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── A 19-year-old man with systemic sclerosis (SSc) was hospitalized for autologous 
peripheral blood stem cell transplantation (auto-PBSCT) due to progressive scleroderma 
and cardiac involvement despite conventional treatment.  During the administration of 
cyclophosphamide (60 mg/kg/day for 2 days) for mobilization and collection of CD34+ 
selected peripheral blood stem cells, he developed congestive heart failure.  Echocardio-
gram showed hypokinetic asynergy from the septum to posterior wall, which might indi-
cate underlying cardiac damage.  We were also concerned about the risk of high-dose 
cyclophosphamide-induced cardiotoxicity.  Since the dose-limiting toxicity of thiotepa, an 
alkylating agent, is myelosuppression, and cardiac toxicity due to thiotepa is less common, 
we used a conditioning regimen consisting of thiotepa (10 mg/kg/day, day –5) and low-
dose cyclophosphamide (50 mg/kg/day, days –3 and –2), instead of the conventional high-
dose cyclophosphamide (50 mg/kg/day × 4 days/course).  The post-transplant course was 
uneventful, and the modified Rodnan skin thickness score improved from 32 to 15.  The 
present case report demonstrates that thiotepa can be employed as a conditioning regimen 
for auto-PBSCT in SSc patients with cardiac involvement in order to reduce cyclophos-
phamide-induced cardiotoxicity. ──── autologous peripheral blood stem cell transplan-
tation (PBSCT); cardiotoxicity; cyclophosphamide; systemic sclerosis; thiotepa
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Systemic sclerosis (SSc) is a generalized 
disease of the small arteries, microvessels, and 
diffuse connective tissue, characterized by exten-

sive fibrosis and vascular obliteration in the skin 
and visceral organs including the gastrointestinal 
tract, lungs, heart, and kidneys.  Although the eti-
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ology of SSc remains unknown, this disease is 
characterized by predominant T-cell activation, 
production of autoantibodies to Scleroderma-70 
(Scl-70) (anti-topoisomerase I) and cytokine 
release (Sakkas and Platsoucas 2004).

Recent studies in a large series of patients 
with SSc demonstrated that the prognosis is asso-
ciated with the extent of skin involvement and/or 
affected visceral organs (Ferri et al. 2002; 
Scussel-Lonzetti et al. 2002).  Significantly worse 
prognosis was observed in the diffuse cutaneous 
subset, in male gender, and in patients with lung, 
heart, and renal involvement (Ferri et al. 2002).  
Standardized mortality ratios were 2.71, 2.76, and 
6.17 in the limited, intermediate, and diffuse sub-
sets, respectively (Scussel-Lonzetti et al. 2002).  
Although cyclophosphamide has documented but 
limited efficacy in patients with SSc and alveolitis 
(White et al. 2000), effective treatment has not 
been found to prevent disease progression in SSc.

Autologous transplantation of CD34+ select-
ed cells after high-dose chemotherapy has recent-
ly emerged for patients with a variety of diseases, 
including hematological diseases, solid tumors, 
and immunological diseases resistant to conven-
tional therapy (Kawabata et al. 2003).  CD34+ 
selected autologous peripheral blood stem cell 
transplantation (PBSCT) has been initiated as a 
promising new therapy for patients with refractory 
diffuse SSc with early visceral organ involvement 
in the United States and Europe since the 1990’s 
(McSweeney et al. 2002; Farge et al. 2002, 2004).  
Improvement of the disease was observed in the 
majority of patients after PBSCT, although there 
were some deaths related to either the PBSCT 
procedure or disease progression; the projected 
2-year and 5-year survival rates were 79% and 
72%, respectively (McSweeney et al. 2002; Farge 
et al. 2004).  In most SSc patients or patients with 
other diseases, high-dose cyclophosphamide was 
introduced in mobilization and conditioning regi-
mens for PBSCT (Itoh et al. 2004; Sacchardi et al. 
2004; Tang et al. 2004).  It is well known that 
high-dose cyclophosphamide can cause an acute 
form of cardiotoxicity within 10 days of adminis-
tration (Gharib and Burnett 2002).  Furthermore, 
cardiovascular manifestations including pericardi-

al disease, myocardial disease, and arrhythmias 
frequently occur in patients with SSc (Janosik et 
al. 1989).  In general, eligibility criteria for 
PBSCT require preserved cardiac function, 
defined as left ventricular ejection fraction (LVEF) 
more than 50% (Nishio et al. 2001; Itoh et al. 
2004; Tang et al. 2004).  However, patients with 
SSc or other diseases complicated by cardiac dys-
function will have significantly increased treat-
ment-related mortality.  Therefore, when such 
patients receive autologous PBSCT (auto-PBSCT) 
using high-dose cyclophosphamide, we need to 
pay close attention to its cardiotoxicity (Saccardi 
et al. 2004).

