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Summary:

The cryoprotectant dimethyl sulfoxide (DMSO) is known
to have toxic side effects, yet guidelines for its use in stem
cell transplantation do not exist. To assess cuarrent
practice in the use of DMSO and the incidence of
DMSO-related complications, a single page questionnaire
was mailed to 444 EBMT centres involved in autologous
transplantation. The responses from 97 centres showed a
wide variation in practice between transplant units
regarding the concentration of DMSO used, daily DMSO
dose restriction and the use of cell washing. The overall
incidence of DMSO toxicity was approximately one in 70
transplants and most cases were cardiovascular and
respiratory in nature. There was a trend to reduced
complication rates in centres using lower concentrations of
DMSO or washing cells prior to return. A large-scale
prospective study of the strategies for reduction in
exposure to DMSO and reduction in toxic effects is
required before guidelines in the use of DMSO in stem cell
cryopreservation can be promulgated.
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Autologous stem cell transplantation using high-dose
chemotherapy requires the storage of frozen stem cells in
liquid nitrogen for their subsequent reinfusion. Prior to
storage, dimethyl sulfoxide (DMSO) is added to the cells as
a cryoprotectant. Cryoprotectants act by penetrating the
cell where they bind to water molecules in solution. This in
turn blocks the efflux of water from the cytoplasm during
freezing, preventing cellular dehydration or shrinkage and
maintaining stable intracellular salt concentrations and pH
levels. By slowing the rate of freezing they also prevent the
formation of harmful ice crystals within the cell.

Correspondence: Dr TCM Morris, Department of Haematology, Floor
C, Belfast City Hospital, Lisburn Road, Belfast BT9 7AB, Northern
Ireland; E-mail: curly.morris@bll.n-i.nhs.uk

Received 1 November 2004; accepted 13 June 2005; published online
25 July 2005

DMSO is known to have toxic effects. Animal studies
using a swine rete testis model have shown that DMSO
exhibits a dose-dependent vasoconstrictor effect.!? Cases of
DMSO toxicity have also been reported in humans. This
toxicity has been implicated due to the development of
acute side effects during the actual reinfusion of cryopre-
served cells. General side effects such as nausea, vomiting
and abdominal cramps are seen in up to 50% of patients?
and are believed to arise due to a vagal response caused by
the intravenous infusion of a cold liquid. Cardiovascular
and respiratory problems such as hypotension and brady-
cardia* or more rarely hypertension and tachycardia, fatal
arrythmias,® respiratory arrest®’ and diffuse alveolar
haemorrhage® have been reported. A number of centres
have described cases of neurological toxicity such as
reversible leukoencephalopathy,® epileptic seizures'®!! and
stroke.'>!? Elevation of lactate dehydrogenase levels' and
haemoglobinaemia'® have also been reported.

About 10% DMSO has been used as a standard
cryoprotectant in stem cell transplantation. It has been
suggested that lowering the dose of DMSO may be
advisable. Lower concentrations, for example 5%
DMSO'$'7 or 3.5% DMSO!'® are an effective cryoprotec-
tant. Stem cell washing to remove DMSO appears to have
no adverse effect on haematological recovery and may
reduce toxicity'? and fractionation of stem cell administra-
tion may similarly reduce side effects.?® In contrast, it has
been hypothesised that DMSO may have beneficial
antitumour effects in vivo and that reduction of DMSO
dose may be detrimental.?!

It is not known if a reduction in the amount of DMSO
infused leads to a reduction in side effects, and there are no
current guidelines for its use and most transplant centres
are thought to have developed their own protocol for
DMSO use and administration. Thus, the aim of this study
was to assess current practice in the use of DMSO in
EBMT transplant centres and to obtain outline data on its
toxicity.

Methods
A single page questionnaire was designed, piloted and

mailed to 444 EBMT transplant centres in April 2003. The
study was completed in December 2003. A return of >20%



EBMT DMSO Survey
P Windrum et al

602

would be viewed as a satisfactory response typical for this
sort of survey.

In view of the nature of the survey and the fact that toxic
events were not specified in detail, the data have not been
subject to extensive statistical analysis.

Results

Replies were received from 97 centres, a response rate of
22%. In all, 95 centres returned completed questionnaires
and two centres had not carried out any autologous
transplantation. All 95 responders used DMSO as their
sole cryoprotectant.

DMSO concentration

Seventy-eight centres used a final concentration of 10%
DMSO in the cryopreserved cells and nine centres used 5%
DMSO. A concentration of 7.5% DMSO was used by two
centres; 20, 8, 7, 6, 5.5 and 2.2% were used by one centre
each.

