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To Our Esteemed Colleagues,

Because of a rising interest in Experimental and Clinical Transplantation as well
as an increased number of manuscript submissions, we are expanding
our publication schedule following October 2020 from 6 issues to 12
issues per year. Please look for the journal to be published in January,

February, March, April, May, June, July, August, September, October,
November and December.

We would like to extend our sincere thanks for your continuing support, and we
look forward to receiving your manuscripts.
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EDITORIAL POLICY

MISSION

Experimental and Clinical Transplantation (ECT) is the official
journal of the Middle East Society for Organ Transplantation
(MESQOT). The Society was originally founded in Turkey in 1987,
and was subsequently incorporated at Bern, Switzerland, in 1988
as a non-profit, international, scientific organization comprising
20 countries of the Middle East, North Africa, Mid-Asia, and
neighboring nations.

The aim of the journal is to provide a medium forum for where
clinical scientists, basic scientists, ethicists, and public health
professionals to communicate ideas and advances in the field of
experimental and clinical organ and tissue transplantation, and
to discuss related social and ethical issues. The topics will be of
interest to transplant surgeons, clinicians in all major disciplines
and subspecialties, basic science researchers, and other
professionals involved with sociological aspects of experimental
and clinical transplantation.

Experimental and Clinical Transplantation is a peer-reviewed
international publication that accepts manuscripts of full-length
original articles, case reports, letters to the editor, and invited

reviews. It is published in English bimonthly (February, April, June,
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Our editorial team is committed to producing a journal of
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Science Edition, MEDLINE, Science Citation Index Expanded™,
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subscription, printed on acid-free paper.

SCOPE
The scope of the journal includes the following:

Surgical techniques, innovations, and novelties
Immunobiology and immunosuppression
Clinical results

Complications

Infection

Malignancies

Organ donation

Organ and tissue procurement and preservation
Sociological and ethical issues
Xenotransplantation

ETHICS

The Journal expects that all procedures and studies involving
human subjects have been reviewed by the appropriate ethics
committee and have therefore been performed in accordance
with the ethical standards laid down in The Helsinki Declaration
as well as The Declaration of Istanbul on Organ Trafficking
and Transplant Tourism. Manuscripts must contain a statement
to this effect.

All authors are required to sign an ethical disclosure
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EDITORIAL POLICY
ror LIVING DONOR
TRANSPLANTATION

Dear Colleagues,

Kindly be reminded of our Editorial Policy regarding Living Donation in
transplantation.

As per our acceptance criteria, donor must be a relative (up to the 4th degree) or
spouse of the recipient and over 18 years old. We would like to remind all of you that
as per our Journal policy, we do not accept any papers that involve transplantation
from living unrelated donors.

In the recent period (from January 2019 to present), 662 manuscripts have been
submitted to our Journal from various countries throughout the world. Out of these
662 manuscripts, a decision has been made for 554 manuscripts and 377 (68%) of
them were rejected. Of these 377 rejected manuscripts, 55 (14.6%) of them have
been rejected as they involved transplantation from unrelated living donors.

We hope that an increase in such policies will help to underline the importance of the
legal and ethical aspects of transplantation. Please feel free to contact us regarding
any comments as our aim is to contribute to the transplantation field in the world.

Please keep safe and healthy during these times of Covid-19 pandemic.

Sincerely,

o /J@é?%%@

Mehmet Haberal, MD, FACS (Hon), FICS (Hon),
FASA (Hon), FIMSA (Hon), Hon FRCS (Glasg)
Editor-in-Chief

Experimental and Clinical Transplantation



INTERNATIONAL SYMPOSIUM:

A

ORGAN DONATIONe.
TRANSPLANTATION

MARCH 6-7, 2024 e KIZILCAHAMAM-ANKARA-TURKIYE

The Turkish Transplantation Society (TOND)

The Turkic World Transplantation Society (TDTD) k e
Oc~«{/ The Middle East Society for Organ Transplantation (MESOT) ;b :E_' .

E -, _:P

% s e‘\‘

Www.paediatricsymp2024.com  ABSTRACT SUBMISSION DEADLINE
JANUARY 15, 2024




tts2024.0rg

?\,P\NTAT/O/I/

. : September 22-25
%, ‘051966 ) §\ 30% International Congress of The Transplantation Society
TRANSES

Endorsed by

Venue Official Congress Airline
:° o,, TURKISH
; . X ISTANBUL
@ CToh . I‘ ‘ CONGRESS g AIRLINES
. < CENTER

,{”rrans““@

THE TURKISH THE TURKIC WORLD

TRANSPLANTATION TRANSPLANTATION
SOCIETY (TOND) SOCIETY (TDTD)

Orgamzed in partnershlp with

... " MIDDLE EAST SOCIETY
FOR ORGAN_ TRANSPLANTATION




whkoR

Diagnostic
= gnostic

., Interventionga|
Radiology i
Liver & Kidney
Transpl

VRIRGEY, R

ue IpsouBen

z
|
H
g
3
3
-8
]
@
-]
g
g
a
=

Ipiy B S8Rl

Diagnostic and
Interventional Radiology in
Liver & Kidney Transplantation

Fatih BOYVAT, MD, FICS

Mehmet HABERAL, MD, FACS (HON), FICS (HON),
FASA (HON), FIMSA (HON), HON FRCS (GLASG)

Transplant medicine remains one of the most challenging and complex areas of modern medicine.
Although important medical breakthroughs such as immunosuppressive drugs have allowed for more
organ transplants and a longer survival rate, transplant professionals still face serious problems, especially
with regard to achieving correct diagnosis and treating postoperative complications.

