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ABSTRACT
Background and Aims: Many drugs with narrow therapeutic range and high toxicity risk are used in hematopoietic stem cell 
transplantation (HSCT) Units.  The increase in the number of drugs raises the likelihood of interactions. This is particularly 
important in pediatric patients and may adversely affect the treatment process.  In this study, we aimed to determine the po-
tential drug interactions and to evaluate the clinical significance of them in terms of physician’s and pharmacist’s perceptions.
Methods: The study was conducted as a prospective descriptive study over a six-month period in a tertiary care hospital’s Pe-
diatric HSCT Unit. A pharmacist evaluated inpatients’ drugs for drug interactions by using a drug interaction checker program 
and the clinical significance of the interactions were evaluated by the physician and the pharmacist separately.
Results: Drugs used in 20 patients (median age= 8 years, range= 0.6–17 years) were evaluated. A total of 525 potential drug-
drug interactions were identified. Two hundred and forty seven interactions (47.05%) were major; 238 (45.33%) were mod-
erate; 23 (4.38%) were contraindicated. The number of the interactions considered “clinically significant” by the pharmacist 
and “clinically insignificant” by the physician at the preparative regimen and post-transplant period were 15 (35.7%) and 37 
(29.4%), respectively.
Conclusion: The management of drug interactions is important in pediatric HSCT patients as a vulnerable group. Drug inter-
actions should be interpreted according to the patient's clinical presentation, not only theoretically. Cooperation between 
physicians and pharmacists in the management of interactions will contribute to optimize the patient's treatment.
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INTRODUCTION

Drug interactions, one of the drug-related problems, are an important issue for both adult and pediatric patients. In particular, the 
intensive care unit, hematology, oncology, and hematopoietic stem cell transplantation (HSCT) are fields where multiple drugs 
are used and complex treatment strategies are required (Marcath, Coe, Hoylman, Redman, & Hertz, 2018; Metzke et al., 2012; Al-
jadani & Aseari, 2018; Rodrigues et al., 2017; Sanchez, Bacle, Lamy, & Le-Corre, 2019). Many drugs with a narrow therapeutic index 
are used before and after transplantation. Thus drug interactions appear to be an important factor that may affect the success of 
the treatment (Trevisan, Silva, Oliveira, Secoli, & Lima, 2015). Especially in patients who undergo allogeneic HSCT, which constitute 
a high-risk group, may develop clinically important drug interactions due to the large number of drugs used to prevent marrow 
rejection and immunological complications (Prot-Labarthe, Therrien, Demanche, Larocque, & Bussieres, 2008).
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Preparative regimens including high-dose chemotherapy 
drugs, medications used for prophylaxis of veno-occlusive 
disease (VOH), immunosuppressive drugs given to prevent 
the development of graft versus host disease (GVHD) after 
transplantation, and supportive therapies applied to prevent 
infections are related to the possible drug interactions and 
may affect the results of the treatment (Deeg, 2005). Alkylat-
ing drugs with narrow therapeutic index, especially busulfan 
and cyclophosphamide, which are included in the preparative 
regimens, interact with each other and with many other drugs 
due to their metabolization pathways (Myers et al., 2017). The 
blood level of cyclosporine, one of the drugs most frequently 
used for prophylaxis of GVHD, may vary due to interactions 
with many drugs such as azole antifungals, clarithromycin, 
phenobarbital, metronidazole, corticosteroids and etc. (Cam-
pana, Regazzi, Buggia, & Molinaro, 1996; Sadaba, Lopez-de-
Ocariz, Azanza, Quiroga, & Cienfuegos, 1998). Supportive 
therapies to prevent complications include a large number of 
drug groups such as antimicrobials, antihypertensives, anal-
gesics, mucosal protective drugs, anticoagulants, antiemetics 
and diuretics, and this situation possess a significant risk for 
drug interactions (Glotzbecker, Duncan, Alyea, Campbell, & 
Soiffer, 2012).

