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Case report

Engraftment syndrome: a common cause for rash and fever following
autologous hematopoietic stem cell transplantation for multiple
sclerosis

Y Oyama1, B Cohen2, A Traynor1, M Brush1, J Rodriguez1 and RK Burt1

1Northwestern University School of Medicine, Division of Immune Therapy and Autoimmune Disease, Chicago, IL, USA; and
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Summary:

Autologous hematopoietic stem cell transplantation
(HSCT) is currently being evaluated as a therapy for
patients with progressive multiple sclerosis (MS) at risk
of debilitating neurological impairment. While prelimi-
nary results from a few studies have been reported, little
is known about toxicities or outcome of HSCT for MS.
We report a relatively frequent triad of non-infectious
fever, rash and fatigue or lassitude that may also be
associated with pruritis, pulmonary symptoms, and
eosinophilia and frequently occurs around engraftment.
This syndrome occurred in 26% of our series of patients
(5/19) undergoing HSCT for multiple sclerosis. The
engraftment syndrome is usually self-limited but may
require intervention with systemic corticosteroids.
Bone Marrow Transplantation (2002) 29, 81–85. DOI:
10.1038/sj/bmt/1703324
Keywords: multiple sclerosis; autologous transplan-
tation; engraftment syndrome; skin rash; eosinophilia

MS is generally considered to be an immune-mediated
demyelinating disease, and is commonly treated with
immune modulating therapies including interferon-beta
(Avenox, Betaseron) and copolymer 1 or glatiramar acetate
(Copaxone). When these agents fail to produce an adequate
response, corticosteroids, mitoxantrone, cyclophosphamide,
azathioprine, methotrexate or cladribine may be added or
substituted.1–9 Hematopoietic stem cell transplantation
(HSCT) is now being offered to patients with progressive dis-
ease because: (1) current non-specific immune suppressive
therapies are not curative and only slow progression;1–9 (2)
there is insufficient knowledge on the etiology and patho-
genesis of MS and specific antigenic targets, particularly
when applied across race and HLA phenotypes to design
highly specific immune therapies; (3) there is a desperate
need for more effective therapy perceived by both phys-
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ician and patients due to the increased suicide rate in some
series of MS.10

The concept of HSCT for MS has been proposed11 and
partially supported by results of HSCT in experimental
autoimmune encephalomyelitis (EAE), an animal auto-
immune demyelinating CNS disease.12–20 The first reported
use of HSCT for MS was by Fassas et al21 in Thessoliniki,
Greece, using a carmustine, etoposide, cytarabine, mel-
phalan (BEAM) conditioning regimen. The first North
American HSCT for MS utilized a cyclophosphamide and
total body irradiation regimen (Cy/TBI).22 BEAM has sub-
sequently become the standard MS transplant regimen
in Europe, while Cy/TBI-based regimens are the most
common regimen utilized for HSCT of MS in North
America.23–38

We report on a uniquely frequent complication of HSCT
using Cy/TBI for MS seen in approximately one quarter of
our subjects. This syndrome of fever, rash and fatigue with
generalized non-focal neurologic weakness is usually self-
limited and occurs around the time of engraftment and gen-
erally resolves within 2–3 weeks irrespective of treatment.
Clinical and histologic features of the rash may mimic acute
cutaneous graft-versus-host disease (GVHD).

Method

A retrospective review of HSCT performed for MS at
Northwestern University Medical Center was performed to
identify all patients with an engraftment syndrome defined
as unexplained erythematous rash, non-infectious fever
(temperature �38.1°C), and generalized non-focal and tran-
siently increased fatigue or weakness within 60 days of
HSCT.

