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Abstract 
Objective 
For patients with systemic vasculitis (SV) refractory to conventional therapy, new treatment 
strategies aimed at aggressive induction of remission and relapse prevention are being sought. 
We herein report our single center experience in treating 4 patients with refractory SV employing 
non-myeloablative autologous hematopoietic stem cell transplantation (HSCT). 
Methods 
Four patients with refractory SV (2 – with neurovascular Behcet’s disease, 1 – with 
neurovascular Sjogren’s syndrome, and 1 – with Wegener’s granulomatosis) were involved in an 
IRB and FDA approved phase I clinical trial of high dose chemotherapy and autologous HSCT. 
Peripheral blood stem cells were mobilized with cyclophosphamide (Cy) and granulocyte-colony 
stimulating factor.  Conditioning regimen consisted of Cy 200 mg/kg and rabbit anti-thymocyte 
globulin 5.5 mg/kg IV.  
Results 
All 4 patients tolerated HSCT well without transplant related mortality or any significant 
toxicity. At median follow up of 28 (range 22-36) months all patients are alive. Three patients (1 
each with Behcet’s, Sjogren’s, and Wegener’s) entered a sustained remission at 6, 6 and 24 
months, respectively, after the transplant. They had significant decrease in both, disease activity 
and disease or treatment related damage, measures (Birmingham Vasculitis Activity Score and 
Vasculitis Damage Index, respectively). All 3 patients who achieved remission discontinued 
immunosuppressive therapy at the time of transplant and have not required treatment since. One 
patient with Behcet’s disease and positive for HLA-B51 has not improved after HSCT. 
Conclusion 
We suggest non-myeloablative autologous HSCT is safe and effective treatment for select 
patients with SV refractory to conventional immunosuppressive therapies.  
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Introduction 
The systemic vasculitides (SV) comprise a broad group of diseases that are characterized by the 
presence of blood vessel inflammation with intimal proliferation, luminal narrowing and 
occasional wall necrosis. 1,2 Current SV mortality rates, since introduction of 
cytotoxic/immunosuppressive therapy, have largely decreased, however, there remains a subset 
of patients who do not respond, and there is significant disease and/or treatment related 
morbidity and high relapse rates once treatment is withdrawn.1-4 

Most validated assessments of prognosis in SV are correlated to disease activity and disease 
and/or its treatment related damage. 5-7 Additionally, a subset of patients with involvement of 
major internal organs, especially central nervous system, by the vasculitic process is 
characterized by severe morbidity and mortality and remains very difficult to treat.8-10 This 
supports a need for new treatment strategies for resistant disease in select patients with SV.  
Autologous hematopoietic stem cell transplantation (HSCT) has been performed safely and 
successfully in the last decade to treat multiple severe autoimmune diseases throughout the 
world.reviewed in 11 There has been limited case reports of allogeneic and autologous HSCT 
performed in patients with systemic vasculitis, all from either European registry or Japan.12-23 
We here report results of the first 4 patients involved in a single center phase I clinical trial of 
high dose non-myeloablative chemotherapy and autologous HSCT for refractory SV. 
 
 
Patients and Methods   
Patients 
Four patients with refractory SV were involved in an autologous HSCT trial approved by the 
Institutional Review Board at Northwestern University, Chicago: 2 patients with neurovascular 
Behcet’s disease (BD), 1 patient – with Wegener’s granulomatosis (WG), and 1 patient – with 
neurovascular Sjogren’s syndrome (SS). Inclusion criteria were: 1) a diagnosis of either 
necrotizing vasculitis, neurovascular Behcet’s disease or Sjogren’s syndrome with either 
pulmonary or neurovascular involvement, and 2) disease refractoriness and failure to 
conventional therapy, defined as Birmingham Vasculitis Activity Score (BVAS) above 20 or 
recurrent flares with subsequent progressive organ damage while on corticosteroids and at least 6 
months of oral or intravenous (IV) cyclophosphamide (Cy) (for necrotizing vasculitis), recurrent 
oral and/or genital lesions and neurological symptoms while on at least 3 months of oral or IV 
Cy (for BD), and either recurrent neurologic attacks or progressive pulmonary compromise 
despite at least 6 months of IV Cy (for SS). All patients signed an informed consent before 
starting pre-transplant testing. Patient profile including SV manifestations, prior therapies, pre-
transplant serology and imaging abnormalities are described in Table 1. 
 