Here we report a patient with progressive 
and refractory SSc, who received successful 
CD34+ cell-selected auto-PBSCT using condition-
ing regimens incorporating thiotepa to reduce 
high-dose cyclophosphamide-induced cardiotox-
icity.

CASE REPORT

A 19-year-old man was admitted to Akita 
University Hospital on November 17, 2003 to 
receive auto-PBSCT.  He had a history of bilateral 
hand edema and elbow joint pain from December 
2000, and Raynaud’s phenomenon from February 
2001.  He was diagnosed with SSc at Senboku 
General Hospital, based on skin manifestations 
(Raynaud’s phenomenon, bilateral sclerodactyly, 
proximal scleroderma, and bilateral hand edema) 
(Subcommittee for scleroderma criteria of the 
American Rheumatism Association Diagnostic 
and Therapeutic Criteria Committee 1980) and 
the presence of anti-nuclear antibodies and anti-
Scl-70 antibodies.  He was treated with predniso-
lone (PSL) (10 mg/day) and cilostazol (200 mg/
day) from June 2001.  From August 2001, he 
developed polyarthralgia and showed progression 
of scleroderma including the face, neck and trunk.  
From October 2001, he was treated with 30 mg/
day PSL for weeks.  Treatment was partially 
effective for polyarthralgia, but skin symptoms 
became progressive with a tapering course.  He 
demonstrated bilateral fingertip ulcers and limita-
tion of both fist closure and finger extension.

On admission, height was 170 cm, weight 
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49.9 kg, body temperature 36.5°C, pulse rate 100 
beats/min, respiratory rate 16 breaths/min, and 
blood pressure 108/54 mmHg.  Physical examina-
tion demonstrated bilateral sclerodactyly and 
proximal scleroderma, face, neck, and trunk.  
Modified Rodnan skin thickness score (mRSS) 
(Clements et al. 1993) was 32.  The lungs and 
heart were normal.  The liver and spleen were not 
palpable.  Bowel sounds were normal.

The erythrocyte count was 513 × 104/μ l, 
hemoglobin 14.2 g/dl, hematocrit 43.2%, leuko-
cyte count 7,100/μ l (neutrophils 74%, monocytes 
6%, and lymphocytes 20%), and platelet count 
296 × 103/μ l.  Urinalysis gave normal results.  
The serum total protein was 7.3 g/dl, albumin 3.8 
g/dl, blood urea nitrogen 8.0 mg/dl, and creatinine 
0.6 mg/dl.  Human atrial natriuretic peptide was 
18.0 pg/ml (normal range: less than 40.0 pg/ml) 
and brain natriuretic peptide (BNP) was 50.5 pg/
ml (normal range: less than 18.4 pg/ml).  Thyroid 
function tests were normal.  C-reactive protein 
was 1.8 mg/dl.  Serological study indicated the 
presence of anti-nuclear antibodies with a speck-
led pattern (2,560-fold), anti-Scl-70 antibodies 
(169.4 IU/ml), anti-double-stranded (ds) DNA 
antibodies (63.6 IU/ml), and anti-ribonucleopro-
tein (RNP) antibodies (52.5 IU/ml).  Serum CH50 

was 23 U/ml, C3 42 mg/dl, and C4 8 mg/dl.  
Circulating immune complexes (IC) measured by 
the C1q binding assay were 7.4 μg/ml (less than 
3.0 μg/ml).  Although high titers of anti-ds DNA 
antibodies, anti-RNP antibodies and IC, and 
hypocomplementemia were observed, he had no 
clinical features associated with systemic lupus 
erythematosus or vasculitis.

Chest radiograph did not show either cardio-
megaly or reticular shadow in the lung fields.  
Electrocardiogram demonstrated sinus tachycar-
dia with low QRS voltage.  Myocardial scintigra-
phy was not performed.  Pulmonary function test 
demonstrated normal results of forced expiratory 
volume in one second (100.4%) and % diffusing 
capacity for carbon monoxide (94.5%), but a 
slight reduction of % vital capacity (71.2%).  
Examination of the upper esophago-gastrointesti-
nal tract demonstrated normal motility.

