
Evaluation of lymphoma patients after hematopoetic

stem cell transplantation in terms of early period

cardiotoxicity development

Sedat Çelikçi1 , Vildan Özkocaman2 , Fatih Yaman3 , Fahir Özkalemkaş2

1Department of Internal Medicine, Bursa Kestel State Hospital, Bursa, Turkey; 2Department of Hematology, Bursa Uludağ University
School of Medicine, Bursa, Turkey; 3Department of Hematology, Eskişehir Osmangazi University School of Medicine, Eskişehir, Turkey

ABSTRACT
Objectives: Autologous hematopoietic stem cell transplant (AHSCT) following high-dose chemotherapy in
recurrent lymphomas has become the standard treatment. However, this method leads to various toxic side
effects, including cardiotoxicity. This study aims to determine the factors that may cause post-transplant
cardiotoxicity. 
Methods: A total of 35 patients older than 18 years old, diagnosed with recurrent lymphoma, who underwent
AHSCT at the Uludağ University Hematology Department, were included in the study. The patients were
evaluated in two groups, with and without cardiotoxicity after AHSCT. We separated the frequency of
cardiotoxicity that developed during hospitalization after transplantation and patients who developed and did
not develop cardiotoxicity. We compare some parameters including gender, age, lymphoma type, stage, cardiac
risk factors before transplantation, the number of chemotherapy cycles and the use of rituximab before the
transplantation, radiotherapy before transplantation, Karnofsky performance scale, the amount of Dimethyl
sulfoxide among these patients. Also, we evaluated patients with echocardiopraphy before transplantation and
measured left ventricle ejection fraction (LVEF). We use CTCAE V 4.0 system for evaluating cardiotoxicity
level from Grade I to Grade V. 
Results: Nine patients developed cardiac events. One patient developed Grade V MI and died despite treatment.
Other eight toxicities developed Grade III-IV and returned by treatment. In terms of risk factors, LVEF of the
group with cardiotoxicity was found to be significantly low (p < 0.05). There is no statistical difference between
the two groups with other parameters. 
Conclusions: Cardiotoxicity is a frequent complication of autologous stem cell transplantation. A detailed pre-
transplantation evaluation of all patents in terms of cardiac functions is essential to reduce cardiac morbidity.
Therefore, patients should be evaluated cardiologically before transplantation and closely monitored for post-
transplantation cardiac side effects. Some studies show that enalapril and carvedilol may be beneficial to prevent
from cardiotoxicity. Although not in our routine, if approved by larger studies, it may be necessary to use agents
such as enalapril and carvedilol in prophylaxis in reduce cardiotoxicity.
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Lymphomas are heterogeneous groups of hemato-
logical malignancies. Lymphomas result from

various differentiation stages of lymphocytes and
show different immunological and clinical manifesta-
tions. They constitute 3-4% of all cancers seen world-
wide [1]. Despite the high treatment success rate, there
is significant resistance to treatment or recurrence.
Generally, autologous hematopoietic stem cell trans-
plantation (AHSCT) following high-dose chemother-
apy is the standard treatment regimen in all patients
with recurrent lymphoma [2]. This treatment process
can cause various toxic effects, including cardiotoxi-
city. Congestive heart failure or pericarditis at a late
stage is the causes of morbidity and mortality due to
radiotherapy or treatment regimens involving car-
diotoxic chemotherapeutic agents [3, 4]. Acute cardiac
toxicities after AHSCT include cyclophosphamide-in-
duced acute cardiomyopathy or hemorrhagic peri-
carditis, acute myocarditis, and bradycardia associated
with dimethyl sulfoxide (DMSO) used to protect pro-
genitor cells, cyclophosphamide regimens [4-6]. 
      The most frequently used chemotherapy regimen
in AHSCT lymphoma is the BEAM (melphalan, cyto-
sine arabinoside, etoposide, carmustine) protocol.
Drug toxicities are briefly mentioned in various arti-
cles and each of these drugs are used for the treatment
of different patient groups with other protocols. How-
ever, there are not enough publications evaluating the
frequency of cardiotoxicity development (incidence,
risk factors, cardiac toxicity results) clinically in pa-
tients with recurrent lymphoma with autologous
hematopoietic stem cell transplantation using the
BEAM protocol. This study aims to determine the fac-
tors that may cause post-transplant cardiotoxicity. 

