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Aplastic anemia (AA) is a rare non-malignant hematological
disorder for which allogeneic transplantation has been proved
to be a curative option almost 50 years ago [1]. As a non-
malignant disease AA is the archetype of diseases in which GvL is
not mandatory but where acute and chronic do arm! Early
attempts for transplantation in AA were associated with an
increased risk of rejection due to the recipients’ alloimmunization.
Attempts to reduce alloimmunization-induced rejection included
donor buffy coat injection (that increased GVHD risk) or use of
irradiation (that both increased chronic GVHD and risk of
secondary malignancies). In two seminal papers the Seattle group
provided formal evidence on what remains the gold standard of
transplantation in patients with AA transplanted from HLA-
identical sibling donors: the use of cyclophosphamide (Cy) and
ATG as conditioning regimen [2] and the combination of
cyclosporine (CSA) with methotrexate (MTX) for prevention of
acute GVHD [3].
Using Cy-ATG as a conditioning regimen and CSA+MTX as

GVHD prophylaxis in patients with AA transplanted from related
donors using a bone marrow graft, the expected long-term (20-
year) survival rate is in the 90% range ([4], and Vo et al. this issue)
nearly reaching expected survival in the general population [5].
However, we are still faced with an unneeded and too high a rate
of chronic GVHD (in the 20% range) and there is few evidence that
newer conditioning regimens that include fludarabine can
decrease this incidence [6].
In this issue Vo et al. report another disappointing late effect of

transplantation in AA, i.e., secondary malignancies. The obvious
strength of this very well-analyzed cohort is the very long-term
results (median follow-up exceeding 25 years) that authors from
the Seattle group can provide. Among 329 patients with AA
given HLA-related marrow graft, 53 cancers occurred in 46
patients, 42 had solid tumors, and 4 hematological malignancies.
The 26-year cumulative incidence of cancer was 11%, represent-
ing a twofold increased rate relative to the USA general
population. Of the 42 solid tumors half were non-melanoma
skin cancers and 7 epidermoid oropharyngeal carcinomas. Both
non-melanoma skin cancers and head and neck tumors showed
significant association with chronic GVHD. The overall type of
solid tumors fit with what has been previously in large series that
included different malignant diseases [7, 8] but only two were
restricted to patients with AA [9, 10]. Of note, patients with
congenital AA, especially those with Fanconi’s anemia who have
an inherited propensity of developing cancers that is increased
by transplantation through GVHD and irradiation-based con-
ditioning (reviewed in [7]), were excluded from the current
Seattle group analysis.
Non-melanoma skin cancers include mainly basal cell carcinoma

(BCC) and squamous cell carcinoma (SCC). Tumor subtype (BCC vs.
SCC) is not provided in the present analysis. An earlier analysis of

the Seattle’s group data, however, previously reported older age,
irradiation (for BCC), light-skinned (for BCC), and chronic GVHD as
risk factors for non-melanoma skin cancers after hematopoietic cell
transplantation [11]. These factors have been confirmed in other
studies (reviewed in [12]). Finally, a recent case-control study found
an increased risk of both SCC and BCC in photodamaged skin in
transplant recipients [13]. These data deserve two comments; (1)
there is probably under-reporting of skin SCC and BCC in long-term
survivors especially as they age; (2) these cancers are easily
amenable to early clinical detection especially in patients with
previous chronic GVHD. Furthermore, sun-blocking creams repre-
sent efficient prophylaxis, especially in photodamaged skin.
Two HCV-infected patients developed liver carcinoma as

previously reported [14]. Fortunately, due to the disappearance
of HCV-infected blood products and efficient anti-viral treatment
in long-term infected individuals, we expect these lethal disorders
to no longer be of concern. Epidermoid oropharyngeal carcinomas
were the second most frequent tumors. These tumors with an
overall poor prognosis post-transplant [15] have been strongly
linked to previous chronic GVHD [16]. Here again regular
specialized follow-up of patients with previous oral chronic GVHD
is mandatory as well as avoidance of tobacco and excessive
alcohol consumption. Finally, other various cancers in long-term
survivors in Vo et al. cohort occurred. One deserved further
comment, i.e., breast cancers (2.5 increased standardized inci-
dence). A previous joined EBMT/Seattle analysis found that
increased risk of breast cancer was associated with irradiation-
based conditioning [17] that is not the case here for patients with
AA. Since breast cancers tend to develop very late post-transplant
[17], there is a note of caution for life-long surveillance in women
who have been transplanted regardless of the conditioning
regimen.
Finally, three hematological malignancies are reported in the Vo

et al series: one host-derived-ALL and two donor-derived MDS, as
previously discussed [18]. These two later donor-derived MDS
cases raise fundamental questions on oncogenesis. The mechan-
isms of donor-derived hematological malignancies are poorly
understood, yet. However, description in the past few years of
clonal hematopoiesis with of indeterminate potential (CHIP) in
aged individuals [19] raised the hypothesis that donor hematopoi-
esis in the context of transplantation might be prone to CHIP and
later evolution to MDS because of stressed hematopoiesis in the
context of transplantation.
In conclusion, the study by Vo and coworkers provides the most

useful information for the long-term follow-up of patients
transplanted for AA. It reinforces the critical need for life-long
surveillance of late effects and obviously should stimulate such
studies on late effect post-transplantation, in particular on late
effect post transplantation from unrelated donor in patients with
AA for whom we almost completely lack data
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