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Abstract

Background—Monthly intravenous cyclophosphamide for six months has been the standard
induction regimen for lupus nephritis, followed by a maintenance regimen of quarterly infusions
for two years.

Methods—A prospective randomized trial of traditional 1V cyclophosphamide (MIC, monthly
IV cyclophosphamide 750 mg/m? body mass index for 6 months followed by quarterly 1V
cyclophosphamide) versus high-dose (HDIC, 50 mg/kg daily for 4 days) was performed. Entry
criteria included renal lupus, neurologic lupus, or other organ systems with moderate-to-severe
activity.

Results—51 patients were randomized: 3 withdrew before treatment and one committed suicide
two months after treatment with HDIC. Twenty-two had renal lupus, 14 had neurologic lupus and
11 “other” organ involvement. The outcome measure was the Responder Index for Lupus
Erythematosus (complete response, partial response, ho change or worsening). At six months (end
of induction) 11/21 (52%) in the HDIC group had a complete response compared to 9/26 (35%) in
the MIC group (p=.13). At the final visit (30 months), 10/21 (48%) in the HDIC group had a
complete response, compared to 13/20 (65%) who continued on MIC (p=.13). Six patients crossed
over from MIC to HDIC because of lack of response, of whom three became complete responders.

Conclusion—There was not strong evidence that monthly IV cyclophosphamide and high-dose
cyclophosphamide differed in complete or in any (complete or partial) response for induction or
maintenance therapy. However, nonresponders to monthly 1V cyclophosphamide can sometimes
be rescued by high-dose cyclophosphamide.
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Introduction

Methods

Systemic lupus erythematosus (SLE) remains a therapeutic challenge. No new therapy has
achieved US Food and Drug Administration (FDA) approval in over forty years. One of the
most successful therapies for severe SLE has been monthly intravenous cyclophosphamide
for 6 months followed by maintenance quarterly infusion for two years (1,2). However, the
side-effects of long-term exposure to cyclophosphamide include infection, bone marrow
damage, malignancy, hemorrhagic cystitis and premature ovarian failure. Alternative
therapies such as mycophenolate mofetil for lupus nephritis are neither more effective nor
safer (3,4).

High-dose cyclophosphamide without bone marrow transplant was first determined to be
effective in severe aplastic anemia. A slow but progressive response was found suggesting
induction of immunologic tolerance to autoantigens, in addition to potent
immunosuppressive, without secondary clonal disease (5). Benefit was then found in
multiple autoimmune diseases (6), including durable responses in SLE patients refractory to
other therapies (7). Because stem cells were able to metabolize cyclophosphamide, they re-
populated the bone marrow, reconstituting a naive immune system. Other groups also found
benefit of high-dose cyclophosphamide for SLE, but included stem cell rescue to shorten the
period of aplasia (8,9).

We sought to compare high-dose cyclophosphamide without stem cell rescue versus the
traditional regimen of monthly intravenous cyclophosphamide for 6 months followed by
quarterly intravenous cyclophosphamide for two years in terms of induction (6 month
results), maintenance (final results) and safety in SLE patients with moderately to severely
active SLE.

The trial (clinicaltrials.gov NCT00010400) was approved by the Johns Hopkins University
School of Medicine Institutional Review Board. All patients signed informed consent. The
trial was conducted at two sites, Johns Hopkins Hospital and Hahnemann Hospital. It was a
prospective randomized trial (with 1:1 randomization) of traditional IV cyclophosphamide
(MIC) (monthly 1V cyclophosphamide 750 mg/m? body mass index (BMI) for 6 months
followed by quarterly IV cyclophosphamide) versus high-dose (HDIC) (50 mg/kg daily for
4 days). SLE patients after randomization were seen monthly for six months and then
quarterly for two years.