Hematopoietic stem cell collection

Hematopoietic stem cells (HSC) in the first two subjects
were collected from iliac crest bone marrow. However, due
to the low yield, supplemental collection from peripheral
blood was used to obtain the minimum of 2.0 × 106 CD34+

stem cells/kg body weight. Collections of HSC from sub-
sequent subjects were obtained solely from peripheral
blood. Initially, HSC were mobilized by administering gra-
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nulocyte colony-stimulating factor (G-CSF) 10 �g/kg/day
for 5 to 6 days. Leukapheresis was performed on day 4 or
5 and, if necessary to generate sufficient HSC, the next day
using a continuous flow blood cell separator (either Fenwall
CS3000; Baxter, Deerfield, IL, USA or Cobe Spectra; Cobe
Lakewood, CO, USA). Due to flare of disease activity in
subject 5, while receiving G-CSF alone for mobilization,
subsequent HSC were collected by infusion of cyclophos-
phamide (2.0 g/m2) followed by daily G-CSF (5 �g/kg/day)
beginning 72 h after cyclophosphamide infusion. Leukaph-
eresis was initiated when the white blood cell count
rebounded to more than 1000 � 106/l (usually 10 days after
cyclophosphamide administration). The peripheral blood
was enriched for CD34+ HSC by passage through either a
CEPRATE SC stem cell concentrator (CellPro, Bothell,
WA, USA) or Isolex stem cell separator (Nexell, Irving,
CA, USA). The enriched stem cell product was frozen with
a controlled rate freezer (Gordinier Electronics, Roseville,
MI, USA) and stored in the vapor phase of liquid nitrogen.

Conditioning regimen

Immune ablation was achieved over 6 days by adminis-
tration of cyclophosphamide 60 mg/kg once daily i.v. on
days 1 and 2 (total dose 120 mg/kg) followed by total body
irradiation (TBI) in doses of 150 cGy twice daily for 4
consecutive days yielding a total dosage of 1200 cGy to
the midplane at the level of the umbilicus. Radiation was
administered in the AP/PA position with 50% of dose
attenuation to the lungs, 20% to the right lobe of the liver,
and 30% to the kidneys. Radiation was delivered using 10
mv photons at a dose rate of approximately 10 cGy/min.
In vivo dosimetry was performed on each subject to confirm
the accuracy of radiation doses delivered to multiple body
points. One gram of methylprednisolone was administered
i.v. on each of the 4 days of TBI. HSC were infused on
the day following TBI (day 0).

Supportive care

Subjects were treated in a HEPA filtered medical floor or
general clinical research center. They were fed a low
microbial diet. Prophylactic antimicrobials included cipro-
floxacin, fluconazole and valacyclovir starting upon admis-
sion. Ciprofloxacin was switched to piperacillin/tazobactam
when absolute neutrophil count (ANC) was less than 500
� 106/l and was stopped upon WBC engraftment, defined
as ANC �500 � 106/l. Fluconazole and valacyclovir were
continued for 6 months following HSC transplantation.
Either trimethoprim/sulfamethoxazole or a pentamidine
nebulizer was started after engraftment and continued for
6 months. Irradiated/leukoreduced packed red blood cells
and single donor platelets were administered to all subjects
to maintain a Hb above 8 g/dl and a platelet count above
30 � 109/l. G-CSF was administered at 5 �g/kg from the
day of HSC infusion until the ANC reached �1000 � 106/l.

Results

Nineteen patients with multiple sclerosis have undergone
autologous CD34-enriched HSCT at Northwestern Univer-

Figure 1 Maculopapular rash resembling acute graft-versus-host disease.

sity with no mortality. Of these, 26% (5/19) have developed
a transient engraftment syndrome. This syndrome is charac-
terized by fever, fatigue and increased weakness along with
variable combinations of rash, eosinophilia, and pulmonary
symptoms. The rash clinically and histologically is similar
to GVHD. It usually involves the upper chest and back and
lower neck, but may extend to legs and forearms. The rash
is erythematous, maculopapular and follicular in appear-
ance (Figure 1). Skin biopsy of involved areas demonstrates
finding consistent with acute GVHD (Figure 2).