METHODS

A total of 35 patients older than 18 years old, diag-
nosed with recurrent lymphoma under AHSCT at the
Bone Marrow Transplant Unit of Uludağ University
School of Medicine, Hematology Department, be-
tween January 2009 and October 2015 were included
in the study. The data of the patients were retrospec-
tively analyzed for the research protocol. 
      We planned to screen some factors associated with
cardiac risk through the automation system of the hos-
pital. These factors include cardiac risk factors (hy-

pertension, diabetes mellitus, hypercholesterolemia,
obesity, family history of cardiovascular disease,
smoking) pre-transplant echocardiography, electrocar-
diography (ECG), blood tests (Creatine kinase, Crea-
tine kinase kinase-mb, troponin-I) [6]. 
      Cardiotoxicites were evaluated according to the
Common Terminology Criteria for Adverse Events
Version 4.0 system and toxicities were classified in
severity from grade I to grade V. Grade I is asympto-
matic, grade II does not require urgent treatment,
grade III is symptomatic, grade IV represents life-
threatening case, grade V is death of all patients [7]. 
      We designed this study to evaluate cardiotoxicity
in early period after transplantation (during hospital-
ization). The patients were separated into two groups;
the ones who developed cardiotoxicity after AHSCT
and those who did not. Each group was compared in
terms of some factors including gender, age, diagnosis,
lymphoma, pre-transplant cardiac risk factors,
chemotherapy cycles, using of rituximab, radiotherapy
before transplantation, the karnofsky performance
scale [8], the amount of DMSO, and the left ventricu-
lar ejection fraction (LVEF) values. 
      We use the BEAM (BCNU 300 mg/m2, etoposide
800 mg/m2, ARA-C, 1600 mg/m2, melphalan 140
mg/m2) protocol as a standard chemotherapy regimen
for patients with recurrent lymphoma [9]. 
      DMSO is used in transplantation because it is a
cryoprotective agent. We compared DMSO cassette
numbers to see if there was a relationship with post-
transplant cardiotoxicity. 
      Our study was approved by the Ethics Committee
of Uludağ University Non-Interventional Clinical
Studies on 16.02.2016 with the decision number 2016-
3/7.

Statistical Analysis 
      Statistical Package for the Social Science
(SPSS13.0) program was used for statistical analysis
of the data. The data were investigated using visual
(histograms, probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro–Wilk’s tests) to deter-
mine their normal distribution. Differences between
groups were evaluated using Student’s t-test for para-
metric data and the Mann-Whitney U-test for non-
parametric data. Relationships between categorical
variables were analyzed using a chi-squared test. Data
were expressed as frequency and percentage, mean
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and standard deviation, median, minimum and maxi-
mum values. It was considered statistically significant
when the p value was less than 0.05.

RESULTS

The characteristics of the patients were presented in

Table 1. There were 35 patients, 19 of whom (54%)
were male and 16 of whom (46%) were female. The
median age of the patients was 46, the youngest pa-
tient was 22 while the oldest was 65. 
      Nine (26%) of the patients developed cardiotoxi-
city after transplantation. Post-transplant cardiotoxic-
ities are summarized in Table 2. 
      We divided the patients into two groups: those
who developed cardiotoxicity after transplantation (n
= 9) and those who did not (n = 26). The group which
didn’t experience cardiac events is named control
group. We found that the median age was 52 in the
group with cardiotoxicity and 46.5 in the control
group. There was no statistically significant difference
in terms of age factor between the two groups (p =
0.661). When we analyzed the two groups in terms of
gender distribution, there were 2 males, 7 females in
the group of cardiotoxicity and 17 males and 9 females
in the control group. No significant difference was
found between the two groups in terms of gender (p =
0.050), either. When two groups were examined with
respect to diagnosis, there were 6 NHL, 3 HL in the
group of cardiotoxicity, 17 NHL and 9 HL in the con-
trol group. There was also no significant difference be-
tween the two groups related to the diagnosis of the
disease (p = 1.000). 
      When lymphoma stages were evaluated as stage
I, II, III, IV, a statistically significant difference was
found between the group of cardiotoxicity and the con-
trol group (p = 0.047). It was determined that 5 (56%)
of the patients who developed cardiotoxicity had stage
IV lymphoma and 4 (44%) of them had stage II lym-
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phoma. However, in terms of stage IV lymphoma, no
significant difference was found concerning the devel-
opment of cardiotoxicity in advanced stage patients
compared to stage I-II-III lymphoma patients (p =
0.103). When examined in terms of cardiovascular co-
morbidities before transplantation, there was no sig-
nificant difference in both groups. In the group of
cardiotoxicity, comorbid disease was detected in only
1 (11%) patient, while in the control group, 11 (42%)
patients had cardiac comorbid disease before trans-
plantation. It was observed that pre-transplant using
of rituximab in chemotherapy protocols did not make
a statistically significant difference in both groups (p
= 0.700). There were 6 (67%) patients in group of car-
diotoxicity and 14 (54%) patients in the control group
related to use of rituximab in pre-transplantation pe-
riod. It was found that the number of chemotherapy
cycles before transplantation did not make a statisti-
cally significant difference between the two groups (p
= 0.590). Also there wasn’t a significant difference be-