Advances in imaging techniques, including in computed tomography, magnetic resonance imaging, and
ultrasonography, and the use of interventional radiology have allowed transplant professionals to provide
more accurate results both for diagnosis and for treatment of complications that occur after liver and
kidney transplant. Moreover, with the use of interventional radiology, transplant professionals can now
reach deep structures of the body, enabling correct diagnoses and treatment without performing surgery.

. ¢ BASKENT Editorial Office

PubllSher %9 UNI?ERSlTY Taskent Caddesi, No:77, Kat 4, Bahcelievler
1993 Ankara, 06490 Turkey

Telephone: +90 (312) 212 73 93 Fax: +90 (312) 215 08 35

rectorate@baskent.edu.tr



The Middle East Society
for Organ Transplantation

MESOT welcomes professionals actively
involved in all fields of transplantation.

The benefits of membership:

= The opportunity to be part of a regional network of physicians, surgeons and
scientists involved in transplantation

= Free online access to the journal “Experimental and Clinical Transplantation’,
the official journal of The Middle East Society for Organ Transplantation

= Substantially reduced rates for subscription to print copies of “Experimental and
Clinical Transplantation”

= Entitlement to apply to take part in a fellowship program in one of several leading
transplantation centers in the Middle East

= Reduced registration fee at the biennial international congresses which provide
an innovative and comprehensive overview of the latest research developments
in the field transplantation

= Free online access to the “Transplant Library”

= MESOT newsletter updating members about the latest activities in the transplant
community

= Access to the online MESOT Member Directory

Apply online today at http://www.mesot-tx.org
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MESOT Fellowship Program
in Organ Transplantation

The Middle East Society for Organ Transplantation is pleased to announce the establishment
of the MESOT Fellowship Program. The program, which will be |-2 years in duration, has
been created for physicians and surgeons from the Middle East region willing to acquire
particular skills related to clinical and medical aspects of organ transplantation.

The objective of this program is to promote and advance organ transplantation in
underserved areas of the region by helping physicians to establish new programs or
improve already existing ones. In addition to liver; kidney, pancreas, heart and cornea
transplant fellowships, training will be offered in various other departments to support
the multidisciplinary nature of transplantation, including gastroenterology, nephrology,
cardiology, immunology, radiology, pathology, infectious diseases and intensive care.

A limited number of grants will also be available, with recipients being determined by the
Fellowship Program Committee.

Further information can be found online at http://www.mesot-tx.org/lhome/
fellowship.php, where candidates may also apply online. The application deadline is the
30" of June of each year.

Inquiries may be directed to the Chairman of the MESOT Fellowship Program Committee:

Mustafa Al-Mousawi, MD, FRCS

Chairman, MESOT Fellowship Program Committee
P.O. Box 288, Safat 13003

Kuwait

Fax: +965 24848615
Email: drmosawi@yahoo.com
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e Each chapter contains key questions to highlight main points
» Covers entire topic within a single volume
» Written from a global perspective by experts in the field

This updated volume gives a clear description of transplantation surgery and covers the recent
developments and innovations that have occurred within the field. New chapters on the
management of graft dysfunction, organ preservation, new immunosuppressive drugs,
molecular medicine and transplantation, robotics in transplantation, and organ bio-engineering
are included. The book aims to be an authoritative guide to transplantation surgery that will
help improve the likeliness of procedures being successful. This book will be relevant to
transplant surgeons, physicians, and nephrologists.
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REVIEW

Lymphocele Complication After Kidney Transplant:
Current Literature Review and Management Algorithm

Pedro Luis Guachetd-Bomba,! Maria Fernanda Sandoval Guerrero,! Germdn Ramirez,*>
Herney Andres Garcia-Perdomo'?

Abstract

Kidney transplant is the best treatment option for
patients with end-stage renal disease. It reduces
mortality and improves the quality of life. However,
kidney transplant presents medical and surgical
complications, and one of the most common is the
posttransplant lymphocele. Lymphocele complication
has an incidence of up to 20% and presents with
variable clinical symptoms, which are directly
associated with the size and compression effect on the
adjacent organs. There are reported risk factors that
favor the appearance of lymphocele. Despite known
factors, there are more relevant factors (male sex,
deceased donor, and corticosteroids) to carry out a
stricter follow-up. The treatment of lymphoceles can
vary according to the severity of the symptoms,
characteristics of the collection, and the patient’s
clinical status. Despite the high recurrence, percu-
taneous intervention is the initial approach in this
condition. If percutaneous aspiration, drainage,
and sclerotherapy are unsuccessful, then open
or laparoscopic fenestration can be performed;
laparoscopy is the standard of treatment since it is
highly effective and has few adverse effects.

Key words: Kidney transplantation, Laparoscopic
fenestration, Laparoscopic marsupialization, Percutaneous
sclerotherapy

Introduction

Kidney transplant is the best treatment option
for patients with end-stage kidney disease.! This
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intervention significantly reduces the risk of
death (60%), doubles the expected survival time,
and improves the quality of life.? In 2018, there
were 12832 kidney transplants performed in
Latin America, according to the Spanish National
Transplant Organization. In Colombia, in 2019,
approximately 1000 kidney transplants were
performed.

Although kidney transplant is an intervention
that improves the quality of life of the recipients, the
incidence rate for complications is 15% to 17%.3
These complications can be divided into medical
and surgical aspects. Surgical complications can be
vascular or urological problems, lymphoceles, wound
infections, and hernias.* Medical complications are not
a part of this review.