The aim of this study is to determine the potential drug inter-
actions of pediatric patients in a pediatric HSCT unit by a clini-
cal pharmacist during transplantation periods and to evaluate 
the clinical significance of the interactions according to the 
physician’s and the pharmacist’s perceptions.

MATERIALS AND METHODS

The study was conducted as a prospective descriptive study 
between October 1st, 2015 and May 1st 2016 in a tertiary care 
hospital’s pediatric HSCT Unit inpatient service. The study was 
considered ethically appropriate with regards to GO 15 / 596-
04 dated 21.10.2015 by Hacettepe University Non-Interven-
tional Clinical Research Ethics Committee.

Patients aged 0-18 years who were admitted to the HSCT unit 
for transplantation were included in the study. Informed con-
sent was obtained from the patients and their relatives. The 
demographic data of the patients were collected from the 
patient files and the medication data were obtained from the 
hospital’s electronic patient medication system by the clinical 
pharmacist. The potential interactions for each patient dur-
ing the preparative regimen and post-transplantation periods 
were recorded daily. The clinical pharmacist participated in 
the physicians’ morning rounds every day and examined and 
recorded every patient’s drug orders before the visits. After 
the visits, every patient’s drugs were checked in terms of po-
tential drug interactions. If a new drug had been started at the 
weekend and/or out of working hours of the clinical pharma-
cist, the orders were examined retrospectively and detected 
interactions were recorded. This process continued until the 
patient was discharged. For every patient, the number of 
potential drug interactions was recorded but not calculated 
daily, it was calculated after the preparative regimen and the 
post-transplantation period had finished. For example, if there 
was a potential drug interaction during one or more days at 

any point of the transplantation period, it was calculated as 
“one potential drug interaction” at the end of the transplanta-
tion period. A current and scientific online database namely, 
Micromedex Solutions®, which is one of the databases having 
high specificity, was used to detect drug interactions. The in-
teractions in the Micromedex Solutions® database were cat-
egorized into four categories: “contraindicated, major, moder-
ate, and minor”. In this database contraindicated interaction 
means “The drugs are contraindicated for concurrent use”. Ma-
jor interaction means “The interaction may be life-threatening 
and/or require medical intervention to minimize or prevent 
serious adverse effects”. Moderate interaction means “The 
interaction may result in exacerbation of the patient’s condi-
tion and/or require an alteration in therapy”. Minor interaction 
means “The interaction would have limited clinical effects; 
manifestations may include an increase in the frequency or 
severity of the side effects but generally would not require a 
major alteration in therapy”. The clinical pharmacist verbally 
reported the identified interactions to the physician. In order 
to prevent an interaction, it was recommended to reduce the 
dose of the drug, to discontinue the drug or to select a drug 
that does not interact.

At the end of the study, a list showing the separate drug in-
teractions detected in the preparative regimen and in the 
post-transplantation period was formed. When interactions 
that may lead to serious adverse events or adversely affect 
the treatment of HSCT occurred, they were classified as “clini-
cally significant interactions”. Interactions that have a toler-
able adverse effect on the patient or that can be managed 
with drug dose adjustment or have an adverse effect that can 
be prevented by supportive treatments or is unlikely to occur 
are accepted as “clinically insignificant interactions”. A physi-
cian with >20 years’ experience and a pharmacist who was 
a clinical pharmacist in-training each examined the formed 
list and rated the drug interactions individually as mentioned 
above.

IBM SPSS® version 22 program was used for statistical analysis 
of the data in the study. Distribution of data was identified by 
descriptive statistics (number and percentages). The number 
and the percentages of the interaction types and the clinically 
significant and clinically insignificant interactions were calcu-
lated.

RESULTS

During the study period, a total of 20 patients were followed 
up from hospital admission to discharge and potential drug 
interactions were detected. The patients’ median age was 8 
years (0.6–17 years). The demographic data of the patients are 
summarized in Table 1.