Patient # 1 
Twenty five year old white woman developed initial symptoms of crops of lesions on her tongue 
7 years earlier. Her symptoms progressed to involuntary facial, neck and arm muscle twitching 
and intense headaches which would last for hours and were associated with blurry vision and 
flashing lights. Other symptoms included tinnitus, vertigo, transient left sided deafness, arthritis 
in her large joints, Raynaud’s phenomenon, papular ulcerating lesions on her hands, pustules on 
her chin, and erythematous rash on chest, buttocks and legs. Due to hematuria she was diagnosed 
with interstitial cystitis. At the age of 23 she developed left hemiparesis with gradual resolution. 
Brain magnetic resonance imaging (MRI) performed at that time showed multiple small 
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subcortical white matter lesions, mostly within frontal lobes. Cerebrospinal fluid analysis was 
unrevealing with no infection and/or oligoclonal bands detected. Finally, the patient was 
diagnosed with Behcet’s disease and was placed on oral Cy which she took for 3 months, 
however, her neurological and cognitive decline continued to progress as she developed memory 
impairment and recurrent disorientation and confusion significantly affecting her daily 
functioning. 
 
Patient # 2 
Forty two year old white woman presented with right optic neuritis (ON), arthralgias, 
xerostomia, xerophthalmia and fatigue 5 years ago. She was diagnosed with Sjogren’s syndrome 
and treated susscessfuly with steroids and methotrexate until 3 years later, when she developed 
left ON and transverse myelitis (TM) with lower extremity weakness, paresthesias and 
neuropathic pain in the upper torso. TM attacks were recurring while on high dose steroids, IV 
Cy, mycophenolate mofetil, IV immunoglobin and weekly plasmapheresis. Attempts to taper 
plasmapheresis sessions resulted in TM attacks giving symptoms of lower back pain, urinary 
frequency, imbalance, lower extremity numbness, and ON flares. Multiple brain and spinal cord 
MRIs were performed and documented waxing and waning myelitis in the cervical, thoracic and 
lumbar spine, some with associated enhancement and cord edema.  
 
Patient # 3 
Twenty seven year old white woman 3 years earlier developed right ear pain, Bell’s palsy and 50 
pound weight loss over 2 months. A few months later she manifested a right submandibular mass 
which was biopsied and revealed granulomatous inflammation. Blood tests revealed positive C-
ANCA. The patient was diagnosed with WG. She was started on oral prednisone and oral Cy 
with improvement of her symptoms. A year later she developed severe headaches, neck pain and 
blurry vision. She was found to have right orbital and skull base masses. Cy dose was increased 
and she was treated with pulse steroids. Blurry vision continued; it progressed to diplopia, 
painful eye movements and significant proptosis. There was no improvement with infliximab 
infusions. Monthly IV Cy resulted in only a partial response.  
Patient # 4 
Thirty six year old asian woman 2.5 years ago developed severe pustular folliculitis in her scalp 
with loss of hair. Her symptoms progressed to pustular and malar rash on her face, and diffuse 
myalgias and arthralgias, along with painful genital and perianal ulcers, oral ulcerations, 
conjunctivitis, and keratitis. She also had otitis externa and inflammation of the nasal cartilage. 
She was treated with oral and IV steroids and azathioprine, levamisole and colchicine without 
improvement.. A year prior to referral, she developed cognitive dysfunction including memory 
loss, inability to concentrate, dizziness, severe headaches and myoclonic movements. Brain 
SPECT (single-photon emission computed tomography) demonstrated decreased blood perfusion 
in the cortex and thalamus. Brain MRI showed a few focal lesions without enhancement. HLA 
testing revealed positive HLA-B51. She was diagnosed with neurovascular BD and continued 
treatment with IV pulse steroids and oral Cy without effect.  
   
Stem cell mobilization 
Peripheral blood stem cell (PBSC) mobilization included IV Cy 2g/m2 and granulocyte-colony 
stimulating factor (G-CSF) 10 mcg/kg/day started 72 hours after Cy infusion and continued until 
completion of apheresis. Apheresis began when white blood cell (WBC) count reached 
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>1.0x109/L and continued until >2.0x106/kg of selected CD34+ cells were obtained. Spectra 
(Cobe, Lakewood, CO) apheresis machine was utilized for all patients. 
   
