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The concept of using haemopoietic stem cell transplanta
tion (HSCT) asapotential treatment for severe autoimmune
disease is not new. Its potential has been demonstrated by
over two decades of laboratory studies in which various
formsof animal autoimmune diseases have been cured, re-
versed, or prevented by allogeneic, syngeneic, and autolo-
gous bone marrow transplantation®. Evidence in humans
has been provided by those patients with autoimmune dis-
ease who have received HSCT for malignancy or aplastic
anaemia®¥. Such cases suggest that allogeneic HSCT is
potentialy curative of autoimmune disease and that the
favourable outcome may be related to a ‘ graft-versus-au-
toimmune’ effect, as supported by a possible correlation
between cure, relapse, and graft-versus-host disease
(GVHD)®®, However, the substantial morbidity and mor-
tality associated with allogeneic HSCT in its present form
precludesits application to most patients with autoimmune
disease®.

Although data from ‘ coincidental’ cases suggest that
autologous HSCT offers a lesser chance of cure, substan-
tial remissions are possible®?, and the risks are arguably
acceptablefor an experimental therapy for severelifethreat-
ening or chronically disabling autoimmune disease resis-
tant to conventional therapies. Recent improvementsin the
safety of autologous HSCT, including the use of peripheral
blood stem cells(PBSC), haveresulted in reductionsin treat-
ment related mortality, morbidity and costs and enabled us
to investigate its specific use to treat severe autoimmune
and inflammatory diseases®.

TheFirst International Meeting in Stem Cell Therapy
in Autoimmune Disease was held in Basel, Switzerland in
1996. Subseguently, consensus guidelines were published
and the International Autoimmune Disease Stem Cell Project
Database was established®®. To date over 200 cases of
rheumatic, neurol ogical, and haematological autoimmune
diseases have been registered, aimost entirely of patients
who have undergone autologous HSCT. The immediate
objective of the database is to establish the best candidate
diseasesfor thisintensive approach, both in terms of toler-
ability and efficacy. By 2001, the EBMT/EULAR Autoim-
mune Disease Working Party (Chair, Professor Alan Tyndall,
Basel) aimsto havein progress anumber of controlled tri-
alsinvarious autoimmune diseases.

A significant number of clinical reports have now ap-
peared in theliteraturein which avariety of regimens have
been used to treat adiverse selection of severe autoimmune
and inflammeatory diseases, including multiple sclerosis™12,
systemic lupus erythematosus?®), scleroderma®®??, relaps-
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ing polychondritis*?, and haematological diseases such as
immune thrombocytopenia® and Evans' syndrome®. Itis
not possible to describe the outcome of each casein detail
here, and thereader isreferred to the original articlesand a
recent review®, The remainder of thisarticlewill focuson
rheumatoid arthritis.

High dose therapy and autologous HSCT

in rheumatoid arthritis

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
ease of unknown aetiology which affects 1% of the popula-
tion, predominantly females, with an onset between thethird
and fourth decades of life. Its mgjor distinctive featureisa
chronic symmetrical and erosive synovitis of the peripheral
joints. RA causes significant morbidity®@®. Of those who
have the disease for more than 12 months, a majority will
continue to have exacerbations for the rest of their lives,
and about half of affected individualsare unableto work 10
years after contracting the disease. RA shortens life; sur-
vival over 25 yearsof acohort of 100 RA patientswas 45%
compared with 63% in age-matched non-RA control s,
Some have likened the mortality of the most severe and
aggressive form of RA (‘malignant’ RA) to triple vessel
coronary artery disease or stage |V Hodgkin's disease. At
St. Vincent’ sHospital, Sydney we considered severeresis-
tant RA to be good candidate disease for high-dose therapy
and autologous HSCT; there are many patients with resis-
tant disease, efficacy iseasily and non-invasively assessed,
and it is possible to select patients with good vital organ
function who would be expected to tolerate high-dose
therapy well. The background rationalein RA isbased on
studies of HSCT in animal arthritis® a ong with the obser-
vation of significant remissions of ‘coincidental’ RA who
have undergone HSCT for malignancy or aplastic
anaem| d3.5,29,30)_

The first phase of our strategy was to investigate the
safety and efficacy of stem cell mobilisationin severe RA.
We considered formal investigation of stem cell mobilisation
to be necessary in view of potential RA flare with colony-
stimulating factors and the possibility that mobilisation might
be affected by RA and/or its treatment®. In adouble blind
placebo-controlled dose escalation study, flare occurred in
3/10 patients treated with G-CSF compared with 0/6 re-
ceiving placebo. Greater than 2 x10%kg CD34+ cellswere
collected in al patients and achieved with a single apher-
esisin patientsreceiving G-CSF 10 ng/kg/day©V. Compari-
son of PBSC harvests from RA patients with those from
healthy donors showed | ess efficient mobilisation of CD34+
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cellsbut normal in vitro progenitor cell functionand arela-
tive increase in monocytes, a cell important in the patho-
genesis of RA®?, One other report has suggested that
mobilisation flare might be prevented with pretreatment with
steroids®. At thistime, it seemsreasonable to recommend
that the risks of mobilisation-induced flare and the prosand
cons of pretreatment with intramuscular or intra-articular
steroids should be discussed with theindividual patient. With
increasing numbers of RA patients undergoing HSCT, we
have noted the occurrence of mobilisation failurein ami-
nority (unpublished data). The use of greater doses of G-
CSF or the addition of cyclophosphamide priming may be
advantageousin such cases®,

