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High-Dose Cyclophosphamide Without Stem Cell
Transplantation in Systemic Lupus Erythematosus

Michelle Petri,! Richard J. Jones,” and Robert A. Brodsky?

Objective. High-dose chemotherapy followed by
hematopoietic stem cell transplantation is increasingly
being studied as a treatment for severe autoimmune
disorders, such as systemic lupus erythematosus (SLE).
High-dose cyclophosphamide, the foundation of virtu-
ally all conditioning regimens for stem cell transplan-
tation, is not myeloablative; therefore, when high-dose
cyclophosphamide is used alone, autografting, with its
potential for reinfusing autoreactive effector cells, is not
required. We undertook this study to investigate the
safety and efficacy of high-dose cyclophosphamide with-
out stem cell transplantation in refractory SLE.

Methods. We treated 14 patients with moderate-
to-severe SLE that had been refractory to cortico-
steroids and one or more additional immunosuppres-
sive drugs. All patients received 50 mg/kg of
cyclophosphamide for 4 consecutive days followed by 5
prg/kg granulocyte colony-stimulating factor until the
neutrophil count was 1 x 10%liter for 2 consecutive
days. Patients were followed up monthly for disease
activity using the physician’s global assessment, SLE
Disease Activity Index, and assessment of functioning
of involved organs. The Responder Index for Lupus
Erythematosus was used to define partial or complete
response.

Results. The median time to achieve a neutrophil
count of 0.5 x 10°/liter was 14 days (range 11-22 days)
after the last dose of cyclophosphamide. Patients re-
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quired a median of 2 units (range 2-5) of packed red
blood cells, and a median of 16 days (range 0-23 days)
elapsed from the last dose of cyclophosphamide to the
last platelet transfusion. There were no deaths or fungal
infections. Significant improvements in physician’s
global assessment (mean difference 1.4; P < 0.0001),
SLE Disease Activity Index (mean difference 4.1; P =
0.0039), and prednisone dosage (mean difference 14.9
mg/day; P = 0.002) were observed. Responses, including
5 durable complete responses, were observed in all
organ systems (renal, central nervous system, and skin)
with involvement that had led to patient enrollment.

Conclusion. High-dose cyclophosphamide without
stem cell transplantation leads to rapid hematopoietic
reconstitution and has significant clinical benefit in
patients with refractory SLE. Therefore, this approach
deserves further study.

Despite improved survival rates in patients with
systemic lupus erythematosus (SLE) and other auto-
immune disorders, there remains a subset of patients in
whom the disease is refractory to therapy or who require
toxic dosages of immunosuppressive drugs. Standard
therapy for severe renal or central nervous system
(CNS) SLE is monthly intravenous (IV) bolus cyclo-
phosphamide in doses of 500-1,000 mg/m? body surface
area. The superior efficacy of this therapy compared
with corticosteroids alone has been proven for diffuse
proliferative glomerulonephritis (1,2) and has been sug-
gested in case series of SLE with CNS involvement (3).
Monthly IV bolus cyclophosphamide has a safety profile
superior to that of daily oral cyclophosphamide, but
important toxicities include infections, premature ovar-
ian failure in two-thirds of women over age 31 (4), and
a possible increase in gynecologic malignancies (5).

There is now great optimism that high-dose cyclo-
phosphamide therapy followed by hematopoietic stem
cell transplantation might induce treatment-free remis-
sions in a variety of severe autoimmune diseases (6-9).
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Interest in this approach emanates from several animal
models demonstrating marked reversal or eradication of
autoimmunity following syngeneic bone marrow trans-
plantation (10,11). Furthermore, there are reports of
allogeneic bone marrow transplantation (performed
chiefly for life-threatening hematologic diseases) in
which a concurrent autoimmune disease was eradicated
(12,13). Thus, interest is increasing in the use of autol-
ogous hematopoietic stem cell transplantation following
immunoablative conditioning regimens. A potential con-
cern with this approach is that autoreactive effector cells
infused with the autograft may reestablish autoimmunity
(7,14).