Lymphocele, as the focus of this review, is a
common postoperative complication in kidney
transplant recipients. Given multiple forms of
presentation and treatment, we aimed to describe the
current concepts for this complication and propose a
management algorithm.

Definition

Lymphoceles correspond to lymphatic fluid accu-
mulation, surrounded by a pseudo membrane,
near the transplanted kidney.>® Most lymphoceles
develop early after transplant but generally
occur 2 weeks to 6 months after the procedure.
Lymphoceles have a peak of incidence at 6 weeks
and are frequently detected before clinical
symptoms.”®

Epidemiology
Previous studies have reported the incidence of

symptomatic lymphoceles between 0.6% and 26%
after kidney transplant.>49-11

DOI: 10.6002/ect.2023.0037
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Pathogenesis

The pathogenesis of a lymphocele has 2 essential
steps. First, there is lymph drainage out of the
lymphatic vessels, which collects in the retroperitoneal
space around the transplanted kidney.!? Later, a
fibrous capsule forms and covers the lymphocele,
making its resolution more complex. In such a way,
lymphatic vessel injury plays an essential role in
lymphocele development.!?

Risk Factors

Assessment of individual risks before and after
transplant could facilitate specific diagnoses and
treatment for a patient.!3 Some factors have been
implicated in the development of lymphoceles,
which include the recipient’s age, sex, body mass
index, dialysis time, type of donor (deceased),
extensive perivascular dissection during native
vessel mobilization, capsular tears, episodes of
acute rejection, a biopsy of the graft, presence of
arteriovenous fistulas in the lower limb, use of
diuretics, and high doses of corticosteroids and
anticoagulants, among others.!#1>

Heer and colleagues® found that the cumulative
prednisone dose at 3 months is a risk factor for
lymphocele development. No significant differences
were found for age, donor type, single versus multiple
arteries, ischemia time, or fluid balance. Pacovsky and
colleagues!? found that male sex is a risk factor for
lymphoceles, and they hypothesized that the reason
may be differences in protein and albumin values for
male versus female sex. Their study did not find
meaningful differences in age, body mass index, or
dialysis time. Giuliani and colleagues!® found that age
>11 years, body mass index >95% percentile for age,
male sex, and donor type (deceased) are risk factors for
lymphocele formation. They also suggested that there
could be twice the risk of graft loss in patients who
develop lymphoceles versus patients with no
lymphoceles. However, there were no statistically
significant results to support this hypothesis. Presently,
there is a scarcity of studies that adequately evaluate
the relationship of these factors with the condition.

Prevention

The development of new technologies and advances
in surgical techniques have decreased the risk of

Exp Clin Transplant

lymphocele formation. The use of bipolar elec-
trothermal devices in surgical dissection may prevent
lymphocele formation compared with electrocautery
methods, creating a fusion of vessels using a
combination of pressure and energy. These changes
denature the collagen, elastin fibers, and the rest of
the connective tissue within the vessels, which allow
the proteins to form a seal and thereby fuse the walls.
In this way, the lumen is theoretically obliterated.1®

Other authors have described the use of
povidone-iodine immediately after transplant, and it
has been shown to reduce lymphocele formation,
given its sclerosing action.!”” Use of polyethylene
glycol sealants during surgery has been useful to
prevent lymphocele formation without significant
adverse effects.!®

Clinical Presentation

The clinical presentation of a lymphocele varies from
an asymptomatic liquid collection, to mild symptoms
that are easily managed, to severe symptoms that can
result in significant morbidity.!” The symptoms are
generally produced by an expansive growth of the
fluid, which generates a compression effect on the
adjacent organs or the graft itself. Thus, the clinical
presentation of lymphoceles can be divided into 3
broad groups of symptoms: urological, vascular, or
visceral.!

Urological symptoms
The elevation of creatinine values is one of the most
frequent signs of lymphocele formation and is most
often caused by the ureteral compression of the
transplanted kidney, which leads to secondary
hydronephrosis, renal dysfunction, and, consequently,
elevation of renal function markers. Another
pathophysiological mechanism that can lead to
elevated creatinine is the compression of the renal
vessels at the renal hilum.®

Lymphocele displacement of the bladder can lead
to symptoms in the lower urinary tract, urinary
frequency, dysuria, and urinary retention.

Vascular symptoms

Other symptoms are generated by the compression
of vascular structures, iliac vessels, and even the vena
cava, as well as edema of the lower limbs (with or
without pain). Venous thrombosis and decreased
vascular flow from the transplant may also occur.
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Visceral symptoms

Visceral compression can cause abdominal discomfort
and in some cases may generate compression wound
dehiscence and may even present as intestinal
obstruction. Another less frequent symptom is
fever, which forces to rule out a lymphocele
infection.!?

Diagnosis

Diagnosis is generally made by ultrasonography
combined with fluid aspiration to evaluate
creatinine, lymphocytes, and gram stain results.®
Ultrasonography is the established standard for
diagnostic imaging and offers the advantages of
being noninvasive, safe, easily repeatable at frequent
intervals, and unaffected by the degree of kidney
dysfunction. Accordingly, follow-up protocols with
ultrasonography have been applied immediately
after transplant, at the peak of presentation of the
lymphocele (4-8 weeks), and later at 6 and 12
months.?0

With ultrasonography, lymphoceles are visualized
as either anechoic or hypoechoic. Fluid collections can
be partitioned, small or large, to displace the kidney,
and these are sonographically indistinguishable from
other collections of simple fluid, such as urinoma and
seroma.?’

Another diagnostic method is abdominal
computed tomography with contrast, which can
show well-defined collections of hypoattenuating
fluids that generally have an attenuation value close
to water.?

