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Abstract
Background—Systemic sclerosis (SSc,
scleroderma) in either its diVuse or
limited skin forms has a high mortality
when vital organs are aVected. No treat-
ment has been shown to influence the out-
come or significantly aVect the skin score,
though many forms of immunosuppres-
sion have been tried. Recent developments
in haemopoietic stem cell transplantation
(HSCT) have allowed the application of
profound immunosuppression followed by
HSCT, or rescue, to autoimmune diseases
such as SSc.
Methods—Results for 41 patients included
in continuing multicentre open phase I/II
studies using HSCT in the treatment of
poor prognosis SSc are reported. Thirty
seven patients had a predominantly dif-
fuse skin form of the disease and four the
limited form, with some clinical overlap.
Median age was 41 years with a 5:1 female
to male ratio. The skin score was >50% of
maximum in 20/33 (61%) patients, with
some lung disease attributable to SSc in
28/37 (76%), the forced vital capacity being
<70% of the predicted value in 18/36 (50%).
Pulmonary hypertension was described in
7/37 (19%) patients and renal disease in
5/37 (14%). The Scl-70 antibody was
positive in 18/32 (56%) and the anticentro-
mere antibody in 10% of evaluable pa-
tients. Peripheral blood stem cell
mobilisation was performed with cyclo-
phosphamide or granulocyte colony
stimulating factor, alone or in combina-
tion. Thirty eight patients had ex vivo
CD34 stem cell selection, with additional
T cell depletion in seven. Seven condition-
ing regimens were used, but six of these
used haemoimmunoablative doses of
cyclophosphamide +/- anti-thymocyte
globulin +/- total body irradiation. The
median duration of follow up was 12
months (3–55).
Results—An improvement in skin score of
>25% after transplantation occurred in
20/29 (69%) evaluable patients, and dete-
rioration in 2/29 (7%). Lung function did
not change significantly after transplanta-
tion. One of five renal cases deteriorated
but with no new occurrences of renal dis-
ease after HSCT, and the pulmonary
hypertension did not progress in the
evaluable cases. Disease progression was

seen in 7/37 (19%) patients after HSCT
with a median period of 67 (range 49–255)
days. Eleven (27%) patients had died at
census and seven (17%) deaths were
considered to be related to the procedure
(direct organ toxicity in four, haemor-
rhage in two, and infection/neutropenic
fever in one). The cumulative probability
of survival at one year was 73% (95% CI 58
to 88) by Kaplan-Meier analysis.
Conclusion—Despite a higher procedure
related mortality rate from HSCT in SSc
compared with patients with breast can-
cer and non-Hodgkin’s lymphoma, the
marked impact on skin score, a surrogate
marker of mortality, the trend towards
stabilisation of lung involvement, and lack
of other treatment alternatives justify fur-
ther carefully designed studies. If future
trials incorporate inclusion and exclusion
criteria based on this preliminary experi-
ence, the predicted procedure related
mortality should be around 10%.
(Ann Rheum Dis 2001;60:577–584)

Progressive systemic sclerosis (SSc) is a
heterogeneous condition characterised by the
deposition of excess collagen in skin and inter-
nal organs. Limited cutaneous and diVuse
cutaneous forms of the disease are distinguish-
able not only by the extent of skin involvement
but also by autoantibody profile, the pattern of
organ involvement, and the additional cutane-
ous manifestations of limited disease (formerly
referred to as the CREST syndrome). Both
forms of the disease are associated with vascu-
lar abnormalities clinically manifest as Ray-
naud’s phenomenon.

