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1 Haematopoetic failure is usually defined as pancytopenia or
Multisystem Langerhans Cell Histiocytosis (MS-
LCH) is seen in both adults and children and its natural
history varies from a chronic grumbling disease, often
leaving permanent sequelae to a rapidly progressive
treatment-resistant form. Deaths are usually in infants,
in the severe form of LCH once known as �Letterer-Siwe
disease.� In successive paediatric cooperative trials, start-
ing with the early German–Austrian DAL HX-83 and
DAL HX-90, through the trials of the International His-
tiocyte Society LCH-I and LCH-II, all with conscien-
tiously collected data and quality control, the
mortality for this group of patients has remained be-
tween 15% and 20% [1,2]. In these trials, involvement
of so called �risk organs� (lungs, liver, spleen, and haema-
topoietic system) predicts a �high risk� group of patients
– 10–20% of the total-with life threatening disease. It be-
came apparent from these studies, and from a review by
the French Histiocytosis study group encompassing 348
patients [3], that the response to �standard� induction
therapy with corticosteroids and vinblastine usually
judged at 6 weeks from diagnosis, was the single most
important prognostic factor. The probability of survival
for patients in the LCH-I and II studies who failed to re-
spond after 2 cycles of this therapy, – i.e., at 6 weeks
from diagnosis – was only 20–34% [2,4] and was as
low as 10% after more �intensive� DAL induction
therapy [1].

It became apparent fairly early, therefore, that chil-
dren with MS-LCH who failed to respond to therapy
should move quickly to a �salvage protocol�, if mortality
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was to be reduced. The problem has been that, despite a
great deal of effort by many clinicians, it has been diffi-
cult to identify treatment that is active in patients with
LCH that is refractory to �standard induction therapy�,
which now may also include methotrexate (LCH-III
experimental arm). In this issue of the European Journal

of Cancer, Dr. Bernard and his colleagues describe and
discuss the important findings of their pilot study of
combined 2-chlorodeoxyadenosine (2-CdA) and cyto-
sine arabinoside (ara-C) in French children with �hae-
matopoetic dysfunction�.1 Successful therapy with
single agent etoposide [5], cyclosporine-A [6] and combi-
nations such as vincristine, ara-C and corticosteroid
have been described in case reports and small institu-
tion-based series [7] but when tested in larger studies
none of these approaches has proven to be consistently
successful in �refractory� patients [8].

So, how was the ara-C/2-CdA combination derived?
Since the report by Saven and colleagues [9], many case
reports and some small series have demonstrated activ-
ity of 2-CdA in LCH, first in adults then in children
[10–12]. The results of the recently closed Histicyte Soci-
ety LCH-S-98 trial of 2-CdA monotherapy as �salvage�
treatment in LCH showed that around one third of �high
risk� patients responded. As with cyclosporin A [13] the
results were better in chronically reactivating �low risk�
LCH [14]. The multiple effects of 2-CdA on DNA
bicytopenia. Commonly known as �bone marrow failure�, the reduction
in blood counts is almost certainly due to a secondary macrophage
activation syndrome, provoked by the underlying LCH, rather than by
actually bone marrow infiltration. The old description (�bone marrow
failure�) is therefore probably inappropriate [8].
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metabolism, however, means that it is likely to be at
least additive and possibly synergistic with many cyto-
toxic drugs including ara-C [15].

Ara-C was �first choice� because the combination of 2-
CdA and ara-C results in higher intracellular concentra-
tions and/or increased retention time of the cytotoxic
ara-C metabolite 5-triphosphate-araCTP both in vitro

and in vivo in acute myelobastic leukaemia [16,17]. Since
�LCH cells� – the �tumour cells� in LCH – are ontogenet-
ically related to the myeloid series, it seems reasonable
to assume that there may also be synergy against
LCH. In addition, their efficacy individually in LCH,
their reported ability to cross the blood–brain barrier
[18] and their efficacy in �active� CNS LCH [19,20] are
all attractive characteristics of this combination. No
one knows as yet, the unwanted �late effects� of 2-CdA
in children but ara-C probably has low long term toxic-
ity, which is an especially appealing feature when most
patients are young children.

What other salvage strategies are currently being
investigated in LCH? Anti-CD1a monoclonal antibodies
are possible reagents or vectors for �targeted� therapy
but so far, no acceptably non-toxic reagent has been
developed [21]. Others have used marrow-ablative ther-
apy, followed by stem-cell transplantation (SCT) in pa-
tients with refractory LCH on the basis that it is a
leukaemia-like condition which will not be cured unless
the patient�s bone marrow is destroyed in its entirety,
then replaced with a healthy bone marrow graft. Alloge-
neic stem-cell transplantation in LCH is theoretically
attractive because immune deregulation is thought to
be an integral part of the pathogenesis of the disease.
Three potential mechanisms may contribute in the suc-
cessful control of refractory LCH by marrow-ablative
therapy followed by an allogeneic graft, namely, the
cytotoxic effect of high dose chemotherapy, a graft-ver-
sus-LCH effect and replacement of the recipient�s im-
mune system by that of the donor.