A total of 525 potential drug interactions were identified 
in 20 patients during the study. Two hundred and forty 
seven interactions (47.05%) were major; 238 (45.33%) were 
moderate; 23 (4.38%) were contraindicated and 17 (3.24%) were 
classified as minor according to the Micromedex Solutions® 
drug interaction checker program. It was found that 75.42% 
(n=396) of the potential interactions were caused by drugs 
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used for HSCT treatment protocols (chemotherapeutics, 
immunosuppressants, antimicrobial prophylaxis). The most 
observed potential drug interaction (in 75% of the patients) 
was cyclosporine-fluconazole (major interaction).

Table 2 summarizes the distributions of the potential drug in-
teractions detected in the preparative regimen and post-trans-
plantation periods separately. During the preparative regimen 
period, 42 different drug pairs showed a total of 144 poten-
tial drug interactions. After transplantation, 126 different drug 
pairs showed a total of 381 potential drug interactions. One 
hundred and thirty seven of 381 interactions detected after 
transplantation were due to cyclosporine interactions with 22 

different drugs. Nine of them were major; 13 were moderate. 
The drugs with the highest interaction rate with cyclosporine 
were fluconazole, methylprednisolone (MPZ), methotrexate 
(MTX), metronidazole, amikacin, ciprofloxacin and furosemide, 
respectively.

The data of major interactions detected during the prepara-
tive regimen period are summarized in Figure 1. The moderate 
interactions are given in the Figure 2.

Seventy five percent of the contraindicated interactions (n= 
12) were fluconazole-granisetron; 18.7% (n= 3) were flucon-
azole-ondansetron and 6.3% (n= 1) were calcium gluconate-
ceftriaxone interactions in the preparative regimen period. The 
only minor interaction detected during the preparative regime 
was the interaction between amikacin and piperacillin/tazo-
bactam.

 Table 1. Demographic data of the patients.

 n (%)

Gender

Female 4 (20.0)

Male 16 (80.0)

Total 20 (100.0)

Diagnosis

ALL 5 (25.0)

Thalassemia major 3 (15.0)

WAS 2 (10.0)

Fanconi anemia 3 (15.0)

Others* 7 (35.0)

Type of transplantation

Allogeneic 19 (95.0)

Autologous 1 (5.0)

Stem cell source

Peripheral blood stem cell 4 (20.0)

Bone marrow 16 (80.0)

Type of Preparative regimes

Myeloablative 16 (80.0)

Reduced intensity/nonmyeloablative 4 (20.0)

ALL; Acute Lymphoblastic Leukemia, WAS; Wiskott Aldrich Syndrome. 
Others*: osteopetrosis, neuroblastoma, congenital neutropenia, 
adrenoleuchodystrophy, LRBA (lipopolysaccharide - responsive 
beige - like anchor) gene defect - immunodeficiency and juvenile 
myelomonocytic leukemia (JMML); There was one patient with each 
diagnosis.

Table 2. Distribution of drug interactions detected at preparative regimen and post-transplantation period 
according to the interaction degree.

Major
interaction

Moderate
interaction

Minor
interaction

Contraindicated 
interaction Total

n (%) n (%) n (%) n (%)

Preparative regimen period 63 (43.75) 64 (44.40) 1 (0.70) 16 (11.15) 144

Post-transplantation period 184 (48.30) 174 (45.70) 16 (4.20) 7 (3.90) 381

Figure 1. Distribution of major interactions detected at the preparative 
regimen period (n=63).

Figure 2. Distribution of moderate interactions detected at the 
preparative regimen period (n=64).
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The data of major interactions and moderate interactions de-
tected at the post-transplantation period are summarized in 
Figures 3 and 4, respectively. 

The number and percentages of contraindicated drug inter-
actions detected at the post-transplantation period were flu-
conazole-granisetron; 3 (42.8%), fluconazole-ondansetron; 3 
(42.8%) and clarithromycin-fluconazole; 1 (14.4%).