Numerous lines of evidence suggest that an
inflammatory process with an autoimmune
component precedes the development of fibro-
sis. Antibodies to nuclear proteins are com-
monly present before the development of
disease manifestations other than Raynaud’s
phenomenon.1 Reactivity to the nuclear auto-
antigens, topoisomerase I and the CEN
proteins, are rarely seen other than with this
disease and are associated with particular
HLA-D genotypes.2 An inflammatory response
with lymphocytic infiltration is evident early in
the disease, and is well documented in skin3

and lung.4–7 Furthermore, the similarity of the
condition to aspects of graft versus host disease
has been frequently noted.8 9 This suggests that
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immune allo-reactivity can induce excessive
fibrosis histologically similar to that seen in
SSc. An increased frequency of microchimer-
ism by haemopoietic cells derived from oV-
spring has been reported in patients with
SSc,10 11 and this could drive allogeneic im-
mune responses analogous to graft versus host
disease. Immunological involvement in the
pathogenesis of the disease is supported by the
clear thymic and T cell abnormalities found
before the development of disease in the UC
Davis spontaneous chicken model of
scleroderma.12–14 Despite this evidence, the
relation between autoimmune responses and
the vascular pathology is unclear.15 Vascular
abnormalities may be evident many years
before the onset of disease.16 Similarly, the
extent to which autoimmune responses and
inflammation contribute to the maintenance of
fibrosis remains unresolved. The perceived
failure of immunosuppressive treatments to
reverse established fibrosis suggests that, once
initiated, the fibrotic process becomes inde-
pendent of the immune drive and continues as
an autonomous process.

Severe forms of the disease, and rapidly pro-
gressive diVuse SSc in particular, are associated
with a significant mortality secondary to
pulmonary, cardiac, renal, and gastrointestinal
disease. Recent data suggest an overall five year
mortality of 30%, with subgroup diVerences of
up to 58%, depending on the clinical features
at presentation.17 No treatment has proved
eVective in preventing disease progression or
reversing fibrosis. A blinded randomised clini-
cal trial of D-penicillamine in high and very low
dose (125 mg on alternate days) produced the
same results for skin thickness, which was con-
sidered by the authors probably to be similar to
the natural history.18 á Interferon did not dem-
onstrate a clinically significant eVect,19 and low
dose oral methotrexate showed conflicting
results.20 Other studies of immunosuppressive
regimens are continuing.

Although the limited cutaneous form of the
disease has a much better overall prognosis,
some patients in this group develop potentially
fatal pulmonary fibrosis or primary pulmonary
hypertension. This latter complication of dis-
ease has been reported in a few cases to
respond to the administration of vasodilators,
immunosuppression, and anticoagulation.21

Development of autologous stem cell
transplantation for autoimmune disease
Autologous haemopoietic stem cell transplan-
tation (HSCT) has been developed as a poten-
tial treatment for autoimmune disease in the
light of several converging lines of evidence
which have been reviewed elsewhere.22 23

Firstly, remission of their autoimmune disease
is often seen in patients who undergo alloge-
neic, and more recently, autologous bone mar-
row transplant for haemopoietic or other
malignancy. Secondly, evidence from disease
susceptible strains of animals shows that
autologous haemopoietic stem cells may cure
the autoimmune disease and induce tolerance
to the inciting agent. Lastly, the perception that
immunosuppressive treatments using dosing

regimens that remain sublethal are not eVective
in the treatment of some subjects with severe
autoimmune disease suggests that the use of
higher dose regimens requiring some form of
bone marrow rescue may be superior.

Autologous haemopoietic stem cell trans-
plantation as performed for haemopoietic or
other malignancy carries a substantially lower
transplant related mortality than allogeneic
transplantation (5% v >15% respectively).
Relative to the mortality associated with severe
forms of autoimmune disease, this risk has
been considered acceptable in view of the
potential benefits of long term remission or the
prevention of progressive tissue damage.22

Owing to the poor prognosis of SSc, a
presumed significant autoimmune component,
and the lack of available treatments, this
disease was considered suitable for initial
investigation of the tolerability and eYcacy of
autologous HSCT.

An international collaborative committee
was established in 1995 under the auspices of
the European Group for Blood and Marrow
Transplantation (EBMT) and the European
League Against Rheumatism (EULAR) and
which later included other active groups in
North America. Entry criteria and treatment
protocols were established in phase I/II studies
to assess feasibility, mortality, and preliminary
response of such an approach.24 Most groups
followed a core protocol written in accordance
with these guidelines (HG Prentice), which
allowed some flexibilty of local methodologies.
The following report from a centralised
database summarises the initial experience of
this type of treatment for systemic sclerosis.

