (TPMT) in 100 children of 
different ages with acute lymphoblastic leukemia 
(ALL). The obtained frequency characteristics of the 
occurrence of TRMT genotypes: *1/2 – 0.00%, *3A – 
3.06%, *3B – 96.94% and *3C – 0.00% are comparable 
with published literature data.  We analyzed the 
relationship of TPMT genetic polymorphism with the 
toxicity of treatment in the study. According to the 
ALL-MB-2002 protocol13, a significant predominance 
of severe hematological toxicity in heterozygous 
carriers of mutant alleles was established in 
comparison with carriers of the “wild” type.  An 
increase in the duration of severe myelotoxicity or 
myelosuppression at the stages of consolidation with 
TPMT genetic polymorphism was also established.

According to Ando et al. Mercaptopurine (6-MP) is 
the main component of most chemotherapy 
regimens in the maintenance phase of acute 
lymphocytic leukemia (ALL) treatment14. Thiopurine 
methyltransferase (TPMT) is one of the enzymes 
responsible for the metabolism of 6-MP. Several 
studies demonstrate a co-dominant autosomal 
genetic polymorphism for TPMT in humans hence, 
6-MP metabolism is intensely affected by this 
polymorphism14,15. 

In this study, high intra-erythrocyte concentrations of 
6-tioguanine nucleotides(6-TGN) and low concentra-
tions of methylmercaptopurine (MMP) were found. 
Therefore, it was not possible to carry out statistical 
analyzes to evaluate the relationship between the 
genotype and the concentration of 6-MP metabolites. 
Our results in Pakistani child patients shared similarities 
with Silva et al. in which the TPMT*3A was the second 
most frequent allele in the Brazilian population15. Sever-
al indications found in the present study suggest that 
the intensity of chemotherapy may not have been 
sufficient, especially in the group of patients with TPMT 
gene mutation. This would explain why no significant 
differences were found in the prognosis of the groups 
with and without TPMT gene mutation. The incorpora-
tion of genotyping into the routine follow-up of 
patients treated could be an auxiliary tool in the 
optimization of 6-MP doses, minimizing the risks of toxic-
ity and contributing to a better diagnostic and thera-
peutic approach16.

However, Alsous et al. observed severe bone 
marrow toxicity. According to the dose of 6-MP 
when the patient presents toxicity grades 3 or 4 
attributable to this drug. However, it was not possible 
in our study that toxicity is due to 6-MP since patients 
receive polychemotherapy and it could not either 
assume it was due to variant genotypes of the gene 
TPMT 16. Similarly, Kapoor et al. reported that a 
common practice is to decrease the dose of more 

than one drug and this reduction does not eliminate 
the risk of serious toxicity to 6-MP in patients with 
TPMT deficiency. If it has done a reduction in the 
dose of 6-MP, we must be aware that this action 
may impact the intracellular concentrations of 
TGNs, reducing the effectiveness of the drug and 
increasing the risk of relapse. In addition to the fact 
that the use of sub-therapeutic doses may explain 
at least in part of the development of resistance to 
antineoplastic agents17.

It should also be considered that there can be several 
factors that determine toxicity to 6MP, including 
decreased excretion rate, the interaction with other 
drugs, or polymorphisms in different proteins involved 
in its metabolism or transport. The identification of the 
genotype of TPMT is an objective element that allows 
defining the doses of thiopurines individually even 
before starting the treatment. This would reduce the 
risk of severe hematological toxicity and would 
favorably modify the morbidity and survival of patients 
who require these drugs18. The PCR-RFLP and 
allele-specific PCR techniques are relatively simple 
and do not involve a high cost. In emerging 
economies, many centers that were developed for 
investigating gene polymorphisms using PCR-based 
methods face issues due to the implementation of 
DNA sequencing technologies16. However, in our 
setting, it is undeniable and PCR techniques can be 
easily and widely applied at a low cost in a basic 
molecular biology laboratory. 

The analysis of the gene polymorphisms in TPMT is 
important in the evaluation of patients who require 
thiopurines as a part of the treatment and 
represents one of the best examples of pharmacog-
enetic studies19,13. In some centers, this analysis is 
carried out as a routine to individualize the doses of 
these medications. Individual variation in the ability 
of TPMT is determined by the genotype resulting 
from paternal and maternal alleles that each inher-
its19. According to Mcleod et al., the decrease or loss 
of this activity gives rise to an increase in the active 
metabolites of thiopurines, resulting in enhanced 
pharmacological action followed by the adverse 
effects of these drugs20. 