tween the two groups related to pre-transplant radio-
therapy (p = 0.635). Two (22%) patients in the car-
diotoxic group and 4 (15%) patients in the control
group received pre-transplant radiotherapy. 
      It was observed that Karnofsky performance score
(KPS) of the patients before AHSCT did not make a
significant difference in the two groups (p = 0.083). It
was determined that 1 (11%) of the patients had 100
KPS, 7 (78%) of them had KPS 90 1 (11%) of them
had KPS 80 in the group of cardiotoxicity. 
      When the LVEF values calculated during the rou-
tine echocardiography performed before transplanta-
tion were compared, a significant difference was
found between the two groups (p = 0.039). In the
group of cardiotoxicity, the median LVEF value was
60, minimum 58 and maximum 65, while the median
SVEF value was 65, minimum 56 and maximum 74
in the control group. When both groups were evalu-
ated in terms of duration of hospitalization, there was
no significant difference among them (p = 0.810). In
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the group of cardiotoxicity, the median period of hos-
pitalization is 30 days, at least 11 and at most 38 days.
The median duration of hospitalization was found to
be 27.5 days in the control group, with a minimum of
21 days and a maximum of 53 days. The number of
cassettes infused during the transplant we used to in-
directly measure toxicity of DMSO did not make a
significant difference in either group (p = 0.342). The
median value of the number of cassettes in the group
with cardiotoxicity was found to be 3, minimum 1 and
maximum 6. Considering the control group, the me-
dian value of the number of cassettes in this group was
found to be 2, minimum 1 and maximum 8 cassettes. 
      Evaluation of patients with lymphoma who devel-
oped cardiotoxicity after AHSCT in terms of risk fac-
tors is summarized in Table 3.

DISCUSSION

AHSCT is used all over the world for recurrent lym-
phomas after the implementation of the standard
chemotherapy and radiotherapy regimens [10]. Al-
though this group of patients, whose number is in-
creasing day by day, can develop a wide range of
events especially early cardiac events may be an im-
portant cause of mortality and morbidity. It also re-
quires urgent intervention [11]. In this single-center
study, we tried to determine the characteristics, inci-
dence, and risk factors of cardiotoxicities that occur in
the post-transplant hospitalization process of the pa-
tients diagnosed with lymphoma. 
      When we review the literature on the frequency of
cardiac events developing after transplantation, in the
study of the first 100-day post-transplant study involv-
ing 2821 patients, published by Murdych and Weis-
dorf [12] in 2001, 26 (0.9%) patients developed major
cardiac events and 13 were found to be mortal. In a
study in which 249 patients with transplantation with
NHL were evaluated retrospectively, 30 (13%) pa-
tients developed supraventricular tachycardia [13].
Also, it was mentioned in this study that patients with
lymphoma developed more cardiac events after autol-
ogous transplantation than allogeneic transplantation.
The cardiac event ratio of patients with allogeneic
transplantation is 0.9% after transplantation. On the
other hand, patients with autologous transplantation
have higher risks of cardiac complications in compar-

