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Abstract
Purpose  Studies have documented potential drug–drug interactions (pDDIs) occurring in cancer patients mainly with solid 
malignancies, either in the ambulatory or hospital settings. While hematopoietic stem cell transplant (HSCT) patients dur-
ing their bone marrow transplantation unit (BMTU) stay have rather complex medical regimens combining chemotherapy, 
anti-infectious agents, immunosuppressive agents, and supportive-care drugs, studies on potential DDIs are lacking. Our 
objective was to evaluate the prevalence and the density of pharmacokinetic and pharmacodynamic potential DDIs, and 
the evolution of the renal function in hematopoietic stem cell transplant (HSCT) adult recipients during their BMTU stay.
Methods  Retrospective study in 31 adult patients consecutively admitted to the BMTU.
Results  Prevalence of pharmacokinetic interactions was ten times lower than the pharmacodynamic interactions. The con-
traindications were rare, and only of pharmacokinetic origin. The main drugs involved in pharmacokinetic DDIs were 
ciclosporine, methotrexate, esomeprazole, tramadol, and vincristine. The median number of potential nephrotoxicity-related 
DDIs per patient was 7 and the median number of days during which nephrotoxicity-related DDIs potentially occurred was 
77 days per patient. The decrease in glomerular filtration rate (GFR) throughout the BMTU stay (mean decrease of 13 ml/
min) was correlated with the number of days of potential nephrotoxic drug interactions.
Conclusions  Potential DDIs in HCST patients in BMTU were quite common. The DDIs from pharmacokinetic origin were 
less frequent, but of higher grade, than those of pharmacodynamic origin. The decrease in GFR suggests that the density of 
potential nephrotoxic drug interactions may be an issue to be considered in these patients.

Keywords  Pharmacokinetic · Pharmacodynamic · Drug–drug interactions · Hematopoietic stem cell transplant · Bone 
marrow transplantation unit stay · Nephrotoxicity

Introduction

Drug–drug interactions (DDIs) are quite common in the 
hematopoietic stem cell transplant (HSCT) patients given 
the number of drugs, and the rather complexity of medical 
regimens combining chemotherapy, anti-infectious agents, 
immunosuppressive agents, and supportive-care drugs. 
Pharmacokinetic drug interactions involving inhibitors and 
inducers of P450 CYP3A4 can result in either increases or 
decreases in serum concentrations of drugs, potentially lead-
ing to enhanced toxicity or treatment failure [1, 2]. However, 
drug–drug interactions involving membrane transporters 
should also be considered [3, 4]. Pharmacodynamic drug 
interactions in HSCT patients are also likely, but are less 
studied [5].
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Numerous studies in cancer patients, mainly with solid 
malignancies, have shown that potential drug–drug interac-
tions (pDDIs) were frequent, and that many were of clinical 
relevance [6–9].

Adverse drug reactions and drug interactions have been 
associated with unplanned admission in oncology patients 
in 13% and 2%, respectively [10]. In a study achieved in 
hospitalized cancer patients with solid tumor, excluding 
patients in intensive-care unit, potential drug interactions 
were detected in approximately 70% of the patients [11]. A 
study performed in oncological inpatients showed a preva-
lence of potential DDIs ranging from 33 to 81% depending 
on the software used for the analysis [12], and that most 
DDIs occurred between non-antineoplastic drugs (around 
95%). Although many interactions may be detected, they are 
not necessarily clinically significant. Potential drug interac-
tions have been rated as severe or of major grade in 18.3% 
[11], 9% [6], and 6% [13], respectively.

Several studies in hematological patients have shown 
that potential drug–drug interactions (pDDIs) were frequent 
ranging from 50 to 100% of the patients [14–17], and that 
many were of pharmacokinetic origin [14–16]. The clinical 
relevance, variable according the studies, was estimated as 
major in 62% [15] and 82% [18] of the patients, and as mod-
erate in 86% [14] and 38% [15] of the patients.

Patients hospitalized in BMTU for aplasia, after either 
allogeneic or autogeneic HSCT, frequently encounter several 
complications including infections, and acute and chronic 
GVHD that remain major causes of mortality and morbidity 
[19]. These patients are at risk for drug–drug interactions, 
because their treatments usually involve complex medical 
regimens including drugs with a narrow therapeutic index. 
To our knowledge, there is no report on potential DDIs in 
HSCT patients in BMTU stay for aplasia.