Patients and methods
STUDY DESIGN

The basic concept of these open, multicentre,
phase I/II studies was described in a publica-
tion of the joint committee of EULAR and
EBMT.24 Guidelines on patient selection gen-
erated as part of this consensus statement were
provided to participating centres. Participants
were requested to use a restricted number of
protocols, though adherence to these protocols
was not strictly controlled. The detailed
treatment plans for individual patients followed
local institutional protocols. All patients with
SSc registered with the EBMT/EULAR Inter-
national Stem Cell Project database up to
August 1999 are included. Eighteen centres in
eight countries contributed to this project.
Although survival data are complete, in some
cases not all clinical data were registered.

ELIGIBILITY

Patients with rapidly progressive early diVuse
scleroderma (mostly <3 years’ duration) who
were assessed as having a high risk of further
progression and mortality, in the absence of
severe irreversible internal organ damage, were
considered eligible. Patients with limited scle-
roderma were considered eligible if life threat-
ening pulmonary fibrosis or pulmonary hyper-
tension was present, and some of these had a
disease duration of >3 years. Informed patient
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consent and approval by local ethical commit-
tees was a requisite for all protocols. Patients
were informed that the expected early trans-
plant related mortality was 3–5% and that the
risk of death or severe disability from their dis-
ease was significantly higher.

TRANSPLANT TECHNIQUES

Peripheral blood stem cells were mobilised with
one of three regimens using cyclophosphamide
alone, cyclophosphamide (4 g/m2) followed by
granulocyte colony stimulating factor (G-CSF),
or G-CSF alone. In total, seven diVerent condi-
tioning regimens were used: 200 mg/kg cyclo-
phosphamide; 120 mg/kg cyclophosphamide
with anti-thymocyte globulin and total body
irradiation (8 Gy); cyclophosphamide with anti-
thymocyte globulin; cyclophosphamide with
total lymphoid irradiation; cyclophosphamide
with CAMPATH-1H (anti-CD52); busulphan
and cyclophosphamide with anti-thymocyte
globulin; BCNU (carmustine), fludarabine, and
thiotepa.

OUTCOME MEASURES

Investigators were asked to provide informa-
tion about mortality and disease progression.
In addition, serial modified Rodnan skin scores
and pulmonary (vital capacity (VC), carbon
monoxide transfer factor (TLCO), and radio-
logical data), cardiac (left ventricular ejection
fraction (LVEF), electrocardiogram), and renal
function (serum creatinine) test results were

collected at three monthly intervals after trans-
plant. When specific data were absent, out-
come according to EBMT practice (complete
remission, partial remission, no response,
relapse, dead) was analysed.

STATISTICAL ANALYSIS

Statistical analysis of survival probability was
actuarial using the Kaplan-Meier estimator.
This means that patients with a short follow up
have a reduced weighting compared with long
term patients, important because new patients
are continually being added to the database.

Results
PATIENTS

Over the period January 1996 to August 1999,
41 patients intended for autologous transplants
for the treatment of SSc were reported to the
EBMT/EULAR Registry. Four patients had
stem cells mobilised but did not proceed to
transplant. Thirty five patients underwent
autologous peripheral blood stem cell trans-
plant and two autologous bone marrow trans-
plant. At the time of this report, all 41 patients
had been followed up for at least three months
after transplantation. Table 1 gives details of
patients.

Thirty seven patients had diVuse cutaneous
scleroderma. Twenty eight of these had some
degree of pulmonary disease as judged by
reduced TLCO and/or pulmonary infiltrate
radiologically, seven were reported to have pul-
monary hypertension, and five patients had
renal involvement. Eighteen of 32 had anti-
topoisomerase antibodies (Scl-70) and three
had an anticentromere ANA pattern. Four
patients had limited scleroderma with associ-
ated lung disease or pulmonary arterial hyper-
tension. The median duration of disease at
entry was 2.4 years (range 0.2–13). Tables
1(A), (B), and (C) show the baseline character-
istics, measurements of organ function, and
doctor’s assessment of organ involvement for
this group of patients.