Cell concentration

Sixty one centres limited the frozen cell concentration in the
cryopreserved bags. Of these, 23 centres used a limit of
1 x 10® cells/ml and 26 used 2 x 10® cells/ml. Twelve centres
used a total of seven other concentrations, 26 centres did not
limit cell concentration and there were eight nonresponders.
Forty-one centres used a filter in the infusion line, 29 did
not and 20 infused directly using a syringe. Of these, four
centres used either a line including a filter or a syringe.

DMSO administration

There was an upper limit in the amount of DMSO given per
day used by 57 centres as follows: 80g (n=5), 60g (n=9),
40 g (n=12), 20 g (n =2) and others (n =29). In the ‘others’
group there was a total of 14 different limits used, the
most frequently cited being 1g/kg in 13 centres. Of the
remainder, 33 centres had no upper limit of DMSO given
per day and five centres did not respond.

Further variation was seen in the return of stem cells;
33 preferred to return cells in split doses while 30 did so
in single doses and 32 did not respond. Five centres
exclusively washed cells before return while 12 did so
‘sometimes.” One centre tested for sulphur sensitivity and
another specifically questioned recipients regarding a
previous history of sulphur allergy.

DMSO toxicity incidence

Of the 95 responding centres, 57 had seen DMSO toxicity
(60%). There were at least 470 cases of toxicity reported,
although the exact number was difficult to estimate since
11 centres that had experienced DMSO toxicity failed to
report the number of cases seen. In total, approximately
34000 transplants had been carried out by the 95 centres
giving a minimum overall incidence (ie the total number of
adverse events divided by the total number of transplants
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Figure 1 Mean centre incidence of DMSO toxicity by DMSO reduction
strategy. Error bars show standard errors.

Table 1 Toxicity according to organ system reported by transplant
centres

Toxicity Probable (no. of centres)  Possible (no. of centres)
Cardiovascular 26 14
Respiratory 14 15

CNS 4 8

Renal 4 8

Others 9 4

Total 57 49

performed by all centres) of 1.4%; approximately one in
every 70 transplants carried out. The mean incidence per
centre of DMSO toxicity was 2.1%.

Effect of DMSO reduction strategies

Use of 10% DMSO (78 centres) was associated with an
overall incidence of toxicity of 1.5%, while use of DMSO
reduction strategies (concentration <10% or washing of
cells before return — 22 centres) was associated with an
overall toxicity incidence of 0.3%. The effect of different
reduction strategies is shown on mean centre incidence of
toxicity in Figure 1.

Nature of DMSO toxicity

A total of 38 centres had seen probable or possible cases of
cardiovascular toxicity related to DMSO, while 27 had seen
respiratory problems, 12 CNS effects, 11 renal disturbance
and 13 others including hepatic dysfunction and anaphy-
laxis, as detailed in Table 1. Some patients may have had
more than one serious toxicity — this was not specified in the
questionnaire.

Discussion

The addition of DMSO to stem cell concentrates is a crucial
step in undertaking stem cell transplantation for the vast
majority of patients giving time to allow recovery from
stem cell mobilisation procedures and possibly further



chemotherapy prior to the administration of conditioning
therapy. Despite this central role, no guidelines exist for its
usage and it is clear from the data obtained from this
survey that there is wide variation in practice among
transplant centres.

Inspection of the data does suggest that strategies to
reduce the amount of DMSO given to patients as part of
their stem cell transplant may help to reduce serious
toxicity in addition to alleviating ‘minor’ toxicities of
nausea, vomiting, etc. Despite publication of a hypothesis
that DMSO might have a role in curing the underlying
malignancy in autologous transplantation,” there has been
no support for this concept. In contrast, the lowest
incidence of toxicity was seen in centres that washed cells
before transplantation or used lower concentration of
DMSO. DMSO toxicity appears to be common and larger
transplant centres might expect to see at least one case of
severe toxicity every year. The majority of cases are
cardiovascular and respiratory in nature. Other effects
such as CNS, renal, hepatic and anaphylaxis are less
common. As the overall transplant related mortality from
autologous procedures falls, the morbidity caused by
DMSO takes on increasing importance. From this brief
questionnaire we were unable to extract data regarding the
severity or mortality related to DMSO but case reports of
fatalities do exist.®

Although the need to protect the viability of the
cryopreserved stem cells is paramount it does seem
reasonable that strategies to reduce DMSO should be
investigated in a prospective manner. We would suggest
that the time is right for a more detailed prospective
analysis of DMSO toxicity to be undertaken by transplant
centres with a view to production of guidelines, which
should lead to a fall in the incidence of morbidity and
mortality on DMSO administration. Such guidelines
should also then set a standard for the introduction of
any alternative cryoprotectants, which might be considered
for clinical use.

Acknowledgements

This paper was supported by the European Community
Framework 6 Leukemianet and the German Network Akute
Leukdmien.