Differences in frequency were well demonstrated in 
our study. The frequency of the variant TPMT*3B has 
not been evaluated significantly. However, some 
studies carried out in Latin America showed higher 
allele frequency of TPMT*3A in ALL patients from 
Argentina21. In the Asian population, the variant TPMT 
*3C was the most frequent22. In these studies, there 
was a high frequency of individuals carrying variant 
alleles, with a major frequent percentage analyzed for 
TPMT*3C. It contrasted with what has been described 
in populations, like Caucasian, Asian or African, in 
which there was a clear predominance of some 
variants and none of them reported a higher 

frequency of the variant23, 24. TPMT*3B did not follow 
any pattern of those reported in previous studies; in 
fact, there was no clear predominance of no variant 
and the difference between them. In one of them, it 
was one to two cases. Nevertheless, we believe that 
these data should be considered when studying the 
genotype of the enzyme TPMT with a large Pakistani 
population.

Similarly, an understanding of the molecular mecha-
nisms should be based on interindividual differences in 
chemotherapy drugs’ effects. It helps in the personal-
ization of treatment, improving the results of treatment 
of acute leukemia and reducing its toxicity25. Certainly, 
the metabolic process is complex, and evaluating the 
contribution of each of the enzymes to concentration 
levels of active metabolites along with its efficacy and 
toxicity of therapy is not an easy one. However, 
despite this, for over the past 10 years, researchers 
have made significant progress in understanding the 
reasons for differences in efficiency and tolerability of 
6-MP, resulting in practical recommendations for 
individual doses depending on the genotypes of a 
metabolic enzyme, TPMT20, 22.

Not all cases exhibit toxicity by mutations. However, 
using this approach can help to avoid the 
development of severe myelosuppression, and at 
the same time, to prevent infectious complications 
thus, reduce the cost of unnecessary hospitalizations 
and indirectly increasing the effectiveness of 
therapy giving the elimination of interruptions in the 
reception of 6-MP in several patients. Personalization 
of chemotherapy is one of the priority areas for the 
development of onco-hematology26. 

CONCLUSION
All the patients in the study group were found to 
have heterozygous TPMT polymorphic alleles. Out of 
them, 74.5% of ALL patients showed myelotoxicity. 
Furthermore, *1/*3B was the most prevalent variant 
TPMT allele observed with the highest frequency 
reported at 97%. More research is required relating 
to pharmacogenetics so that researchers can 
understand the number of drugs, the creation of 
panels of genes, and determine the mutations 
before the start of therapy. In the future, this may 
change the approach to the treatment of 
onco-hematological diseases. As a result, it will be 
possible to achieve maximizing the effectiveness of 
treatment with minimizing systemic toxicity.  
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and mean age was calculated as 52.71±10.50 
years. There were 75%(45) were male whereas 
25%(15) were females. In this study, we determined 
the efficacy of a single anterior ilioinguinal 
approach for the management of bi-columnar 
acetabulum fracture and we found that the 
percentage of efficacy was 86.7%. Another study 
reported that a single anterior ilioinguinal approach 
had an efficacy of 95.5% (>80 Harris hip score) for 
the management of bi-columnar acetabulum 
fracture11. Gupta et al. reported in a study that a 
single anterior ilioinguinal approach had an efficacy 
of 81.8% (>80 Harris Hip Score) for the management 
of bi-columnar acetabulum fracture12. 

The “gold standard” for treating displaced acetab-
ular fractures for the past 40 years has been surgery. 
A virtually perfect open reduction and internal 
fixation can significantly lower fracture complica-
tions and improve clinical outcomes for patients17. 
However, for acetabular fracture surgery, picking 
the right strategy is essential. previously, the majority 
of acetabular anterior column and anterior wall 
fracture cases were successfully treated with the 
typical ilioinguinal. A second incision exposing a 
lateral window along the iliac crest is utilized to 
enable reduction and fixation in fractures with a 
high anterior column component (exiting the iliac 
crest) or those needing posterior column lag screws.

Patients were classified based on BMI in a retrospec-
tive examination of 169 consecutive surgically 
repaired acetabular fractures to determine postop-
erative complications18. The results showed that the 
participants with a BMI of 30 or higher had a 2.1-fold 
increased risk of estimated blood loss of more than 
750 cc and a 2.6-fold increased risk of deep vein 
thrombosis, while those with a BMI of 40 or higher 
had a 5-fold increased risk of wound infection. 
Obese patients occasionally require surgical treat-
ment, but we can use this knowledge to educate 
patients about their elevated risk of problems and 
look into ways to reduce them19. 

In a retrospective analysis of 53 patients with surgi-
cally treated acetabular fractures who were 
followed for two years, age, fracture complexity, 
and injury to the head of femurs were statically 
meaningful markers of poor outcome2. Patients 
under the age of 40 had a better prognosis than 
those who were older. The authors believe that 
osteoporosis, which makes surgical reduction and 
fixation difficult, is a contributing factor in older 
patients’ inferior outcomes. A bigger trial by Matta, 
which also included 262 fractures followed for a 
minimum of two years revealed that age is an 
independent risk factor for clinical prognosis. Only 
68% of patients 40 years of age or older showed a 
G-E result compared to 81% of patients under the 
age of 40. In a more recent investigation, it was 

determined what characteristics in individuals 
above the age of 55 affected radiographic and 
clinical outcomes20. 