As the toxicity of high-dose cyclophosphamide had
never been formally established in RA, the next stage in
our strategy wasaphase /Il dose escalation study of cyclo-
phosphamidefirst at 100mg/kg then 200mg/kg followed by
unmanipulated autologous PBSCT®. The procedure was
well tolerated in all patients with dose-dependent toxicity.
The clinical responses in the cohort receiving cyclophos-
phamide at 100mg/kg (n=4) lasted only 2-3 months, but the
responsesfollowing cyclophosphamide at 200mg/kg (n=4)
weremoreimpressivewith significant clinical improvement
sustained beyond 17-19 months in al patients. The two
patients with the shortest duration of disease achieved the
most profound responses. Temporary increases in disease
activity were observed in some patients, but this responded
well to the reintroduction of disease modifying agents. These
results are encouraging, but the failure to abolish disease
activity completely meansthat further modification should
be pursued.

Other centres have published encouraging resultsinin-
flammatory arthritisusing various protocols. In Perth, Aus-
tralia, Joske and colleagues reported a 48-year-old wheel -
chair-bound man with severe refractory RA who received
cyclophosphamide 200 mg/kg followed by an unmanipu-
lated autograft®®, At two years post transplant heisin com-
plete remission. Burt and colleagues in Chicago have re-
ported two patientswith RA treated with cyclophosphamide
200 mg/kg, anti-thymocyte globulin (ATG) 90 mg/kg,
methyl predni solone 3g followed by aCD34+ cdll enriched
autograft®?. Thefirst patient has had a profound response
sustained beyond 1 year, but a second patient has had only
modest improvement. In Belgium, Durez and colleagues
reported a22 year old patient with refractory systemic and
erosive RA who was treated with busulphan 16mg/kg and
cyclophosphamide 120mg/kg followed by rescue with a
highly purified autograft. She remains free of joint symp-
toms at eleven months, and the remission has been main-
tained despite complete reconstitution of the T cell reper-
toire to pre-transplant levels®?. In Omaha, a 25-year-old
femalewith a7-year history of RA received cyclophospha
mide 200 mg/kg and ATG 60 mg prior to and 60 mg fol-
lowing infusion of unmanipulated autograft. At day +100
thereweremajor reductionsin disease activity®®. Wulffraat
and colleaguesin Utrecht, the Netherlands, havetreated four
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patients with refractory juvenile chronic arthritis with cy-
clophosphamide 200 mg/kg, ATG 20 mg/kg, and 4 Gy total
body irradiation (TBI) followed by rescue with bone mar-
row depleted of T cellsto alevel of less than 10%kg. At
twelve months, three are in remission and one has mild
oligoarticular disease without systemic activity®®. At the
Royal Melbourne Hospital, a 38-year-old man with severe
resistant adult onset Still’ s disease achieved longstanding
remission after cyclophosphamide, ATG and a syngeneic
PBSC transplant“,

There are several potential avenues for clinical trials
aimed at refining this approach. Firstly, additional intensi-
fication might be possible with the combined use of cyclo-
phosphamide with other forms of chemotherapy or cell spe-
cific antibodies. Secondly, the question of whether
‘autoreactive’ T-cellsor other immune effectors might have
been reinfused with the autologous harvest could be an-
sweredin clinical trials of graft manipulation and amulti-
centretria isnow in progressin Australia. Patientsreceive
cyclophosphamide 200 mg/kg and are randomized to
haemopoietic rescue with either unmanipulated rescue or
CD34+ cell selected rescue. A third approach to extending
responses is to combine high-dose therapy with ongoing
mai ntenance or disease-holding treatment. Systematic clini-
cal studiescould test variousforms of maintenance therapy
such as DMARDSs or other immunomodulators. Finally,
patient sel ection may beimportant. Although numbersare
small, our data have shown variation in responsesto treat-
ment between patientsin both cohorts. Analysis of greater
numbers may identify subgroups of patients more respon-
siveto therapy than others (e.g. short duration of RA, pres-
ence of absence of rheumatoid factor, HLA-DRB1 type).

Conclusion

From the limited dataavailable, high dose therapy and au-
tologous HSCT seemsto be producing promising resultsin
RA and other autoimmune diseases, although like malig-
nancy, there seemsto be aheterogeneity of response. Analy-
sis of greater numbers will optimise patient selection and
identify the best regimensfor each disease, both in terms of
tolerability and efficacy. The mechanism of action is not
clear but may merely represent altered immune reconstitu-
tion following autologous HSCT. A higher grade ‘hope,’
supported by some animal data and the observation of tol-
erancefollowing alogeneic HSCT, isthat of a‘ re-educated’
and tolerised immune system. Clearly, this approach isfar
more attractive if clinical improvement can be achieved
without non-specificimmune suppression. There have been
recent advancesin alogeneic HSCT“?, and, eventually, it
may be acceptableto consider itsusein severe autoimmune
diseases, athough thisis likely to be restricted to the mi-
nority of patients with compatible siblings. As most se-
vereautoimmune di seases cause severe compromisein func-
tion and quality of life but are not immediately life threat-
ening, investigators should tread carefully and safety con-
siderations should be paramount.
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