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Abstract: High dose cyclophosphamide (HiCY) without stem cell rescue has been shown to induce remissions in 
patients with severe autoimmune disorders (SADS). However, up to 80% of these patients ultimately relapse. Here 
we review the outcomes of seven patients treated with two cycles and one patient treated with three cycles of HiCY. 
The diseases re-treated were scleroderma, multiple sclerosis, three patients with severe aplastic anemia (SAA), and 
three patients with myasthenia gravis (MG). All but two patients with SAA had received standard immunomodulatory 
therapy for their disease up front and had been refractory. All patients had complete hematologic recovery. Overall 
survival in this cohort was 100%. All patients relapsed after the initial cycle but event free survival thereafter was 
93.3%. All are still in remission except two MG patients, one of whom relapsed after a severe GI infection requiring 
hospitalization, and the other relapsed 3 years after the second treatment and she did not respond to the third 
treatment. This shows that HiCY can be safely re-administered in patients with SAA and refractory SADS. The quality 
and duration of second remissions appears to be equal or superior to the first remission. 
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Introduction

High dose cyclophosphamide (HiCY) is highly 
effective for treating severe aplastic anemia 
(SAA) [1, 2] and a variety of refractory severe 
autoimmune diseases including myasthenia 
gravis [3], multiple sclerosis [4], scleroderma 
[5], lupus [6], autoimmune hemolytic anemia 
[7] and others [8, 9]. Cyclophosphamide’s phar-
macology is responsible for its differential tox-
icity against the immune system without dam-
aging hematopoietic stem cells [10]. 
Cyclophosphamide is a prodrug that is convert-
ed by the liver to 4-hydroxycyclophosphamide 
and aldophosphamide, bloodstream intermedi-
ates that are ultimately converted to phos-
phoramide mustard. The major mechanism of 
cyclophosphamide degradation is inactivation 
of aldophosphamide by cellular aldehyde dehy-
drogenase to form the inert compound carboxy-
phosphamide [11]. Hematopoietic stem cells 

are resistant to cyclophosphamide because 
they express elevated levels of aldehyde dehy-
drogenase [12]. Lymphocytes have low levels of 
aldehyde dehydrogenase and are rapidly killed 
by HiCY; therefore, HiCy is highly immunosup-
pressive but not myeloablative. 

In patients with SAA treated with HiCY, overall 
survival, response rate, and event free survival 
at 10 years is 88%, 71% and 58%, respectively, 
in previously untreated patients [2]. SAA 
patients who are refractory to conventional 
immunosuppressive therapy (e.g, antithymo-
cyte globulin and cyclosporine) have lower 
response rates to salvage therapy with HiCY; 
however, durable responses have been report-
ed in over 25% of patients with refractory SAA 
[2]. HiCY has also been used in a variety of 
refractory severe autoimmune disease (SADS) 
including lupus, multiple sclerosis, myasthenia 
gravis, scleroderma, autoimmune hemolytic 
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anemia, and others. The response rate in these 
conditions exceeds 90%; however, most 
patients with SADS ultimately relapse following 
HiCY therapy with only 20% remaining disease-
free at 5 years after HiCY therapy [9]. Although 
not permanent, these remissions are often 
clinically valuable, since many patients become 
asymptomatic and are able to discontinue cor-
ticosteroids and other toxic immunosuppres-
sive medications for several years. While ini-
tially conceived as a one-time therapy, we have 
now re-treated several patients with HiCY. Here, 
we demonstrate that HiCY can be safely re-
administered in patients with SAA and refrac-
tory SADS. Importantly, the quality and duration 
of second remissions appears to be equal or 
superior to that of the first remission. 

Materials and methods

From 2000-2012 the records of the Johns 
Hopkins Hospital were reviewed for patients 
with various autoimmune diseases treated with 
one or more courses of high dose cyclophos-
phamide. Some of the patients have previously 
been included in reports of their initial treat-
ments. All protocols were approved by the 
Institutional Review Board of Johns Hopkins, 
and all participating patients (or their guard-
ians) provided written informed consent. 
Patients were recruited from the hematologic, 
neurologic, or rheumatologic clinics of the 
Johns Hopkins Hospital, Baltimore, Maryland. 
One patient was treated at Hahnemann 
University for access of care issues. 

Treatment schedule 

High-dose cyclophosphamide (50mg/kg) was 
administered intravenously over one hour 
through a central venous catheter on four con-
secutive days. The dose of cyclophosphamide 
was based on the lesser of actual or ideal body 
weight as determined by the Metropolitan Life 
table. Intravenous mesna (10mg/kg) was 
administered 30 minutes before, and then 3, 6, 
and 8 hours after, cyclophosphamide as pro-
phylaxis against hemorrhagic cystitis. Beginning 
six days after the last dose of cyclophospha-
mide, patients received granulocyte colony 
stimulating factor (5 µg/kg/day) until the abso-
lute neutrophil count exceeded 1.0 x 109/liter. 
This was done identically with each subsequent 
treatment as well as the initial treatment. 