Fever may be low-grade (38.1°C) or higher (39.4°C) and
investigations including fungal and bacterial blood cultures,
CT scans of chest and sinuses, CMV antigenenia assay,
and central line removal and tip culture failed to reveal an
infectious etiology. Fever resolved spontaneously, inde-
pendent of anti-microbial intervention. Pulmonary symp-
toms occurred in two patients and included rhinorrhea, per-
sistent dry cough and transient oxygen desaturation that
spontaneously resolved coincidental with resolution of rash
and fever. Eosinophilia (�500 � 106/l) occurred in three

Figure 2 Skin biopsy demonstrated dyskeratotic keratinocytes, basal
layer vacuolization and infiltration of mononuclear cells in parafollicular
bulge consistent with acute GVDH.
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patients, resolving spontaneously in one and after corticos-
teroids in two others. In all cases, fever was associated with
increased generalized and transient fatigue and weakness,
with greater limitation on activities of daily living com-
pared to pre-admission. Duration of fever and rash varied
from 5 to 14 days. Although due to sample size formal
statistical analysis was omitted, occurrence of engraftment
syndrome did not have an obvious correlation with CD34+

cell dose, CD3+ cell dose, age, sex or CMV status (Table
1).

Discussion

We report a post-transplant complication of autologous
HSCT for multiple sclerosis consisting of fever, rash and
lassitude or fatigue occurring in five of 19 (26%) patients.
This engraftment syndrome is usually transient and may
not require treatment. Criteria for treating with corticostero-
ids for this unanticipated syndrome were based upon
attending clinical discretion (Table 1). In MS, fever, inde-
pendent of its etiology, often causes transient worsening of
neurological symptoms known as a pseudo-exacerbation,
due to slowing of nerve conduction velocity and increased
conduction blockade.29,30 Not surprisingly, engraftment
syndrome is accompanied by fatigue and lassitude. While
fatigue is a subjective symptom, compared to a normal per-
son, temperature-dependent fatigue is common in patients
with MS.29,30 The rash appears similar to acute GVHD, and
in those who underwent skin biopsy, is histologically indis-
tinguishable from acute GVHD.

An engraftment syndrome has been previously reported
to occur following autologous HSCT for solid tumors and
hematological malignancies, and is characterized by non-
infectious fever, rash and noncardiogenic pulmonary
edema.31–35 In autologous HSCT for solid tumors,
engraftment syndrome has been associated with capillary
leak and pulmonary infiltrates.31,35 The absence of pulmon-
ary edema or infiltrates in our patients may be due to radi-
ation lung blocks used to diminish the risk of pulmonary
toxicity. Etiology of engraftment syndrome is unknown.
Prompt resolution of fever with systemic corticosteroids
suggests an early post-transplant immunologic dysregul-
ation.

Spitzer36 recently suggested criteria for engraftment syn-
drome. Although our patients do not meet those criteria
completely, and onset may be 12 days after WBC
engraftment, the presence of rash independent of drugs,
non-infectious fever, and histological evidence of acute
skin GVHD would reasonably confirm the diagnosis of
engraftment syndrome. For the purpose of this report, we
do not draw a distinction between engraftment syndrome
and autologous GVHD.

In European studies, the engraftment syndrome has not
been reported for MS patients treated with BEAM con-
ditioning, suggesting a toxicity more common to Cy/TBI
conditioning in MS. In another American study, by Nash
et al,24 one patient had sustained fever of unknown origin
with an increased disability score that could potentially
have been a similar phenomenon. At Northwestern Univer-
sity, the engraftment syndrome has not occurred in any of

12 systemic lupus erythematosus, four rheumatoid arthritis
or two Crohn’s disease patients who underwent autologous
HSCT. Only one of these patients received a TBI-contain-
ing regimen, and all non-MS autoimmune patients who
underwent HSCT were on corticosteroids during the trans-
plant. A short course of post-transplant corticosteroids may
be indicated to help prevent the engraftment syndrome,
which in MS is associated with increased weakness, fatigue
and decline in performance status.

References

1 Paty DW, Li DK, UBC MS/MRI Study Group, IFNB Multiple
Sclerosis Study Group. Interferon beta-1b is effective in
relapsing-remitting multiple sclerosis. II. MRI analysis results
of a multicenter, randomized, double-blind, placebo-controlled
trial. Neurology 1993; 43: 662–667.

2 The IFNB Multiple Sclerosis Study Group, University of Bri-
tish Columbia MS/MRI Analysis Group. Interferon (beta)-1b
in the treatment of multiple sclerosis: final outcome of the
randomized controlled trial. Neurology 1995; 45: 1277–1285.