In an effort to circumvent the problem of rein-
fusing autoaggressive effector cells without assuming the
risk of allografting (i.e., graft-versus-host disease), we
have utilized high-dose cyclophosphamide (200 mg/kg)
without stem cell transplantation for the treatment of
severe autoimmune disorders. High-dose immunoabla-
tive cyclophosphamide alone has led to long-term remis-
sions in aplastic anemia (15,16) and other autoimmune
disorders (17). The unique pharmacology of high-dose
cyclophosphamide is responsible for its ability to induce
maximal immunosuppression without myeloablation.
Hematopoietic stem cells express high levels of aldehyde
dehydrogenase, an enzyme responsible for cellular resis-
tance to cyclophosphamide (18-20). Conversely, immu-
nologic effector cells, such as B lymphocytes, T lympho-
cytes, and natural killer cells, express low levels of
aldehyde dehydrogenase and are extremely sensitive to
the cytotoxic properties of cyclophosphamide (18). Po-
tential advantages of this approach, which include elim-
inating the risk of reinfusing autoreactive effector cells
and reduced cost, are unproven and would require a
randomized trial comparing stem cell transplantation
with high-dose cyclophosphamide alone. We now report
the results of a study of high-dose cyclophosphamide
without stem cell support in 14 patients with refractory
SLE.

PATIENTS AND METHODS

Patient eligibility and exclusion criteria. SLE patients
were eligible if they met at least 4 of the American College of
Rheumatology (ACR) classification criteria (21) and if they
had moderate-to-severe SLE that had been resistant to previ-
ous courses of corticosteroids and one or more immunosup-
pressive drugs. All patients gave informed consent for study
participation, and the study was approved by the Institutional
Review Board of Johns Hopkins University. Exclusion criteria
included age >70 years, a serum creatinine concentration

>3.0 mg/dl, a cardiac ejection fraction of <45%, or any
underlying malignancy.

SLE assessment. Patients were followed up monthly
for assessment of disease activity (physician’s global assess-
ment on a 0-3 visual analog scale and SLE Disease Activity
Index [22]) (23). A complete responder was defined as having
no disease activity and receiving physiologic or lower doses of
prednisone and no other immunosuppressive drugs. Complete
and partial responders were both defined using the Responder
Index for Lupus Erythematosus (RIFLE) (24). For renal
lupus, a partial response required a reduction of at least 50%
in the 24-hour total protein excretion.

High-dose immunoablative cyclophosphamide. Cyclo-
phosphamide (50 mg/kg) was administered for 1 hour through
a Hickman catheter on days 1-4. Six days after the last dose of
cyclophosphamide, all patients received granulocyte colony-
stimulating factor (5 ug/kg/day) until the neutrophil count was
1 X 10°liter for 2 consecutive days. The dose of cyclo-
phosphamide was based on the ideal body weight as deter-
mined by the Metropolitan Life table (25,26). If the patient’s
actual weight was less than the ideal body weight, the actual
body weight was used to calculate the cyclophosphamide dose.
IV mesna (10 mg/kg) 30 minutes before cyclophosphamide and
then 3, 6, and 8 hours after cyclophosphamide was adminis-
tered in all patients as prophylaxis for hemorrhagic cystitis.

Supportive care. IV ondansetron (32 mg) was admin-
istered to all patients 1 hour before each dose of cyclo-
phosphamide. All patients received prophylactic antibiotic
support, consisting of fluconazole (400 mg/day), norfloxacin
(400 mg/day), and valacyclovir (500 mg twice a day, if antibod-
ies to herpes simplex were present), beginning the day after the
last dose of cyclophosphamide and continuing until the neu-
trophil count exceeded 0.5 X 10%/liter. Dapsone (100 mg 3
times a week for 6 months) was administered for Prneumocystis
carinii prophylaxis. Packed red blood cell transfusions were
administered to maintain a hematocrit level >25%. Platelet
transfusions were administered for bleeding and/or to maintain
a platelet count >10 X 10%/liter.