Entry Criteria

SLE patients met four or more of the revised American College of Rheumatology
classification criteria for SLE (10,11), with moderate to severe activity as defined as an “A”
score on the British Isles Lupus Activity Group (BILAG) measure (12), a high score for that
organ on the Systemic Lupus Activity Measure (SLAM) (13) or hospitalization for that
organ involvement. An additional requirement was lack of response or expected lack of
response to moderate-to-high dose corticosteroids, equivalent degree of immunosuppression,
or appropriate other treatment. During the trial the Data Safety Monitoring Committee added
additional requirements including: a) SLE patients with cutaneous lupus needed to have
failed combination therapy with both hydroxychloroquine and quinacrine as well as
immunosuppression; and b) musculoskeletal lupus was removed from eligible organ
involvement.
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Randomization

Randomization was stratified by primary system involved: renal lupus, neurologic lupus or
other organ involvement, to ensure equal numbers with each treatment for each type of
patient.

Outcome Measures

Results

The major outcome measure was response as determined by the Responder Index for Lupus
Erythematosus. This measure defined complete response, partial response, no change or
worsening for each organ manifestation and has been used in past studies of high-dose
cyclophosphamide with stem cell rescue (9).

Renal—A complete response requires that the 24-hour urine (or equivalent) be less than
0.500, normal urine sediment, normal serum creatinine, and normal creatinine clearance (or
equivalent measure of glomerular filtration rate). This outcome was analyzed at two time
points: 6 months (the induction period) and 30 months (the maintenance period). For one
patient, whose response at 30 months was not available, we substituted the patient’s
response at 12 months.

Neurologic—For encephalopathy (acute confusional state, cerebritis, organic brain
syndrome), worsening was defined as new coma or deteriorating level of consciousness,
partial response was > 50% improvement, and resolution was “not present”. For
mononeuritis multiplex worsening was new mononeuropathy or progression of existing
monneuropathy, partial response was improvement in sensory, motor or reflexes but not to
normal in 3 months, and resolution was a normal neurologic examination.

Mucocutaneous—TFor discoid, worsening was new lesions or worsening (number,
frequency or distribution), partial response was a decrease by > 50% in number, frequency
or distribution, and resolution was no lesions in 3 months. For vasculitis, worsening was
new lesions or worsening (number, frequency or distribution), partial response was a
decrease by > 50% in number, frequency or distribution, and resolution was no lesions in 3
months.

Musculoskeletal—For arthritis, worsening was any new tender or swollen joint (even if
synovitis in previous joints had improved), partial response was > 50% reduction in tender
or swollen joints, and resolution was no tender or swollen joints. For myositis, worsening
was new myaositis, or increasing weakness in 2 muscle groins, or increase of > 50% in
creatine kinase and for aldolase, partial response was a decrease by > 50%, and resolution
was no myaositis.

Gastrointestinal—For gastrointestinal vasculitis, worsening was new or worsening
symptoms or signs, partial response was improvement by imaging study such as endoscopy,
and resolution was asymptomatic, stool negative for blood, and normal endoscopy or
equivalent procedure.

A total of 51 patients were randomized: 24 to high-dose IV cyclophosphamide, and 27 to
monthly IV cyclophosphamide (Figure 1). Four patients were excluded from the primary
analysis (3 who had withdrawn consent before taking a single dose and one who committed
suicide after two months of HDIC treatment), leaving 21 and 26 patients in the two
treatment groups.
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Table 1 summarizes the characteristics of the participants. The large majority was female,
and roughly half were enrolled due to renal disease activity.

The induction (6 months) response is shown in Table 2. There was no difference in 6 month
response for the total group (35% complete response with monthly 1V cyclophosphamide
versus 52% complete response with high-dose IV cyclophosphamide, p =.13). The 95%
confidence interval for the difference in complete response between the two treatments
ranged from —10% (i.e., the complete response rate was 10 percentage points better in the
MIC group) to 45% (i.e., the complete response rate was 45 percentage points better in the
HDIC group). In addition, there was no significant difference for any subset (renal SLE, or
“other” organ involvement), but in both treatment groups, the response rate for patients with
neurologic manifestations was much higher that the response rate for those with renal
manifestations.

The maintenance (30 month) response is shown in Table 3, with the subset of renal patients
in Table 3A. Excluding 6 non-responsive MIC patients who crossed over to the HDIC
group, the 6 monthly IV cyclophosphamide followed by quarterly IV cyclophosphamide
group had a numerically superior complete response rate over high dose IV
cyclophosphamide that did not reach statistical significance (65% vs 48%. p=0.13). The
95% confidence interval for the difference in complete response between the two treatments
ranged from —47% (i.e., the complete response rate was 47 percentage points better in the
MIC group) to 13% (i.e., the complete response rate was 13 percentage points better in the
HDIC group). There was no difference in the maximum time of remission in days. There
was some evidence that MIC resulted in better response among those in the renal subset (p=.
081). Again, the neurologic SLE subset did the best (regardless of cyclophosphamide
treatment group).

