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Abstract

Plain language summary

Background Sickle cell disease (SCD) is debilitating, with age-dependent complications
such as stroke and liver disease, leading to significant morbidity and early mortality in young
adults. Hematopoietic stem cell transplantation (HCT) is curative treatment for SCD, but
transplantation-related risks often deter its use, especially in patients with severe
comorbidities. A subset of severe SCD patients with significant end-organ dysfunction may
benefit from a combined approach of HCT and solid organ transplantation (SOT).
Methods To the best of our knowledge, this report presents, for the first time, the utilization
of dual orthotopic liver transplantation and haploidentical HCT (haplo-HCT) for severe SCD
with advanced liver cirrhosis. Employing nonmyeloablative conditioning regimen and post-
transplantation cyclophosphamide (PTCy).

Results Both patients undergo orthotopic liver transplantation followed by haplo-HCT from
the same related donors, achieve stable allograft function, full donor engraftment, and
successful immunosuppression withdrawal through immune tolerance induction.
Conclusions Dual haplo-HCT and living donor liver transplantation (LDLT) is feasible in
eligible SCD patients with end-stage liver disease.

Sickle cell disease (SCD) affects the red blood
cells resulting in pain and increased risk of
infection. Transplant with bone marrow stem
cells can cure SCD. Liver transplantation is
also beneficial for people with liver failure. We
combined transplant of liver and stem cells
from the same donor in people with severe
SCD and advanced liver disease. People
benefited from this treatment, demonstrating
this approach could be used for other people
with SCD and liver disease.

Sickle cell disease (SCD) is an autosomal recessive inherited hemoglobin
disorder characterized by the polymerization of abnormal sickle hemoglo-
bin (HbS), a single nucleotide mutation in the p-globin gene that produces
HbS, leading to red blood cell sickling, vaso-occlusion, hemolysis, and
chronic end-organ damage. Clinically, SCD presents with anemia, pain
crises, and age-dependent complications such as stroke, nephropathy,
hepatopathy, and pulmonary disease. Improved therapies have increased
survival, but end-organ dysfunction remains a leading cause of morbidity
and mortality in adulthood, reaching >2.5 per 1,00,000 persons'~. A 10-year
survival probability dropped with age in patients with SCD®. Chronic organ

damage caused by recurrent vascular obstruction, endothelial damage, and
inflammation includes nephropathy, hepatopathy, stroke, and chronic lung
disease’. Irreversible lung, kidney, and/or liver damage causes death rates of
56% and 13% in patients aged >20 and <20 years, respectively'’. The pre-
valence of SCD is up to 2.6% and sickle-cell trait ranges from 2% to 27%"""*.

Hematopoietic stem cell transplantation (HCT) is the only curative
option for SCD. HCT in SCD originated and evolved from the successful
treatment of the first patient with both SCD and acute myeloid leukemia
in 1984, leading to a successful cure”. Gene therapy also shows
promise in curing SCD, but it has limitations, including the need for very
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selective criteria and high costs, which impact its accessibility and
affordability, especially in low-income countries'*'®. Recent advance-
ments in haploidentical HCT and reduced-intensity conditioning regi-
mens have expanded donor availability and reduced transplant-related
risks, enabling the treatment of older patients with significant
comorbidities'"'”'*. However, patients with irreversible organ damage
such as end-stage liver disease remain at high risk for transplantation-
related complications'*.

Sickle cell hepatopathy, caused by repeated sinusoidal sickling, leads to
severe cholestasis, fibrosis, and ultimately cirrhosis, and it is often associated
with significant liver dysfunction, including acute liver failure. Mortality is
high despite supportive care and exchange blood transfusions. Chronic liver
disease is also often a consequence of iron overload or transfusion-related
viral hepatitis. Biliary cholelithiasis is also common in SCD and can lead to
acute and chronic cholangitis™. Improved survival has been noted among
recipients of single organ transplants with SCD and irreversible organ
dysfunction”". Few reports have shown the feasibility of SOT as a ther-
apeutic modality in patients with SCD with chronic organ failure®*.
Patients who receive a liver transplant can expect to gain an additional 13 to
17 years of life compared with those who never receive a transplant”.
Although liver transplantation is lifesaving, it does not cure SCD itself,
leaving patients vulnerable to disease recurrence. Combining liver trans-
plantation with HCT offers a potential curative approach, using the same
donor for both procedures to promote immune tolerance and facilitate
immunosuppression withdrawal.