Supportive care

A serotonin 5-HT3 receptor antagonist such as 
ondansetron (32 mg) was administered intrave-
nously before each dose of cyclophosphamide. 
Prophylactic antimicrobial support, consisting 
of fluconazole (400 mg/day), norfloxacin (400 
mg/day)(except in MG patients) and valacyclo-
vir (500 mg twice per day, if antibodies to her-
pes simplex virus were present), was given 
beginning on the day after the last dose of 
cyclophosphamide and continued until the neu-
trophil count exceeded 0.5 x 109/liter. 
Pneumocystis prophylaxis (usually trime-
thoprim-sulfamethoxazole or dapsone) was 
administered for 6 months. Packed red blood 
cell (leukocyte poor) transfusions were admin-
istered to maintain a hematocrit level > 25%. 
Platelet transfusions were administered to 
maintain a platelet count > 10 x 109/ liter, and 
for bleeding and procedures. 

Statistical analysis

Complete response (or disease improvement) 
was defined here as a decrease in disease 
activity in conjunction with a decrease or elimi-
nation of immune modulating drugs. Definitions 
of disease activity varied by disease and have 
been previously reported. Relapse was defined 
as worsening disease activity and/or a require-
ment for an increase in dose of, or administra-
tion of new, immunosuppressive medications. 
This was the trigger for re- treatment. Hospital 
days were determined from initial hospitaliza-
tion for the cyclophosphamide dosing and then 
any subsequent inpatient time for neutropenic 
fever or other complications. The patients were 
seen in the outpatient transplantation clinic 
seven days a week through the period of neu-
tropenia, and antibiotics and blood products 
were administered as necessary. This is includ-
ed in total treatment days. 

Results

Patient characteristics

A review of all 150 patients treated with high 
dose cyclophosphamide (HiCY) between 
January 2000 and August 1, 2012 showed 
seven patients treated with two cycles of HiCY 
and one patient treated with three cycles. All 
but two patients with SAA had received stan-
dard immunomodulatory therapy for their dis-
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Table 1. Patient Characteristics and Response Details
Tx # Patient age 

at treatment 
(years)

Days ANC 
<500 ( / 
cu mm)

Platelet Trans-
fusions (n= 
pheresis units)

Days to Plt 
indepen-
dence

PRBC 
Transfusions 
(n=units)

Days to 
PRBC inde-
pendence

Total days of treat-
ment (inpatient or 
outpatient)

Re-
sponse

Length of 
Response 
(months)

Total follow up time 
from first dose of 
HiCY (months)

Patient A Male with aplastic anemia
1 44 36 9 20 6 14 69 CR 70
2 50 36 15 21 11 19 81 CR 63 141

Patient B Male with aplastic anemia
1 17 66 37 56 40 56 31 CR 60
2 21 154 88 156 90 156 54 CR 64 124

Patient C Male with aplastic anemia
1 19 28 11 29 16 25 31 CR 57
2 24 32 11 33 18 35 35 CR 45 108

Patient D Male with scleroderma
1 19 11 3 11 2 9 27 CR 22
2 21 18 9 23 6 18 41 CR 49 80

Patient E Female with multiple sclerosis
1 30 7 0 N/A 0 N/A 23 CR 24
2 32 10 0 N/A 2 18 23 CR 33 67

Patient F Female with myasthenia gravis
1 27 6 3 12 6 10 29 CR 72
2 33 9 2 11 1 10 30 CR  29  129

Patient G Female with myasthenia gravis
1 35 8 3 12 2 14 23 CR 108
2 46 8 2 15 2 16 23 CR  30  151

Patient H Female with myasthenia gravis
1 40 13 5 16 6 19 25 CR 35
2 43 13 7 16 6 15 32 CR 36
3 46 13 1 11 2 14 36 NR 0  104

Abbreviations: N/A not applicable; ANC absolute neutrophil count; CR complete response; NR no response.
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ease and were refractory to standard treatment 
prior to the initial treatment with HiCY. The male 
to female ratio was 1:1. The diseases retreated 
were scleroderma, multiple sclerosis, three 
patients with SAA, and three patients with 
myasthenia gravis. The median time between 
HiCY treatments was 40 months (range, 26-122 
months). The median age of initial treatment 
with HiCY was 28.5 years (range, 17-40 years) 
and median age on retreatment was 32.5 
(range, 21-50) years. The median follow up time 
from initial HiCY treatment to present was 108 
months (Range 67-141). Table 1 outlines the 
features of each individual patient.