PRIMING, CONDITIONING, AND PURGING

Table 2 shows the priming regimens (to induce
mobilisation of stem cells from the bone
marrow to the peripheral blood) used. One
patient was not primed as an autologous bone
marrow transplant was planned. Mobilisation
was successful in all but one patient who
subsequently received an autologous bone
marrow transplant. Four patients died after
mobilisation and before conditioning (see
“Deaths”). The remainder received condition-
ing regimens as shown in table 2. No graft
manipulation was performed on the bone mar-
row and three of the peripheral stem cell grafts.
The other peripheral cell harvests were all
positively selected for CD34+ cells before
grafting. Some form of additional lymphocyte
depletion was performed on a further seven
grafts (CD52 alone (four), CD3 alone (one),
CD2/3/19/20 (one), CD4/8 (one)). The purg-
ing protocol is unknown in one case. Engraft-
ment was successful in all cases.

Table 1 Baseline characteristics of the cohort of patients with systemic sclerosis (SSc). The
data are derived from the cohort of patients with SSc registered with EBMT for stem cell or
bone marrow transplant. All patients with a minimum of three months’ follow up data or
who had died were included. In patients of disease duration >3 years, haemopoietic stem cell
transplantation was performed owing to involvement of the vital organs

Table 1(A) Basic demographic data and the duration of follow up

Demographic characteristic Cohort data

Total patient number 41
Age (years), median (range) 41 (11.5–58.1)
Sex (F:M) 34:7
Disease pattern 37 diVuse:4 limited
Disease duration (months), median (range) 29 (2–158)
Duration of follow up (months), median (range) 12 (3–55)

Table 1(B) Disease severity criteria for this group of patients

Disease severity criterion No/No evaluable* %

Skin score >50% maximum† 20/33 61
Skin score % of maximum, median (range) 56.9 (21–92)
FVC‡ <70% of body mass related mean 18/36 50
TLCO‡ <70% of body mass related mean 23/35 66
Creatinine clearance

<100 ml/min 13/27 48
<70 ml/min 1/27 4

Scl-70 antibody (DNA topoisomerase I) 18/32 56
Anticentromere antibody 3/31 10

*Number of patients in whom data were available to the EBMT/EULAR registry.
†Assessed in patients with diVuse SSc only. ‡FVC = forced vital capacity; TLCO = carbon
monoxide transfer factor.

Table 1(C) Numbers in the cohort with organ involvement (as described by the contributing doctor) in
those patients for whom the data were available

Organ involvement No/No evaluable patients %

Lung 28/37 76
Pulmonary hypertension 7/37 19
Arterial hypertension 3/37 8
Raynaud’s phenomenon 37/40 93
Renal 5/37 14
Oesophageal 21/36 58
Gastrointestinal 4/37 11
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DISEASE OUTCOME

Responses
Of the 37 patients who received autologous
bone marrow or HSCT transplants, the degree
of disease response was reported by the super-
vising clinician in 27 of the surviving cases.
Overall, positive clinical responses were re-
corded in 25 patients and no response was
detected in four cases. A partial response to the
priming regimen was noted in one patient such
that transplantation was delayed. Disease
progression was reported in seven patients,
three of whom subsequently died, and six of
whom had had initial positive responses.
Another patient died of rapidly progressive
cardiac disease before transplant could be per-
formed, confirmed at necropsy. The median
period from transplant to detection of progres-
sion was 67 days (range 49–555).

Skin scores
Of the 37 cases of diVuse scleroderma treated,
serial skin score data were available in 29 cases
(four patients died before the one month
assessment and data were not registered in the
other four). A decline in skin score was consid-
ered significant if it was greater than 25% of
baseline or greater than 10% of the maximum
skin score (three diVerent modified Rodnan

scoring systems were used). These changes are
generally considered to be of clinical signifi-
cance.25 When this definition was used, 20/29
(69%) patients improved. Figure 1 shows the
change in skin score from baseline for each
case. Two patients who initially improved sub-
sequently died (one with progressive skin and
pulmonary disease and the other with pulmo-
nary hypertension). In two cases the skin score
deteriorated. The mean skin scores at 30, 90,
and 180 days were significantly less than those
before mobilisation (p<0.005, paired Student’s
t test).