Thus, we hypothesized that a similar increase in post-transplantation
survival would be observed among a more contemporary cohort of patients
with severe SCD with irreversible organ damage using dual haploidentical
bone marrow transplant and solid organ transplant (haplo-HCT/SOT). The
lifelong immunosuppression received by SOT recipients exposes them to
risks of opportunistic infections, malignancy, and other complications and
even with full adherence to immunosuppression, does not eliminate the risk
of chronic rejection and eventual allograft loss™. Stable mixed chimerism
has been associated with immune tolerance in HLA-matched patients. A
reduction of immunosuppression drugs to monotherapy was achieved in 10
of 22 HLA haplotype-matched patients with persistent mixed chimerism
for at least 12 months. Withdrawal of monotherapy IST during the second
year resulted in loss of detectable chimerism and subsequent rejection
episodes™.

In an experimental mouse study, durable chimerism was achieved
post-mismatched HCT with PTCy, and complete immune tolerance to
subsequent donor-type skin grafts indicates that it could potentially serve as
a platform for immune tolerance induction followed by solid organ trans-
plantation or cell therapies®. Immune tolerance after sequential HCT fol-
lowed by kidney transplant from the same donor resulted in long-term
kidney-graft survival without long-term immunosuppression™.

In s study of HLA-mismatched kidney transplants combined with
HCT from the same donors resulted in successfully weaned from
immunosuppressants”. This appears feasible, with improvement in trans-
plantation technology and supportive care.

As far as we are aware, no previous reports have described dual
orthotopic liver transplantation and haploidentical HCT in patients with
SCD-related advanced liver disease using the same donor. We report two
cases demonstrating the feasibility, safety, and outcomes of this approach.

Methods

Study design and patients

Following a multidisciplinary team (MDT) meeting involving hematology,
hepatology, and hepatobiliary surgery specialists, eligible patients with
severe SCD and advanced liver disease were identified for sequential liver
transplantation and haplo-HCT using the same related donor. The donor
was selected based on optimal HLA matching, relationship to the recipient,
age, sex, cytomegalovirus (CMV) status, and absence of donor-specific
antibodies (DSAs).

Informed consent

Informed consent was obtained from both the patients and donors. For
minors or patients unable to consent, consent was obtained from parents or
legal guardians, as appropriate. Permission to publish identifiable infor-
mation was also obtained from the patients and donors.

Pre-transplant management
Patients received monthly packed red blood cell (PRBC) exchanges to
maintain hemoglobin §<30% and intravenous deferoxamine chelation
therapy to reduce iron overload.

Liver transplantation

On the day of liver transplantation, patients received intravenous methyl-
prednisolone (250 mg) and basiliximab (20 mg) intraoperatively and on
postoperative Day 1, followed by mycophenolate mofetil (MMF). Tacroli-
mus was initiated on Day 5 post liver transplantation.

Hematopoietic stem cell transplantation
Approximately 4-8 months after liver transplantation, patients underwent
pre-HCT evaluation and clearance before admission to the hematopoietic
cell transplant unit. A haploidentical conditioning regimen was adminis-
tered, consisting of rabbit anti-thymocyte globulin (ATG), thiotepa, cyclo-
phosphamide, fludarabine, and 200 cGy total body irradiation (TBI)**.
The bone marrow was the stem cell graft source.

Primary graft-versus-host disease (GvHD) prophylaxis included post-
transplantation cyclophosphamide, sirolimus, and MMF (Fig. 1). Urso-
deoxycholic acid was given as veno-occlusive disease prophylaxis.