In a dataset consisting, Carroll et al. found that 50% of 
patients had concomitant injuries: 35% had lower 
extremity injuries, which were most common, 19% had 
chest injuries, 18% had head injuries, 13% had nerve 
palsies, 8% had abdomen injuries, 6% had genitouri-
nary injuries, and 4% had spine injuries21. As many as 
35% of isolated acetabular fractures necessitate blood 
transfusions, according to one research22. Upon admis-
sion, the sciatic nerve injury must also be examined. 
The peroneal division of the sciatic nerve is usually 
invariably injured, though less frequently the tibial 
division is as well. A foot drop will occur if the peroneal 
nerve division of the sciatic nerve is injured23,24. The 
surgical exposure and reduction of acetabular 
fractures may become more straightforward and 
practical with the improved method because it was 
closer to the acetabular quadrilateral plate11,25. 

CONCLUSION
The current study determined the efficacy of a 
single anterior ilioinguinal approach for the man-
agement of bi-columnar acetabulum fracture. The 
percentage of efficacy was 86.7%. Therefore, it is 
concluded that the use of the single anterior 
ilioinguinal approach for the treatment of acetabu-
lar fractures provides an excellent result. Further-
more, there were fewer complications, thus the 
single anterior ilioinguinal approach might be a 
preferable choice for the treatment of bicolumnar 
acetabular fracture.
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DISCUSSION
Acetabulum fractures typically occur in young 
adults as a result of high-velocity injuries (e.g., 
high-speed vehicle or falls on the floor from height); 
they are frequently linked to other potentially fatal 
injuries. The hip joint develops articular incongruity as 
a result of the fracture pieces being displaced, 
which causes aberrant pressure to be distributed on 
the articular cartilage surface. This may cause the 
cartilage surface to rapidly deteriorate, which can 
cause crippling hip joint arthritis. One of the most 
complicated injuries that orthopedic surgeons treat 
is acetabular fractures. Our grasp of surgical proce-
dures, reduction strategies, problems, and 
outcomes were introduced by Gupta and Ziran’s 
work12,13. After 20 years, up to 80% of acetabular 
fractures that had surgery reported good to 
outstanding functional outcomes14,15. 

The clinical prognosis of an acetabular fracture may 
be influenced by a variety of variables, including 
pre-existing disorders, injury-related factors, surgical 
concerns, and postoperative sequelae. Clinical 
success has been demonstrated to be highly 
dependent on the quality of the articular reduc-
tion15,16. Case reports of the surgical fixation of 
acetabular fractures were the first results to be 
published. A study used plates and screws to treat 
an acetabular fracture into the inner side of the ilium 
1943. In 1949, the anterior iliofemoral technique for 
surgically stabilizing an acetabular fracture was 
described13. 

In the current study, the age distribution of the 
patients was done, and it shows that out of 60 
patients, 49(81.7 %) were in the age group of 40-60 
years and 11(18.3%) were in the age group of 61-80 
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DISCUSSION
The current study presented data on the evaluation 
of the genetic polymorphism of Thiopurine 
S-methyltransferase (TPMT) in 100 children of 
different ages with acute lymphoblastic leukemia 
(ALL). The obtained frequency characteristics of the 
occurrence of TRMT genotypes: *1/2 – 0.00%, *3A – 
3.06%, *3B – 96.94% and *3C – 0.00% are comparable 
with published literature data.  We analyzed the 
relationship of TPMT genetic polymorphism with the 
toxicity of treatment in the study. According to the 
ALL-MB-2002 protocol13, a significant predominance 
of severe hematological toxicity in heterozygous 
carriers of mutant alleles was established in 
comparison with carriers of the “wild” type.  An 
increase in the duration of severe myelotoxicity or 
myelosuppression at the stages of consolidation with 
TPMT genetic polymorphism was also established.

According to Ando et al. Mercaptopurine (6-MP) is 
the main component of most chemotherapy 
regimens in the maintenance phase of acute 
lymphocytic leukemia (ALL) treatment14. Thiopurine 
methyltransferase (TPMT) is one of the enzymes 
responsible for the metabolism of 6-MP. Several 
studies demonstrate a co-dominant autosomal 
genetic polymorphism for TPMT in humans hence, 
6-MP metabolism is intensely affected by this 
polymorphism14,15. 