Lung function
Measurements of VC and TLCO were available
in 28 patients with early lung disease at
baseline. At least three months’ serial follow up
data were available in 23 of these cases. A 15%
change in VC or TLCO was considered to be
clinically significant. When this criterion was
used, the VC improved in 16% of patients,
deteriorated in 24%, and remained stable in
68%. Some of this improvement might be due
to improved chest wall skin thickness. The
TLCO improved in 9% of patients, deteriorated
in 39%, and remained stable in 52%. Of the
nine patients who had no lung disease at base-
line and for whom at least three month’s follow
up data were available, one had a significant fall
in VC and TLCO to below 70% predicted at
three months. Despite a transient improvement
in skin score, this patient subsequently died
with progressive disease at one year.

Renal function
Five patients were reported to have sclero-
derma related renal impairment. One of the
four patients for whom serial data were
available deteriorated, with a 57% increase in
serum creatinine at one year. The remainder
were not significantly changed. Baseline creati-
nine clearance was available in 24 cases (mean
(SD) 104.5 (29.5)). No significant correlation
between baseline renal function and survival
was found. Serial post-transplant data were
available in 11 cases. The final serum creati-
nine measured showed an average increase of
10% over baseline (SD 22%).

Cardiac function
The left ventricular ejection fraction (LVEF)
was measured before transplant in 26 cases.
Mean (SD) LVEF was 61.15 (9.97)% for this
group. No significant correlation was seen
between baseline LVEF and survival. Of the
nine patients in whom LVEF measurements
were taken before and after transplant, the
largest decline in LVEF after transplant was
<10%. One patient with myositis but no clini-
cal evidence of myocarditis had a significant
drop in LVEF from 68% before to 35% three
weeks after mobilisation treatment and subse-
quently died. Of four patients transplanted
with baseline echo Doppler estimates of
pulmonary pressure which were >30 mm Hg
(but <50 mm Hg), all showed stable or
improved measurements at three, six, or 12
months.

Table 2 Treatment regimens employed

Regimen
Number of
patients

Priming (n=40)
Cyclophosphamide + G-CSF* 29
Cyclophosphamide alone 1
G-CSF alone 10

Conditioning (n=37)
Cyclophosphamide 150–200 mg/kg 19
Cyclophosphamide 120 mg/kg + ATG* +
TBI*

9

Cyclophosphamide 200 mg/kg + ATG 4
Cyclophosphamide 200 mg/kg +
CAMPATH-1*

2

Cyclophosphamide 200 mg/kg + TLI* 1
Other chemotherapy 2

*G-CSF = granulocyte colony stimulating factor; ATG = anti-
thymocyte globulin; TBI = total body irradiation; CAMPATH-1
= anti-CD52; TLI = total lymphoid irradiation.

Figure 1 Change in skin score. The serial skin score data are presented for the 37 patients
with diVuse scleroderma. The proportional change from baseline measurement was
calculated for each patient at each available time point. Two horizontal lines are marked,
which represent changes of 25%. The x axis is not drawn to scale. Data obtained before
administration of the priming regimen are shown at –30 days (although the temporal
relation to conditioning was variable). A vertical line is drawn to show the timing of
conditioning treatment. † = patient death, but is only shown for deaths beyond 90 days.
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DEATHS

At the current census 11/41 (27%) patients
with scleroderma enrolled with EBMT/
EULAR died after the start of treatment. The
median survival period of the cohort at census
was 228 days (range 0–1663). Table 3 shows
details of the deaths. Four patients died after
priming but before transplant. One of these
deaths was due to disease progression. Two
were clearly related to the priming treatment
(table 3), and one sudden death appeared to be
due to coincident ischaemic heart disease. All
four of these patients received the priming
regimen of cyclophosphamide 4 g/m2 plus
G-CSF. Of the remaining seven deaths, four
seemed to be directly related to the transplant.
The two patients who died from pulmonary
haemorrhage during the cyclophosphamide
induced thrombocytopenic period had re-
ceived apparently adequate platelet support,
and this is an uncommon, but known, compli-
cation of HSCT. The other patient who died 40
days after transplant from cerebral haemor-
rhage had severe multisystem SSc from the
beginning, including renal failure, and was not
reported as thrombocytopenic. The haemor-
rhage was probably mulifactorial, including
progressive disease and septicaemia, but was
included in the procedure related deaths to
avoid reporting bias. Of note were two deaths
due to rapidly progressive interstitial pneumo-
nitis occurring in a similar fashion—one three

months after conditioning, which included
total body irradiation. Figure 2 shows the
Kaplan-Meier analysis of survival.