Moreover, the frequent multiple comorbidities, includ-
ing renal and liver dysfunction, and poor nutritional status 
increase the risk of clinically significant drug interactions 
[2]. Pharmacodynamic interactions focused on kidneys may 
be considered in these patients, since drug interactions are 
an important risk for the development of AKI [20], and 
because drugs with potential nephrotoxicity are adminis-
tered to hematopoietic stem cell transplant recipients. Fur-
thermore, it has been recently shown that decreased GFR 
in adult HSCT patients was associated with higher risk of 
mortality [21].

The aim of our study was to evaluate the prevalence and 
the density of potential pharmacokinetic and pharmacody-
namic DDIs and the evolution of the renal function in HSCT 
adult recipients throughout their BMTU stay.

Materials and methods

This retrospective study has ben performed on 31 adult 
inpatients consecutively admitted to the BMTU. These 
patients had different hematologic malignancies; most 
of them undergoing HSCT at the Department of Clinical 
Hematology of the University Hospital in Rennes.

A clinical pharmacist collected the required data from 
the patient’s medical records. These data were demo-
graphic characteristics (age and sex), the final diagnostic, 
the type of transplantation, and the duration of the stay in 
the intensive-care unit. All anticancer and non-anticancer 
treatments scheduled were recorded as a function of time 
during the stay. This allowed the determination of the fre-
quency and of the density of potential DDIs. The den-
sity was estimated by number of days per patient during 
which the interaction theoretically occurs throughout the 
stay (i.e., sum of the number of days during which a pair 
of interactant drugs are prescribed).

Drugs prescribed on as-needed basis were not recorded. 
The number of medications for each patient was deter-
mined by adding all the pharmacological compounds. Each 
one was considered an individual medication for analysis, 
whatever the drug schedule (e.g., commercial combination 
of sulfamethoxazole and trimethoprim was counted as two 
drugs, and IV and oral immediate or controlled-release 
morphine was counted as one drug).

Theriaque software was used to screen the DDIs, and 
to classify the potential DDIs as pharmacokinetics or 
pharmacodynamics, or unknown origin. Pharmaceutical 
interactions as a result of chemical and/or physical incom-
patibility between drugs when mixed with each other and 
those involving food-related interactions, multivitamins, 
and herbs were not analyzed as beyond the scope of the 
study. The potential DDI burden was defined as the num-
ber of potential DDIs identified for an individual subject 
during the stay in the intensive-care unit.

The severity of the interaction, either from pharmacoki-
netic or pharmacodynamic origin, was rated according to 
the French classification reported in the RCP drug file that 
is used by the software Theriaque (available from Centre 
National Hospitalier d’Information sur le Médicament, 
CNHIM). These levels were as follows: contraindication, 
association not recommended, use with caution and to be 
taken into account.

Contraindication (CI) should be considered as major 
severity, indicating that the interaction may be life-threat-
ening and/or require medical intervention to minimize or 
prevent serious adverse effects. It has an absolute character 
and should not be transgressed.

Association not recommended (ANR) should be con-
sidered as moderate severity with an interaction that may 
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result in an exacerbation of the patient’s conditions and/
or require modification on therapy. It has to be avoided for 
most of the times, excepted after evaluation of the ben-
efice/risk in the patient, and requires a close follow-up of 
the patient.

Use with caution (UWC) should be considered as minor 
severity, indicating that the interaction would have limited 
clinical effects (manifestations may include an increase in 
the frequency or severity of side effects, but generally would 
not require major modification of therapy). The association 
is possible as soon as some recommendations are consid-
ered, especially at the beginning of the treatment (dose adap-
tation, and increase in clinical and/or biological survey).

To be taken into account (TBTIA) signifies that the risk 
of DDI’ exists, usually corresponding to an addition of side 
effects. For these DDIs, there is no practical recommenda-
tion to be proposed. The physician has to weight the oppor-
tunity to use the drug combination.