There are no published studies regarding the
comparative performance of these imaging techniques.

Treatment and Management Algorithm

Lymphocele treatment depends on its symptoms.
Asymptomatic small collections do not require any
treatment, and regular monitoring is sufficient. In
contrast, large and symptomatic collections justify
surgical intervention.

The following factors are considered necessary for
proper therapy selection: severity of symptoms, size
of the lesion, possible posttherapeutic complications,
and the clinical condition of the patient.! The
management of lymphoceles varies from aspiration
or aspiration with sclerotherapy to more invasive
techniques such as external or internal drainage.

Recurrence in these treatments is high; however,
laparoscopic marsupialization is the standard
treatment in patients with failure of percutaneous
drainage.®

Percutaneous Treatment

Ultrasonography-guided percutaneous aspiration is
used for diagnosis and treatment. However, recur-
rence rates are high, up to 75%.” A previously
published systematic review included 20 studies
with 218 patients and reported a 59% rate of
recurrence (95% CI, 10%-95%) for aspiration only.!
Percutaneous drainage with a pigtail catheter has
resulted in recurrence rates of 25% to 50%. Prolonged
duration (longer than 2 weeks) of the pigtail catheter
seems to increase the success rate.l? However,
given the minimally invasive nature of the pigtail
technique, it is considered a first-line treatment
for lymphoceles.” Some limitations that may
hinder the success of percutaneous treatment
are multilocular collections of fluid that complicate
definitive drainage. Also, the puncture can be
associated with lymphocele infection, since it converts
a collection of sterile fluid to a collection with bacterial
colonization.

The use of sclerosing agents for instillation in
percutaneous management has produced encouraging
results. However, this increases the possibility of
surgical exploration in patients who do not respond
due to the resultant scarring.!” Since 1983, povidone-
iodine, a protein chelator, has been used as a sclerosing
agent. Recurrence of 37.5% has been reported
after the initial instillation and 18.7% after the second
treatment.?>? Other sclerosing agents include
tetracycline, doxycycline, minocycline, fibrin gum,
95% ethanol, factor XIII, and fibrinogen. Lymphocele
sclerotherapy is successful in 80% to 90% of cases,
regardless of the agent used.3*In a systematic review,
Lucewicz and colleagues analyzed 14 studies and
144 patients and reported 31% recurrence for
sclerotherapy.?! Opponents of sclerotherapy emp-
hasize the possible risk of fibrosis around the
transplant, mainly close to the ureter, which may add
complexity to possible future procedures.

Surgical Treatment

If minimally invasive management of the
lymphocele is unsuccessful, then surgical treatment
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is required. This approach has been described
as marsupialization. Nevertheless, de-roofing and
fenestration are more precise terms. A posttransplant
lymphocele can be drained into the intraperitoneal
space by opening the peritoneal wall connected to
the lymphocele cavity, by either an open approach or
laparoscopy.! Fenestration is rarely followed by
recurrence, and therefore judged to be superior to
other treatments, and as such it may become the
standard of treatment.

The systematic review by Lucewicz and
colleagues also included an analysis of 17 studies
with 176 patients for which they reported 16%
recurrence after open surgery and a rate of 8% for
intrasurgical complications.?! The authors suggested
open surgery as a promising treatment option in
those patients for whom percutaneous management
fails. In this same systematic review, they analyzed
22 studies and 322 patients with regard to
laparoscopic surgery, for which they reported a
recurrence rate of 8% and an intrasurgical
complication rate of 8% (95% CI, 2%-20%).?! The
length of hospital stay for patients treated with the
open technique was 5.5 days, versus 2.5 days for the
laparoscopic technique.?!

Laparoscopic surgery is an adequate and practical
option that shortens hospital stays and causes
minimal patient discomfort,'? so it is considered the
standard treatment for lymphoceles.

Exp Clin Transplant

Intervention Proposal

With regard to the details we have reviewed, we
suggest the management algorithm shown in
Figure 1.

Conclusions

Lymphocele formation is a frequent postoperative
complication in kidney transplant recipients, with its
most frequent presentation 6 weeks after surgery.
Various factors have been implicated in posttransplant
lymphocele formation, and some of the most
meaningful factors are the use of corticosteroids, male
sex, and deceased donor. The clinical presentation is
variable, from small and asymptomatic collections to
symptomatic collections with a high risk of morbidity
that require some intervention. Treatment can begin
with percutaneous treatment, and if it there is
recurrence, then we suggest laparoscopic fenestration
as the standard treatment.

Kidney transplant is the best treatment option for
patients with end-stage renal disease, reducing
mortality and improving quality of life. However,
kidney transplant is associated with medical and
surgical complications, and one of the most common
is the posttransplant lymphocele.

Posttransplant lymphoceles require various
degrees of intervention, and the first step should be

Figure 1. Postoperative Management Algorithm for Kidney Transplant
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percutaneous treatment. For subsequent lymphocele
recurrence, we suggest laparoscopic fenestration
should be the standard treatment. It can be started
with percutaneous treatment, and if it recurs, we
might offer laparoscopic fenestration as the standard
treatment.
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ARTICLE

Exploring the Role of an Implantable Doppler Probe as a
Blood Flow-Monitoring Device in Kidney Transplant:
A Feasibility Randomized Controlled Trial

Muhammad Shahzar Malik,? Kris Houlberg,' Jacob A. Akoh!