3 PRISMS (Prevention of Relapses and Disability by Interferon
(beta)-1a Subcutaneously in Multiple Sclerosis) Study Group.
Randomised double-blind placebo-controlled study of inter-
feron (beta)-1a in relapsing/remitting multiple sclerosis.
(Published erratum, Lancet 1999; 353: 678). Lancet 1998;
352: 1498–1504.

4 European Study Group on Interferon (beta)-1b in Secondary
Progressive MS. Placebo-controlled multicentre randomised
trial of interferon (beta)-1b in treatment of secondary progress-
ive multiple sclerosis. Lancet 1998; 352: 1491–1497.

5 The IFNB Multiple Sclerosis Study Group. Interferon beta-1b
is effective in relapsing-remitting multiple sclerosis. I. Clinical
results of a multicenter, randomized, double-blind, placebo-
controlled trial. Neurology 1993; 43: 655–661.

6 Johnson KP, Brooks BR, Cohen JA et al. Copolymer 1
reduces relapse rate and improves disability in relapsing-
remitting multiple sclerosis: results of a phase III multicenter,
double-blind placebo-controlled trial. Neurology 1995; 45:
1268–1276.

7 Johnson KP, Brooks BR, Cohen JA et al. Extended use of
glatiramer acetate (Copaxone) is well tolerated and maintains
its clinical effect on multiple sclerosis relapse rate and degree
of disability. Neurology 1998; 50: 701–708.

8 Millefiorini E, Gasperini C, Pozzilli C et al. Randomized pla-
cebo-controlled trial of mitoxantrone in relapsing-remitting
multiple sclerosis: 24-month clinical and MRI outcome. J
Neurol 1997; 244: 153–159.

9 Edan G, Miller D, Clanet M et al. Therapeutic effect of mitox-
antrone combined with methylprednisolone in multiple scler-
osis: a randomised multicentre study of active disease using
MRI and clinical criteria. J Neurol Neurosurg Psychiat 1997;
62: 112–118.

10 Sadovnick AD, Eisen K, Ebers GC, Paty DW. Cause of death
in patients attending multiple sclerosis clinics. Neurology
1991; 41: 1193–1196.

11 Burt RK, Burns W, Hess A. Bone marrow transplantation for
multiple sclerosis. Bone Marrow Transplant 1995; 16: 1–6.

12 Burt RK, Padilla J, Dal Canto MC, Miller SD. Viral hyper-
infection of the central nervous system and high mortality
after hematopoietic stem cell transplantation for treatment of
Theiler’s murine encephalomyelitis virus-induced demyelinat-
ing disease. Blood 1999; 94: 2915–2922.

13 van Bekkum DW. Stem cell transplantation in experimental



Engraftment syndrome following HSCT for MS
Y Oyama et al

85models of autoimmune disease. J Clin Immunol 2000; 20:
10–16.

14 Karussis D, Vourka-Karussis U, Mizrachi-Koll R, Abramsky
O. Acute/relapsing experimental autoimmune encephalomye-
litis: induction of long lasting, antigen-specific tolerance by
syngeneic bone marrow transplantation. Multiple Sclerosis
1999; 5: 17–21.

15 Burt RK, Padilla J, Begolka WS et al. Effect of disease stage
on clinical outcome after syngeneic bone marrow transplan-
tation for relapsing experimental autoimmune encephalomye-
litis. Blood 1998; 91: 2609–2616.

16 Van Gelder M, van Bekkum DW. Effective treatment of
relapsing experimental autoimmune encephalomyelitis with
pseudoautologous bone marrow transplantation. Bone Marrow
Transplant 1996; 18: 1029–1034.

17 Karussis DM, Vourka-Karussis U, Lehmann D et al. Preven-
tion and reversal of adoptively transferred, chronic relapsing
experimental autoimmune encephalomyelitis with a single
high dose cytoreductive treatment followed by syngeneic bone
marrow transplantation. J Clin Invest 1993; 92: 765–772.

18 van Gelder M, Kinwel-Bohre EP, van Bekkum DW. Treat-
ment of experimental allergic encephalomyelitis in rats with
total body irradiation and syngeneic BMT. Bone Marrow
Transplant 1993; 11: 233–241.