In this study, high intra-erythrocyte concentrations of 
6-tioguanine nucleotides(6-TGN) and low concentra-
tions of methylmercaptopurine (MMP) were found. 
Therefore, it was not possible to carry out statistical 
analyzes to evaluate the relationship between the 
genotype and the concentration of 6-MP metabolites. 
Our results in Pakistani child patients shared similarities 
with Silva et al. in which the TPMT*3A was the second 
most frequent allele in the Brazilian population15. Sever-
al indications found in the present study suggest that 
the intensity of chemotherapy may not have been 
sufficient, especially in the group of patients with TPMT 
gene mutation. This would explain why no significant 
differences were found in the prognosis of the groups 
with and without TPMT gene mutation. The incorpora-
tion of genotyping into the routine follow-up of 
patients treated could be an auxiliary tool in the 
optimization of 6-MP doses, minimizing the risks of toxic-
ity and contributing to a better diagnostic and thera-
peutic approach16.

However, Alsous et al. observed severe bone 
marrow toxicity. According to the dose of 6-MP 
when the patient presents toxicity grades 3 or 4 
attributable to this drug. However, it was not possible 
in our study that toxicity is due to 6-MP since patients 
receive polychemotherapy and it could not either 
assume it was due to variant genotypes of the gene 
TPMT 16. Similarly, Kapoor et al. reported that a 
common practice is to decrease the dose of more 

than one drug and this reduction does not eliminate 
the risk of serious toxicity to 6-MP in patients with 
TPMT deficiency. If it has done a reduction in the 
dose of 6-MP, we must be aware that this action 
may impact the intracellular concentrations of 
TGNs, reducing the effectiveness of the drug and 
increasing the risk of relapse. In addition to the fact 
that the use of sub-therapeutic doses may explain 
at least in part of the development of resistance to 
antineoplastic agents17.

It should also be considered that there can be several 
factors that determine toxicity to 6MP, including 
decreased excretion rate, the interaction with other 
drugs, or polymorphisms in different proteins involved 
in its metabolism or transport. The identification of the 
genotype of TPMT is an objective element that allows 
defining the doses of thiopurines individually even 
before starting the treatment. This would reduce the 
risk of severe hematological toxicity and would 
favorably modify the morbidity and survival of patients 
who require these drugs18. The PCR-RFLP and 
allele-specific PCR techniques are relatively simple 
and do not involve a high cost. In emerging 
economies, many centers that were developed for 
investigating gene polymorphisms using PCR-based 
methods face issues due to the implementation of 
DNA sequencing technologies16. However, in our 
setting, it is undeniable and PCR techniques can be 
easily and widely applied at a low cost in a basic 
molecular biology laboratory. 

The analysis of the gene polymorphisms in TPMT is 
important in the evaluation of patients who require 
thiopurines as a part of the treatment and 
represents one of the best examples of pharmacog-
enetic studies19,13. In some centers, this analysis is 
carried out as a routine to individualize the doses of 
these medications. Individual variation in the ability 
of TPMT is determined by the genotype resulting 
from paternal and maternal alleles that each inher-
its19. According to Mcleod et al., the decrease or loss 
of this activity gives rise to an increase in the active 
metabolites of thiopurines, resulting in enhanced 
pharmacological action followed by the adverse 
effects of these drugs20. 

Differences in frequency were well demonstrated in 
our study. The frequency of the variant TPMT*3B has 
not been evaluated significantly. However, some 
studies carried out in Latin America showed higher 
allele frequency of TPMT*3A in ALL patients from 
Argentina21. In the Asian population, the variant TPMT 
*3C was the most frequent22. In these studies, there 
was a high frequency of individuals carrying variant 
alleles, with a major frequent percentage analyzed for 
TPMT*3C. It contrasted with what has been described 
in populations, like Caucasian, Asian or African, in 
which there was a clear predominance of some 
variants and none of them reported a higher 

frequency of the variant23, 24. TPMT*3B did not follow 
any pattern of those reported in previous studies; in 
fact, there was no clear predominance of no variant 
and the difference between them. In one of them, it 
was one to two cases. Nevertheless, we believe that 
these data should be considered when studying the 
genotype of the enzyme TPMT with a large Pakistani 
population.

Similarly, an understanding of the molecular mecha-
nisms should be based on interindividual differences in 
chemotherapy drugs’ effects. It helps in the personal-
ization of treatment, improving the results of treatment 
of acute leukemia and reducing its toxicity25. Certainly, 
the metabolic process is complex, and evaluating the 
contribution of each of the enzymes to concentration 
levels of active metabolites along with its efficacy and 
toxicity of therapy is not an easy one. However, 
despite this, for over the past 10 years, researchers 
have made significant progress in understanding the 
reasons for differences in efficiency and tolerability of 
6-MP, resulting in practical recommendations for 
individual doses depending on the genotypes of a 
metabolic enzyme, TPMT20, 22.

Not all cases exhibit toxicity by mutations. However, 
using this approach can help to avoid the 
development of severe myelosuppression, and at 
the same time, to prevent infectious complications 
thus, reduce the cost of unnecessary hospitalizations 
and indirectly increasing the effectiveness of 
therapy giving the elimination of interruptions in the 
reception of 6-MP in several patients. Personalization 
of chemotherapy is one of the priority areas for the 
development of onco-hematology26. 

