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Hematopoietic Stem Cell Transplantation for
Severe and Refractory Lupus

Analysis After Five Years and Fifteen Patients

Ann E. Traynor, Walter G. Barr, Robert M. Rosa, Julianne Rodriguez, Yu Oyama,
Steven Baker, Mary Brush, and Richard K. Burt

Objective. To determine the safety and long-term
efficacy of immune ablation and autologous hematopoi-
etic stem cell transplantation (HSCT) in severe systemic
lupus erythematosus (SLE).

Methods. Fifteen patients with persistently active
SLE after intravenous (IV) cyclophosphamide (CYC)
therapy underwent HSCT. Stem cells were mobilized
with CYC (2.0 gm/m2) and granulocyte colony-
stimulating factor (5 �g/kg/day). Lymphocytes were
depleted from the graft by selection of CD34-positive
cells. The conditioning regimen used was CYC (200
mg/kg), antithymocyte globulin (90 mg/kg), and methyl-
prednisolone (3 mg/kg). Outcome was evaluated by the
SLE Disease Activity Index (SLEDAI), serum comple-
ment levels, serologic features, function of diseased
organs, and immunosuppressive medication require-
ments.

Results. Fifteen patients with persistent, severe
SLE, 7 of whom were critically ill, were treated. No
deaths occurred following treatment. The median fol-
lowup after HSCT has been 36 months (range 12–66
months). All patients demonstrated a gradual, but
marked, improvement. The SLEDAI score has declined
to <5 in 12 patients. Complement and anti–double-
stranded DNA levels have normalized and marked
improvements in end organ function have occurred in

all subjects. Of the 12 patients followed up for >1 year
after HSCT, 10 have discontinued immunosuppressive
medications, and the prednisone dosage has been ta-
pered to 15 mg/day in 1. Only 2 patients have demon-
strated clinical evidence of recurrence of active lupus.
One of these patients currently requires no immunosup-
pressive medication and has a normal performance
status. The other patient is currently receiving IV CYC.

Conclusion. In patients experiencing the persis-
tence of organ-threatening lupus following standard,
aggressive therapy, HSCT may be performed safely,
with marked improvement and sustained withdrawal of
all immunosuppressive medication for most patients. A
phase III randomized trial is warranted to determine
the relative efficacy and durability of remission of
HSCT compared with standard therapies.

Hematopoietic stem cell transplantation (HSCT)
is most commonly applied to chemotherapy-sensitive
“malignant” hematologic diseases, such as lymphoma or
multiple myeloma. These malignancies are character-
ized by invasive or injurious clonal or oligoclonal lym-
phocyte proliferation. Diseases for which autologous
stem cell transplants are used successfully are believed
to be environmentally induced in a setting of genetic
susceptibility. HSCT allows for normal, healthy hemato-
poietic stem cells to repopulate the bone marrow and
peripheral blood after chemotherapy-induced elimina-
tion of the malignant clones. It may be anticipated that
disease-mediating lymphocytes in patients with systemic
lupus erythematosus (SLE) should be at least as prone
to therapeutic eradication as malignant lymphocytes. If
human SLE is also triggered by the hormonal and
environmental milieu in a genetically susceptible host,
then high-dose chemotherapy and HSCT should also
induce sustained lupus-free remissions.
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Approximately 6 years ago, the first HSCT for
SLE was performed by Marmont et al (1) in Genoa,
Italy. That same year, our group of investigators began
performing HSCT for SLE in the US (2–5). We report
herein the 5-year outcome in our patients.

PATIENTS AND METHODS

Patient selection. All patients met at least 4 of the 11
American College of Rheumatology criteria for SLE (6) and
had failed to achieve sustained remission of SLE after treat-
ment with monthly intravenous (IV) pulse cyclophosphamide
(CYC; 500–1,000 mg/m2) and corticosteroids, thus necessitat-
ing a continued daily dosage of �20 mg of prednisone or its
equivalent.

Patient eligibility criteria included an established diag-
nosis of SLE and 1 of the following 5 features: World Health
Organization class III or class IV glomerulonephritis (7),
uncontrolled with treatment according to the National Insti-
tutes of Health short-course CYC protocol (8); parenchymal
disease of the heart or lung with biopsy-proven vasculitis,
uncontrolled with IV CYC; cerebritis or transverse myelitis,
uncontrolled with IV CYC; profound, refractory autoimmune
cytopenias; or catastrophic antiphospholipid syndrome (9–12).

