
compared with the ASH algorithm: timely
classification. The Marchetti algorithm
relies on 2 rapid IAs, each with an ana-
lytical TAT of ;30 minutes. Thus, almost
all patients can be classified by the al-
gorithm within a 1-hour analytical win-
dow (apart from the 2.9% of patients
who could not be classified), sparing the
need for unnecessary treatment with a
nonheparin anticoagulant in large num-
bers of HIT-negative patients. In contrast,
the ASH algorithm relies on the ELISA and
its slower TAT to classify patients with an
intermediate- or high-probability 4Ts score.
In our model, 422 HIT-negative patients
had an intermediate- or high-probability
4Ts score and would have potentially
required empiric treatment of HIT for
some amount of time under the ASH algo-
rithm while awaiting ELISA testing.

The promising results of Marchetti et al
notwithstanding, we believe their algo-
rithm is not ready for broad adoption
quite yet. First, all patients were recruited
from, and all CLIA and PaGIA testing was
performed in, a single center. The au-
thors plan amulticenter trial to determine
whether their findings are generalizable
to other institutions and other clinical
laboratories, a crucial step given chal-
lenges in interlaboratory agreement ob-
served with other HIT assays.8 Second,
the HIPA may be an imperfect reference
standard. Indeed, a small percentage of
patients in the validation cohort had a
clinical course and IA profile strongly
suggestive of HIT even though they were
classified as HIT-negative by HIPA. An
ideal reference standard would incorporate
clinical adjudication in addition to labo-
ratory assessment.9 Third, the authors did
not apply the HIPA to all subjects, which
could introduce verification and mis-
classification bias. Fourth, the algorithm
is very complex and is unlikely to be
usable unless it is built into an electronic
platform such as smartphones or the elec-
tronic health record. Finally, the CLIA and
PaGIA are not available in all jurisdictions.
For example, the PaGIA is not marketed
in the United States.

Identification andmanagement of patients
with suspected HIT is a multistep pathway
involving clinical recognition, ordering HIT
laboratory testing, performing phlebot-
omy, transporting the sample to the lab-
oratory, running the test(s) (ie, analytical
TAT), providing the results to the clinical
team, ordering a nonheparin antico-
agulant, delivering the medication to

the patient’s unit, and, finally, administer-
ing the medication. There is potential for
delay at any of these steps. The Marchetti
algorithm holds great promise for reducing
analytical TAT. However, in a disease like
HIT for which there is a need for speed,
we must continue to focus on minimizing
delays at all steps along the pathway.
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Comment on Ghannam et al, page 1185

The double-edged sword
of AlloHCT for SCD
Adetola A. Kassim | Vanderbilt University Medical Center

In this issue of Blood, Ghannam and colleagues report on the development of
myeloid malignancy in 3 individuals with homozygous sickle cell disease (SCD).1

This represented a total of 4% (3 of 76) of their cohort transplanted for SCD
from 2004 to 2018. Participants with severe SCD had 4 common features:
(1) before transplant, clonal hematopoiesis of indeterminate potential (CHIP)-
related mutations were detected in the blood of both individuals assessed;
(2) all received nonmyeloablative, allogeneic hematopoietic cell transplant
(AlloHCT) using total body irradiation (TBI) (300 to 400 cGy) and alemtuzumab-
based conditioning; (3) participants received mobilized peripheral blood stem
cells; (4) the myeloid malignancy occurred 2 to 5 years after a failed allograft.

In 2 large population studies, SCD pa-
tients, independent of AlloHCT, have an
increased risk of developing hematology
malignancies.2,3 Others have reported no

increased incidence of myeloid malignan-
cies associated with hydroxyurea therapy
in SCD. Plausible underlying mechanisms
for an increased risk of hematology
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malignancies in SCD include chronic
hypoxia, endothelial damage, chronic
systemic inflammation, disease-related
immunomodulation, erythropoietic stress
with dysregulated apoptosis, and genetic
predisposition.4-6 Does the transplant
regimen used play a role in this report?
Baker et al showed the incidence of sub-
sequent malignant neoplasms in patients
receiving low-dose TBI regimens (200 to
450 cGy) for alloHCT was comparable to
myeloablative chemotherapy (hazard ratio
1.17; 95% confidence interval 0.8 to 1.72;
P 5 .42), but still twofold higher than a
nontransplant population.7 Were there
other risk factors in these patients? Two
of the 3 individuals reported by Ghannam
et al had evidence of progression of
baseline high-risk TP53 clonal abnor-
malities detected by next-generation
sequencing pretransplant (c.524G.A with
variant allele frequency [VAF] of 72.4% in
the first and c.658T.C at a VAF of 4.5% in
the other). The third patient did not have
a baseline blood sample analyzed.