CONCLUSION
All the patients in the study group were found to 
have heterozygous TPMT polymorphic alleles. Out of 
them, 74.5% of ALL patients showed myelotoxicity. 
Furthermore, *1/*3B was the most prevalent variant 
TPMT allele observed with the highest frequency 
reported at 97%. More research is required relating 
to pharmacogenetics so that researchers can 
understand the number of drugs, the creation of 
panels of genes, and determine the mutations 
before the start of therapy. In the future, this may 
change the approach to the treatment of 
onco-hematological diseases. As a result, it will be 
possible to achieve maximizing the effectiveness of 
treatment with minimizing systemic toxicity.  
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and mean age was calculated as 52.71±10.50 
years. There were 75%(45) were male whereas 
25%(15) were females. In this study, we determined 
the efficacy of a single anterior ilioinguinal 
approach for the management of bi-columnar 
acetabulum fracture and we found that the 
percentage of efficacy was 86.7%. Another study 
reported that a single anterior ilioinguinal approach 
had an efficacy of 95.5% (>80 Harris hip score) for 
the management of bi-columnar acetabulum 
fracture11. Gupta et al. reported in a study that a 
single anterior ilioinguinal approach had an efficacy 
of 81.8% (>80 Harris Hip Score) for the management 
of bi-columnar acetabulum fracture12. 

The “gold standard” for treating displaced acetab-
ular fractures for the past 40 years has been surgery. 
A virtually perfect open reduction and internal 
fixation can significantly lower fracture complica-
tions and improve clinical outcomes for patients17. 
However, for acetabular fracture surgery, picking 
the right strategy is essential. previously, the majority 
of acetabular anterior column and anterior wall 
fracture cases were successfully treated with the 
typical ilioinguinal. A second incision exposing a 
lateral window along the iliac crest is utilized to 
enable reduction and fixation in fractures with a 
high anterior column component (exiting the iliac 
crest) or those needing posterior column lag screws.

Patients were classified based on BMI in a retrospec-
tive examination of 169 consecutive surgically 
repaired acetabular fractures to determine postop-
erative complications18. The results showed that the 
participants with a BMI of 30 or higher had a 2.1-fold 
increased risk of estimated blood loss of more than 
750 cc and a 2.6-fold increased risk of deep vein 
thrombosis, while those with a BMI of 40 or higher 
had a 5-fold increased risk of wound infection. 
Obese patients occasionally require surgical treat-
ment, but we can use this knowledge to educate 
patients about their elevated risk of problems and 
look into ways to reduce them19. 

In a retrospective analysis of 53 patients with surgi-
cally treated acetabular fractures who were 
followed for two years, age, fracture complexity, 
and injury to the head of femurs were statically 
meaningful markers of poor outcome2. Patients 
under the age of 40 had a better prognosis than 
those who were older. The authors believe that 
osteoporosis, which makes surgical reduction and 
fixation difficult, is a contributing factor in older 
patients’ inferior outcomes. A bigger trial by Matta, 
which also included 262 fractures followed for a 
minimum of two years revealed that age is an 
independent risk factor for clinical prognosis. Only 
68% of patients 40 years of age or older showed a 
G-E result compared to 81% of patients under the 
age of 40. In a more recent investigation, it was 

determined what characteristics in individuals 
above the age of 55 affected radiographic and 
clinical outcomes20. 

In a dataset consisting, Carroll et al. found that 50% of 
patients had concomitant injuries: 35% had lower 
extremity injuries, which were most common, 19% had 
chest injuries, 18% had head injuries, 13% had nerve 
palsies, 8% had abdomen injuries, 6% had genitouri-
nary injuries, and 4% had spine injuries21. As many as 
35% of isolated acetabular fractures necessitate blood 
transfusions, according to one research22. Upon admis-
sion, the sciatic nerve injury must also be examined. 
The peroneal division of the sciatic nerve is usually 
invariably injured, though less frequently the tibial 
division is as well. A foot drop will occur if the peroneal 
nerve division of the sciatic nerve is injured23,24. The 
surgical exposure and reduction of acetabular 
fractures may become more straightforward and 
practical with the improved method because it was 
closer to the acetabular quadrilateral plate11,25. 