For nephritis, failure of CYC treatment was defined as
persistent diffuse or focal glomerulonephritis after at least 6
months of CYC treatment. However, patients were not ac-
cepted for HSCT if glomerulonephritis constituted their only
persistent major organ dysfunction. For other visceral organ
involvement (such as cerebritis, pneumonitis, carditis, or mu-
cocutaneous vasculitis), failure was defined as the persistence
of active disease despite at least 3 months of IV CYC
treatment.

Prior to registration or initiation of therapy, all patients
read and signed an informed consent form that had been
approved by the Institutional Review Board and the Food and
Drug Administration. The eligibility of each patient screened
was determined by consensus of the participating rheumatol-
ogist, nephrologist, pulmonologist, and hematologist who col-
laborated on this protocol. Each case was discussed individu-
ally among the subspecialists, without blinding.

Procurement of HSCs. Peripheral blood stem cells
were mobilized with CYC (2.0 gm/m2) and beginning 72 hours
later subcutaneous administration of granulocyte colony-
stimulating factor (G-CSF; 5 �g/kg/day) (Amgen, Thousand
Oaks, CA). Leukapheresis was initiated when the white blood
cell count rebounded to more than 1,000/�l (1.0 � 109/liter)
and continued daily until the number of stem cells exceeded
1.4 � 106 CD34-positive cells per kg after positive selection
using either the Ceprate (CellPro, Bothell, WA) or Isolex
(Nexell, Irvine, CA) stem cell concentrator.

Conditioning regimen. CYC (total dose 200 mg/kg)
was administered IV in divided doses of 50 mg/kg/day for 1–2
hours on days �5, �4, �3, and �2. Antithymocyte globulin
(ATG; total dose 90 mg/kg) was infused for 10–12 hours in
divided doses of 30 mg/kg/day on days �4, �3, and �2.
Methylprednisolone (1 mg/kg) was given 30 minutes before
each dose of ATG.

Supportive care. Patients were treated in a hospital
unit in which the air was HEPA-filtered. A low microbial diet,

oral ciprofloxacin (500 mg twice a day), fluconazole (400
mg/day), and valacyclovir (500 mg 3 times a day) were started
at the time of admission and were discontinued when the
patient’s neutrophil count reached 500/�l. During periods of
neutropenia, fluconazole was changed to amphotericin B
liposome (5 mg/kg/day) (AmBisome; Fujisawa, Deerfield Park,
IL) and piperacillin tazobactam (3.75 gm every 4 hours) was
added to the ciprofloxacin. G-CSF (5 �g/kg/day) was started
on the day of stem cell infusion and continued until the
absolute neutrophil count was above 1,000/�l. For 6 months
after discharge, patients received daily fluconazole (400 mg
orally once a day) and monthly aerosolized pentamidine (300
mg). They continued to take valacyclovir twice a day for 1 year.

Assessment of disease status. Each patient was asked
to return to the center 2 and 6 months following HSCT, and
then yearly thereafter. Evaluations performed at those times
included a physical examination, review of systems, measures
of creatinine clearance, urinary protein excretion, antinuclear
antibodies (ANA), anti–double-stranded DNA (anti-dsDNA)
antibodies, and serum complement, complete blood cell
counts, pulmonary function testing with diffusion capacity for
carbon monoxide, magnetic resonance imaging of the brain or
spinal cord (if results were previously abnormal), and an
echocardiogram (if results were previously abnormal).

Neurocognitive testing was performed prior to HSCT
and at yearly followup beginning with patient 10, after we
began to appreciate neurologic improvements in transplant
recipients. Current medications were recorded at these time
points as well. A SLEDAI score (13) was assigned at each
baseline and followup time point for each registered patient.

RESULTS

Patient profiles. The presenting symptoms and
disease characteristics of the first 15 HSCT recipients
are presented in Table 1. Included are all drug regimens
they had received prior to HSCT and immunosuppres-
sive medications being taken at the time of the most
recent followup.

Patients accepted for evaluation or registered,
but did not undergo HSCT. In addition to the 15 treated
patients, 2 other SLE patients were registered on this
protocol (intention to treat total 17) and underwent
stem cell harvest, but died before receiving “immune-
ablative” CYC or ATG therapy or stem cell infusion
(Table 2). One died of Mucor mycosis 2 weeks following
completion of stem cell harvest, and the other died of
lupus cerebritis 4 months following completion of stem
cell harvest, during an extended visit home.