The term ‘potential DDI’ refers to the theoretical possibil-
ity that a particular drug alters the intensity of the pharma-
cological effect of another drug used by the same patient, 
thereby increasing or reducing the therapeutic effect and/
or eliciting adverse reactions or responses other than those 
originally stemming from the drugs. The impact of these 
interactions on the clinical status of the patient was not 
reported or observed in this study.

All co-administered drugs were included in potential DDI 
identification. DDIs with over-the-counter drugs were not 
investigated in this study as the patients used only prescribed 
drugs.

The evolution of the GFR was performed through-
out the BMTU stay by collecting serum creatinine values 
before (7 days before), at the beginning of the stay (d-0), 
in the middle of the stay (d-middle), at the end of the stay 
(d-last), and after the stay (7-days after). Renal function 
was evaluated by measurement of GFR according to the 
CKD-EPI formula (Chronic Kidney Disease-Epidemi-
ology Collaboration). According to the CKD-EPI equa-
tion, GFR = 141 × min(Scr/κ, 1)α × max(Scr/κ, 1)−1.209 × 
0.993Age × 1.018 [if female]_1.159 [if black], where Scr is 
serum creatinine, κ is 0.7 for females and 0.9 for males, α 
is − 0.329 for females and − 0.411 for males, min indicates 
the minimum of Scr/κ or 1, and max indicates the maximum 
of Scr/κ or 1 [22].

These data were used to study the evolution of renal func-
tion before and after the BMTU stay. Patients were classi-
fied into five stages of increasing severity as assessed by 
glomerular filtration rate (GFR) according to the Kidney 
Disease Outcomes Quality Initiative [23], before and after 
the BMTU stay.

Furthermore, we searched for a link between a deterio-
ration of renal function and the density of potential DDIs 
focused on the kidneys by plotting the decrease in GFR 

as a function of the number of days of nephrotoxic drug 
interaction.

Results

Patient characteristics

Demographic and clinical characteristics of the patients 
are summarized in Table 1. The median age was 52 years 
(range 19–66). The majority of the patients underwent 
allogenic BMT (70%). The most frequent diagnosis was 
acute myeloid leukemia (AML). The median duration of 
aplasia was 19 days (range 5–56).

Administered drugs

The median number of anticancer and non-anticancer sys-
temic drugs administered during the stay was 2 (range 
1–6) and 22 (range 6–29), respectively.

Table 1   Patient characteristics

Total number of patients 31
Median age (years), range 52 (19–66)
Sex
 Female 16
 Male 15

Cancer type
 AML 8
 ALL 3
 Myeloma 5
 Myelodysplastic syndroma 5
 CLL 3
 Lymphoma 3
 Myelofibrosis 2
 Thymoma 1
 CML 1

Graft
 No 8
 Allograft 22
 Autograft 1

Duration of aplasia [days, median (range)] 19 (5–56)
No. of drugs prescribed per patient, median (range)
 Non-anticancer systemic drugs 22 (6–29)
 Anticancer systemic drugs 2 (1–6)
 TPN drugs 3 (0–5)

No of drug interactions per patients, median (range) 16 (0–46)
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Potential pharmacokinetic drug–drug interactions

The characteristics of the drug–drug interactions are sum-
marized in Table 2. A total of 66 pharmacokinetic poten-
tial DDIs and 729 pharmacodynamic potential DDIs were 
identified during the BMTU stay.

The number of pharmacokinetic interactions was ten 
times lower than the pharmacodynamic interactions (66 
vs. 729). The contraindications were rare and only of 
pharmacokinetic origin. The more severe DDIs includ-
ing contraindications and association not recommended 
represented 24% of the pharmacokinetic DDIs, and were 
not observed for pharmacodynamic DDIs. The phar-
macokinetic interactions were mainly in the group “use 
with caution”, while the pharmacodynamic interactions 
were essentially of lower intensity (93% in the group “to 
be taken into account”). As a whole, the mean number 
of DDIs (pharmacokinetic plus pharmacodynamic) per 
patient was 25.6 throughout the stay in the intensive-care 
unit.

The density of interaction was estimated by the duration 
of the interaction period. As a mean, the density was 172 
days of interactions per patient, mainly from pharmacody-
namic origin, and in the group “to be taken into account”.