Abstract

Objectives: Vascular thrombosis is a disastrous
postoperative complication resulting in the loss of 3.5%
to 5.7% of all kidney transplants. The use of blood
flow-sensing technology in the early postoperative
period may help in the early identification of vascular
complications crucial to reducing graft loss. This study
aimed to assess the feasibility of an implantable
Doppler probe as a blood flow-monitoring device in
kidney transplant recipients and to evaluate its
usefulness in the prevention of early graft loss.
Materials and Methods: This 2-arm feasibility rando-
mized controlled trial compared the demographic
characteristics and surgical outcomes of kidney
transplant recipients who received implantable Doppler
probe monitoring (intervention group; n = 30) with
those who had standard clinical care (control group;
n = 30). Surgical outcomes compared between the
groups included the number of early vascular
complications identified, the number of departmental
ultrasonography scans requested in the first 72 hours
postoperatively, and month 3 graft loss.

Results: Both groups were similar in demographic
characteristics. In the intervention group versus the
control group, fewer ultrasonography scans were
requested in the first 24 hours postoperatively (56%
vs 91%) and lower graft loss (0% vs 6.6%) was
recorded. The results addressed uncertainties around
the feasibility study’s research methods and required
resources for a future pragmatic trial.

Conclusions: An implantable Doppler probe may be a
beneficial adjunct for graft monitoring after kidney
transplants. This feasibility study provided the
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necessary preliminary information and filled initial
gaps in the evidence that can inform future research.
The prespecified progression criteria of the study were
fulfilled. The study template used can be transferable
to other transplant centers across the United Kingdom.
A pragmatic large-scale randomized controlled trial is
warranted to evaluate the effectiveness of implantable
Doppler probes in clinical practice.

Key words: Blood flow-sensing technology, Graft loss, Renal
transplant

Introduction

Chronic kidney disease (CKD) is responsible for the
deaths of 5 to 10 million people annually.! Moreover,
the prevalence of CKD is increasing globally, with
approximately 800 million individuals worldwide
with CKD, accounting for 10% of the world’s
population.? The leading cause of CKD-associated
mortality is adverse cardiac events, with rates
ranging from 20% to 50% over 2 years.? The mortality
rates of CKD patients on hemodialysis are 17 times
higher than age-matched controls from the general
population.? Patients with CKD on hemodialysis
have a worse prognosis than patients with most
cancers, except lung and pancreas.*

A successful kidney transplant is considered the
best treatment for patients with end-stage renal
failure.>® The advantages include enhanced gene-
ralized well-being, raised quality of life, improved
long-term survival, and reduced cost for healthcare
systems.?® Although the demand for kidney
transplants has increased markedly over the years,
the number of suitable grafts available for donation
has only slightly increased.® Consequently, patients
with CKD on hemodialysis needing a kidney
transplant typically wait for 3 to 5 years, depending
on the geographic area.” Different counterstrategies,
like encouraging living kidney donors, accepting

DOI: 10.6002/ect.2023.0272
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ABO-incompatible kidney transplants, and accepting
extended criteria donors, have been implemented to
increase the donor pool.” Similarly, endeavors must
be made to improve the utilization of available
grafts.®

Vascular complications result in the loss of 3.5% to
5.7% of all kidney transplants.”! Graft losses due to
arterial and venous complications are 0.2% to 7.5%
and 0.1% to 8.2%, respectively.! Graft loss has
serious implications for kidney transplant recipients,
with 30-day and 90-day mortality rates of 5.2% and
11.1%, respectively.!! The timely identification of
vascular complications is a critical step in reducing
early graft loss, as only a prompt surgical interven-
tion can rescue a compromised graft.!?

Novel blood flow-sensing technologies like the
implantable Doppler (ID) probe, which assists in the
early detection of vascular complications, have been
used successfully for the surveillance of microvas-
cular anastomosis in liver transplant, breast, plastic,
and reconstructive surgery.!® The ID probe (Cook-
Swartz Doppler Probe, Cook Medical) consists of 3
parts attached together: a 1-mm? piezoelectric crystal,
a 20-MHz transducer, and a silicon cuff'* (Figure 1).
Intraoperatively, the probe is placed around the
artery supplying the grafted tissues.! The transducer
in the probe converts the kinetic energy of the blood
flowing toward the graft into electric energy.’® The
probe is linked to an external monitor through a thin
connecting wire'* (Figure 2). The external monitor
translates the electrical impulses into audible
Doppler signals.’®> Continuous audible signals
indicate normal blood flowing toward the graft.!® A
pause in the audible signals represents a disrupted
blood supply to the graft. Cessation of signals is the
early warning sign that allows the opportunity for
prompt intervention, as a delay would likely result
in graft loss due to irreversible ischemic injury.!® If
the patient is still in the operating room, an
immediate reexploration is warranted. Otherwise, if
the patient has returned to the hospital ward, urgent
radiological investigations (ie, duplex ultrasonography,
computed tomography angiography) are organized.!”
Similar to other specialties, the ID probe may be used
as a blood flow-monitoring device in kidney
transplants.1¢

Feasibility studies are increasingly being con-
ducted to investigate potential areas of uncertainty
and support the development of future pragmatic
studies.!® This study aimed to assess the feasibility of

an ID probe as a blood flow-monitoring device in
kidney transplant recipients and to evaluate its
usefulness in the prevention of early graft loss. The
preliminary information and outcome parameters
acquired in the study will inform the development
of the future pragmatic large-scale randomized
clinical trials.

Figure 1. Cook-Swartz Doppler Probe

a, Cook-Swartz Implantable Doppler flow probe displaying silicon cuff and
flexible wire in the background. b, Cook-Swartz Implantable Doppler probe
connecting wire and external monitoring device.