Statistical analysis. All variables were prospectively
entered into a spreadsheet database. Results were expressed as
the mean = SD. Means were compared using Student’s #-test
(JMP Statistical Software Package, Macintosh Operating Sys-
tem; SAS Institute, Cary, NC). P values less than or equal to
0.05 were considered statistically significant.

RESULTS

Patients. Fourteen SLE patients were entered in
this trial (Table 1). All patients met at least 4 of the
revised ACR classification criteria for SLE (21). Twelve
patients (86%) were female and 4 were African Amer-
ican; patients’ mean * SD age was 35 = 10 years. Nine
patients entered the trial because of renal lupus, 5 with
diffuse proliferative glomerulonephritis and 4 with
membranous glomerulonephritis. All had ongoing or
progressive renal activity despite receiving cortico-
steroids. In addition, cyclophosphamide had failed in 5
patients (oral cyclophosphamide in 1, monthly pulse IV
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Table 2. Baseline and last followup data for patients with renal lupus*

PETRI ET AL

Urine protein

Serum creatinine

concentration by

Urine RBCs, per high- 24-hour urine protein

BP, mm Hg concentration, mg/dl dipstick, 0-4+ power field excretion, gm/day
Patient Baseline Last followup Baseline Last followup Baseline Last followup Baseline Last followup Baseline Last followup
2 110/74 108/70 0.4 0.5 4 0.5 2.5 2.5 1.290 0.112
3 1307100 126/72 1.2 1.5 4 1 1.5 7.5 3.053 0.171
6 112/72 92/60 0.5 0.9 3 1 42 0 2.688 0.196
8 130/82 120/78 0.8 0.9 3 4 2.5 1 6.765 4.760
9 170/118 130/90 2 0.5 4 0 30 15 5.200 ND
10 120/80 120/80 0.5 0.4 4 2 0 7.5 2.979 0.750
12 140/80 142/78 1.8 2.7 4 2 30 12.5 12.359 2.551
13 115/64 110/74 0.8 0.9 0. 2 4 1.5 2.472 0.671
14 106/70 106/70 0.7 0.7 4 0.5 0.5 1 5.005 0.820

* BP = blood pressure; RBCs = red blood cells; ND = not determined (patient underwent renal transplant).
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Figure 1. Kidney function before high-dose cyclophosphamide and
during followup. A, Patients who showed a complete response to
high-dose cyclophosphamide (patients 2, 3, 6, and 13). B, Patients who
showed a partial response or no response to high-dose cyclo-
phosphamide (patients 8-10, 12, and 14). Patient 9 developed renal
failure while receiving high-dose cyclophosphamide and eventually
underwent renal transplant.

cyclophosphamide in the other 4), mycophenolate
mofetil (2,000-3,000 mg/day) had failed in 5, and aza-
thioprine had failed in 7. Three patients were enrolled in
the study for CNS SLE, 2 with encephalopathy and 1
with cerebellar ataxia. Two patients were enrolled be-
cause of severe refractory cutaneous lupus, 1 with 60%
of her body surface area involved with an ulcerating
cutaneous lupus rash and 1 with severe pyoderma gan-
grenosum leading to foot drop.

Hematopoietic reconstitution and safety. The
median time to achieve a neutrophil count of 0.5 X
10%/liter was 14 days (range 11-22 days) after the last
dose of cyclophosphamide. Patients required a median
of 2 units (range 2-5) of packed red blood cells, and a
median of 16 days (range 0-23 days) elapsed from the
last dose of cyclophosphamide to the last platelet trans-
fusion. Prolonged hospitalization occurred in one pa-
tient (for 30 days) with a bacterial sinus infection and in
a second patient (for 23 days) with methemoglobinemia
precipitated by dapsone. There was no premature ovar-
ian failure; all 11 premenopausal patients maintained
menses, with levels of follicle-stimulating hormone in
the normal range. In fact, one patient had a successful
pregnancy 3 years after treatment with high-dose cyclo-
phosphamide. There were no deaths or fungal infec-
tions.

Renal lupus. Baseline data and last followup data
for the 9 patients with renal lupus are shown in Table 2.
Of these 9 patients, 4 achieved a complete response.
Three of the 9 patients were partial responders, and 2
patients had no response. One of the nonresponder
patients developed renal failure while receiving high-
dose cyclophosphamide and later underwent successful
renal transplantation.