Stem cell selection 
Collected blood products were positively enriched for CD34+ cells using Isolex 300iv2.5 
(Baxter, Deerfield, IL) system. Selected products were cryopreserved in liquid nitrogen for 
approximately 2 weeks until the reinfusion day. 
 
Conditioning regimen 
 The conditioning regimen consisted of Cy 50 mg/kg/day IV on days -5 through day -1 and 
rabbit anti-thymocyte globulin (ATG) 0.5 mg/kg IV on day-6 and 1.0 mg/kg/day IV on days -5 
through day -1. Hydration and mesna infusion were started before and continued for 24 hours 
after completion of Cy. G-CSF 5 mcg/kg/day subcutaneously was started on day 0 and continued 
until WBC engraftment. 
 
Supportive care 
Infection prophylaxis consisted of either acyclovir 400 mg or valacyclovir 500 mg three times a 
day, either ciprofloxacin 750 gm twice a day or levofloxacin 500 mg daily, and either 
fluconazole 400 mg daily or voriconazole 200 mg twice a day, orally, started the day of 
admition, and pentamidine nebulizer (300 mg) given once the day of admission for pneumocyctis 
carinii pneumoniae (PCP) prophylaxis. Upon neutropenia (absolute neutrophil count (ANC) < 
0.5 x109/L), oral fluoroquinolone was changed to IV cefepime. Antifungal prophylaxis with 
daily azole and anti-PCP prophylaxis with thrimethoprim / sulfamethoxazole 3 times per week or 
monthly pentamidine nebulizer were continued for 6 months whereas antiviral prophylaxis was 
continued for 12 months after the tranpslant. 
Red blood cells (RBC) were transfused for Hgb < 8.0 g/L and platelet transfusion was performed 
for platelet count < 50x109/L. All blood products were irradiated, leukoreduced and 
cytomegalovirus (CMV) safe. 
WBC engraftment was defined as the first day of the ANC exceeded 0.5x109/L. Platelet 
engraftment was defined as the first of 3 consecutive days of the platelet count above 20x109/L 
without transfusion support.  
 
Post-transplant follow up 
Patients were evaluated at the clinic at 3, 6, and 12 months after HSCT, then yearly thereafter. 
BVAS and Vasculitis Damage Index (VDI) scoring as well as serological and neuroimaging tests 
were performed at same intervals. 
 
Outcomes 
The primary endpoints of our study were transplant-related toxicity and survival rate; secondary 
outcomes were change in BVAS and VDI, immunosuppressive medication use, improvement in 
serologic markers and neuroimaging abnormalities during the post-transplant period. BVAS and 
VDI are a validated and widely used measure of vasculitis activity.5-7,24,25 Disease improvement 
after HSCT was defined as BVAS decline by 25% over baseline. Deterioration was defined as 
BVAS increase by 50% over baseline. In our study, definition of remission, although arbitrary 
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but consistent with such in multiple clinical trials,26-28 included an absence of vasculitis related 
symptoms and BVAS of 0 with no immunosuppressive therapy. 
 
 
Results 
PBSC mobilization 
PBSC mobilization using Cy 2 g/m2 and G-CSF 10 mcg/kg/day was successful in 3 out of 4 
patients; all 3 required only 1 apheresis session each to collect sufficient number (> 2.0x106/kg) 
of CD34+ cells. The patient with neurovascular SS had 3 apheresis sessions performed with 
suboptimal collection and therefore underwent second mobilization employing G-CSG 10 
mcg/kg/day; she required an additional 2 apheresis sessions. Mean number of collected CD34+ 
cells/kg after selection was 6.86x106/kg (range 2.52 – 12.5x106/kg). There was no mobilization 
regimen associated toxicity except 2 events. The patient with neurovascular SS developed right 
ON flare after the second, G-CSF-only based, mobilization regimen and required pulse IV 
steroid treatment; symptoms improved to baseline by the time of HSCT. Another event during 
the peri-mobilization period was the upper extremity phlebitis at the previous peripherally 
inserted central catheter site in the patient with WG (Table 2). 
 