CONCLUSION
The current study determined the efficacy of a 
single anterior ilioinguinal approach for the man-
agement of bi-columnar acetabulum fracture. The 
percentage of efficacy was 86.7%. Therefore, it is 
concluded that the use of the single anterior 
ilioinguinal approach for the treatment of acetabu-
lar fractures provides an excellent result. Further-
more, there were fewer complications, thus the 
single anterior ilioinguinal approach might be a 
preferable choice for the treatment of bicolumnar 
acetabular fracture.
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DISCUSSION
Acetabulum fractures typically occur in young 
adults as a result of high-velocity injuries (e.g., 
high-speed vehicle or falls on the floor from height); 
they are frequently linked to other potentially fatal 
injuries. The hip joint develops articular incongruity as 
a result of the fracture pieces being displaced, 
which causes aberrant pressure to be distributed on 
the articular cartilage surface. This may cause the 
cartilage surface to rapidly deteriorate, which can 
cause crippling hip joint arthritis. One of the most 
complicated injuries that orthopedic surgeons treat 
is acetabular fractures. Our grasp of surgical proce-
dures, reduction strategies, problems, and 
outcomes were introduced by Gupta and Ziran’s 
work12,13. After 20 years, up to 80% of acetabular 
fractures that had surgery reported good to 
outstanding functional outcomes14,15. 

The clinical prognosis of an acetabular fracture may 
be influenced by a variety of variables, including 
pre-existing disorders, injury-related factors, surgical 
concerns, and postoperative sequelae. Clinical 
success has been demonstrated to be highly 
dependent on the quality of the articular reduc-
tion15,16. Case reports of the surgical fixation of 
acetabular fractures were the first results to be 
published. A study used plates and screws to treat 
an acetabular fracture into the inner side of the ilium 
1943. In 1949, the anterior iliofemoral technique for 
surgically stabilizing an acetabular fracture was 
described13. 

In the current study, the age distribution of the 
patients was done, and it shows that out of 60 
patients, 49(81.7 %) were in the age group of 40-60 
years and 11(18.3%) were in the age group of 61-80 
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DISCUSSION
The current study presented data on the evaluation 
of the genetic polymorphism of Thiopurine 
S-methyltransferase (TPMT) in 100 children of 
different ages with acute lymphoblastic leukemia 
(ALL). The obtained frequency characteristics of the 
occurrence of TRMT genotypes: *1/2 – 0.00%, *3A – 
3.06%, *3B – 96.94% and *3C – 0.00% are comparable 
with published literature data.  We analyzed the 
relationship of TPMT genetic polymorphism with the 
toxicity of treatment in the study. According to the 
ALL-MB-2002 protocol13, a significant predominance 
of severe hematological toxicity in heterozygous 
carriers of mutant alleles was established in 
comparison with carriers of the “wild” type.  An 
increase in the duration of severe myelotoxicity or 
myelosuppression at the stages of consolidation with 
TPMT genetic polymorphism was also established.

According to Ando et al. Mercaptopurine (6-MP) is 
the main component of most chemotherapy 
regimens in the maintenance phase of acute 
lymphocytic leukemia (ALL) treatment14. Thiopurine 
methyltransferase (TPMT) is one of the enzymes 
responsible for the metabolism of 6-MP. Several 
studies demonstrate a co-dominant autosomal 
genetic polymorphism for TPMT in humans hence, 
6-MP metabolism is intensely affected by this 
polymorphism14,15. 

In this study, high intra-erythrocyte concentrations of 
6-tioguanine nucleotides(6-TGN) and low concentra-
tions of methylmercaptopurine (MMP) were found. 
Therefore, it was not possible to carry out statistical 
analyzes to evaluate the relationship between the 
genotype and the concentration of 6-MP metabolites. 
Our results in Pakistani child patients shared similarities 
with Silva et al. in which the TPMT*3A was the second 
most frequent allele in the Brazilian population15. Sever-
al indications found in the present study suggest that 
the intensity of chemotherapy may not have been 
sufficient, especially in the group of patients with TPMT 
gene mutation. This would explain why no significant 
differences were found in the prognosis of the groups 
with and without TPMT gene mutation. The incorpora-
tion of genotyping into the routine follow-up of 
patients treated could be an auxiliary tool in the 
optimization of 6-MP doses, minimizing the risks of toxic-
ity and contributing to a better diagnostic and thera-
peutic approach16.

However, Alsous et al. observed severe bone 
marrow toxicity. According to the dose of 6-MP 
when the patient presents toxicity grades 3 or 4 
attributable to this drug. However, it was not possible 
in our study that toxicity is due to 6-MP since patients 
receive polychemotherapy and it could not either 
assume it was due to variant genotypes of the gene 
TPMT 16. Similarly, Kapoor et al. reported that a 
common practice is to decrease the dose of more 

than one drug and this reduction does not eliminate 
the risk of serious toxicity to 6-MP in patients with 
TPMT deficiency. If it has done a reduction in the 
dose of 6-MP, we must be aware that this action 
may impact the intracellular concentrations of 
TGNs, reducing the effectiveness of the drug and 
increasing the risk of relapse. In addition to the fact 
that the use of sub-therapeutic doses may explain 
at least in part of the development of resistance to 
antineoplastic agents17.