SLE patients not achieving a complete response were allowed to switch from the monthly
IV cyclophosphamide group to high dose 1V cyclophosphamide (Table 4). There was no
particular pattern of organ subset that led to cross-over. Three patients achieved a complete
response, two had no change, and one worsened.

The response of antiphospholipid antibodies was also assessed in a subsample of patients.
Among those with MIC, the median change in IgM anticardiolipin, from baseline to the end
of the study was a reduction of 5.0 MPL (p=.0075). In contrast, among those in the HDIC
group, the median change in IgM anticardiolipin was an increase of 4.5 MPL (p=.072 for a
comparison between the groups with respect to median change in IgM anticardiolipin).
Similarly, among those in the MIC group, the median change in 1gG anticardiolipin was a
decline of 5.0 GPL (p=.0013), whereas among those in the HDIC group, the median change
was a decline of 2.5 GPL (p=.14 for a comparison between the groups).

There was no difference in serious adverse events, regardless of hospitalizations, serious
infections, or deaths (Table 5). Hospitalizations for infections in the high dose group
included pneumonia, zoster, neutropenic fever, pyelonephritis, staph bacteremia, genital
herpes, and C. difficile. Hospitalizations for infection in the monthly group included
pneumonia, line infection, BK virus, bronchitis, zoster, abscess, cellulitis, oral candida,
meningococcemia, and otitis. One death occurred at Hahnemann Hospital in a patient in the
HDIC arm. The patient died of pneumonia and pulmonary fibrosis attributable to SLE
(determined by post-mortem examination), and was not related to cyclophosphamide.
Premature ovarian failure occurred with both regimens. At 12 months, 3/10 (30%) of
susceptible women in the HDIC group had premature ovarian failure, compared to 3/7(43%)
of susceptible women in the MIC group (p=0.64).
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The safety of high dose IV cyclophosphamide in SLE has previously been reported (7). In
this trial, patients treated with high dose 1V cyclophosphamide had an average of 10.2 £ 2.3
(% standard deviation) days where the WBC was less than 500, 3.8 + 2.8 RBC transfusions
and 4.4 + 3.0 platelet transfusions.

Discussion

Cyclophosphamide remains a viable treatment for severe SLE, with several trials in lupus
nephritis showing it to be equivalent to mycophenolate (3,14,15) and not toxic (3). However,
the complete response rate with the traditional 1V cyclophosphamide regimen for lupus
nephritis was an astonishingly low 6% at 6 months in the trial of Ginzler et al. In lupus
nephritis, the rapidity of response is highly correlated with retention of renal function (16).
In an open-label series, we have had extensive experience with high-dose cyclophosphamide
in SLE patients with severe disease resistant to other therapies, and found it to often give
durable remissions (7). This experience has been mirrored by other groups using a variation,
in which stem cell rescue is given after high dose cyclophosphamide to shorten the period of
bone marrow aplasia (9).

This trial was very different from our open-label experience in that the trial represented the
first use of cyclophosphamide for severe organ involvement. Complete response rates at 6
months were high (35% and 52%), but the lowest complete response rates were in the renal
lupus subset (8% with monthly 1V cyclophosphamide and 10% with high dose 1V
cyclophosphamide).

There was no statistically significant difference in complete response rates or duration of
remission between the two groups at the final visit. However, given the small sample size,
and the width of the confidence intervals for differences in response rates, this study cannot
rule out the possibility that one treatment is substantially better than another. There was
some suggestion that those in the renal SLE subset did better with monthly 1V
cyclophosphamide for 6 months followed by quarterly maintenance (p=.081). Thus, another
important message from this trial is that monthly IV cyclophosphamide should remain the
preferred cyclophosphamide regimen for lupus nephritis. However, the low 6 month
complete response rate for renal lupus with either cyclophosphamide regimen makes it clear
that other, more efficacious therapies need to be developed.