Based on rapidly progressive skin involve-
ment and mild cardiac involvement despite con-
tinuing treatment, we considered his prognosis 
very poor.  We also judged this patient eligible for 
auto-PBSCT (Burt et al. 2003; Farge et al. 2002; 
McSweeney et al. 2002).  The protocol for auto-
PBSCT in this patient was approved by the ethics 
committee of Akita University Hospital.  Written 

Fig. 1. Clinical course of the patient (I).  During mobilization, the patient received high-dose cyclophos-
phamide (60 mg/kg/day for 2 days).  Thereafter, he developed congestive heart failure, but his con-
dition improved after treatment with furosemide.  CY, cyclophosphamide; G-CSF, granulocyte-col-
ony stimulating factor; WBC, white blood cell count.
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informed consent was obtained.  The clinical 
course is shown in Figs. 1 and 2.  Mobilization 
and collection of peripheral blood stem cells 
(PBSCs) were achieved with a conventional prim-
ing regimen in combination with granulocyte-
colony stimulating factor (G-CSF) (Farge et al. 
2004).  The patient received high-dose cyclophos-
phamide (60 mg/kg/day for 2 days).  Thereafter, 
he developed palpitations, mild hypoxemia (oxy-
gen saturation [SpO2]: 94%), edema, and body 
weight gain (3 kg).  At that time, the total volume 
of intake was about 4,000 ml, and output about 
1,600 ml.  Electrocardiogram demonstrated sinus 
tachycardia (120 beats/min) with low QRS volt-
age.  Echocardiogram showed focal hypokinetic 
asynergy from the septum to posterior wall, mild 
pericardial effusion, and a normal LVEF (75%).  
He was treated with furosemide intravenously, 
and his condition improved.  After administration 
of G-CSF (300 μ g/day for 5 days), 23 × 106 
CD34+ cells/kg were harvested over two consecu-
tive days, and 8.1 × 106 CD34+ cells/kg with a 
purity of 96% were positively selected using 
CliniMacs (Miltenyi Biotec GmbH, Bergisch, 
Gladbach, Germany).

We considered that the patient developed 
congestive heart failure (CHF) due to cardiac in-
volvement of SSc.  We were also concerned about 
the risk of high-dose cyclophosphamide-induced 
cardiotoxicity.  As the conditioning regimen for 
this patient, we administered thiotepa (two doses 
of 5 mg/kg on day -5) and low-dose cyclophos-
phamide (50 mg/kg/day on days -3 and -2) (Aversa 
et al. 1999).  During conditioning, the patient did 
not develop CHF recurrence.  Purified CD34+ 
selected PBSCs were infused on day 0 (March 11, 
2004).  On day 13, the erythrocyte count was 418 
× 104/μ l, hemoglobin 10.9 g/dl, hematocrit 33.4%, 
leukocyte count 7,600/μ l (neutrophils 46%, 
monocytes 13%, lymphocytes 4%, myelocytes 
14%, and metamyelocytes 23%), and platelet 
count 42 × 103/μ l.  On day 22, he was suspected 
of virus-associated hemophagocytic syndrome, 
although pathogenic virus was not detected.  He 
was treated with PSL (30 mg/day) and intrave-
nous IgG (5 g/day) and his condition improved 
thereafter.  Two months after PBSCT, rapid 
improvement in scleroderma was observed; the 
mRSS decreased from 32 to 16.  In December 
2005, the mRSS further decreased 15.  A serologi-

Fig. 2.  Clinical course of the patient (II).  During conditioning, the patient did not develop congestive 
heart failure, and he was successfully treated with autologous PBSCT.  G-CSF, granulocyte-colony 
stimulating factor; Hb, hemoglobin; HS, hemophagocytic syndrome; mRSS, modified Rodnan Skin 
Score; PBSCT, peripheral blood stem cell transplantation; Plt, platelet count; PSL, prednisolone 
WBC; white blood cell count.



A. Komatsuda et al.64 Auto-PBSCT for Systemic Sclerosis 65

cal study showed decreased serum titers of anti-
Scl-70 antibodies (40 IU/ml), anti-ds DNA anti-
bodies (less than 2 IU/ml), and anti-RNP 
antibodies (16 IU/ml), and normal serum levels of 
CH50 (43 U/ml), C3 (115 mg/dl), and C4 (22.6 
mg/dl).  A pulmonary function test also showed 
improvement in % vital capacity (82.3%).  BNP 
normalized to 6.4 pg/ml.

DISCUSSION

Primary cardiovascular manifestations of 
SSc include pericardial disease, myocardial dis-
ease, conduction abnormalities, and cardiac 
arrhythmias (Janosik et al. 1989).  In our patient, 
pre-transplant chest radiograph did not show any 
abnormal findings, but electrocardiogram demon-
strated sinus tachycardia and low QRS voltage, 
and the BNP level was high.  These findings indi-
cated that the patient might have developed cardi-
ac damage due to SSc.