ison with allogeneic transplantation. Therefore, pa-
tients with lymphoma under autologous transplanta-
tion are very important in terms of cardiac events
among patients with transplantation. 
      The cardiac events we observed during our study
were frequently caused by rhythm disorders. MI was
detected in only one patient. Especially the most fre-
quently observed rhythm disorder appeared to be AF.
In the study conducted by Hidalgo et al. [13], AF was
found to be 91% among the supraventricular tach-
yarrhythmias. No patient developed heart failure in the
early period. There are studies indicating that car-
diotoxicity is observed as heart failure especially in
the late period after transplantation [11, 14]. 
      When we defined the patients as stage I-II-III-IV,
we observed that there was a difference among these
groups in terms of post-transplant cardiac event devel-
opment. When we performed subgroup analysis, it
was observed that patients in the group who developed
cardiac events had stage II (44%) and stage IV (56%)
diseases. In our study, as the disease stage increased,
cardiotoxicity did not increase. Such a result may have
derived from the fact that the number of patients in the
cardiotoxicity group is relatively small. 
      The existence of diseases that cause comorbidities
before the transplant (diabetes mellitus, hypertension,
obesity, and hyperlipidemia) has been shown as a risk
factor for the development of post-transplant car-
diotoxicity in various studies [14, 15]. In our study, it
was found statistically that the presence of pre-trans-
plant comorbidity did not make a difference regarding
post-transplant cardiac event development [p = 0.112].
If patients are selected correctly before transplantation,
they may have chronical disease while they do not
have complication about these diseases, patients
would have lower risks of cardiac events after trans-
plantation. 
      With the introduction of high doses of cyclophos-
phamide since the discovery of anthracyclines, there
are hundreds of studies related to their cardiotoxic ef-
fects [16]. Because the intensity of chemotherapy ex-
posed will increase as the number of cycles increases,
we thought that this situation may have an effect on
the development of cardiac events after transplanta-
tion. In our analysis, we found that the number of cy-
cles was similar in both groups. When we examine the
cardiac effects of cyclophosphamide and anthracy-
clines, it is observed that they cause congestive heart
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failure by causing heart muscle damage in the long
term [17]. The reason for the absence of any difference
between the two groups in our study may be the fact
that we examine the early effects after transplantation.
There are some publications showing that a difference
is detected when long-term follow-ups are made [16,
17]. 
      It can be estimated that patients with low pre-
transplant performance may develop more cardiac
events after transplant. In our study, 1 patient with
KPS was 80, and the others consisted of 90 and 100
patients. In our study, there was no difference between
these groups. According to the results of our study, it
can be thought that patients with a KPS of 80 and
above are safe in terms of cardiac effects in the early
post-transplant period. 
      Many studies using cardiotoxic chemotherapy
agents have found that post-procedure cardiac events
are common in patients with low LVEF before the pro-
cedure. For this reason, it is recommended to evaluate
patients with ECO routinely to assess the cardiac func-
tions of the patients before the transplant, since it is a
routine cardiology consultation and noninvasive
method and is often an affordable, cost effective
method [18]. For this purpose, although various pa-
rameters are used in echocardiography, LVEF is often
calculated. We also prefer patients with LVEF > 50 for
transplantation in our department. When we evaluated
the patients in this study in this respect, the median
LVEF value of the ejection fraction in the group with
cardiotoxicity was calculated as 60. LVEF value in the
control group was 65 and there was a statistically sig-
nificant difference between the two groups. In a pro-
gressive study evaluating patients with lymphoma
who used BEAM and CBV chemotherapy regimens
as a transplant preparation regimen 2-point decrease
in LVEF values was found in the post-transplant pa-
tients compared to before the transplant [18]. In this
study, we achieved a result that supports the results of
many progressive and retrospective studies done on
this subject worldwide. These results emphasize the
importance of evaluation with echocardiography in the
evaluation of patients before transplantation [18-20].
Thus, we eliminate one of the risk factors of a cardiac
event likely to develop after transplantation. 
      DMSO related arythmias can be fatal. One of our
patients developed bradycardia during infusion.
Therefore, close cardiac monitoring during the trans-

plant and especially in patients who are at risk in post-
transplant period would be useful for the early detec-
tion of cardiac events. 
      Some studies investigating some anthracycline
based chemotherapy protocols have concluded that
prophylactic carvedilol and enalapril reduce the devel-
opment of anthracycline-induced cardiotoxicity [21,
22]. Although there is no such practice in our routine,
it is beneficial to carry out broader prospective studies. 

Limitations 
      Restrictive factors of our study; the number of pa-
tients included in the study and the number of patients
developing cardiotoxicity are small. 

CONCLUSION

As a result, the risk factors of the patients should be
determined in the pre-transplant period. Their cardio-
logical examination and echocardiographic assess-
ment should be made, and appropriate patients should
be directed to the transplant. If cardiac complaints de-
velop after transplantation, we should behave energet-
ically and start treatment immediately after the
diagnosis by performing ECG, echocardiography, car-
diac marker examinations, so that we can reduce the
mortality and morbidity that may develop. Although
it is not in our routine, it may be beneficial to use
agents such as enalapril and carvedilol in prophylaxis
on the condition that it is approved by larger studies. 
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