The main pharmacokinetic interactions are presented 
in Table 3. The main drugs involved in the DDIs as objet 
drug were ciclosporine, methotrexate, esomeprazole, 
tramadol, and vincristine. Among these, the most frequent 
interaction was between ciclosporine and fluconazole.

Potential pharmacodynamic drug–drug interactions

The main pharmacodynamic interactions were related to 
sedation (39.2%) and nephrotoxicity (31.2%). The remaining 
pharmacodynamic interactions were hyper-kaliemia (2.9%), 
ototoxicity (1.8%), and hypo-kaliemia (1.2%).

The median number of potential nephrotoxicity-related 
DDIs per patient was 7 (range 0–18). The median number of 
days during which nephrotoxicity-related DDIs potentially 
occurred was 77 days per patient (range 0–165 days). The 
drugs that were mainly involved in the pharmacodynamic 
nephrotoxicity-related potential DDIs were in descending 
order: colistine sulfate, ciclosporine, acyclovir, valaciclovir, 
amikacine, methotrexate, and vancomycin.

Evolution of GFR throughout the BMTU stay

Before BMTU stay, the majority of patients were in stage 1 
(GFR > 90 ml/min/1.73 m2) of chronic renal disease (61.2%). 
Just over 25.0% were in stage 2 (GFR between 60 and 89 ml/
min/1.73 m2) and the rest of the population (12.9%) was in 
stage 3 (GFR between 30 and 59 ml/min/1.73 m2). After 
the BMTU stay, 32.3% of the patients were in stage 1. The 
majority of the patients (35.5%) were in stage 2, and 25.8% 
and 6.5% were in stages 3 and 4, respectively (Fig. 1). No 
significant difference was found between the stages of renal 
failure before and after BMTU stay (Wilcoxon signed-rank 
test: p value = 0.86).

The evolution of GFR throughout the BMTU stay pre-
sented in Fig. 2 indicated that a decrease in renal function 

Table 2   Prevalence (number of interactions per patient, %) and density (number of days with interactions per patient, in days) of pharmacoki-
netic and pharmacodynamic potential DDIs classified by their severity grade

Pharmacokinetic Pharmacodynamic Total Prevalence of interac-
tions (%)

N % N % N Number of interactions 
per patient

Contraindication 2 3 0 0 2 0.06
Association not recommended 14 21 3 0 17 0.55
Use with caution 36 55 47 6 83 2.68
To be taken into account 14 21 679 93 693 22.4
Total 66 100 729 100 795 25.6

Pharmacokinetic Pharmacodynamic Total Density of interactions

Days % Days % Days Number of days with 
interactions per patient 
(days)

Contraindication 5 1 0 0 5 0.16
Association not recommended 48 9 27 0.6 75 2.4
Use with caution 410 79 197 4 607 19.9
To be taken into account 54 10 4593 95 4647 150
Total 517 100 4817 100 5335 172
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occurred with a mean decrease of 13 ml in GFR. This 
decrease was significant (Wilcoxon signed-rank test: p 
value = 0.011).

There was a strong correlation between the variation in 
GFR, estimated by the difference before and after BMTU 
stay, and the number of days with potential nephrotoxic 
interaction (Pearson coefficient rp = − 0.61). These results 
are shown in Fig. 3.

Discussion

Studies of potential DDIs have been carried out in different 
population of patients in the area of oncology and haema-
tology, either in hospitalized or in ambulatory patients. 
However, to our knowledge, our study is the first per-
formed in patients during aplasia hospitalized in BMTU.

Prevalence of potential DDIs

The results of this retrospective study showed that, in 33%, 
the patients encountered 17 potential DDIs of the higher 
grades (CI and ANR), so that the mean prevalence of the 
most severe DDIs (CI and ANR) was of 0.61 interaction 
per patient (Table 3). Most of the patients encountered the 
least significant potential DDIs: UWC (87%) and TBTIA 
(100%) with a mean rate of 3.1 and 22.5 DDIs per patient, 
respectively.