Three additional patients with refractory SLE
were accepted for transplant evaluation but, on screen-
ing at arrival, were found to be ineligible and were not
registered or treated (Table 2). One patient was declined
enrollment because of an extensive subdural hematoma
(in the setting of antiphospholipid syndrome) that was
diagnosed on screening magnetic resonance imaging
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after arrival at our center. She died of sepsis 8 months
later. The second patient presented to us with severe
cardiomyopathy and was intubated in the coronary care
unit the day following admission. He died within 4 days
of admission. The third patient had heavily treated
cutaneous disease, but was CYC naive. She was advised
to undergo standard IV CYC treatment before proceed-
ing with high-dose therapy. She died of sepsis less than 1
year later.

All other patients, who were considered eligible
after their outside medical records were reviewed, were
interviewed at our center and underwent HSCT here.

Patients who underwent HSCT. All 15 of the
transplant recipients are currently alive at 2–66 months
following HSCT (Table 1). The average number of days
from stem cell infusion to achievement of an absolute
granulocyte count �500/�l was day 8 (range 7–10 days).
The average number of days to achievement of platelet
transfusion independence was day 10 (range 9–12 days).
The average duration of neutropenia was 5 days.

Toxicities. The toxicities noted among the 15
patients who underwent HSCT are outlined in Table 3.
Patients with both active glomerulonephritis and concur-
rent pulmonary or brain manifestations at the time of
admission had more complications during high-dose
therapy and a longer hospitalization period than those
who had cerebritis or pulmonary disease without con-
current active glomerulonephritis. Of the 8 patients with
active (n � 6) or remitting (n � 2) glomerulonephritis at

the time of presentation to our center, 4 were trans-
ferred to the medical intensive care unit and 2 received
transient mechanical ventilation. In contrast, only 1 of
the 7 patients without glomerulonephritis was trans-
ferred to the medical intensive care unit, and none
received mechanical ventilation. Patient 15 developed
hypotension following initiation of ATG, and the ATG
was discontinued.

Outcome. SLEDAI scores. The SLEDAI scores
tended to gradually normalize over the first year follow-
ing HSCT (Figure 1). Eight patients have now been

Table 2. Characteristics of the 5 patients with refractory SLE who were accepted for evaluation or were registered, but did not undergo HSCT*

Patient Age/sex
Performance

status†

Major organ
system

involvement

Registered for
NU95LU1
protocol

Stem cell harvest
(reason declined)

High-dose therapy
and HSCT
performed

Cause of death
(interval from NU

evaluation to death)

SLE non-TP1 37/F PS 4 Cerebritis Yes Yes No Cerebritis (5 months)
SLE non-TP2 28/F PS 3 Catastrophic

APS; GN
No No (consensus about risk

of recurrent subdural
hematomas)

No Sepsis (8 months)

SLE non-TP3 17/M PS 3 Cerebritis;
GN

Yes Yes No Brain Mucor mycosis
(�1 month)

SLE non-TP4 22/F PS 2 Skin No No (consensus that
standard IV CYC be
given before high-dose
therapy)

No Sepsis (10 months)

SLE non-TP5 17/M PS 4 Heart No No (patient died of heart
failure on day 4 after
arrival)

No Cardiac failure (4
days)

* These 5 systemic lupus erythematosus (SLE) patients were the only patients who were conditionally accepted by referral for transplant and were
seen at Northwestern University (NU), but did not complete the procedure (non-TP) for hematopoietic stem cell transplantation (HSCT). Two were
registered on protocol, but did not receive high-dose therapy. The other 3 were not registered because of a consensus that one or more aspects of
their presentation made it impossible to proceed directly with high-dose therapy, despite their threatened condition. No effort was made to select
patients with better performance status for transplantation. Patients were encouraged to utilize every existing standard therapy before proceeding
with high-dose therapy. APS � antiphospholipid syndrome; GN � glomerulonephritis; IV � intravenous; CYC � cyclophosphamide.
† Eastern Cooperative Oncology Group performance status (PS) scores were graded on a scale of 0–4, where 0 � normal (no impairment), 1 �
restricted only in physically strenuous activity, 2 � capable of self-care only and spends the majority of waking hours out of bed, 3 � capable of only
limited self-care and spends more than 50% of waking hours in bed, and 4 � completely disabled.