Li et al reported 4 cases of myeloid
neoplasms in individuals with SCD at a
median age of 35.5 years.8 Two of these
patients were treated with hydroxyurea;
2 patients were on supportive care alone,
and 1 patient had undergone AlloHCT.
All 4 cases demonstrated certain degrees
of myelodysplasia and complex cytogenetic
abnormalities with27/7q- and/or25/5q- or
with 11q23 (KMT2A) rearrangement, similar
to therapy-related myeloid neoplasm. In
the report by Ghannam et al, the myeloid
malignancies were seen only in patients

who did not have sustained donor
engraftment. Thus, the acute myeloid
leukemia in these patients was due to
autologous clonal proliferation of cells,
rather than donor cells.

In SCD AlloHCT, simultaneous germline
and somatic whole-genome sequence
analysis now provides the opportunity to
identify root causes of CHIP. Association
of a genome-wide set of germline genetic
variants has identified genetic loci asso-
ciated with CHIP status, including 1 locus
at TET2 that was an African ancestry–
specific variant; rs144418061 in an inter-
genic region near TET2. Carriers of the
A allele have a 2.4-fold increased risk
for CHIP (P 5 4.0 3 1029). The African
ancestry–specific TET2 locus risk variant
disrupts the hematopoietic stem cell TET2
enhancer, whereas other variants near
TET2 have been associated with myelo-
proliferative neoplasm.9 The incidence or
progression of baseline clonal hemato-
poiesis in SCD with or without AlloHCT
remains unknown. Patient-specific risk
factors, including, age, exposure to hy-
droxyurea, type of transplant condition-
ing, stem cell source, degree of donor
chimerism, and presence of donor somatic
mutations, likely modulate the risk for
hematologic malignancy (see figure).

Unfortunately, the life expectancy of in-
dividuals with SCD has remained rela-
tively unchanged over the last 3 decades,
currently estimated at 48 years and
54.7 years, respectively, for individuals
with phenotypes HbSS/HbSb0 thal/

HbSD and HbSC/HbSb1 thalassemia,
respectively.10 Most adults with SCD also
have chronic organ dysfunction, poor
quality of life, and a life expectancy at
least 20 years shorter than their African
American counterparts living in the United
States.With increasing curative options (ie,
AlloHCT, myeloablative gene therapy, and
gene editing), with the potential to close
the disparity gap in survival, now is the time
to begin to prospectively evaluate the
long-term effects of these varied curative
approaches for SCD. Each curative option
involves the use of chemotherapy, TBI, or
both with potential for causing clonal
abnormalities. In addition, gene therapy
and gene editing have been associated
with genotoxic effects, including the po-
tential to cause double-strand breaks at
locations other than the desired genomic
location. Estimation of the absolute and
relative risk for treatment-related malig-
nancy will allow a better selection of the
personalized curative therapy approach
that matches the cancer predisposition of
each individual with SCD.
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Host factors

Transplant factors

1. Chronic hypoxia
2. Endothelial damage
3. Chronic inflammation
4. Disease-related
    immunomodulation
5. Erythropoietic stress
6. Dysregulated apoptosis
7. Recipient CHIP
8. Unknown

Risk factors for cancer post-HCT for SCD

• Chemotherapy

Potential cancer risk

• Acquired clonal abnormalities
• Acquired somatic mutations
• Secondary malignancies

• Other late effects

– Hematologic
– Lymphoepithelial

• Radiation therapy
• Donor-derived CHIP
• Stem cell source
• Graft failure
• Prolonged IST and chronic GVHD
• ?Mixed chimerism

Hematopoietic
stem cell transplant

Sickle
RBC
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RBC

Potential risk factors for cancer following allogeneic hematopoietic stem cell transplant (HCT) for SCD. GVHD, graft-versus-host disease; IST, immunosuppression therapy;
RBC, red blood cells.
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