Post-transplant monitoring
Patients were monitored regularly for toxicities and transplant outcomes,
including chimerism and hemoglobin electrophoresis at Day 30, 60, 100,
180, 1 year, and as clinically indicated.

After completing 12 months of HCT, tapering immunosuppression
therapy will commence once full chimerism is achieved, and no evidence of
GvHD or liver allograft rejection.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results

Patient #1

A 17-year-old male with sickle cell anemia (HbSS) complicated by frequent
VOC:s requiring multiple blood transfusions with secondary iron overload
and SCD-related renal tubular acidosis with persistent hypokalemia. He
developed liver cirrhosis—Child-Pugh class C, secondary to sickle cell
hemosiderosis grade 3/4, leading to decompensated liver failure. Viral,
autoimmune, and metabolic liver disease workups were negative. Multiple
iron-chelating agents failed to reverse the liver damage. Ferritin level
reached 6000 pg/L, and T2-weighted liver MRI showed evidence of severe
iron overload. He had severe portal hypertension manifested by grade 2
esophageal varices and ascites requiring therapeutic fluid drainage.

He was referred to the HCT clinic for consideration for HCT. The
ferritin level was 5698 pg/L (30-400). Hemoglobin was 80 g/L (135-180)
with a normal WBC count and platelet count. Other laboratory test results
were as follows: AST 175 U/L (10-45), ALT 42 U/L (10-45), ALP 349 U/L
(64-115), total bilirubin 600 pmol/L (0-21), direct bilirubin 378 umol/L,
albumin 24 g/L (40-50), creatinine 19 mol/L (64-115), INR 1.7 (0.9-1.1),
PT 16.2 (12.3-14.2),and PTT 46.8 (35.5-40.4). The calculated model for the
end-stage liver disease (MELD) score was 28. A liver biopsy revealed
severely congested sinusoids and was packed with clusters of sickle red cells.
The liver parenchyma showed advanced fibrosis (cirrhosis) and cholestasis
and severe iron hemosiderosis (grade %) consistent with sickle cell hepa-
topathy (Fig. 1, supplementary appendix).
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High-dose post-

transplantation
cyclophosphamide
(PTCy) 50 mg/kg x2
BM or PB infusion
T
B Sirolimus
TTTHE D+5 > +365
Transplantday <9 -8 7 -6 -5 -4 3 2 -1 0 +1 +2 +3 +4 45 +10 +20 +30 +40 +365
TBI

Fludarabine 30 mg/m?/day x 5
Cyclophosphamide 14.5 mg/kg x 2

Thiotepa 10 mg/kg x 1

T Thymoglobulin 4.5 mg/kg/day over 3 days (0.5 mg, 2 mg, 2 mg)

Fig. 1 | Conditioning regimen platform. The regimen consisted of thymoglobulin
4.5 mg per kilogram of body weight day —9 to —7; thiotepa 10 mg per kilogram of
body weight on day —7; cyclophosphamide 29 mg/kg total day —6 and day —5;
fludarabine 30 mg/m’ from day —6 to day —2 or 150 mg/m” total, and 200-cGy total-
body irradiation on day —1. GVHD prophylaxis consisted of cyclophosphamide
50 mg per kilogram of body weight administered on days +3 and +4, mycophe-
nolate mofetil 15 mg per kilogram of body weight commencing on day +5 through

TID, D+5 = +35

Donor Stem cell Harvest

TBI: Total body irradiation
MMF: Mycophenolate mofetil
BM: Bone marrow

PB: peripheral blood.

day 435, and sirolimus starting on day +5 through 1 year after BMT. All patients
received unmanipulated, GCSF-mobilized bone marrow. BM bone marrow, BMT
bone marrow transplantation, GCSF granulocyte colony-stimulating factor, GVHD
graft-versus-host disease prophylaxis, MMF mycophenolate. mofetil; PO, given
orally; PT post-transplantation cyclophosphamide, TBI total-body irradiation, TID
three times a day.