Toxicity

There were few unexpected side-effects. [3, 5, 
7, 13, 14] Nausea with or without emesis dur-
ing the treatment period was managed with 
intravenous and oral antiemetics. All patients 
experienced temporary alopecia and pancyto-
penia. Febrile neutropenia requiring admission 
to the hospital occurred in all patients but one 
with both treatments. The single patient that 
did not have a neutropenic fever was fever free 
on both treatments. The causes of fever with 
readmission were appendicitis in one AA 
patient and MRSA bacteremia (in another AA 
patient), disseminated fungal infection and par-
vovirus infections. The latter two were aplastic 
anemic patients who had more prolonged peri-
ods of neutropenia than the patients with other 
diseases. 

Hematopoietic recovery

Hematopoietic recovery occurred in all patients. 
As expected, the three patients with aplastic 
anemia had longer times to recovery than did 
the five patients with autoimmune diseases 
that do not target the bone marrow. In all 
patients time to hematopoietic recovery after 
their second course of Hi Cy was similar to the 
time after their initial HiCY treatment, except 
for patient B (SAA). The median duration of neu-
tropenia for all patients was 11 (range 6-66) 
days after the initial cycle and 13 (range 8-154) 
days after the retreatment cycle. Hematopoietic 
recovery was more rapid in patients without 
SAA with a median duration of neutropenia of 8 
days after cycle one and 11.5 days after cycles 
2 or more.

The median time to the last packed red blood 
cell transfusion after completion of HiCY for all 

patients was 15 days (range 0-156) and the 
median time to the last platelet transfusion 
was 16 days (range 0-156 days). The median 
number of packed red blood cell transfusions 
was 6 (range 0-90) and the median number of 
platelet transfusions was 5 (range 0-88). The 
patients with SAA had a median of 25 days 
after HiCY to red cell independence after cycle 
one and 35 days after cycle 2. The patients 
with other autoimmune diseases had a median 
of 10 days after HiCY to red cell independence 
after cycle one and 14.5 days after cycles 2 or 
3. The patients with SAA had a median of 29 
days after HiCY to platelet independence after 
cycle one and 33 days after cycle 2. The 
patients with other autoimmune diseases had 
a median of 12 days after HiCY to platelet inde-
pendence after cycle one and 11.5 days after 
cycles 2 or 3. 

Response

The overall response rate to HiCY was 94.1% 
across all 17 cycles represented here. All 
patients responded after the first and second 
treatments. The single patient treated three 
times did not respond to the third treatment. 
Patients C, F, and G have shorter follow-up after 
their second cycle of HiCY compared to their 
first; however, the remaining patents have 
achieved a second remission that is compara-
ble or even greater in duration than their first 
complete remission (CR). The response criteria 
were detailed for each disease and the individ-
ual provider for the disease of interest. In the 
patient with multiple sclerosis, her response 
was defined as at least a 1 point improvement 
on the Expanded Disability Status Scale. [15] 
The SAA patients’ response was defined by 
transfusion independence and near normaliza-
tion of blood counts for age and sex. The myas-
thenia patients’ responses were defined by 
improvement in myasthenia gravis disease 
activity score [16] as well as their Karnofsky 
performance scores [17]. The disease specific 
details of each response can be seen in Table 
2.

Overall and event-free survival

Overall survival in this cohort was 100%. All 
patients relapsed after the initial cycle but 
event free survival thereafter was 93.3%. All 
are still in remission except the MG patient 
treated for a third time who did not respond to 
the third treatment. Patient F remained in 
remission after her second HiCY treatment for 
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29 months. During that time, she was main-
tained on low dose prednisone (10 mg every 
other day) and Mycophenolate mofetil, but then 
stopped the Mycophenolate mofetil because 
she was trying to conceive. She then had a gas-
trointestinal infection that resulted in vomiting 
and required hospitalization, and then had a 
relapse of MG. She was maintained with 
repeated plasma exchanges until August 2012, 
when she was treated with rituximab (1 gram 
on two occasions). The MG has remained 
asymptomatic during the 3 months since the 
rituximab treatment.

Discussion 

High dose cyclophosphamide induces remis-
sions in patients with SAA and other autoim-
mune disorders. [9] The safety of this approach 
has been demonstrated and does not require 
human stem cell transplantation. Most remis-
sions in patients with SAA are durable, but the 
relapse rate in patients with other refractory 

severe autoimmune disease such as myasthe-
nia gravis, scleroderma and multiple sclerosis 
is much higher. Here, we demonstrate that 
repeat treatment with HiCY is safe and feasible. 
Moreover, the toxicity and quality of response 
appear to be comparable, and in some cases 
superior in duration to that of the initial HiCY 
treatment. As previously reported, the duration 
of aplasia was significantly longer in patients 
with SAA than in patients with other refractory 
severe autoimmune disease that did not involve 
the bone marrow.