OUTCOME IN CHILDREN

Transplants were carried out in three children
under the age of 18, all with scleroderma lung
disease (two diVuse, one limited). All three are
alive, and one has survived for two years with
no deterioration in lung function measure-
ments. The pulmonary outcome in the other
two have yet to be assessed, but skin scores in
the two patients with diVuse disease have
significantly improved.26

Discussion
The data presented here were obtained from
the EULAR/EBMT Working Party on Autoim-
mune Diseases database and derived from
phase I/II pilot studies. The primary objectives
were to assess toxicity and eYcacy in a setting
in which reporting biases of this new but
hazardous treatment are minimised. In addi-
tion, an understanding of the eVects of
immunoablation on the progression of this
profibrotic disease may advance hypotheses of
disease pathogenesis, and, in particular, may
illuminate the role of the immune system
and/or other cells of haemopoietic origin in
established disease.

The cohort of patients studied was gathered
from many groups in several countries. Patient
selection and therapeutic regimens were there-
fore varied, but all the treatment regimens were
more severe than previously published. Al-
though the cohort overall represented a group
with severe disease and a poor prognosis, as
judged by the skin scores, the proportion with
lung disease, and carriage of the Scl-70
antibody, there was undoubtedly considerable
heterogeneity in patient selection, resulting in a
large variation in mortality rates between
established transplant centres. Therapeutic
regimens were identical in 73% of cases for
priming (cyclophosphamide 4 g/m2 plus
G-CSF) and 51% (cyclophosphamide 150–

Table 3 Deaths after the start of the procedure. The details relevant to the deaths of all patients registered with EBMT for haemopoietic stem cell
transplantation in systemic sclerosis. The deaths are categorised by the relation to the procedure. In patients who died after the mobilisation regimen, but
before conditioning, the survival time is listed as 0 days. Otherwise, the transplant date is taken as day 0

Sex Age Graft Priming Conditioning Purge
Disease
pattern

Organ
involvement

Survival
(days) Cause of death

Procedure related deaths
M 33.6 NT* Cy* +

G-CSF*
None None DiVuse L*, O* 0 Sudden cardiac death, coronary

atherosclerosis at necropsy
F 50.1 NT Cy + G-CSF None None Limited L, PAH* 0 Neutropenic fever, pneumonia, cardiac

failure
F 38.0 NT Cy + G-CSF None None DiVuse L, O 0 Thrombocytopenia, pulmonary

haemorrhage, myocarditis?
F 18.9 ASCT* G-CSF Cy + ATG* None DiVuse L 11 DiVuse alveolar haemorrhage
F 41.0 ASCT G-CSF Cy + ATG + TBI* CD34 DiVuse L, O 28 Interstitial pneumonitis
M 47.2 ASCT Cy + G-CSF Cy NA* DiVuse L, GI*, R* 40 Central nervous system bleed
F 57.3 ASCT G-CSF Cy + ATG + TBI CD34 DiVuse L, GI 79 Interstitial pneumonitis

Disease related deaths
M 45.1 NT Cy + G-CSF None None DiVuse L, O, PAH 0 Disease progression
F 54.1 ASCT Cy + G-CSF BCNU*, thiotepa,

fludarabine
CD34 DiVuse L, O, PAH 217 Pulmonary hypertension

F 38.1 ASCT Cy + G-CSF Cy CD34 +
CAMPATH

DiVuse L, O 242 Disease progression

F 42.0 ASCT Cy + G-CSF Cy CD34 +
CAMPATH

DiVuse A* 527 Superior vena cava obstruction
Disease progression

*NT = not transplanted; ASCT = autologous stem cell transplant; Cy = cyclophosphamide; G-CSF = granulocyte colony stimulating factor; ATG = anti-thymocyte
globulin; TBI = total body irradiation; BCNU = 1,3-bis(2-chloroethyl)-1-nitrosourea (carmustine); NA = data not available. Organ involvement: L = lung; O =
oesophageal; PAH = pulmonary hypertension; GI = gastrointestinal; R = renal; A = arthropathy.