After the optimal clearance and signing the consent, in December 20138,
the patient underwent LDLT, i.e., partial lobe resection from the selected
same donor for both liver and HCT. On the day of liver transplantation
surgery, the patient received pulse steroids with methylprednisolone 250 mg
intravenously and Basiliximab 20 mg intravenously (IV) in the operating
room, and on Day 1 after liver transplantation, he was started on MMF. He
received another dose of Basiliximab 10 mg IV on Day 4 after liver trans-
plantation. Tacrolimus was started on Day 5 after liver transplantation. The
course after liver transplantation was complicated by seizures with posterior
reversible encephalopathy syndrome (PRES) secondary to Tacrolimus, as
evident by brain MRI. Tacrolimus was changed to Sirolimus, and he was
kept on levetiracetam; the seizures were controlled. The patient also had a
brief period of elevated liver enzymes with suspicion of liver transplant
rejection 20 days post-transplantation. He was started on pulse steroids of
methylprednisolone 200 mg intravenously for 5 days, followed by a tapering
course. In addition, he had one session of red blood cell (RBC) exchange as
HbS reached 29%. Subsequently, his liver enzymes normalized. Sirolimus
and MMF were continued, along with strict HbS monitoring, keeping HbS
target <30% and hemoglobin at >80 g/L.

After 8 months following his liver transplantation, he was admitted to
the HCT unit. He underwent a haplo-HCT using our haploidentical con-
ditioning protocol for patients with SCD due to a lack of suitable fully
matched sibling donors. The patient’s ferritin level pre-transplantation was
120 ug/L. The hematopoietic cell transplantation-specific comorbidity
index (HCT-CI) was 3. The pre-allogeneic stem cell transplantation con-
ditioning consisted of rabbit ATG, TT, Cy, Flu, and 200 cGy TBI. Bone
marrow was the stem cell graft source. GVHD prophylaxis included PTCy,
Sirolimus, and MME (Fig. 1). Defibrotide was given as veno-occlusive dis-
ease (VOD) or sinusoidal obstruction syndrome (SOS) prophylaxis for
21 days in addition to ursodeoxycholic acid. The blood pressure was closely
monitored and controlled with labetalol with a target blood pressure of 110-
120/65-70 mmHg. The HCT course was uncomplicated, and engrafted
neutrophils and platelets on Day +16 and Day +18, respectively; he did not
develop signs or symptoms of VOD or acute or chronic GvHD. The per-
ipheral blood chimerism at Day 30 after HCT was 100% donor cells for both
myeloid and lymphoid cells using short tandem repeat (STR) molecular test,
and the count remained within the normal range after engraftment. On Day

+37 of haplo-HCT, he developed CMV viremia, which was managed with
valganciclovir for approximately one month. Letermovir was not available
for CMV prophylaxis. MMF was discontinued at 12 months after HCT with
normal liver graft function and persistent full donor chimerism.

Sirolimus levels were kept between 3 and 8 ng/mL for another
6 months, following a slow taper; he was weaned off immunosuppression
therapy (IST) at 24 months after HCT with normal liver function and blood
counts with 100% donor cells on peripheral blood chimerism studies
(Table 1). Chimerism analysis at different time points after HCT showed
>95% donor-type chimerism in the myeloid and B-cell lineages throughout
the 24 months of follow-up, at days 30, 90, 180, 1 year, and 2 years. At the
time of Sirolimus discontinuation, chimerism in both myeloid and lym-
phoid lineages was 100%. The ferritin level after HCT is persistently within
the normal values (range 30-400 pg/L), the last value at the time of weaning
off Sirolimus was 137.0 pg/L. The liver function studies at the time of Sir-
olimus discontinuation; ALT of 24 U/L, AST of 21 U/L, Bilirubin of 6 pmol/
L and albumin of 40 g/L. One year after Sirolimus discontinuation, ALT of
34 U/L, AST of 32 U/L, Bilirubin of 12 pmol/L, and albumin of 43 g/L. The
coagulation profiles were consistently normal throughout 2 years post-HCT
and 1 year after Sirolimus discontinuation.