Table 3. Toxicities among the 15 patients who underwent HSCT for
refractory systemic lupus erythematosus*

Toxicity
No. of patients

(n � 15)

Neutropenic fever (culture negative) 12
Fluid retention necessitating dialysis 4
Plantar dysesthesia or foot drop 4
Bacterial pneumonia 1
Pulmonary edema and pulmonary exudates,

requiring mechanical ventilation
2

Dermatomal zoster, days 60–120 2
Bacteremia, gram-positive 3
Clostridium difficile diarrhea 1
Pneumocystis carinii pneumonia following aerosolized

pentamidine prophylaxis, day 60
1

Hypotension related to antithymocyte globulin 1

* All toxicities were self-limited, and none were fatal. However, 2
patients died prior to receiving high-dose therapy/hematopoietic stem
cell transplantation (HSCT), but after stem cell harvest.
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followed up for more than 24 months after HSCT.
Abnormal SLEDAI scores that persisted at 24 months
after HSCT have been attributable, in order of fre-
quency, to one or more of the following: 1) residual, but
greatly diminished, proteinuria (n � 3; range 300–2,000
mg/24 hours); 2) positive ANA serology result with
positive concurrent anti-dsDNA (n � 1); 3) persistent,
but improved, cutaneous vasculitis (n � 1); and 4)
reactivation of urinary sediment and arthralgias, herald-
ing reactivation of disease (n � 1; patient 6).

Complement levels. Approximately one-half of the
15 patients had a C3 level below normal at the time of
study entry (Figure 2). Twelve patients had a low C4
level. All complement values normalized following
HSCT and remained normal for the period of extended
followup in all but 2 patients.

Serologic findings. Low-titer ANA antibodies
were commonly seen during the period after HSCT

(Figure 3). A steadily rising ANA titer with positive
anti-dsDNA antibodies was predictive of disease reacti-
vation (Figure 4). Low-titer ANA occurring after many
months of aggressive therapy did not preclude registra-
tion, provided that the same disease manifestations that
had been associated with higher ANA titers persisted.

End organ function. Urinary protein excretion
(Figure 5), forced vital capacity (Figure 6), arthritis
(data not shown), and neurologic symptoms (data not
shown) uniformly improved in a sustained manner fol-
lowing HSCT. Creatinine clearance (Figure 7) improved
in 4 of the 7 patients with a creatinine clearance �80
ml/minute at study entry. The creatinine clearance value
stabilized in 2 patients, but deteriorated further in
patient 6, who developed a recurrence of lupus activity.
A recent pretransplant decline in creatinine clearance

Figure 1. Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) scores immediately prior to entry into the study and during
the period following hematopoietic stem cell transplantation in 15
patients with severe, refractory SLE. The SLEDAI score remained
elevated (�10) in 1 of the 2 patients with disease reactivation.

Figure 2. Serum C3 levels at the time of entry into the study and
during the period following hematopoietic stem cell transplantation
(HSCT) in 15 patients with severe, refractory systemic lupus erythem-
atosus (SLE). Several patients had undergone therapeutic plasma
exchange elsewhere in the weeks preceding referral for HSCT, and a
lower C3 value had been obtained prior to plasma exchange.

Figure 3. Antinuclear antibody (ANA) titers at the time of entry into
the study and during the period following hematopoietic stem cell
transplantation in 15 patients with severe, refractory systemic lupus
erythematosus (SLE). The 2 patients in whom disease reactivation
occurred developed consistently rising ANA titers. Low-titer ANA is
commonly seen without clinical disease reactivation.

Figure 4. Anti–double-stranded DNA (anti-dsDNA) antibody titers
at the time of entry into the study and during the period following
hematopoietic stem cell transplantation in 15 patients with severe,
refractory systemic lupus erythematosus (SLE). A rising anti-dsDNA
antibody titer can predict clinical relapse 2 years before there is clinical
evidence. Low-titer anti-dsDNA is not necessarily significant, and the
antibodies may become undetectable.
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and a creatinine clearance that had been lower than 50
ml/minute for fewer than 3 months prior to HSCT were
each a good prognostic indicator for recovery of glomer-
ular function.

Immunosuppressive medications. Withdrawal of
steroid therapy was gradual and generally sustained. The
pace of the withdrawal was determined by the referring
and managing rheumatologist, according to the manner
in which he or she would usually taper the prednisone
dosage in a previously severely affected patient. The
time to discontinuation of prednisone, therefore, re-
flected the clinical judgment of the rheumatologist who
was most familiar with the patient’s case. The most rapid
taper was completed by 60 days and the most prolonged
by 18 months. We generally encouraged a withdrawal
schedule that aimed to have all prednisone stopped by

12 months after HSCT if the patient’s status was con-
tinuing to improve.