Figure 2 Cumulative probability of survival. A Kaplan-Meier plot of cumulative survival
is shown. Survival data at census were analysed using SPSS software.
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200 mg/kg) for conditioning regimens. It is
assumed that profound immunosuppression
was achieved in all those conditioned.

The eVect of autologous stem cell transplan-
tation on skin scores is striking. To our knowl-
edge no other studies of therapeutic interven-
tions in diVuse scleroderma have shown such
an eVect on the stabilisation of skin scores in
patients with SSc with established disease. One
randomised, double blind study comparing
high and very low dose D-penicillamine in 134
patients with early (<18 months) scleroderma
showed, in a modified intention to treat analy-
sis, that numbers of responders (>25% im-
proved skin score) were 44% and 38% in the
high and low dose groups, respectively. In those
completing the 24 months of drug treatment,
these figures were 70% and 53%, respectively.18

The authors concluded that skin thickness in
patients with early SSc may improve spontane-
ously as the disease moves from an
oedematous/inflammatory phase through col-
lagen overproduction and eventually atrophy.
The patients in our report were at a later stage
of their disease (median disease duration 2.4
years), with a progressive course, and it is
unlikely that the mostly sustained improved
skin score represented a purely anti-
inflammatory eVect or a natural resolution.

It should be borne in mind that skin scoring
is susceptible to observer bias and in an
unblinded study of such a major intervention,
this may be significant. However, despite this
limitation, similar patterns were recorded
across many experienced centres.

No data on pretreatment rates of change of
skin score were available, but after the priming
treatment 13% of patients showed some
evidence of skin progression. The maximum
skin score increase in the three months after
transplantation was 6.9%. Over this period
91% of patients were unchanged or improved.
At six months 94% of cases recorded no dete-
rioration. Two patients escaped control be-
tween three and six months after transplant
and continued to progress. Within the limited
data available, there is no indication as to why
these and other patients relapsed, including
immune reconstitution (“memory” CD45RO
and helper CD4 cell numbers), pretransplant,
state or type of regimen. The planned prospec-
tive, randomised trial comparing monthly
cyclophosphamide with HSCT will attempt to
deal with this issue. For those patients with one
year follow up data, 90% had not deteriorated.
However, at two years after transplant, two of
four patients had developed progressive skin
disease, one of whom died of progressive
disease. Thus the durability of the suppression
of skin activity remains an open question
because the duration of follow up of this cohort
is too short for a meaningful assessment of the
frequency of reactivation of skin disease. Also,
it is not clear from this study if the benefit is
due to some specific feature of HSCT or
cyclophosphamide alone.

As mentioned above, data on lymphocyte
numbers and phenotype after transplant (not
shown) do not support the concept that relapse
of disease occurs when the immune system

returns to “normal”. However, some patients
followed up for >4 years and remaining in
remission have sustained low CD4 T cell num-
bers. One of these patients had two episodes of
pneumonia (no organism identified) and re-
quired prophylaxis with co-trimoxazole to sta-
bilise. More immune reconstitution data are
required. Although lymphocyte recovery may
be critical, neutrophil and macrophage/
monocyte depletion may also contribute to the
eVect on the skin score. The recovery of these
groups, however, is more rapid. Another
feature of immunoablative chemotherapy is the
reported decline in circulating levels of basic
fibroblast growth factor,27 which may contrib-
ute to the improvement in skin fibrosis seen.

The pulmonary fibrosis in SSc is responsible
for about half of the mortality of the condition.
Immunoablative chemotherapy might be pre-
dicted to have an eVect on this condition as
there is good evidence of immunological
involvement in its pathogenesis28 29 and it is
thought to respond to immunosuppressive
regimens. Although there was overall no statis-
tically significant improvement in pulmonary
function in this cohort, stabilisation, improve-
ment, and deterioration were all seen, with a
trend towards stabilisation in a group at risk for
progression. It is as yet impossible to tell
whether this is related to the regimen, a patient
selection eVect, or some combination of these.
Only careful systematic attention to SSc
regimens (especially prospective, randomised
large number trials) can lead to rational
decisions on the eVect of HSCT on pulmonary
function. Similarly, the numbers of patients
with pulmonary hypertension remain too small
to interpret follow up data.