Since adverse prognostic factors have been 
reported to include male gender (Ferri et al. 
2002), diffuse cutaneous SSc, visceral involve-
ment such as heart (Ferri et al. 2002; Ioannidis et 
al. 2002; Scussel-Lonzetti et al. 2002), and the 
presence of anti-Scl-70 antibodies (Ioannidis et al. 
2002), we considered that our patient would have 
a very poor prognosis, and was eligible for auto-
PBSCT.

We used cyclophosphamide (two daily suc-
cessive injections of 3,000 mg [60 mg/kg/day]) as 
employed in the priming regimen in the European 
Group for Blood and Marrow Transplantation/
European League Against Rheumatism (EBMT/
EULAR) registry (Farge et al. 2004).  Although 
the regimen has been successfully used in many 
patients with more severe myocardial dysfunction 
than that in our patient, he developed CHF.  Since 
urine volume at mobilization was less than the 
total volume of intake resulting in 3 kg weight 
gain, and CHF improved promptly after intrave-
nous injection of diuretics, CHF might have been 
caused by the overhydration.

In autologous or allogeneic PBSCT, high-
dose cyclophosphamide is widely used for both 
mobilization and conditioning regimens (Fujimaki 
et al. 2001; Nishio et al. 2001; Itoh et al. 2004; 

Sacchardi et al. 2004; Tang et al. 2004).  However, 
high-dose cyclophosphamide can cause an acute 
form of cardiotoxicity within 10 days of adminis-
tration, and that a total dose of more than 170-180 
mg/kg per course (over 4-7 days) is the risk factor 
(Gharib and Burnett 2002).  Therefore, we are 
concerned about that patients with cardiac impair-
ment are eligible for PBSCT.  An LVEF less than 
50% has generally been considered a contraindi-
cation for stem cell transplantation (SCT) (Itoh et 
al. 2004; Tang et al. 2004).  However, there are no 
reports demonstrating the absolute level of cardiac 
dysfunction that rules out SCT (Itoh et al. 2004).  
Tang et al. (2004) described that patients with 
malignant lymphoma complicated by an LVEF 
less than 50% could safety receive auto-PBSCT, 
although all patients received a conditioning regi-
men (cyclophosphamide 120 mg/kg, busulfan 14 
mg/kg, etoposide 60 mg/kg).  However, Fujimaki 
et al. (2001) retrospectively analyzed the develop-
ment of cardiac complications in patients who 
underwent allogeneic bone marrow transplanta-
tion (BMT) or PBSCT with the same regimen of 
cyclophosphamide (2,250 mg/m2/day for consecu-
tive days), thiotepa (200 mg/m2/day for consecu-
tive days), and total body irradiation, and found a 
significant correlation between LVEF before 
hematopoietic stem cell transplantation (HCT) 
and the development of cardiac complication.  
They recommended that patients with an LVEF 
less than 55% should received reduced-doses of 
the conditioning regimen to avoid cardiac toxicity.

Furthermore, high-dose cyclophosphamide 
(200 mg/kg divided into 50 mg/kg per day on 
days from -5 to -2 before the transplant) is usually 
used as the conditioning regimen for autoimmune 
diseases (Tyndall and Gatwohl 1997; Burt et al. 
2003).  Saccardi et al. (2004) reported that a direct 
causal association with cyclophosphamide was 
suspected in two of five cardiac deaths among 77 
SSc patients who received auto-PBSCT in the 
EBMT database.  Careful pre-transplant cardiac 
assessment is recommended in all SSc patients 
being considered for auto-PBSCT (Saccardi et al. 
2004).

We considered that it was difficult to use 
conventional high-dose cyclophosphamide as the 
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conditioning regimen in our patient because of 
cardiac dysfunction.  We used an alkylating agent 
thiotepa, since, at a standard dose level (10-30 
mg/m2), the dose-limiting toxicity is myelosup-
pression, and other toxicities are infrequent (Wolff 
et al. 1990).  We reduced the dose of cyclophos-
phamide (50 mg/kg/day on days -3 and -2) in 
combination with thiotepa (10 mg/kg on day -5) 
as described by Aversa et al. (1999).  The post-
transplant course was uneventful.  The 1-year 
follow-up showed a good response with improve-
ment of skin manifestations and immunological 
abnormalities.  Recently, Giorgetti et al. (2004) 
also described successful autologous PBSCT 
using a conditioning regimen containing thiotepa 
in a patient with SSc and cardiac involvement.  
Therefore, thiotepa is suitable for a conditioning 
regimen of auto-PBSCT in patients with cardiac 
dysfunction including SSc in order to reduce cy-
clophosphamide-induced cardiotoxicity.
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