The frequency of potential DDI reported in our study 
is lower than those reported in patients with haemato-
logic malignancies where major and moderate DDIs were 
recorded in 63% of the patients [15]. In a study performed 
at the time of the conditioning for BMT, 60% of the patients 
were shown to have at least one potential DDI with a median 
score of 2; and a moderate severity in 86% of the cases [14]. 
In a systematic review, it was shown that the frequency of 
potential DDIs varied from 12 to 63%, and that the vari-
ability depended mainly on the type of study population [8]. 
The study design, the methodology (prospective vs. retro-
spective), and the method of DDI screening and detection 
are also factors that may explain the high variability in DDI 
frequency [15].

In BMTU patients, outside the cancer area, studies 
showed that 54–79.5% of patients were exposed to at least 
one potential DDI [24–26].

On the whole, our results are quite difficult to compare, 
since they have been obtained in a population of patients in 
which potential DDIs have not yet been studied. Further-
more, the heterogeneity in the data reported in the literature 
is quite high given the fact that different detection software 
programs are used with different ratings for DDIs.

Density of potential DDIs and nephrotoxicity

The vast majority of the potential DDIs were of pharma-
codynamic origin (92%) while of low severity (UWC and 
TBTIA). The pharmacokinetic DDI presented a rather dif-
ferent pattern with 24% rated as higher grades. These results 
suggest that the attention of health care professionals should 
be directed mainly towards potential pharmacokinetic DDIs 
in this subset of patients with hematological malignancies 
during the BMTU stay.

However, if some interactions are of low grade, it should 
be noticed that their density is quite high especially for phar-
macodynamic DDIs. Indeed, the mean number of DDI rated 
as TBTIA was 25.6 per patient.

The density of DDIs can also be estimated by the period 
of time during which a patient is the subject of the inter-
actions. Indeed, besides the number of interactions, the 
period of time during which the drugs interact is of interest, 
since the longer the period, the higher the potential negative 

Table 3   Main pharmacokinetic DDIs

Number of inter-
actions

Number of days

Ciclosporin
 Fluconazole 22 (55) 319 (73)
 Nicardipine 5 (12.5) 30 (6.9)
 Hydroxychloroquine 1 (2.5) 29 (6.7)
 Trimetoprime 3 (7.5) 17 (3.9)
 Roxithromycine 1 (2.5) 11 (2.5)
 Methylprednisolone 4 (10) 11 (2.5)
 Ursodesoxycholic acid 1 (2.5) 7 (1.6)
 Voriconazole 1 (2.5) 6 (1.4)
 Colchicine 1 (2.5) 3 (< 1)
 Posaconazole 1 (2.5) 2 (< 1)
 Sub-total 40 435

Methotrexate
 Ciclosporin 5 (31) 13 (27)
 Piperacilline 4 (25) 13 (27)
 Esomeprazole 3 (19) 13 (27)
 Trimethoprime 2 (12) 5 (10)
 Diclofenac 2 (12) 4 (8.3)
 Sub-total 16 48

Esomeprazole
 Posaconasole 2 10
 Mycophenolate mofetil 3 6
 Sub-total 5 16

Tramadol
 Escitalopram 1 5

Vincristine
 Posaconazole 1 2
 Total 63 506
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consequence may be. Data in Table 2 showed that the num-
ber of days with interactions was quite significant with a 
mean of 150 days with interactions rated TBTIA per patients 
(the mean length of stay was 19 days).

These data suggest that interactions of low grade may be 
considered if they are focused on a specific organ or tissue 
(e.g., liver, kidney, and brain).

Although the pharmacodynamic DDIs were rated as 
from minor importance (cf Table 1), their density should be 

considered. Among the pharmacodynamic potential DDIs, 
those directed towards the kidneys should be considered 
given their frequency (around 30% of all pharmacodynamic 
DDIs) and the fact that this organ in readily involved in drug 
elimination. In our study, the drugs most frequently involved 
in potential nephrotoxicity (based on the density of interac-
tion) were in decreasing order: colistin (32.5%), ciclosporin 
(31.7%), aciclovir (20%), and valaciclovir (8.5%). This sug-
gests that a close therapeutic drug monitoring (TDM) of 