Serial measurements of 24-hour urine protein
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Table 3. Pre- and posttreatment disease activity markers*
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. . PGA, SLEDAI Prednisone, C3, C4, Anti-
. Diagnosis or organ 0-3 VAS score mg/day mg/dl mg/dl dsDNAT
involvement indicating HDIC
Patient (admission date) Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 CNS, hematologic (6/12/97) 1.5 1 16 4 10 0 64 70 9 5 640 160
2 Renal (10/8/97) 2 0.5 11 2 5 0 61 110 12 9 320 0
3 Renal (7/22/98) 1.5 1 0 4 30 10 124 110 36 37 0 0
4 CNS, pulmonary hypertension 1 0 10 0 17.5 10 87 95 15 21 0 0
(8/21/98)
5 CNS, (9/10/98) 2 0.5 8 4 10 5 90 65 19 12 0 160
6 Renal (9/27/98) 2.5 0 4 0 40 0 109 110 23 20 0 0
7 Skin (1/8/99) 2 0.5 2 6 20 10 92 80 22 16 0 10
8 Renal (2/5/99) 2 2 6 4 5 5 104 112 17 17 80 0
9 Renal (2/19/99) 2 0 8 2 60 5 58 124 21 33 80 320
10 Renal (2/26/99) 2 0.5 0 0 5 0 113 116 32 26 0 0
11 Skin (4/7/99) 3 15 2 2 40 10 121 148 28 31 0 3.6
12 Renal (6/16/99) 3 15 12 6 7.5 5 116 121 28 33 640 40
13 Renal (12/28/99) 2 0.5 8 2 20 5 82 85 5 14 320 160
14 Renal (7/-/00) 2.5 0.5 8 2 9 5 73 93 20 20 20 20

* Patients with renal involvement receive no points on the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) for ongoing proteinuria,
even if values are in the nephrotic range. HDIC = high-dose immunoablative cyclophosphamide; PGA = physician’s global assessment; VAS =
visual analog scale; anti-dsDNA = anti-double-stranded DNA; CNS = central nervous system.

+ By Crithidia luciliae assay (doubling dilutions) for most patients; in enzyme-linked immunosorbent assay units for patient 11.

excretion for the 9 patients with renal lupus are shown in
Figure 1. The pattern in both the partial and complete
responders demonstrates gradual improvement over
time, with up to 18 months required for maximal im-
provement. There have been no relapses of disease, with
a median followup period of 29 months (range 10-42
months) in responding patients.

Cutaneous lupus. Two patients were treated for
severe refractory cutaneous lupus. One patient with skin
involvement of 60% of her body surface area had a
partial response to high-dose cyclophosphamide (only a
few 2-mm lesions remaining on her face), but her disease
relapsed at 2 years. The cutaneous relapse then re-
sponded to low-dose methotrexate. A patient with se-
vere pyoderma gangrenosum had an initial excellent
response followed by relapse which later responded to
low-dose cyclosporine (which had previously been inef-
fective).

CNS SLE. A patient with cerebellar SLE had a
complete response to high-dose cyclophosphamide. A
second patient with encephalopathy had a complete
response of her CNS SLE and her hematologic lupus
(pancytopenia). However, 3 years after receiving high-
dose cyclophosphamide, she developed proteinuria; re-
nal biopsy showed membranous glomerulonephritis, which
has responded to low-dose mycophenolate mofetil.

A third patient with encephalopathy has had a
partial response, but still requires IV methylpred-
nisolone approximately once a year for encephalopathy.

She has had improvement of her pulmonary hyperten-
sion.