Prompt lymphocyte recovery of CD4 T cells 792 mm® (322-1750),
CD8 T cells of 1199 mm® (388-1086), and NK CD56 and CD16 cells
336 mm’ was exhibited (supplementary appendix Table S1).

Patient #2

A 25-year-old male was diagnosed with HbSS at the age of 6 months. His
disease course had been complicated by frequent painful vaso-occlusive
crises and frequent blood transfusions, and he required several RBC
exchanges. He underwent left hip replacement at the age of 8 years due to
avascular necrosis. Due to the lack of a matched sibling donor, he was on
supportive care, including blood transfusion, hydroxyurea, and iron che-
lation therapy. In September 2019, he developed obstructive jaundice.
Further investigation, including liver MRI, showed evidence of liver cir-
rhosis; MELD score was 25. He was referred for both liver and allogeneic
stem cell transplantation. He was first evaluated in the HCT clinic in
November 2019. At the time, he was jaundiced and had mild ascites. The
ferritin level was 3961 pg/L. T2-weighted liver MRI indicated severe iron
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Table 1 | Patients’ characteristics and outcome of dual haplo-

HCT and liver transplant for severe SCD

Patient #1 Patient #2

Age at HCT (yr.) 17 25

Sex Male Male

Disease SCD and end-stage SCD and end-stage
liver disease liver disease

HLA match of HCT graft (no. of

alleles matched/total no.)

Haplo HLA 5/10

Haplo HLA 5/10

Donor Aunt Brother

ABO blood group and Rh type

Donor O+ O+

Recipient Oo- O+

Donor age 39 years 27 years
Donor sex Female Male

Sex match Unmatched Matched
Donor HBEP Normal Sickle cell trait
Donor-specific No No

antibodies (DSA)

Donor HBEP Normal Sickle cell trait

CMV IgG serology

Both seropositive

Both seropositive

ABO alloimmunization

0

0

Time from SOT

8 months

4 months

Conditioning regimen

ATG/Thio/Flu/Cy/TBI

ATG/Thio/Flu/Cy/TBI

GVHD prophylaxis

Sirolimus + PTCy
+ MMF

Sirolimus + PTCy
+ MMF

Stem cell source

Bone marrow

Bone marrow

Graft composition (cells/kg)

TNC HSCs 14.4%108 7.07 *108

CD 34+ HSCs 5.79%10° 7.01 *10°
Neutrophil engraftment Day +16 of HCT Day +21 of HCT
Platelet engraftment Day +18 of HCT Day +27 of HCT
CMV reactivation after HCT Yes Yes

or LDLT

Chimerism post-HCT engraftment:

Day +30, +100, +365,2 years ~ 100% 100%

Myeloid 100% 100%

Lymphoid

Ferritin:

Pre-HCT 3943 pg/L 850 pg/L
Post-HCT 137 pg/L 98.4 ug/L
Hemoglobin SS:

Pre-HCT 44.6% 43.7%

12 months post-HCT 0.0%" 24.0%"

24 months post-HCT 0.0% 29.0%

2-year OS Alive Alive

DSA donor-specific antibody, HSCs hematopoietic stem cells, TNC total nucleated cell, OS overall

survival, PTCy post-transplantation cyclophosphamide, HCT hematopoietic stem cell
transplantation, LDLT living donor liver transplant, HBEP hemoglobin electrophoresis.

“Immune reconstitution of naive CD4+ and CD8+ T cells has been defined as the presence of more

than 50 cells per microliter®.

Both patients were on regular RBC exchange pre-HCT.

overload. Viral, autoimmune, and metabolic liver disease workups were
negative. Laboratory test results were as follows: hemoglobin 80 g/L, normal
WBC and platelet counts, AST 91 U/L, ALT 20 U/L, ALP 129 U/L, total
bilirubin 604 pmol/L, direct bilirubin 472 umol/L, albumin 30 g/L, creati-
nine 19 ymol/L, INR 1.2, PT 15.3, and PTT 43.5.

He was assessed in the hepatology clinic, then underwent liver biopsy,
which showed features of severe sickle cell hepatopathy and advanced
fibrosis (Fig. 2, supplementary appendix).