It should also be considered that there can be several 
factors that determine toxicity to 6MP, including 
decreased excretion rate, the interaction with other 
drugs, or polymorphisms in different proteins involved 
in its metabolism or transport. The identification of the 
genotype of TPMT is an objective element that allows 
defining the doses of thiopurines individually even 
before starting the treatment. This would reduce the 
risk of severe hematological toxicity and would 
favorably modify the morbidity and survival of patients 
who require these drugs18. The PCR-RFLP and 
allele-specific PCR techniques are relatively simple 
and do not involve a high cost. In emerging 
economies, many centers that were developed for 
investigating gene polymorphisms using PCR-based 
methods face issues due to the implementation of 
DNA sequencing technologies16. However, in our 
setting, it is undeniable and PCR techniques can be 
easily and widely applied at a low cost in a basic 
molecular biology laboratory. 

The analysis of the gene polymorphisms in TPMT is 
important in the evaluation of patients who require 
thiopurines as a part of the treatment and 
represents one of the best examples of pharmacog-
enetic studies19,13. In some centers, this analysis is 
carried out as a routine to individualize the doses of 
these medications. Individual variation in the ability 
of TPMT is determined by the genotype resulting 
from paternal and maternal alleles that each inher-
its19. According to Mcleod et al., the decrease or loss 
of this activity gives rise to an increase in the active 
metabolites of thiopurines, resulting in enhanced 
pharmacological action followed by the adverse 
effects of these drugs20. 

Differences in frequency were well demonstrated in 
our study. The frequency of the variant TPMT*3B has 
not been evaluated significantly. However, some 
studies carried out in Latin America showed higher 
allele frequency of TPMT*3A in ALL patients from 
Argentina21. In the Asian population, the variant TPMT 
*3C was the most frequent22. In these studies, there 
was a high frequency of individuals carrying variant 
alleles, with a major frequent percentage analyzed for 
TPMT*3C. It contrasted with what has been described 
in populations, like Caucasian, Asian or African, in 
which there was a clear predominance of some 
variants and none of them reported a higher 

frequency of the variant23, 24. TPMT*3B did not follow 
any pattern of those reported in previous studies; in 
fact, there was no clear predominance of no variant 
and the difference between them. In one of them, it 
was one to two cases. Nevertheless, we believe that 
these data should be considered when studying the 
genotype of the enzyme TPMT with a large Pakistani 
population.

Similarly, an understanding of the molecular mecha-
nisms should be based on interindividual differences in 
chemotherapy drugs’ effects. It helps in the personal-
ization of treatment, improving the results of treatment 
of acute leukemia and reducing its toxicity25. Certainly, 
the metabolic process is complex, and evaluating the 
contribution of each of the enzymes to concentration 
levels of active metabolites along with its efficacy and 
toxicity of therapy is not an easy one. However, 
despite this, for over the past 10 years, researchers 
have made significant progress in understanding the 
reasons for differences in efficiency and tolerability of 
6-MP, resulting in practical recommendations for 
individual doses depending on the genotypes of a 
metabolic enzyme, TPMT20, 22.

Not all cases exhibit toxicity by mutations. However, 
using this approach can help to avoid the 
development of severe myelosuppression, and at 
the same time, to prevent infectious complications 
thus, reduce the cost of unnecessary hospitalizations 
and indirectly increasing the effectiveness of 
therapy giving the elimination of interruptions in the 
reception of 6-MP in several patients. Personalization 
of chemotherapy is one of the priority areas for the 
development of onco-hematology26. 

CONCLUSION
All the patients in the study group were found to 
have heterozygous TPMT polymorphic alleles. Out of 
them, 74.5% of ALL patients showed myelotoxicity. 
Furthermore, *1/*3B was the most prevalent variant 
TPMT allele observed with the highest frequency 
reported at 97%. More research is required relating 
to pharmacogenetics so that researchers can 
understand the number of drugs, the creation of 
panels of genes, and determine the mutations 
before the start of therapy. In the future, this may 
change the approach to the treatment of 
onco-hematological diseases. As a result, it will be 
possible to achieve maximizing the effectiveness of 
treatment with minimizing systemic toxicity.  
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and mean age was calculated as 52.71±10.50 
years. There were 75%(45) were male whereas 
25%(15) were females. In this study, we determined 
the efficacy of a single anterior ilioinguinal 
approach for the management of bi-columnar 
acetabulum fracture and we found that the 
percentage of efficacy was 86.7%. Another study 
reported that a single anterior ilioinguinal approach 
had an efficacy of 95.5% (>80 Harris hip score) for 
the management of bi-columnar acetabulum 
fracture11. Gupta et al. reported in a study that a 
single anterior ilioinguinal approach had an efficacy 
of 81.8% (>80 Harris Hip Score) for the management 
of bi-columnar acetabulum fracture12. 