Fig. 1   Evolution of stage of 
chronic kidney disease in 
patients 7 days before and 7 
days after the BMTU stay

stage 1 stage 2 stage 3 stage 4 stage 5
7-days before the BMTU stay (n) 19 8 4 0 0
7-days a�er the BMTU stay (n) 10 11 8 2 0

0

2

4

6

8

10

12

14

16

18

20

nu
m

be
r o

f p
a�

en
ts

Fig. 2   Box plot showing the 
distribution of glomerular filtra-
tion rate (GFR) 7 days before, 
at the beginning of the stay 
(d-0), in the middle of the stay 
(d-middle), at the end of the 
stay (d-last), and after the stay 
(7 days after) (open diamond: 
average GFR). Box plot expla-
nation: upper horizontal line 
of box, 75th percentile; lower 
horizontal line of box, 25th 
percentile; horizontal bar within 
box, median; upper horizontal 
bar outside box, 90th percentile; 
lower horizontal bar outside 
box, 10th percentile
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these drugs should be performed. TDM is usual for calcineu-
rin inhibitors, but should also be useful for anti-infective 
drugs.

The mean number of potential nephrotoxicity-related 
DDIs (n = 7), and the corresponding mean cumulative num-
ber of days per patient (n = 77 days) suggest that nephrotox-
icity may be an issue.

Indeed, we noticed a significant decrease in renal func-
tion throughout the BMTU stay (mean decrease of 13 ml/
min in GFR, Fig. 2). The decrease in renal function was also 
illustrated by shifts in renal stages of the patients: from stage 
1 before BMTU stay to stage 2 or 3 after BMTU stay. This 
decrease in GFR may be related to stage 1 or to subclinical 
AKI.

It should be mentioned that AKI develops in the acute 
phase of HCT, and that these patients are at risk of develop-
ing CKD. This phenomenon has already been described, 
and is referred the “post-HCT CKD” [27], but remains not 
very well known by hematologists and nephrologists. Such 
deterioration in renal function may be of concern, because 
patient survival may be limited by treatment-related toxici-
ties including acute kidney injury (AKI) that can arise up to 
70% of the patients after transplantation [28].

Non-recovery of kidney function following an epi-
sode of AKI is a major problem, and the severity and the 

number of episodes of AKI are associated with the devel-
opment of incident CKD and ESRD [29]. Furthermore, 
a recent prospective study in long-term survival HCT 
patients reported a dramatic decline in glomerular filtra-
tion rate over the first-year post-HCT associated with a 
higher risk of mortality [21].

We also found that the decrease in renal function was 
strongly correlated with the number of days of treatment 
with potential nephrotoxic DDI (Fig. 3).

The current study clearly showed that the addition of 
several nephrotoxic pharmacodynamic DDIs of low grade 
may have a negative outcome on the renal function. This 
should not be unlikely, since the cumulative prescription 
of drugs with potential nephrotoxic drug interactions was 
quite common. A median number of 7 drugs with potential 
nephrotoxic interaction per patient were noticed, leading to 
a median number of 77 days with nephrotoxic interactions 
per patient. Such a feature is not unlikely, since patients 
hospitalized in BMTU are often exposed to multiple con-
current nephrotoxins [30].

This density in nephrotoxic interaction may contrib-
ute to morbidity and mortality in these patients. It should 
be noticed that this comment is speculative and would 
deserve to be studied prospectively in a larger population 
of patients.

Fig. 3   Variation in GFR before 
and after BMTU stay as a func-
tion of the number of days with 
potential nephrotoxic DDI
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Given their number and density, potential nephrotoxic-
ity-related DDIs may be considered as a covariate in future 
studies to identify patients with higher risk of kidney injury 
and to target potential interventions (e.g., use of angiotensin-
converting enzyme inhibitors or angiotensin blockers).

Pattern of potential pharmacokinetic DDIs

On a whole, the pharmacokinetic DDIs were less frequent 
than the pharmacodynamic DDIs. However, when consider-
ing the higher grades of severity, the pharmacokinetic DDIs 
were more prevalent (84%). This prevalence was higher than 
those reported in the previous studies that were around 70% 
[15] and 55% [16]. The most commonly used therapeutic 
classes for nephrotoxicity are the antibiotics, anti-rejection 
medications, antiviral agents, non-steroidal anti-inflamma-
tory agents, anti-ulcer agents, and chemotherapy [31].