This study also replicated our open-label experience that SLE patients who had failed
monthly IV cyclophosphamide could still achieve a complete response with high-dose 1V
cyclophosphamide, as occurred in three of the 6 crossovers. However, here there was no
response for SLE patients with severe discoid lupus.

Neurologic SLE did the best, regardless of cyclophosphamide assignment. Our results
indicate that either regimen of cyclophosphamide is very effective for severe neurologic
lupus. The benefit of monthly IV cyclophosphamide for neurologic SLE has been known for
some time (17).

Monthly 1V cyclophosphamide led to greater reduction in antiphospholipid antibodies. Thus,
we cannot recommend high-dose cyclophosphamide for SLE patients with antiphospholipid
syndrome, although there are case reports of efficacy (18). However, even with monthly IV
cyclophosphamide, the median reduction in anticardiolipin titers was not clinically
important.

There were no differences in adverse events between the two cyclophosphamide regimens.
We have previously reported our experience that the period of aplasia in SLE patients is
limited, such that stem cell rescue is not required (7).
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We were surprised that premature ovarian failure can occur after high-dose
cyclophosphamide, since there is only ovarian exposure for 4 days. Given our findings,
future use of high-dose cyclophosphamide (with or without stem cell rescue) in young
women should include leuprolide as ovarian protection (19).

In conclusion, high-dose cyclophosphamide appeared to be equivalent to the traditional
regimen in complete response rate, duration of remission, and toxicity. The subset of lupus
nephritis, however, may do better with the traditional regimen.
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Figure 1.
Patients Randomized in the Trial to High Dose and Monthly Dose Cyclophosphamide
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Table 1

The baseline characteristics of the 47 treated SLE patients

Characteristic

| Total | MIC group | HDIC group

Total | 47 | 26 | 21
Gender
Male 5 3 2
Female 42 23 19
Ethnicity
White 15 7 8
Black 25 15 10
Hispanic 4 2 2
Asian 3 2 1
Age
18-39 27 13 14
40-59 20 13 7
Major Organ Involved
Renal 22 12 10
Neurologic 14 7 7
Other 11 7 4
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Renal Response

Table 3A

High Dose Cyclophosphamide

Renal Biopsy Class

Baseline Urine Protein/24 hrs

End of Study* Urine Protein/24 hrs

1l 1.150 0.238
1 +Vv 3.200 0.506
1l 10.700 1.100
1V +V 7.400 1.485
1 +V 1.078 1.173
\Y 5.149 0.141
\Y 4.000 0.080
11 16.490 1.000
IV +V 4.380 0.065
11 4.500 8.044

Monthly NIH regimen cyclophosphamide

Renal Biopsy Class

Baseline Urine Protein/24 hrs

End of Study * Urine Protein/24 hrs

1+ 1v 3.862 0.862
11 2.800 0.640
\Y 3.952 0.209
1 +Vv 28.060 0.100
1 +V 4.550 0.114
\Y 0.560 0.080
I+V 6.580 0.150
\Y 1.496 0.063
1 +V 4.466 0.368
\Y 0.840 0.110
I+ 1V 0.800 0.135
\% 0.780 0.390

*
Or last visit before cross-over to alternate regimen
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Cross-over Patients from MIC to HDIC

Table 4

Organ System | Type Response
Neurological Cerebritis complete response
Neurological Mononeuritis Multiplex complete response
Renal FPGN (1) / DPGN (1V) | no change
Renal DPGN (1V) complete response
Cutaneous Discoid no change
Cutaneous Discoid worsening

FPGN = focal proliferative glomerulonephritis

DPGN = diffuse proliferative glomerulonephritis
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Adverse Events

Page 14

Table 5

Serious infections (n) *

HDIC MIC

total total
Hospitalizations (n) 29 29
11 15

Deaths (n) *

1 late pneumonia/ARDS
1 suicide

1 cardiac arrest

+
There were no CMV, tuberculosus, or other opportunistic infections

*
Two deaths occurred in patients randomized but not treated:

breast cancer (randomized to HDIC)

graft vs host disease (randomized to MIC)

Arthritis Rheum. Author manuscript; available in PMC 2011 May 1.