Disease activity measures. A summary of SLE
disease activity measures before and after high-dose
cyclophosphamide treatment is shown in Table 3. In the
total group of 14 patients with refractory lupus, there
was a significant improvement in physician’s global
assessment (mean difference 1.4; P < 0.0001), SLE
Disease Activity Index (mean difference 4.1; P
0.0039), and prednisone dosage (mean difference 14.9
mg/day; P = 0.002). Nine patients were enrolled primar-
ily for renal disease: 4 have had a complete response, 3
have had a partial response, and 2 have had no response.
Analysis of all 9 renal SLE patients showed an improve-
ment in physician’s global assessment (mean difference
1.4; P = 0.001), SLE Disease Activity Index (mean
difference 3.9; P = 0.009), and prednisone dosage (mean
difference 16.3 mg/day; P = 0.03). The SLE Disease
Activity Index does not add points for ongoing pro-
teinuria, accounting for some of the apparent low activ-
ity scores on this instrument. Urine protein declined
by dipstick (mean difference 1.94; P = 0.02) and by
24-hour excretion (mean difference 3.3 gm/day; P =
0.01) (Table 2).

DISCUSSION

In this trial of high-dose cyclophosphamide for
refractory SLE, 5 of 14 patients achieved a complete
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response, and an additional 6 patients had a partial
response, both defined using the RIFLE. Responses
were seen in all the organ systems (renal, CNS, and skin)
that had involvement leading to patient enrollment. At a
median followup of 32 months (range 17-43 months), all
complete responses have been durable. In addition, in
all 6 partial responders, disease activity has been con-
trolled with immunosuppressive drugs that were ineffec-
tive prior to high-dose cyclophosphamide.

High-dose cyclophosphamide was generally well
tolerated; common side effects included transient alope-
cia, nausea, a brief period of aplasia, and febrile neutro-
penia. The median time to a neutrophil count of 0.5 X
10°/liter was 14 days after the last dose of cyclo-
phosphamide, and there was only a median of 10 days
(range 8-16 days) with a neutrophil count <0.5 X
10%/liter. Importantly, there was no mortality, fungal
infection, or mucositis grade >1 in our series. No
premature ovarian failure has been seen, in contrast to
findings with monthly IV cyclophosphamide.

There are now several reports on the use of
high-dose cyclophosphamide therapy followed by stem
cell transplantation for autoimmune diseases (9,27). In
the majority of these cases, a nonmyeloablative condi-
tioning regimen, usually high-dose cyclophosphamide
alone or in combination with other immunosuppressive
agents, was employed. We recognize that a direct com-
parison of autologous stem cell transplant with high-
dose cyclophosphamide alone is not appropriate. With-
out randomized clinical trials, it is not possible to
determine whether comparable patients have been en-
rolled in trials. However, some pertinent issues include
hematologic recovery, durable response, and potential
toxicity.

Hematologic recovery after high-dose cyclo-
phosphamide without stem cell transplantation is rapid,
and complications have been limited. Stem cell trans-
plantation is likely to shorten the duration of aplasia
after high-dose cyclophosphamide by only a few days.
With stem cell transplant, there is an additional period
of aplasia after the autograft-mobilizing dose of cyclo-
phosphamide (i.e., before high-dose cyclophosphamide)
that has not been included in the duration of aplasia
listed in most reports of autologous stem cell transplan-
tation (6,8,9,28). Thus, the total days of aplasia may be
comparable for the two approaches.

Relapses were seen in some patients in our series.
Relapses have also occurred in most reported series of
autologous stem cell transplantation for severe auto-
immune disease (8). Mobilized peripheral blood prod-
ucts usually contain at least 10° CD3+ cells, and current
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CD34+ selection techniques deplete T cells by only
~3-4 logs, which may be unlikely to eliminate autore-
active clones that could reestablish disease with autolo-
gous stem cell transplantation. Durable responses have
been seen with both high-dose cyclophosphamide and
autologous stem cell transplantation (6).

Mortality has been reported with autologous
stem cell transplantation (6,28,29), both during stem cell
mobilization and after the transplant. However, differ-
ences in patient populations (6) rather than differences
in the treatment protocols may be the explanation.

High-dose cyclophosphamide without stem cell
transplantation warrants further study in severe auto-
immune diseases, including SLE. A randomized trial
comparing high-dose cyclophosphamide with the Na-
tional Institutes of Health monthly IV cyclo-
phosphamide regimen in SLE is already under way.
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