Of the 8 patients who have been followed up for
more than 18 months after HSCT, only 2 are currently
taking any oral prednisone. Patient 8 is taking 12 mg/day,
and patient 6, who experienced a full relapse of disease,
is taking 40 mg/day. Patient 8 is taking oral hydroxychlo-
roquine, and patient 6 is receiving monthly IV CYC. All
other patients are taking no immunosuppressive medi-
cations or are undergoing a continuous taper of the
prednisone dosage after HSCT (Table 1).

Disease course in patients who relapsed. At the
30-month followup (n � 7 patients), patient 6 had a

Figure 5. Twenty-four–hour urinary protein excretion at the time of
entry into the study and during the period following hematopoietic
stem cell transplantation in 15 patients with severe, refractory systemic
lupus erythematosus (SLE). Urinary protein excretion uniformly im-
proved, independently of serum creatinine levels, except in patient 6,
who experienced a recurrence of autoimmune reactivity at 12 months.

Figure 6. Forced vital capacity of the lung at the time of entry into the
study and during the period following hematopoietic stem cell trans-
plantation in 15 patients with severe, refractory systemic lupus ery-
thematosus (SLE).

Figure 7. Creatinine clearance at the time of entry into the study and
during the period following hematopoietic stem cell transplantation
(HSCT) in 15 patients with severe, refractory systemic lupus erythem-
atosus (SLE). Eight patients had experienced acute renal failure within
4 months prior to presentation at our center, but most of them had
responded to intravenous cyclophosphamide treatment before being
referred for HSCT. Of the 7 patients whose creatinine clearance was
�80 ml/minute at study entry, the values improved after HSCT in 4,
stabilized in 2, and deteriorated in 1 (patient 6, who is beginning
dialysis).

Figure 8. Response of the serum creatinine (Cr) value to treatment
with intravenous cyclophosphamide immediately before hematopoietic
stem cell transplantation (in 1996) and after recurrence of active
systemic lupus erythematosus (SLE) (in 2000) in patient 1. Reintro-
duction of conventional therapy resolved all symptoms in this patient
in 2002, whereas in 1996, this therapy had failed.
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reactivation of lupus. This patient continues to be
treated with intermittent CYC and oral prednisone
(20 mg/day). A second patient relapsed at 40 months
after HSCT. She was treated according to the National
Institutes of Health short-course CYC protocol at the
time of that relapse and is now without active lupus and
is currently not receiving any immunosuppressive med-
ication. She had been refractory to standard IV CYC
and high-dose prednisone immediately prior to HSCT
(Figure 8).

DISCUSSION

The introduction of IV CYC has been a useful,
steroid-sparing maneuver for patients with SLE whose
disease has remained aggressive despite the use of oral
agents (8,14). It appears from the outcomes identified in
the present study that escalation of IV CYC dosing, in
conjunction with administration of ATG and reinfusion
of autologous stem cells, achieves sustained freedom
from disease activity in patients for whom standard-dose
IV CYC has failed to stop disease activity. This sus-
tained freedom from disease was associated with nor-
malization of organ function.

HSCT was associated with resolution of ne-
phrotic syndrome, which decreased the dependence on
diuretics, lipid-lowering agents, and antihypertensive
medications (which may also lower the risk for acceler-
ated atherosclerosis in young patients) (15), and taper-
ing or discontinuation of glucocorticoids, which contrib-
ute to the high risk of death from infections in SLE
(16,17). Whether HSCT will curtail the accelerated risk
of hypertension, osteoporosis, and atherosclerosis asso-
ciated with lupus (18–21) or diminish the risk of death
from lupus-related sepsis or atherosclerosis will require
long-term followup of patients in randomized trials.

For patients such as those treated in the context
of this trial, HSCT seemed beneficial, since conventional
treatment options had been exhausted or were failing.
The role of HSCT in patients with less-refractory disease
can only be determined within the context of a random-
ized trial. A prospective comparison of HSCT and
monthly pulse CYC with respect to 1) cumulative alky-
lator exposure, 2) cumulative glucocorticoid use, 3)
incidence of therapy-related and disease-related mor-
bidity, 4) overall sustained quality of life, and 5) overall
survival is being planned.
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