HiCY with or without other immunosuppressive 
or even myelosuppressive chemotherapy fol-
lowed by autologous stem cell transplantation 
has also been used to treat refractory severe 
autoimmune diseases. Similar to HiCY without 
stem cell transplantation, durable remissions 
have been achieved, but most patients eventu-
ally relapse within 5 years of therapy. In a report 
from the European Group for Blood and Marrow 

Table 2. Disease specific details of response to HiCY
Treatment at time 
of #1 HiCy

Disease se-
verity at time 
of #1 HiCy

Response 
post #1 HiCy

Treatment at time of 
#2 HiCy

Disease se-
verity at time 
of #2 HiCy

Response post 
#2 HiCy

Patient A ATG/ CSA x 2 ANC 540
Hb 8.3
Plts 16

ANC 2600
Hb 14.7
Plts 111

None ANC 470
Hb 7.3
Plts 14

ANC 3050
Hb 15.6
Plts 112

Patient B Growth factors ANC 30
Hb 7.6
Plts 6

ANC 2880
Hb 16.9
Plts 124

None ANC 840
Hb 9.1
Plts 7

ANC 2050
Hb 14.6
Plts 103

Patient C None ANC 680 
Hb 3.4 
Plt 11 

ANC >2500
Hb >15
Plts >150

None ANC 800
Hb 6.8
Plts 11

ANC >2500
Hb >15
Plts >150

Patient D Pred 7.5; MTX mRSS 28 mRSS 4
off all IST

CY mRSS 32 mRSS 0
off all IST

Patient E IFN EDSS 6.5 EDSS 1.5
off all IST

Glatiramer acetate EDSS 3.0 EDSS 1.0
off all IST

Patient F Pred 50; MMF; 
Pyr; pheresis q 30 
days; tacrolimus

KPS 80
MG IVb

KPS 100
MG 0

Pred 40; Pyr; pheresis 
q7days

KPS 55
MG IVb

KPS 100
MG 0

Patient G Pred 60; CsA; Pyr KPS 40
MG IVb

KPS 100
MG I

Pred 60; Pry; pheresis 
q7days

KPS 60
MG IVb

KPS 100
MG 0

Patient H Pred 80; MMF; 
Pyr;IVIg

KPS 40
MG V

KPS 100
MG 0

Pred 50; MMF; Pyr;IVIg; 
tacrolimus; pheresis 
q4days
Had to resume same 
regimen prior to #3 
HiCy

KPS 60
MG V
#3 HiCY:
KPS 40
MG V

KPS 100
MG 0
#3 HiCY:
KPS 70
MG V

Abbreviations: IST immunosuppressive therapy; ANC Absolute neutrophil count; Hb Hemoglobin; Plts Platelets; CY Cytoxan (oral); 
CsAcyclosporine; Pred Prednisone with daily dosage in mg; Pyr Pyridostigmine; IVIG Intravenous immunoglobulin; IFN interferon 
Beta IA; mRSS modified Rodnan skin score; KPS Karnofsky Performance Score; EDSS Expanded Disability Status Scale; MTX 
methotrexate; ATG Antithymocyte globulin; MMF mycophenolate mofetil; MG Maximum score on Myasthenia Gravis Foundation 
of America scale.
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Transplantation, they reported 9 patients of 
900 total from 1996-2007 who received a sec-
ond autologous transplant for SADS. [18] 
Outcomes were not provided. More recently in 
a report from the United Kingdom of 70 trans-
plants for SADS from 1997-2009, one patient 
had an allogeneic transplant three years after 
an autologous transplant [19]. 

The decision about when to initiate a second 
cycle of HiCY is complex and involves careful 
discussion between the patient and physician, 
and may also depend upon the quality and 
duration of response, as well as other poten-
tially available therapies. In our series the dis-
cussion was initiated by the patients in all 
cases, and was likely attributable to the fact 
that six of the eight patients were refractory to 
standard therapy, and had few or no good treat-
ment options available. Moreover, all of these 
six achieved a complete remission after HiCY 
and were able to taper or discontinue their 
immunosuppressive medication required to 
control their disease. Based on these data, we 
believe that repeat treatment with HiCY should 
be considered in patients with refractory severe 
autoimmune disorders who have achieved a 
high quality remission that has lasted at least 2 
years. The possibility that maintenance immu-
nosuppressive therapy, after HiCY re-treat-
ment, may prolong the beneficial effect needs 
to be tested in a prospective trial.
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