In our population of patients, the two drugs most involved 
in pharmacokinetic DDI were ciclosporine and methotrexate 
interacting principally with prophylactic treatment of bacte-
rial and fungal infections (Table 3).

As calcineurin inhibitors are the main component of 
immunosuppressive prophylaxis against GVHD in allo-
geneic HSCT recipients, attention should be paid to these 
DDIs. With regard to ciclosporine, the main drug involved 
in DDI was fluconazole (in 22 patients) which is a moderate 
inhibitor of CYP3A4 and CYP2C9 and a strong inhibitor of 
CYP2C19 [32]. The consequence was an increase in ciclo-
sporine levels above the range (100–300 ng/ml) for 81.6% of 
measured trough levels during the BMTU stay. Outside the 
aplasia period, ciclosporin through levels was out-of-range 
in 18.8% of measurements. These significant variations sug-
gest the need of a close therapeutic drug monitoring in these 
patients with a more frequent dosing adjustment and a care-
ful analysis of DDIs.

Prevention of pDDI in HSCT

The prevention of potential pharmacokinetic and pharmaco-
dynamic DDIs in cancer patients is not a simple task given 
that complex medical regimen are administered including 
drugs with narrow therapeutic index, especially in HSCT 
recipients, and given the rather complexity of DDIs that can 
involve interactions at the metabolic level (mainly CYP450 
enzymes) and/or at the membrane transporter level [2]. 
Another difficulty may also arise from the fact that different 
databases can report differently potential interaction between 
two drugs [12].

Moreover, it should be kept in mind that, in case of 
detected DDI, choosing alternative options is often not 
possible, so that treatment may need to be maintained and 
adjusted to minimize potential outcomes. Hence, such 
task would need a multiprofessional work among nurses, 

pharmacists, and physicians, and implementing a compre-
hensive team approach aimed at updating treatment regi-
mens and systematic analysing of potential drug interactions 
for every patient may be considered [2].

Since teams of health professionals are often not com-
pletely familiar with DDIs that can threaten patient’s life, 
a thorough sensibilization of all health professionals on the 
DDI pathway and on the potential impact of these DDIs 
may be achieved to reduce preventable adverse outcomes 
related to DDIs.

As similar observational studies, our investigation has 
several limitations. This is a retrospective single-center 
study hindered by a small sample size. Since we did not 
have measured GFR available, we used serum creatinine 
to calculated GFR. Furthermore, there was no follow-up 
of the renal function at a distance from BMTU discharge. 
Moreover, the real consequences of the DDIs have not been 
evaluated (a reason why we used the expression potential 
DDI). Based on these elements, care should be taken before 
extrapolating the findings. However, it should be noticed 
that studies evaluating the clinical consequences are quite 
scarce. Further studies on the epidemiology and the real 
clinical consequences of DDIs in HSCT patients should be 
performed with prospective multi-center studies that could 
help in developing preventive strategies.

Conclusion

The current study has shown that potential DDIs in HCST 
patients in BMTU were quite common. The DDIs from phar-
macokinetic origin were less frequent, but of higher grade, 
than those of pharmacodynamic origin. The estimation of 
the density of potential pharmacodynamic DDIs showed that 
nephrotoxicity may be an issue, since the decrease in GFR 
was correlated with the number of days with nephrotoxic 
interactions per patient.

A careful TDM of the most nephrotoxic drugs (colis-
tin, ciclosporin, aciclovir, and valaciclovir) used in these 
patients should be performed to avoid an impairment of the 
renal function, since recent data in the literature have shown 
that a decrease of the GFR has been associated to higher risk 
of mortality in HSCT patient by 1 year after transplantation.

Given the potential risk of DDIs, health professional car-
ing for patients in period of aplasia in the intensive-care unit 
should be aware of these interactions, and screen all new 
medications against a full medication history to attempt to 
decrease their prevalence. An integrated health care team 
including physicians, pharmacists, nursing staff, and focus-
ing on DDI’s prevention could contribute to a more appro-
priate and safe use of drugs in patients undergoing BMT.
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