The number and percentages of minor interactions detected 
at the post-transplantation period were amikacin-piperacillin/
tazobactam; 10 (58.89%), folic acid-MTX; 2 (11.6%), furosemide-
phenytoin; 1 (5.8%), ferro glycol sulfate-sodium bicarbonate; 
1 (5.8%), clarithromycin-lansoprazole; 1 (5.89%) and calcium 
carbonate-ferro glycol sulfate; 1 (5.8%).

Table 3 summarizes the data of the drug interactions’ clinical 
significance determined by the pharmacist and physician sep-

arately. Forty-two drug interactions in the preparative regimen 
period and 126 drug interactions in the post-transplantation 
period were evaluated in terms of clinical significance. In the 
preparative regimen period, 15 (35.7%) interactions were de-
fined as “clinically significant” by the pharmacist, and as “clini-
cally insignificant” by the physician. Two (4.8%) interactions 
were considered as “clinically insignificant” by the pharmacist 
and as “clinically significant” by the physician. While, 7 (16.6%) 
interactions were considered as “clinically significant”, 18 
(42.9%) interactions were considered as “clinically insignificant” 
by both clinical pharmacist and physician. 

In the post-transplantation period 37 (29.4%) interactions 
were defined as “clinically significant” by the pharmacist, and 
as “clinically insignificant” by the physician. Two (1.6%) interac-
tions were considered as “clinically insignificant” by the phar-
macist and as “clinically significant” by the physician. While, 29 
(23.0%) interactions were considered as “clinically significant, 
58 (46.0%) interactions were considered as “clinically insignifi-
cant” by both the clinical pharmacist and the physician.

DISCUSSION

Many drugs are used for different purposes in HSCT. The ma-
jority of these drugs have a narrow therapeutic index and 
are highly toxic. The rise in the number of drugs taken by a 
patient increases the probability of interaction occurrence 
(Leather, 2004). Drug interactions are one of the major drug-
related problems that have the potential to adversely affect 
the treatment process in both adult and pediatric patients. 
There are a limited number of studies evaluating drug inter-
actions in pediatric hematology-oncology and HSCT patients 
(Tavousi, Sadeghi, Darakhshandeh, & Moghaddas, 2019; Balk et 
al., 2017). In these studies, only the interactions of the drugs 
used specifically for stem cell transplantation were evaluated, 
not all the drugs including the ones used for other indications 
(Valenzuela et al., 2017; Bernard, Goutelle, Bertrand, & Bleyzac, 
2014). Apart from HSCT specific drugs, the use of non-immu-
nosuppressant and non-chemotherapeutic drugs are com-
mon in pediatric HSCT patients and these drugs may interact 
with each other or with the HSCT specific drugs (Eldesouky, Li, 
Abutaleb, Mohammad, & Seleem, 2018). In Turkey, there have 
been no studies that evaluate these drug interactions in the 
pediatric HSCT patient population.

Trevisan et al. evaluated the prevalence of potential drug inter-
actions of the drugs received on the day of transplantation by 
the HSCT patients (Trivesan et al., 2015). Interactions were ana-

Figure 3. Distribution of the major interactions detected at the post-
transplantation period (n=184).

Figure 4. Distribution of the moderate interactions detected at the 
post-transplantation period (n=174).

Table 3. Distribution of the clinical importance of drug interactions detected during the pre-transplantation (n=42) 
and post-transplantation period (n=126) according to pharmacist and physician.

Preparative regimen period Post-transplantation period

Clinically significant 
interactions

 n (%)

Clinically insignificant 
interactions

n (%)

Clinically significant 
interactions

n (%)

Clinically insignificant 
interactions

n (%)

Clinical pharmacist 22 (52.3) 20 (47.7) 66 (52.3) 60 (47.6)

Physician 9 (21.4) 33 (78.6) 31 (24.6) 95 (75.4)
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lyzed by an interaction program called DRUG-REAX®. At least 
one clinically significant interaction was detected in 82.5% of 
40 patients and 80.9% of the detected interactions were classi-
fied as major interactions. 