Early hematopoietic recovery and transfusion of blood products 
Median time to WBC and platelet engraftment was 10 (range 10-13) and 10 (range 7-11) days, 
respectively. Median number of packed red blood cell units transfused were 3 (range 2-4). 
Median number of required platelet transfusions were 1 single donor (range 0-2) unit and 1 
random donor pooled unit (range 0-1) (Table 2). 
 
HSCT toxicities 
All toxic events, including neutropenic fever (NF), gastrointestinal adverse effects greater than 
grade 2 in severity, early and late infections, disease exacerbations, and other unusual events 
during peri-transplant period, are shown in Table 2.  
 
Survival 
At median follow up of 28 (range 22-36) months after the transplant all 4 patients are alive.  
 
Post-transplant disease manifestations and immunosuppressive therapy use (Table 
3) 
Three patients (1 each with BD, WG and SS) went into remission at 6, 6 and 24 months after 
HSCT, respectively. One patient with BD is completely asymptomatic without any 
immunosuppression since HSCT. The patient with neurovascular SS has not had any TM attack 
which was the primary indication for transplant. Plasmapheresis and mycophenolate mofetil 
were stopped just before the transplant and she has not required either since. Prednisone was 
tapered off by 6 months. She continues to have xerostomia and xerophthalmia and residual torso 
neuropatic pain. The patient with WG gradually became free of headache, right eye pain, blurry 
vision and proptosis. She was able to discontinue steroids at 14 months and all narcotic 
medications at 18 months after HSCT. The patient with BD with positive HLA-B51 had clearing 
of the pustular folliculitis rash on scalp and face initially post-transplant, however, the rash 
returned within 6 months. She continues to have oral and genital ulcerations and cognitive 
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dysfunction. After HSCT, the patient has been treated by her local physician with multiple 
therapies, including IVIG, humira and infliximab, to all of which her symptoms have been 
resistant. 
 
Disease activity and damage scores 
All patients showed marked decrease in BVAS (figure 1). One patient with BD with continuous 
disease activity has lost follow up. Three patients who entered remission after HSCT had 
sustained reduction in VDI (Figure 2). 
  
Serologic markers 
All rheumatologic blood tests were negative before the transplant in our vasculitis patients 
except: in the patient with neurovascular SS - positive ANA at titer 1:320, elevated Anti-SSA/Ro 
at 149 U/ml and Anti-SSB/La at 126 U/ml; in the patient with WG - positive C-ANCA at titer 
1:80; and in the patient with neurovascular BD - mildly elevated ANA at titer 1:40. Post-HSCT, 
the SS patient’s ANA persisted but decreased to 1:80 then stabilized at 1:160 at 12 and 24 month 
follow up, and Anti-SSA/Ro and Anti-SSB/La decreased to 87 U/ml and 24 U/ml, respectively. 
In the patient with WG, C-ANCA persisted until 12 months but became negative at 24 month 
evaluation (data not shown). We do not have a repeat ANA result after HSCT for a patient with 
BD with a positive ANA pre-transplant. 
 
Neuroimaging  
In the patient with neurovascular SS, the abnormal signal on the MRI of thoracic spine markedly 
improved without any evidence of enhancement or edema at 6 and 12 months after HSCT. In the 
patient with WG, the soft tissue mass in her right orbit remained stable at 6 and 12 months and 
decreased in size on MRI of the brain done at 24 month follow up. MRI of the brain was 
unavailable post-HSCT for the patient with BD who was lost to follow up. The other patient with 
BD in complete remission was unable to undergo serial MRIs post-transplant due to lack of 
insurance coverage. 
 
 
Discussion 
Up to now, no single center study utilizing a standardized treatment protocol and consistent 
measures of follow up for patients with SV has been reported in the literature. There have been a 
few case reports from Europe and Japan on autologous HSCT for patients with refractory SV 
including BD, WG, Takayasu arteritis, Churg Strauss syndrome, and polyarteritis nodosa, as well 
as a cord blood transplantation for patients with BD and coexisting myelodysplastic syndrome 
(MDS), and allogeneic and autologous HSCT for patients with SS and coexisting lymphoma.12-22 