Following MTD evaluation, the best available donor was his sibling
(brother) for both liver transplantation and HCT. We proceeded with LDLT
first, followed by HCT after the successful outcome of the previous similar
case. He was kept on monthly RBC exchange and iron chelation therapy,
maintaining Hgb S < 30%. On 20 January 2021, he underwent LDLT from a
living related donor, “the same donor selected for HCT,” after informed
consent was signed by the patient. He received pulse steroids intraopera-
tively, followed by a tapering course of prednisone. Tacrolimus and MMF
were also initiated as per the liver transplantation protocol. He was on a
regular RBC exchange program to keep Hgb S <20% and hemoglobin >

100 g/L.

Four months later, he underwent haplo-HCT from the same donor of
liver transplant using the same haploidentical transplantation protocol used
in case 1. Tacrolimus was replaced by sirolimus on Day 10 of HCT. His post-
transplantation course was uneventful, except for asymptomatic CMV
viremia that was treated with valganciclovir. Neutrophil and platelet
engraftment occurred on Day +21 and Day +27, respectively. He was
discharged on Day +27 of HCT. He achieved full peripheral blood chi-
merism (100%) for both myeloid and lymphoid lineages at Day +30 post-
HCT. MMF was discontinued at 12 months after HCT with normal liver
graft function and persistent full donor chimerism. At 12 months of HCT,
sirolimus levels were kept between 3 and 8 ng/mL for another 8 months,
following a slow taper; he was weaned off IST at 24 months after HCT with
normal liver function, and blood counts and 100% donor cells on peripheral
blood chimerism studies (Table 1). Chimerism analysis at different time
points after HCT showed >95% donor-type chimerism in the myeloid and
B-cell lineages throughout the 24 months of follow-up. At the time of
Sirolimus discontinuation, chimerism in both myeloid and lymphoid
lineages was 100%. The ferritin level after HCT is persistently within the
normal values (range 30-400 pg/L), the last value at the time of weaning off
Sirolimus was 98.4 ug/L. The liver function studies at the time of Sirolimus
discontinuation; ALT of 22 U/L, AST of 32 U/L, Bilirubin of 19 pumol/L, and
albumin of 49 g/L. One year after Sirolimus discontinuation, ALT of 12 U/L,
AST of 27 U/L, Bilirubin of 19 pmol/L, and albumin of 46 g/L. The coa-
gulation profiles were consistently normal throughout the 2 years post-HCT
and 1 year after Sirolimus discontinuation.

He achieved prompt lymphocyte recovery of CD4 T cells 1049 mm’
(322-1750), CD8 T cells of 1253 mm® (388-1086), and NK CD56 and CD16
cells 991 mm® were exhibited (supplementary appendix Table S1).

In both cases, complete myeloid and lymphoid chimerism was attained
without apparent risk of graft rejection or reduction in chimerism (sup-
plementary appendix Table S1).

Discussion
To the best of our knowledge, we report, for the first time, the first two cases
of patients with severe SCD who underwent sequential liver transplantation
and haplo-HCT using the selected HLA haploidentical HCT donors as liver
transplantation donors, then performing HCT from the same donors. This
approach is a potential solution and curative option to cure SCD and to
reverse preexisting end-organ dysfunction. The use of an HLA-mismatched
bone marrow graft for transplantation and PTCy for GVvHD prophylaxis
induces durable lymphohematopoietic chimerism in recipients with a sig-
nificant reduction in the risk of GvHD, allowing the withdrawal of immu-
nosuppressants with immunotolerance and immune reconstitution with
excellent lymphocyte recovery and no evidence of liver graft rejection.

Immune tolerance through donor hematopoietic stem cell infusion
following kidney transplantation has been reported in two cases, both
demonstrating stable mixed chimerism and no signs of graft rejection,
allowing for the withdrawal of immunosuppressive therapy™®”".