In a retrospective study, Gholaminezhad et al. (2014) evalu-
ated potential drug interactions before and after transplanta-
tion in adolescent and adult HSCT patients (Gholaminezhad 
et al., 2014). Drug interactions were classified by using the 
Lexi-Interact® interaction program. Minor interactions and 
intravenous drug incompatibilities were excluded; only mod-
erate and major interactions were reported. All patients had 
at least one interaction and a total of 13,600 potential drug 
interactions were detected in 384 patients. Almost 82% of the 
interactions were ranked as moderate. The most common 
interaction was the interaction between trimethoprim/sul-
famethoxazole and fluconazole. Granisetron-fluconazole and 
fluconazole-phenytoin interactions followed them. Sixty one 
point five percent of interactions were due to HSCT-related 
drugs (preparation regimen drugs, immunosuppressants and 
antimicrobials).

In the present study, 525 potential drug interactions were de-
tected in 20 patients. Forty seven percent of the interactions 
were classified as major interaction and 45.33% were classified 
as moderate interaction. The number of major and moderate 
interactions were close to each other. This finding highlighted 
that the interactions occurring in pediatric HSCT patients may 
lead to more serious consequences if not prevented or con-
trolled. In our study, the rate of HSCT specific drug interactions 
was lower (75.42%) than Gholaminezhad et al. (2014)’s study. 
This finding was associated with the possibility of more drug 
use in adult patients. The most frequent interaction observed 
was between cyclosporine and fluconazole, fluconazole be-
ing incriminated in both studies. The widespread use of both 
drugs in HSCT and their high interaction potential may have 
contributed to this result.

In this study, of the 381 interactions detected after transplanta-
tion, 35.9% were cyclosporine interactions with other drugs. Cy-
closporine is frequently used in allogeneic transplantations oth-
er than autologous transplantations. Cyclosporine blood levels 
should be kept within the ideal range in order to prevent both 
stem cell rejection and the development of GVHD (Zeighami 
et al., 2014). The cyclosporine blood level may increase or de-
crease due to its interaction with other drugs. Therefore, strict 
monitoring of the blood level is necessary and adjusting of the 
dose of cyclosporine is important for the success of HSCT. The 
fact that cyclosporine was responsible for one third of the in-
teractions detected in the post-transplantation period supports 
that all drugs used concurrently with cyclosporine should be 
evaluated carefully in terms of interaction.

The detected interactions were potential interactions and it 
was difficult to distinguish the clinical outcomes of them in 
practice. Some specific drug interaction effects, such as in-
crease in liver transaminases (cyclosporine-caspofungin) and 
creatinine levels (cyclosporine-nephrotoxic drugs), were seen 
clinically.

The long and complex HSCT process and polypharmacy in-
crease the probability of drug interactions. Prevention of in-
teractions is often possible by selecting the drugs that do not 
interact, or removing one of the drugs that display interaction. 
Therefore, the interaction probability needs to be carefully 
evaluated. In order to guide the treatment process correctly, 
determining the clinical significance of potential drug interac-
tions will be a valuable support for the physicians. All interac-
tions detected through drug interaction checker programs 
may not be clinically important (Ament, Bertolino, & Liszewski, 
2000). In a study by Chan et al. (2009) in which the interactions 
between oral anticancer and non-cancer drugs were evalu-
ated in terms of clinical significance, 41 different drug inter-
actions were detected through the Drugdex® database (Chan, 
Tan, Wong, Yap, & Ko, 2009). Nine pharmacists evaluated all the 
interactions and 17.1% of the interactions were not considered 
clinically important by all the pharmacists.

In our study, approximately half of the interactions detected 
during the preparation regimen and after the transplantation 
were found to be clinically important by the pharmacist. Unlike 
the studies in the literature, the proportion of clinically insig-
nificant interactions was found to be higher. Firstly, only one 
clinical pharmacist’s evaluation of the interactions may have 
led to this discrepancy. Secondly, while only anticancer drugs 
were evaluated in the study of Chan et al., all drugs’ interac-
tions were evaluated in our study. While anticancer drugs have 
a high potential of clinically significant interactions, drugs used 
for supportive treatment may have clinically less important in-
teractions. 