References

| Chaloupka JC, Vinuela F, Vinters HV et al. Technical
feasibility and histopathologic studies of ethylene vinyl
copolymer (EVAL) using a swine endovascular embolization
model. Am J Neuroradiol 1994; 15: 1107-1115.

2 Chaloupka JC, Huddle DC, Alderman J et al. A re-

examination of the angiotoxicity of superselective injection of

DMSO in the swine rete embolization model. Am J Neuro-

radiol 1999; 20: 401-410.

Zambelli A, Poggi G, Da Prada G et al. Clinical toxicity of

cryopreserved circulating progenitor cells infusion. Anticancer

Res 1998; 18: 4705-4708.

4 Davis JM, Rowley SD, Braine HG er al. Clinical toxicity of
cryopreserved bone marrow graft infusion. Blood 1990; 75:
781-786.

W

EBMT DMSO Survey
P Windrum ef al

5 Zenhausern R, Tobler A, Leoncini L et al. Fatal cardiac

arrhythmia after infusion of dimethyl sulfoxide-cryopreserved

hematopoietic stem cells in a patient with severe primary
cardiac amyloidosis and end-stage renal failure. Ann Hematol

2000; 79: 523-526.

Benekli M, Anderson B, Wentling D ez al. Severe respiratory

depression after dimethyl sulphoxide-containing autologous

stem cell infusion in a patient with AL amyloidosis. Bone

Marrow Transplant 2000; 25: 1299-1301.

7 Miniero R, Vai S, Giacchino M ez al. Severe respiratory
depression after autologous bone marrow infusion. Haemato-
logica 1992; 77: 98-99.

8 Corso S, Vukelja SJ, Wiener D er al. Diffuse alveolar
hemorrhage following autologous bone marrow infusion. Bone
Marrow Transplant 1993; 12: 301-303.

9 Higman MA, Port JD, Beauchamp Jr NJ er al. Reversible
leukoencephalopathy associated with re-infusion of DMSO
preserved stem cells. Bone Marrow Transplant 2000; 26:
797-800.

10 Ferrucci PF, Martinoni A, Cocorocchio E et al. Evaluation of
acute toxicities associated with autologous peripheral blood
progenitor cell reinfusion in patients undergoing high-dose
chemotherapy. Bone Marrow Transplant 2000; 25: 173-177.

11 Hequet O, Dumontet C, E! Jaafari-Corbin A et al. Epileptic
seizures after autologous peripheral blood progenitor infusion
in a patient treated with high-dose chemotherapy for myeloma.
Bone Marrow Transplant 2002; 29: 544.

12 Windrum P, Morris TC. Severe neurotoxicity because of
dimethyl sulphoxide following peripheral blood stem cell
transplantation. Bone Marrow Transplant 2003; 31: 315.

13 Hoyt R, Szer J, Grigg A. Neurological events associated with
the infusion of cryopreserved bone marrow and/or peripheral
blood progenitor cells. Bone Marrow Transplant 2000; 25:
1285-1287.

14 Gomez S, Nagler A, Naparstek E, Slavin S. Transient
elevation of serum lactic dehydrogenase following autologous
bone marrow transplantation. Bone Marrow Transplant 1991;
7. 487-488.

15 Burger J, Gilmore MJ, Jackson B et al. Acute haemoglo-
binaemia associated with the reinfusion of bone marrow
buffy coat for autologous bone marrow transplantation. Bone
Marrow Transplant 1991; T: 322-324.

16 Galmes A, Besalduch J, Bargay J et al. Long-term storage at
—80 degrees C of hematopoietic progenitor cells with 5-percent
dimethyl sulfoxide as the sole cryoprotectant. Transfusion
1999; 39: 70-73.

17 Bakken AM, Bruserud O, Abrahamsen JF. No differences in
colony formation of peripheral blood stem cells frozen with 5
or 10% dimethyl sulfoxide. J Hematother Stem Cell Res 2003;
12: 351-358.

18 Halle P, Tournilhac O, Knopinska-Posluszny W et al
Uncontrolled-rate freezing and storage at —80 degrees C, with
only 3.5-percent DMSO in cryoprotective solution for 109
autologous peripheral blood progenitor cell transplantations.
Transfusion 2001; 41: 579-580.

19 Syme R, Bewick M, Stewart D et al. The role of depletion of
dimethyl sulfoxide before autografting: on hematologic recovery,
side effects, and toxicity. Biol Blood Marrow Transplant 2004;
10: 135-141.

20 Martino M, Morabito F, Messina G et al. Fractionated
infusions of cryopreserved stem cells may prevent DMSO-
induced major cardiac complications in graft recipients.
Haematologica 1996; 81: 59-61.

21 Toren A, Rechavi G. What really cures in autologous bone
marrow transplantation? A possible role for dimethyl sulf-
oxide. Med Hypoth 1993; 41: 495-498.

=)}

603

Bone Marrow Transplantation