Figure 2. Cook-Swartz Implantable Doppler Flow Probe In Situ Around the
Renal Artery

Abbreviations: EIA, external iliac artery; RA, renal artery
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Materials and Methods

The CONDOR (Continuous Implantable Doppler
Probe Monitoring in Renal Transplant) study
(ClinicalTrials.gov identifier NCT05634863), a mixed
method, 2-arm feasibility, randomized, controlled
trial with an embedded qualitative study, was
conducted at the Southwest Transplant Centre
(SWTC), University Hospitals of Plymouth NHS
Trust, United Kingdom, from April 2022 through
July 2023 (Figure 3). The ID probe is used routinely
for postoperative vascular surveillance of kidney
transplant recipients at the SWTC. This allowed
local recruitment of patients who had kidney
transplant surgery with or without an ID probe
monitoring device during the study duration at the
SWTC.

Figure 3. Condor Study Flow Diagram
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Eligibility criteria

Inclusion criteria comprised patients who had
deceased or living kidney donor transplants, patients
aged 18 years or above, and patients able and willing
to comply with the trial requirements. Exclusion
criteria consisted of patients who had kidney
transplants with 2 or more arteries (evident at the
time of surgery), patients aged below 18 years, and
patients lacking capacity or unwilling to give
consent. Patients who fulfilled the eligibility criteria
and consented to study participation were enrolled
in the trial.

The on-call transplant surgeons obtained informed
consent from eligible participants. Participants were
given a detailed explanation of the research process
and the functioning of the ID probe monitoring
device. An information leaflet was offered.

Enrollment

Participants screened for eligibility
preoperatively in the renal ward (n =71)

Excluded (n=11)
Not meeting inclusion criteria

[

(n=11)

v

A 4

Declined to participate (n=0)
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Information sheet provided (n =60)

Other reasons (n=0)

Quantitative Study (n=60)

Qualitative Study (n=12)

v

Randomization

Randomized (n= 60)

v

A 4

Allocation Allocated to Intervention

Group i.e., kidney transplant
surgery with Implantable
Doppler probe (n=30)

Allocated to Control
Group i.e., standard
care with clinical
observation (n=30)

Semi-structured interviews of
participants allocated to the
intervention group and
stakeholders at 72 hours
postoperatively in the ward

Follow up at 24, 48 and 72
hours postoperatively in the
ward and at the 03-monthly
clinic appointment

Lost to follow-up (with
reasons) (n = 0)
Discontinued intervention
(with reasons) (n = 0)

Follow up at 24, 48
and 72 hours
postoperatively in the
ward and at the 03-
monthly clinic
appointment

Lost to follow-up
(with reasons) (n = 0)

\ 4

\ 4

Analysis

Quantitative data of both Groups will
be compared bv Descriptive statistics.

Thematic analysis of the
qualitative data

Interpretation

Interpretation of results

Participants received allografts from donors after circulatory death and brain death and from
living kidney donors related up to the fourth degree.
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Sample size

A formal power calculation is not mandatory to
determine the sample size of a feasibility study.!%2
We selected a realistic recruitment figure of 60
participants to meet the objectives of the study, in
line with other similar feasibility studies in the
literature.?!-22

Randomization

We randomly assigned 60 participants into the 2 trial
arms (ie, intervention and control groups) in 1:1 ratio
random permuted blocks by using an online
computer sequence generator (https://www.
randomizer.org/ #randomize).

Trial arms

The 2 trial arms (intervention and control) consisted
of 30 participants each. Participants in the
intervention group had kidney transplants with
ID probe monitoring for the first 72 hours
postoperatively, in addition to the standard clinical
care as part of their postoperative management.

Intraoperatively, intervention group participants
had the ID probe attached to the renal artery of their
transplanted kidneys. A continuous audible signal,
generated by blood flow in the renal artery, was
used as an indicator of graft perfusion. Audible
signals were monitored by the transplant surgeons
until wound closure in the operation theatre.
Postoperatively, monitoring was continued by the
duty nurse during recovery and by the on-call
clinician after the patient was transferred to the renal
ward.

Cessation of audible signals was considered a
warning sign, warranting immediate exploration or
radiological investigation, depending on whether the
participant was in the operating theatre or renal
ward, respectively. All ID probes were removed 72
hours after the surgery.

Participants in the control group received
standard clinical care as their postoperative
management, in line with the SWTC protocols.

Blinding

The nature of the intervention did not allow blinding
of the participants or healthcare professionals to the
outcomes of randomization. However, there were no
differences in the recruitment, randomization, or
postoperative care of participants in the intervention
or control groups. The SWTC declared no conflict of

interest with the ID probe monitoring device and
acted in the best interest of all kidney transplant
patients.

Data collection

The feasibility study identified 3 objectives referring
to relevant domains required to address potential
uncertainty around a pragmatic full-scale trial.!®
Table 1 lists the feasibility objectives along with their
relevant outcome measures. Objective 1 assessed the
capability of an ID probe as a blood flow-monitoring
device in kidney transplant patients. The outcome
measures of objective 1, in both the intervention and
control groups, were recorded and compared for
differences.

Objectives 2 and 3 evaluated the suitability of the
feasibility study’s research methods and available
resources for a future pragmatic trial. The outcome
measures of objectives 2 and 3 highlighted barriers
and challenges encountered during the conduct of
this study.