We herein report peri-transplant course and short-term outcomes in 4 patients with refractory SV 
(BD, WG and neurovascular SS) treated with non-myeloablative autologous HSCT by a 
standardized protocol. PBSC mobilization utilizing Cy and G-CSF in our patients was safe. 
Optic neuritis flare in the patient with neurovascular SS which occurred during mobilization 
using G-CSF without chemotherapy is consistent with disease exacerbations seen in other 
centers,29-31 as well as our experience when G-CSF only mobilization was used for the first 4 
patients with multiple sclerosis, one of whom developed disease flare.32 Interestingly, the same 
patient with neurovascular SS was the only patient who had disease exacerbation corresponding 
to WBC engraftment after HSCT, a transient TM flare, confirmed by spinal MRI. G-CSF, used 
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to shorten the neutropenic period, was felt to be the likely culprit. G-CSF may exaggerate 
cytokine dysregulation which frequently occurs in the rapid recovery phase of hematopoiesis 
after PBSC transplantation and is clinically recognized as engraftment syndrome. In the 
literature, G-CSF has been shown to activate preexisting inflammatory eye disease or even 
induce the disease,33,34 to cause transient hypoxemia,35,36 hypercoagulable state,37 lower 
threshold of seizure in patients with CNS lupus,38 and induce flares of experimental autoimmune 
encephalomyelitis, an animal model of multiple sclerosis.39 For these reasons, patients with 
autoimmune diseases undergoing non-myeloablative autologous HSCT at our center are 
mobilized with both, Cy and G-CSF, and being administered G-CSF for faster WBC engraftment 
starting day +6 of HSCT.  
All 4 patients developed neutropenic fever during HSCT, with fever resolution upon WBC 
engraftment. None of the patients developed culture positive infection or signs of sepsis. Oral 
thrush in the patient with WG responded well to a change of fluconazole to voriconazole. 
Moderate-severe gastrointestinal adverse events were rare. Early hematopoietic reconstitution 
was prompt in all patients. 
An interesting immune dysregulation syndrome was observed in our WG patient approximately 
2 months after the transplant. The patient presented with multiple evolving vasculitic / 
thrombotic events: lower extremity (LE) leucocytoclastic vasculitis rash (confirmed on skin 
biopsy), LE deep venous thrombosis (confirmed by Doppler ultrasound) and complete splenic 
infarction (found on computer tomography scan). The symptoms corresponded to CMV and 
EBV reactivation. Interestingly, the ANCA level performed at that time showed very high titers. 
It is possible that sudden rise in ANCA levels and clinical symptoms were at least partially 
induced by viral infection. However, reactivation of viruses as a “bystander” cannot be ruled out, 
and in that case symptoms could be attributed to vasculitis exacerbation related to immune 
dysregulation after HSCT. A patient described by Daikeler et al13 had very high ANCA titers 
following EBV reactivation as well, which declined during treatment with gancyclovir. It has 
been postulated that a case like this could be supporting evidence for the role of viral infection in 
the SV etiopathogenesis. Our patient recovered completely (except functional asplenism), 
following treatment with valgancyclovir, anticoagulation and anti-inflammatory medications. 
The effectiveness of autologous HSCT for our first 3 patients has been impressive. The first 
patient with neurovascular BD had quick disappearance of all vasculitis related symptoms with 
no immunosuppressive therapy since the transplant. Remission has been sustained for 3 years 
now and is reflected by BVAS of 0 since 6 months after HSCT.  
The patient with neurovascular SS has been a success as no TM flare has developed since HSCT 
with no need of plasmapheresis and with quick corticosteroid taper. BVAS of 0 has been 
sustained for 2 years now since 6 months after the transplant. Persistence of sicca symptoms after 
the transplant in our patient is consistent with reports of autologous HSCT for primary SS that 
describe malignancy cure but persistence or recurrence of SS. Our patient with a rare 
manifestation for primary SS - neurological involvement - might be different in that view; 
pathogenesis of sicca syndrome and vasculitis associated with SS could be distinct so that HSCT 
could target one but not the other. This supports the concept that the selection of patients for 
autologous HSCT should be aimed to potentially reversible symptoms, not to specific diagnoses 
per se. 
Improvement and eventual remission in the patient with WG with orbit granulomatous 
inflammation is consistent with a similar report by Tsukamoto et al.12 It has taken 1.5 years to 
taper steroids, and clinical remission in our patient, reflected by symptom-free state and BVAS 
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of 0, corresponded to ANCA level normalization as well as radiological improvement. It is still 
controversial whether ANCA are pathogenetic in necrotizing vasculitis. However, serial 
measurements of ANCA are believed to provide important information about disease activity.40 
A negative ANCA test has been shown to be a useful indicator of remission, although 
significance of elevated ANCA titers is less certain.41 A large prospective study of 100 patients 
with WG showed that rising ANCA levels can signal an impending relapse, but also can occur in 
patients with no subsequent clinical flare.42 
Probably the most genetically influenced autoimmune disease is BD. HLA-B51 positivity has 
been shown to present a much greater risk of developing disease especially in Asian population. 
Our second patient with neuro-BD did not benefit from autologous HSCT except a mild short-
lasting improvement in skin manifestations. Patients like this may be more suitable for allogeneic 
or cord blood transplantation from a donor devoid of HLA-B51.  
In summary, non-myeloablative autologous HSCT for patients with severe refractory SV with 
neurological involvement has shown to be a safe and effective treatment modality. More patients 
are needed to confirm this therapy’s efficacy and its duration. Patients with refractory BD and 
positive HLA-B51 marker might be considered for allogeneic HSCT or cord blood 
transplantation. 
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Figure legends 
 