In this regard, it has been demonstrated that, follow-
ing successfully allogeneic transplantation, recipient
normal Langerhans cells are gradually replaced by do-
nor Langerhans cells [22]. A recent review identified 27
cases of stem-cell transplantation [23]. Fourteen of the
27 (52%) patients were alive in continuous complete
remission from 12+ to 144+ (median 25+) months, 13
after allogeneic stem-cell transplantation and one after
autologous transplantation. As with patients with leu-
kaemia treated in a similar manner, most of the autolo-
gous stem-cell recipients relapsed, whereas most deaths
after allogenic transplantation were due to toxicity, rais-
ing the possibility that reduced-intensity allogeneic
transplants (�mini-transplants�) may be a useful alterna-
tive. Unfortunately, but not surprisingly, positive
reporting bias is a major obstacle to drawing definite
conclusions about �experimental� approaches such as
these. The Histiocyte Society is therefore planning a pro-
spective trial of marrow-ablative therapy and stem-cell
transplantation in LCH patients refractory to other
approaches.

Better �standard dose� chemotherapy is also needed
for two reasons. First, if patients respond better to less
intensive induction regimens, marrow-ablative therapy
may not be necessary at all and, second, even if a bone
marrow transplant is carried out, the medical condition
– as regards their nutrition, infection status and risk of
bleeding – of patients being �worked up� for that treat-
ment need to be improved to try to reduce the high mor-
bidity of the subsequent high dose/transplant procedure.
Pilot studies such as the one reported in this issue are,
therefore, of great importance. Dr. Bernard and his col-
leagues, all members of the French Histiocyte Society
study group, evaluated the 2-CdA/ara-C combinations
in 10 patients, all but one of whom had failed multiple
previous therapies (�refractory LCH�). Seven of the 10
patients received at least 2 courses of 2-CdA/ara-C, 2
others died soon after the first course and one was chan-
ged to alternative therapy, including stem cell trans-
plant. The toxicity of the 2 drug regimen is difficult to
evaluate since almost all the patients already had �hae-
matopoietic failure� (pancytopenia) due to LCH. Many
were therefore infected, anaemic and thrombocytopenic
before they started 2-CdA/ara-C. Nevertheless, all the
patients suffered severe myelosuppression and 2 died
from infectious complications. The investigators used a
newly devised scoring system to evaluate disease activity
at diagnosis and response to therapy [24]. Whilst prom-
ising, this system has not been validated by other groups
and the French study would have been enhanced if tra-
ditional LCH response criteria had also been used
alongside their new system. Another problem is that
all but one of the patients received additional therapy
prior to achieving �no active disease (NAD)� status
resulting in an element of uncertainty as to whether
any or all of the responses were due solely to the 2 drug
combinations. The results of Dr. Bernard and colleagues
study do need to be verified and it would be better if the
important issue – ‘‘Is 2-CdA/ara-C a real break-
through?� was verified by a larger, �cleaner� study. Inter-
pretation of the French data is also difficult because of
the small number of patients but the investigators are
to be congratulated on successfully entering 9 of the
12 �refractory LCH� patients identified by the French
Oncology Centres during the 3 year study period. Very
few national Study Groups can manage this degree of
�compliance�, especially in a pilot study. A further prob-
lem is that the patients appear to belong to two possibly
different subgroups. Five of the 10 patients had re-
sponded to their initial therapy but were later refractory
to the same therapy; it is noteworthy that all 3 patients
who were not evaluable for response, because of early
death or removal from the study, were in the second
group of 5 patients with �poor� initial response, suggest-
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ing that the results may not be as good on this second
group of patients. Despite these caveats, the response
rate of 70% achieved in Dr. Bernard and colleagues�
study and the fact that all responders achieved disease
free status and remained alive at a median follow-up
time of 36+ months really is encouraging. This result
is better than that obtained in the Histiocyte Society�s
2-CdA monotherapy study in which most of the non-
responders developed progressive disease and died [14].
Certainly the French results are sufficiently promising
to lay the foundation for a new Histiocyte Society sal-
vage protocol, which is now being planned and should
be open to international accrual within the next 12
months.

Are we �getting there�? It is hard to be sure from this
relatively small pilot study but we regard this result as,
at the very least, being intriguing and, at the best, the
most encouraging �relapse� study ever carried out in chil-
dren with Langerhans Cell Histiocytosis.
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