The “gold standard” for treating displaced acetab-
ular fractures for the past 40 years has been surgery. 
A virtually perfect open reduction and internal 
fixation can significantly lower fracture complica-
tions and improve clinical outcomes for patients17. 
However, for acetabular fracture surgery, picking 
the right strategy is essential. previously, the majority 
of acetabular anterior column and anterior wall 
fracture cases were successfully treated with the 
typical ilioinguinal. A second incision exposing a 
lateral window along the iliac crest is utilized to 
enable reduction and fixation in fractures with a 
high anterior column component (exiting the iliac 
crest) or those needing posterior column lag screws.

Patients were classified based on BMI in a retrospec-
tive examination of 169 consecutive surgically 
repaired acetabular fractures to determine postop-
erative complications18. The results showed that the 
participants with a BMI of 30 or higher had a 2.1-fold 
increased risk of estimated blood loss of more than 
750 cc and a 2.6-fold increased risk of deep vein 
thrombosis, while those with a BMI of 40 or higher 
had a 5-fold increased risk of wound infection. 
Obese patients occasionally require surgical treat-
ment, but we can use this knowledge to educate 
patients about their elevated risk of problems and 
look into ways to reduce them19. 

In a retrospective analysis of 53 patients with surgi-
cally treated acetabular fractures who were 
followed for two years, age, fracture complexity, 
and injury to the head of femurs were statically 
meaningful markers of poor outcome2. Patients 
under the age of 40 had a better prognosis than 
those who were older. The authors believe that 
osteoporosis, which makes surgical reduction and 
fixation difficult, is a contributing factor in older 
patients’ inferior outcomes. A bigger trial by Matta, 
which also included 262 fractures followed for a 
minimum of two years revealed that age is an 
independent risk factor for clinical prognosis. Only 
68% of patients 40 years of age or older showed a 
G-E result compared to 81% of patients under the 
age of 40. In a more recent investigation, it was 

determined what characteristics in individuals 
above the age of 55 affected radiographic and 
clinical outcomes20. 

In a dataset consisting, Carroll et al. found that 50% of 
patients had concomitant injuries: 35% had lower 
extremity injuries, which were most common, 19% had 
chest injuries, 18% had head injuries, 13% had nerve 
palsies, 8% had abdomen injuries, 6% had genitouri-
nary injuries, and 4% had spine injuries21. As many as 
35% of isolated acetabular fractures necessitate blood 
transfusions, according to one research22. Upon admis-
sion, the sciatic nerve injury must also be examined. 
The peroneal division of the sciatic nerve is usually 
invariably injured, though less frequently the tibial 
division is as well. A foot drop will occur if the peroneal 
nerve division of the sciatic nerve is injured23,24. The 
surgical exposure and reduction of acetabular 
fractures may become more straightforward and 
practical with the improved method because it was 
closer to the acetabular quadrilateral plate11,25. 

CONCLUSION
The current study determined the efficacy of a 
single anterior ilioinguinal approach for the man-
agement of bi-columnar acetabulum fracture. The 
percentage of efficacy was 86.7%. Therefore, it is 
concluded that the use of the single anterior 
ilioinguinal approach for the treatment of acetabu-
lar fractures provides an excellent result. Further-
more, there were fewer complications, thus the 
single anterior ilioinguinal approach might be a 
preferable choice for the treatment of bicolumnar 
acetabular fracture.
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DISCUSSION
Acetabulum fractures typically occur in young 
adults as a result of high-velocity injuries (e.g., 
high-speed vehicle or falls on the floor from height); 
they are frequently linked to other potentially fatal 
injuries. The hip joint develops articular incongruity as 
a result of the fracture pieces being displaced, 
which causes aberrant pressure to be distributed on 
the articular cartilage surface. This may cause the 
cartilage surface to rapidly deteriorate, which can 
cause crippling hip joint arthritis. One of the most 
complicated injuries that orthopedic surgeons treat 
is acetabular fractures. Our grasp of surgical proce-
dures, reduction strategies, problems, and 
outcomes were introduced by Gupta and Ziran’s 
work12,13. After 20 years, up to 80% of acetabular 
fractures that had surgery reported good to 
outstanding functional outcomes14,15. 

The clinical prognosis of an acetabular fracture may 
be influenced by a variety of variables, including 
pre-existing disorders, injury-related factors, surgical 
concerns, and postoperative sequelae. Clinical 
success has been demonstrated to be highly 
dependent on the quality of the articular reduc-
tion15,16. Case reports of the surgical fixation of 
acetabular fractures were the first results to be 
published. A study used plates and screws to treat 
an acetabular fracture into the inner side of the ilium 
1943. In 1949, the anterior iliofemoral technique for 
surgically stabilizing an acetabular fracture was 
described13. 

In the current study, the age distribution of the 
patients was done, and it shows that out of 60 
patients, 49(81.7 %) were in the age group of 40-60 
years and 11(18.3%) were in the age group of 61-80 
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