Figure 1. BVAS before and serially after autologous HSCT in 4 patients with systemic 
vasculitis. BVAS – Birmingham Vasculitis Activity Score, HSCT – hematopoietic stem cell 
transplantation. 
 
Figure 2. VDI score before and serially after autologous HSCT in 4 patients with systemic 
vasculitis. VDI – Vasculitis Damage Index, HSCT – hematopoietic stem cell transplantation. 
 
Table Legends 
 
Table 1. Patient characteristics. HSCT - hematopoietic stem cell transplantation, BVAS - 
Birmingham Vasculitis Activity Score, VDI - Vasculitis Damage Index, MRI – magnetic 
resonance imaging, BD – Behcet’s disease, SS – Sjogren’s syndrome, WG – Wegener’s 
granulomatosis, F – female, IC – interstitial cystitis, CNS – central nervous system, H/A – 
headache, ON – optic neuritis, B – bilateral, TM – transverse myelitis, R – right, PO – oral, CTX 
– cyclophosphamide, MTX – methotrexate, IV – intravenous, MMF – mycophenolate mofetil, 
IVIG – intravenous immunoglobulin, neg – negative, IJV – internal jugular vein, SV – 
subclavian vein, L - left. 
 
Table 2. Peri-transplant course, including peripheral blood stem cell mobilization, early 
hematopoietic recovery and HSCT-associated adverse events, in patients with systemic 
vasculitis. mobilization was by cyclophosphamide at 2 g/m2 plus G-CSF at 10 mcg/kg/day. 
HSCT - hematopoietic stem cell transplantation, I-CD34 – infused CD34+ cell dose, WBC – 
white blood cells, Plt – platelets, RBC – red blood cells, engraft – engraftment, transf – 
transfusion, U – units, d/c – discharge, BD - Behcet’s disease, SS – Sjogren’s syndrome, WG – 
Wegener’s granulomatosis, R – right, ON – optic neuritis, L - left, UE – upper extremity, PICC – 
peripherally inserted central catheter, SD – single donor, RD – random donor, CMV – 
cytomegalovirus, EBV – Epstein Barr virus, UTI – urinary tract infection, IST – 
immunosuppressive therapy, TM – transverse myelitis, NF – neutropenic fever, N/V – 
nausea/vomiting, ATG- anti-thymocyte globulin, LCV – leukocytoclastic vasculitis, LE – lower 
extremity, L – left, DVT - deep venous thrombosis. 
 
Table 3. Post-transplant clinical course in patients with systemic vasculitis. HSCT - 
hematopoietic stem cell transplantation, MRI - magnetic resonance imaging, IST - 
immunosuppressive therapy, d/c – discontinued, BD - Behcet’s disease, SS – Sjogren’s 
syndrome, WG – Wegener’s granulomatosis, * - patient eventually lost to follow up, TM – 
transverse myelitis, H/A – headache, L – left, R – right, N/A – not applicable. 
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Table 1  

Pt 
# 

Diagnosis Age 
(years) 

Gender Disease 
duration 
(years) 

Pre-HSCT 
manifestations 

Pre-HSCT therapy C-
ANCA 

P-
ANCA 

ANA Anti-
dsDNA 

BVAS VDI MRI findings 

1 BD 25 F 7 orogenital aphtous 
ulcers, 

arhralgias,  
skin lesions, 

IC, 
CNS involvement 

(confusion, 
hemiparesis, 
myoclonus, 

H/A) 
 