Table 1. Pretransplant Demographic, Clinical, and Laboratory Data of All
Study Patients

Objective 1: To assess the capability of the ID probe as a blood flow
monitoring device in kidney transplant patients

Outcome measures for objective 1

1. Number of early vascular complications identified in each
group

2. Number of departmental ultrasonogram scans requested in the
first 24, 48, and 72 hours postoperatively in each participant

3. Number of grafts lost due to vascular complications in each
group

Objective 2: To assess the research methods used in the feasibility study to
inform the future pragmatic trial

Outcome measures for objective 2

1. Difficulties encountered with eligibility criteria and recruitment
process (measured as binary variable [Yes or No])

2. Difficulties encountered with randomization or allocation
concealment (measured as binary variable [Yes or No])

3. Difficulties encountered with retention/follow-up/compliance
of participants (measured as binary variable [Yes or NoJ)

4. Variation or fidelity encountered in the delivery of the
intervention marked against a fidelity checklist (measured as
binary variable [Yes or NoJ)

Objective 3:To assess the availability of research resources and management
support in the feasibility study to inform future pragmatic trial

Outcome measures for objective 3

1. Availability of participant documentation (ie, participant
information sheet, consent form, data collection sheet)
(measured as binary variable [Yes or NoJ)

2. Availability of medical equipment and healthcare staff in the
host center required to handle the number of participants and
the research procedures (measured as binary variable [Yes or
Nol)

3. Availability of technological capacity for communication and
adequate software to randomize, record, process, and store
research data (measured as binary variable [Yes or NoJ)

4. Availability of management support for the research project and
backup plans for any extenuating circumstances (measured as a

binary variable [Yes or NoJ)
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Attainment of the 3 feasibility objectives
comprised the prespecified progression criteria that
would guide the trial advancement decision to the
next stage.!%20

Prospective data collection was conducted
independently for both groups. Data included
participants” demographic characteristics (Table 2) and
relevant outcome measures for the feasibility objectives
(Table 1). Measures, time points, and location of the
data collection were elaborated (Table 3).

Table 2. Collected Demographic Characteristics of Participants

1. Age at the time of transplant (in years and months; not date of birth),
sex, and BMI
Cause of renal deterioration
Dialysis modality at the time of transplant
Time on the kidney transplant waiting list
Source of the donated kidney (living vs deceased donor)
Prior renal transplant
Surgeon undertaking the procedure (coded to maintain anonymity)
Recipient risk factors for transplant surgery (age >70 years, BMI >30,
cardiovascular disease, smoking, peripheral vascular disease,
thromboembolic disease, hypertension, diabetes mellitus, and
urological obstructive symptoms)
9. Donor risk factors for transplant surgery (donor age >60 years,
BMI >30, cardiovascular disease, smoking, peripheral vascular disease,
hypertension, diabetes mellitus, cold ischemia time, cause of death,
HLA mismatch, and number of vessels on the graft)

O N A WN

Abbreviations: BMI, body mass index (in kilograms divided by height in
meters squared)

Table 3. Data Collection Measures, Time Points, and Location

Measure Time Points After Transplant
Immediately 24 48 72 3
after hours hours hours months
after after  after after
Demographic
characteristics X
Outcome measures
for feasibility
objectives X X X X X
Location Operation  XWard ~ Ward ~ Ward  Clinic
theatre
recovery

Intention to treat analysis

To preserve the benefits of randomization and
prevent confounding factors, the data of all
participants were summarized separately in their
respective groups.!® We performed data analysis
based on descriptive statistics by using IBM SPSS
version 28.0. The use of inferential statistics to
formally test the effectiveness of an intervention is
not appropriate in a feasibility study.!” We presented
continuous variables (ie, the participant’s demog-
raphic characteristics) as means and standard
deviations. We presented categorical variables (ie,
outcome measures for the respective feasibility

Exp Clin Transplant

objectives) as frequency distribution and percentage.
We compared demographic characteristics and the
outcome measures for feasibility objectives to
demonstrate any substantial differences between
the groups. The relative risk (risk ratio) and risk
difference for the outcome measures were calculated
using the following formula: risk ratio = percent
in the intervention group/percent in the control
group; risk difference = percent in the intervention
group minus percent in the control group.

We recorded the suitability of the research
processes and the availability of research resources
and highlighted any difficulties or shortcomings
encountered during the feasibility study.

Ethical review

The CONDOR study has been approved
prospectively by the regional and national ethical
committees, including Health Research Authority
UK (approval reference 302833), North of Scotland
Research Ethics Committee (approval reference
22/NS/0009), University of Plymouth Faculty
Research Ethics and Integrity Committee (approval
reference 3358), University Hospitals Plymouth NHS
Trust (R&D department sponsorship 21/SUR/
626.4863).

Results

Of 60 total participants, 39 (65%) were men and 21
(35%) were women. The mean age and body mass
index (in kilograms divided by height in meters
squared) of participants were 54 + 16.22 years and
28.1 £ 5.22, respectively. The average wait time from
the participant’s activation on the waitlist to the
kidney transplant at the SWTC was 601 days.
Comparison of demographic characteristics
between groups

The demographic characteristics of participants in
both groups were similar, allowing further com-
parison of their surgical outcomes (Table 4).

Comparison of the outcome measures between the
groups

We found 2 vascular complications (ie, external iliac
artery dissections) in the control group. Unfor-
tunately, both complications resulted in graft loss.
No complications or graft loss occurred in the
intervention group. Therefore, graft loss was
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0% (0/30) in the intervention group versus
6.6% (2/30) in the control group. Similarly, fewer
ultraso-nography scans were requested in the first 24
hours postoperatively in the intervention group
versus the control group (56% vs 91%) (Table 5). No
limitations regarding the suitability of the research
processes or availability of research resources were
encountered. We reported results following the
CONSORT updated guidelines for reporting
feasibility and pilot trials.?