Liver transplantation is the only life-saving treatment for acute and
chronic sickle cell-induced liver damage. However, transplantation does not
treat the disease but repairs the related end-organ damage; therefore, SCD
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can recur. SCD remains a very rare indication for liver transplantation
worldwide. A systematic review revealed that until 2018, only 29 cases of
liver transplantation for SCD were reported. The significantly low number
of liver transplantations among SCD patients may be attributed to multiple
factors, including limited access to liver transplantation among high-risk
populations; comorbidities that make transplantation a high-risk proce-
dure, thereby excluding SCD patients from listing; and many centers not
considering SCD-related hepatopathy an acceptable indication for liver
transplantation™.

Postoperative mortality is mainly due to sepsis, cerebrovascular acci-
dent, and recurrence of sickle cell liver disease. Re-transplantation rates in
SCD are higher than those in other indications. Therefore, in many other
centers worldwide, SCD is not an acceptable indication for liver
transplantation ***.

Of 21 patients transplanted for SCD-induced liver failure, 57% had
acute liver failure secondary to sickling, revealing 1- and 5-year survival rates
of 58% and 41%, respectively. One- and 5-year survival rates in the other
limited reported cases were 75% and 65%, respectively”.

An analysis of the Scientific Registry of Transplant Recipients identi-
fied 23 LDLT recipients with SCD. The median overall survival for liver
transplantation in SCD was 67.7 months. The one-year graft and patient
survival rates for SCD patients were 88.5% and 88.1%, respectively.

Three-year graft and patient survival rates were 72.1% and 70.5%, and
five-year graft and patient survival rates were 48.1% and 58.8%, respectively.
Morbidity was also higher in the peri-transplantation period. Patients with
SCD were more likely to be admitted to the intensive care unit, require
dialysis, and develop cardiovascular complications™.

Hosoya et al.’” reported 51 patients who underwent dual transplanta-
tion; only one patient with X-linked Hyper-IgM syndrome, who developed a
potential liver toxicity, had cadaveric donor liver transplantation followed
by allo-HCT from a matched unrelated donor*'.

Our cases reported here show the feasibility and safety of per-
forming liver transplantation followed by haplo-HCT for individuals
with SCD and end-stage liver cirrhosis. We have demonstrated for the
first time that individuals with severe SCD and end-stage liver disease can
be considered for dual HCT/liver transplantation, especially with the
availability of suitable related donors (fully matched or haploidentical).
Our current approach was for affected patients to undergo liver trans-
plantation first, followed by HCT. Significant supportive care before and
after liver transplantation to control SCD, preserve the solid organ
transplanted graft, and reduce peri- and postoperative sickle cell com-
plications is crucial. This was achieved with the use of RBC exchange to
keep HbS <30% and blood transfusion to keep Hgb =100 g/L, close
monitoring of medication adverse effects (e.g., calcitonin inhibitor), and
the use of judicious and effective antimicrobial screening and prophylaxis
protocols.

SCD results in increased health care utilization, including chronic age-
dependent end-organ dysfunction, severe morbidity, and early mortality.
The limited application of HCT for individuals with SCD is traditionally
related to a lack of donor availability, access, and socioeconomic barriers,
comorbidities from the disease, and concern for HCT-related complications
and mortality. A dual haplo-HCT/SOT approach has become more feasible
because of improvements in transplantation technology and supportive
care. The validation of a sequential dual SOT followed by HCT approach
would require a prospective clinical trial and/or an international colla-
borative effort. The primary goal is to treat damaged vital organs, such as the
liver and kidney, through SOT, followed by HCT to prevent further organ
damage and cure SCD, using the same donor if HLA compatibility allows. A
secondary goal is to eliminate the long-term use of immunosuppressive
agents typically required for SOT alone by utilizing the same HLA-
compatible donor for both procedures, SOT and HCT***. This will help
establish clear guidelines for the dual transplantation approach, appropriate
patient and donor selection, optimal conditioning, peri- and post-dual
transplantation supportive care, and guidance of post-dual transplant
immunosuppression therapy.

Data availability
Details of the cases are in Table 1. Additional data about the patients is
available from the corresponding author upon reasonable request.
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