PO CTX neg neg neg neg 8 7 multiple subcortical 
white matter lesions, 

> frontal lobes 

2 SS 42 F 5 recurrent ON B, 
arthralgias, 

recurrent TM, 
torso neuropatic 

pain,  
xerostomia, 

xerophthalmia 
 

MTX, 
PO/IV steroids, 

MMF,  
IV CTX, 

IVIG, 
plasmapheresis 

neg neg 1:320 neg 9 2 cervical/thoracolumbar 
spinal cord lesions 

with 
enhancement/cord 

edema 

3 WG 27 F 3 R orbital and skull 
base mass with 

eye pain, 
proptosis, 

blurry vision, 
diplopia, 

painful eye 
movements, 

H/A 

PO/IV CTX, 
PO/IV steroids, 

infliximab 

1:80 neg neg neg 31 12 low T1 and T2 signal 
lesion with some 

enhancement R orbit, 
enhancing soft tissue 

along R maxillary 
sinus and R dorsal 

clivus region, 
occlusion of R IJV 

from jugular 
bulb to junction of 

 R SV 
 

4 BD 36 F 2.5 HLAB51+, orogenital 
ulcers,  

scalp pustular 
folliculitis, 

conjunctivitis, keratitis, 
wt loss,  

arthralgias,  
CNS involvement 

(memoryloss,confusion,  
myoclonus, H/A) 

PO/IV steroids, 
azathioprine, 
levamisole, 
colchicine, 
PO CTX 

neg neg 1:40 neg 21 4 few foci of increased 
T2 signal in 
subcortical 

white matter, L frontal 
and parietal lobes 
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Infections 

 Pt 
# 

Disease # of 
apheresis 
sessions 

I-CD34 
(x106//kg) 

Mobilization 
toxicity 

WBC 
engraft 
(day) 

Plt  
engraft 
(day) 

RBC 
transf 
(U) 

Plt  
transf 
 (U) Early  

(before d/c) 
Late  
(after d/c) 

Disease 
exacerbation 

Other 
toxicities 

1 BD 1 12.5 none 10 9 4 2 SD / 
1 RD 

no no no NF 
N/V grade 3 
 

2 SS 5 2.71 R ON flare  
after G10 
mobilization 

10 10 2 1 RD no no TM flare 
(ataxia, 
urinary 
incontinence, 
torso 
neuropathic 
pain) at the 
end of HSCT 
 

fever with 
ATG 
NF 

3 WG 1 2.52 L UE phlebitis 
at previous 
PICC site 

13 11 4 1 SD / 
1 RD 

oral thrush CMV and 
EBV 
reactivation 
at 6-8 weeks 
after HSCT, 
UTI at 2 
months after 
HSCT 

no NF 
LCV LE, 
splenic 
infarction 
and L LE 
DVT at 6-8 
weeks after 
HSCT 
 

4 BD 1 9.74 none 10 7 2 1 SD no shingles after 
further IST 

no NF 

 
 
 
 

Table 2 
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Pt 
# 

Disease Follow up 
(months) 

Manifestations 
(months after 

HSCT) 

MRI findings 
(months after 

HSCT) 

Remission 
(months after 

HSCT 
achieved) 

Relapse IST use 
after HSCT 

Steroids d/c 
(months after 

HSCT) 

Narcotics 
d/c 

(months 
after 

HSCT) 
1 BD 36 none few increased signal 

foci periventricular 
white matter, > L 
frontal lobes (6) 

 

Yes (6) No No N/A N/A 

2 SS 30 no TM recurrence,  
+ xerostomia/ 

xerophthalmia/torso 
neuropatic pain 

 

thoracic cord T2 
signal markedly 
improved (6,12) 

Yes (6) No No Yes (6) Yes (12) 

3 WG 26 no proptosis/diplopia/ 
blurry vision/eye 

pain,  
+ occasional H/A 

stable (6,12), 
decrease in 

abnormal enhancing 
soft tissue inferior R 

obit (24) 
 

Yes (24) No No Yes (14) Yes (18) 

4 BD 22* pre-HSCT symptom 
progression 

not available No N/A Yes N/A N/A 

 

Table 3 
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