In this study, the pharmacist and physician’s interpretations of 
clinical interactions were also compared. The rate of the clini-
cally significant interactions, both in the pre- and post-trans-
plantation periods, evaluated by the physician was lower than 
that of the pharmacist. In our study, concomitant use of cyclo-
sporine with another drug that has a nephrotoxic effect was 
considered clinically significant interaction by the physicians. 
If the adverse event due to drug interaction can be controlled 
by supportive treatments or monitoring of the drug level, then, 
that interaction is considered as less clinically important by the 
physician. This indicates that physicians pay regard to the ben-
efit/harm relationship in the treatment of critically important 
patients such as HSCT patients and take into account the in-
teractions with only very serious results as a general approach.

The number of interactions determined as clinically signifi-
cant was higher in the post transplantation period than the 
preparative regimen period for both pharmacist and physician 
evaluations. The post transplantation period is a critical and 
complex period because of engraftment expectation and pos-
sibility of GVHD. Therefore, it has a burden of polypharmacy. 
The drugs used after transplantation are the drugs that have 
a high possibility of adverse effect and drug interactions. Both 
the pharmacist and physician who consider these post trans-
plantation drugs were more alert to prevent undesired effects 
of these drugs. As a consequence, the number of clinically sig-
nificant interactions was found to be higher than that of the 
preparative regimen period that had a lower drug burden.



6

Istanbul J Pharm 51 (1): 1-7

Considering factors such as concomitant drug administration, 
drug administration site and age of the patient, the interaction 
as assumed “clinically insignificant” by the clinicians if it was un-
likely to occur even if it was theoretically a major interaction or 
contraindicated. For example, calcium gluconate-ceftriaxone 
is an age specific (for neonates) contraindicated interaction 
but both pharmacist and physician determined it as “clinically 
insignificant” in the HSCT service, which had no neonate pa-
tients. Besides, the minor drug interactions (e.g., amikacin and 
piperacillin/tazobactam, clarithromycin and lansoprazole, fu-
rosemide and phenytoin) were determined “clinically insignifi-
cant” by both the pharmacist and physician. At this point, the 
importance and the difference of the drug interaction checker 
programs’ theoretical data and the practice experience of the 
clinicians gained more value.

This study is the first one to evaluate drug interactions in pedi-
atric HSCT patients in Turkey. Although there are lots of studies 
about drug interactions in adult patients, these studies cannot 
adequately guide the clinicians that work in the pediatric ser-
vices due to pharmacokinetic differences between pediatric 
and adult subjects. Therefore, this study will be beneficial for 
clinicians to manage the treatment of pediatric HSCT patients 
when they encounter drug interactions.

This study’s limitations are, the evaluation of the clinical signifi-
cance of the interactions was performed by only one pharma-
cist and one physician, it was a short-term study and it had a 
limited number of patients for evaluation.

CONCLUSION

Drug interactions in areas where polypharmacy can be en-
countered frequently may be an obstacle for giving an opti-
mal treatment regimen. Pediatric stem cell transplantation 
units are among the areas where polypharmacy is common. 
Although pediatric patients are exposed to less polypharmacy 
than adults, management of drug interactions is important 
due to pediatric patients vulnerability. Not only chemothera-
peutic and immunosuppressant drugs but also other drugs 
used for antimicrobial prophylaxis and supportive therapies 
may have important interactions. Drug interaction databases 
are frequently used in clinical practice and guide clinicians for 
the regulation of treatments. However, the clinical significance 
of drug interactions detected in databases can be interpreted 
differently by the physicians and clinical pharmacists. Drug in-
teractions should be evaluated according to the patient’s clini-
cal situation, not just as the theoretical information. The coop-
eration of physicians and clinical pharmacists will contribute to 
optimizing the treatment of the patient and the management 
of drug interactions. 
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