The transplant related mortality was higher
than expected for the procedure. Estimates
based on the use of autologous HSCT for hae-
matological malignancy of 3–5% clearly do not
take account of the multiple organ, vascular,
and immunological abnormalities found in
SSc. Experience with the procedure in other
autoimmune diseases30 may suggest a slightly
higher transplant related mortality than ex-
pected but not to the level of that found in SSc
The transplant related mortality must be
viewed in the light of a disease with significant
five year mortality of the order of 50% or
greater in certain high risk patient subsets,17

approximately equal to that of chronic myeloid
leukaemia in the chronic phase. The patients
selected for this study of an extreme experi-
mental therapeutic regimen had severe disease.
The deaths clearly related to disease accounted
for 36% of the deaths in this study at this cen-
sus. Although the total mortality of this cohort
is currently 27%, and the follow up period
remains short, the procedure related mortality
at 17% is unlikely to rise further. Indeed, when
the proposed exclusion criteria derived from
this experience are used (see below), three of
the patients who had procedure related deaths
and one of the patients with progressive disease
would have not have received a transplant. This
would have resulted in a procedure related
mortality of 10.5% and overall mortality of
19%. Also, since submitting this manuscript, a
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further 24 patients with SSc who have received
a transplant have been registered (with only
one fatality), resulting in a total procedure
related mortality of 12% (data from the
EBMT/EULAR database). This probably re-
flects a learning process about patient selec-
tion. When the whole 65 patient cohort is con-
sidered, the recalculated procedure related
mortality with patient exclusion according to
the current guidelines is 5/65 (8%).

Three critical questions arise: (a) If this
cohort had received conventional treatment,
what would the mortality rate have been?
(Does HSCT improve survival?); (b) Will
future follow up show a reduced mortality rate
from disease progression? (Can an increased
risk of early mortality be justified by improve-
ments in the long term?); (c) Can the
procedure itself be made any safer?

Answers to the first two questions can only
be obtained from a randomised controlled
trial. The safety of the procedure might be
improved by careful case selection and possible
modification of the regimen. A consensus
meeting of the investigators highlighted the
exclusion of patients with pulmonary artery
pressure measurements >50 mm Hg, signifi-
cant myocardial disease (ventricular ejection
fraction of <50% predicted and/or uncon-
trolled arrhythmias), established lung disease
with TLCO <45% of predicted, and gastrointes-
tinal involvement requiring total parenteral
nutrition. Ideal candidates would be those with
diVuse skin disease of <4 years’ duration and
involvement of at least one organ system (pul-
monary, cardiac, renal). Progression despite
conventional treatment and the development
of new organ disease would add to the indica-
tion. The therapeutic regimen should be modi-
fied to take account of the four deaths after
mobilisation, all of which occurred in the group
receiving 4 g/m2 cyclophosphamide. Reduction
of this dose may reduce the risk, though those
patients unable to tolerate this treatment are
unlikely to tolerate the conditioning regimen.
Some of the risk may be due to the cardio-
toxicity of the drug and careful screening for
evidence of SSc related myocarditis or cardio-
myopathy. The avoidance of cyclophospha-
mide in the conditioning regimen in those
patients with cardiac disease might be advis-
able. The second recommended change would
be the avoidance of total body irradiation with-
out the use of lung shielding. The two cases of
rapidly progressive interstitial pneumonitis
after transplant might have been related to
radiation exposure or some combination of
cyclophosphamide related toxicity and total
body irradiation in patients with fibrotic lung
disease.

These phase I/II studies have demonstrated
an impact on skin progression, a trend towards
stabilisation of lung disease, but with signifi-
cant toxicity of treatment. Given this, and the
considerable problems of comparison with
other cohorts of patients, it is clear that only a
randomised controlled study of autologous
HSCT in SSc will ultimately provide informa-
tion critical to decisions about the costs and
benefits of this approach to treatment.
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