19 van Gelder M, van Bekkum DW. Treatment of relapsing
experimental autoimmune encephalomyelitis in rats with allo-
geneic bone marrow transplantation from a resistant strain.
Bone Marrow Transplant 1995; 16: 343–351.

20 Burt RK, Burns W, Ruvolo P et al. Syngeneic bone marrow
transplantation eliminates V beta 8.2 T lymphocytes from the
spinal cord of Lewis rats with experimental allergic
encephalomyelitis. J Neurosci Res 1995; 41: 526–531.

21 Fassas A, Anagnostopoulos A, Kazis A et al. Peripheral blood
stem cell transplantation in the treatment of progressive mul-
tiple sclerosis: first results of a pilot study. Bone Marrow
Transplant 1997; 20: 631–638.

22 Burt RK, Traynor AE, Cohen B et al. T cell-depleted autolog-
ous hematopoietic stem cell transplantation for multiple scler-
osis: report on the first three patients. Bone Marrow
Transplant 1998; 21: 537–541.

23 Fassas A, Anagnostopoulos A, Kazis A et al. Autologous stem
cell transplantation in progressive multiple sclerosis – an
interim analysis of efficacy. J Clin Immunol 2000; 20: 24–30.

24 Nash RA, Kraft GH, Bowen JD et al. Treatment of severe

Bone Marrow Transplantation

multiple sclerosis (MS) with high-dose immunosuppressive
therapy (HDIT) and autologous stem cell transplantation
(SCT). Blood 2000; 96 (Suppl. 1): 842 (Abstr. 3640).

25 Openshaw H, Lund BT, Kashyap A et al. Peripheral blood
stem cell transplantation in multiple sclerosis with busulfan
and cyclophosphamide conditioning: report of toxicity and
immunological monitoring. Biol Blood Marrow Transplant
2000; 6: 563–575.

26 Carreras E, Saiz A, Graus F et al. Autologous CD34+ selected
hematopoietic stem cell transplantation (CD34+/HSCT) for
multiple sclerosis: update of a single center experience in 10
patients. Biol Blood Marrow Transplant 2001; 7: 69 (Abstr.).

27 Mandalfino P, Rice G, Smith A et al. Bone marrow transplan-
tation in multiple sclerosis. J Neurol 2000; 247: 691–695.

28 Kozak T, Havrdova E, Pit’ha J et al. High-dose immunosup-
pressive therapy with PBPC support in the treatment of poor
risk multiple sclerosis. Bone Marrow Transplant 2000; 25:
525–531.

29 Waxman SG, Geschwind N. Major morbidity related to hyper-
thermia in multiple sclerosis. Ann Neurol 1983; 13: 348.

30 Kazis A, Vlaikidis N, Xafenias D et al. Fever and evoked
potentials in multiple sclerosis. J Neurol 1982; 227: 1–10.

31 Edenfield WJ, Moores LK, Goodwin G, Lee N. An
engraftment syndrome in autologous stem cell transplantation
related to mononuclear cell dose. Bone Marrow Transplant
2000; 25: 405–409.

32 Kawano C, Muroi K, Kuribara R et al. Engraftment syndrome
after autologous peripheral blood stem cell transplantation
with high numbers of peripheral blood stem cells followed
by granulocyte colony-stimulating factor administration. Bone
Marrow Transplant 2000; 25: 228–229.

33 de Arriba F, Corral J, Ayala F et al. Autoaggression syndrome
resembling acute graft-versus-host disease grade IV after auto-
logous peripheral blood stem cell transplantation for breast
cancer. Bone Marrow Transplant 1999; 23: 621–624.

34 Ravoet C, Feremans W, Husson B et al. Clinical evidence
for an engraftment syndrome associated with early and steep
neutrophil recovery after autologous blood stem cell transplan-
tation. Bone Marrow Transplant 1996; 18: 943–947.

35 Lee CK, Gingrich RD, Hohl RJ, Ajram KA. Engraftment syn-
drome in autologous bone marrow and peripheral stem cell
transplantation. Bone Marrow Transplant 1995; 16: 175–182.

36 Spitzer TR. Engraftment syndrome following hematopoietic
stem cell transplantation. Bone Marrow Transplant 2001; 21:
893–898.