Table 4. Comparison of Demographic Characteristics of Intervention and
Control Groups

Demographic Characteristic Intervention Control Group
Group (with (with standard
ID probe clinical care)
monitoring) (n=30)
(n=30)
Recipient age, mean + SD, y 54+11.12 52+15.70
Recipient BMI 27.22 26.71
Sex, %
Male 56 62
Female 44 38
Mode of dialysis, %
Hemodialysis 52 58
PD 13 19
CKD etiology APKD, DM, IgA APKD, DM, IgA
nephropathy nephropathy
Donor age, mean + SD, y 57 +17.21 53+ 1444
Type of donor kidney, %
DCD 32 33
DBD 34 31
LKD 34 36

Abbreviations: APKD, autosomal polycystic kidney disease; BMI, body
mass index (in kilograms divided by height in meters squared); CKD,
chronic kidney disease; DBD, donor after brain death; DCD, donor after
circulatory death; DM, diabetes mellitus; ID, implantable Doppler; IgA,
immunoglobulin A; LKD, living kidney donor; PD, peritoneal dialysis

Table 5. Comparison of the Surgical Outcomes of Intervention and Control
Groups

Surgical Outcome Intervention  Control Group

Group (with (with standard
ID probe clinical care)
monitoring) (n=30),
(n=30), No. (%)
No. (%)
Ultrasonography scans performed 17 (56%) 27 (90%)

in first 24 h posttransplant (RR = 0.62)
Ultrasonography scans performed in 9 (30%) 7 (23%)
first 48 h posttransplant (RR = 1.3)
Ultrasonography scans performed in
first 72 h posttransplant (RR = 1.7)
Graft loss due to vascular 0 (0%)
complications in the first 3 months
posttransplant (RR = 0)

11 (36%) 6 (21%)

2 (6.6%)

Abbreviations: ID, implantable Doppler; RR, risk ratio

Discussion

Blood flow-sensing technology with the ability to
monitor the patency of microvascular anastomoses

may have a beneficial role in the postoperative
care of kidney transplant recipients.!” Following
the UK Medical Research Council framework,
evaluating the theoretical basis of an intervention is
a key step in the assessment of interventions.!®19
This study assessed the feasibility of an ID probe
as a blood flow-monitoring device and its potential
role in the prevention of early graft loss. A qualitative
study was embedded with the trial that aimed
to test the acceptability of ID probes in clinical
practice (Figure 3). Our mixed methods research
design is similar to earlier studies evaluating the
feasibility of interventions along with stakeholders'
perceived values and potential barriers to
adoption.?122

Our results revealed lower graft loss and fewer
early (first 24 hours) ultrasonography scans in the
intervention group (with ID probe) compared with
the control group (standard clinical care). In a
previous retrospective cohort single-center study of
324 kidney transplant recipients, similar results were
shown, with lower graft loss (1.5% vs 3.1%) and
fewer first 24-hour ultrasonography scans requested
(71.1% vs 83.7%) in kidney transplant recipients with
ID probe monitoring compared with patients who
had standard clinical care.®

The ID probe could have played a valuable
monitoring role in the reduction of graft loss.
Similarly, continuous ID probe signals may have
reassured the on-call clinicians of graft perfusion,
who then requested fewer ultrasonography scans. A
public-patient involvement consultation involving 12
healthcare professionals with experience in the use
of ID probes advocated the ID probe as a reliable
postoperative blood flow-monitoring device with the
potential to conserve ultrasonography resources.?? It
is worth mentioning that a compensatory rise was
noted in the first 48 hours and 72 hours of
ultrasonographic scans requested in the participants
with ID probes; however, the difference was not as
significant as in the first 24 hours (Table 5).

Some shortcomings in the diagnostic accuracy of
ID probe monitoring have been reported.!” The probe
offers an indirect flow assessment of the renal vein
as it can reliably detect vascular occlusion only in the
vessel to which it is attached (ie, renal artery).!3
Despite the limitations, a postoperative blood flow-
monitoring device may be beneficial in high-risk
kidney transplant cases.!®> Crane and Hakim studied
ID probe monitoring in 15 consecutive living kidney
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transplant recipients and described it as a useful
monitoring device.!? Hakim and colleagues also
reported a case of an ischemic graft that was rescued
in time by the ID probe.!®

Our study participants resemble the target
population of a future pragmatic trial (ie, kidney
transplant recipients in the UK). No discouraging
factors during the recruitment process were
identified. Kidney transplant patients expressed
interest and willingly consented to participate in the
study, as they regarded the ID probe as an additional
safety net against possible vascular complications
during the procedure. These findings reflect earlier
observational studies that reported no recruitment
issues while investigating ID probes in kidney and
liver transplantation.®23

The template used in this feasibility study is
transferable to other transplant centers across the
United Kingdom. A multicenter future pragmatic
trial would support applicability by investigating the
effectiveness of an ID probe across a range of
settings.?* Likewise, broad eligibility criteria used in
the study allowed enrollment of both deceased and
living kidney transplant recipients.?* Less restrictive
eligibility criteria reduce selection bias and ensure
the sample is representative of the target
population.?> However, to maintain standardization
of data collection, participants with grafts having 2
or more arteries were excluded. This group
comprised 17% of all enrolled kidney transplant
recipients. In a study of computed tomography
angiogram images of 100 kidney transplant donors,
multiple arteries were shown in 18%.2¢ This figure
should be accounted for during sample size
calculations of future pragmatic trials.

All intervention group participants underwent
ID probe monitoring for the first 72 hours
postoperatively with no loss to follow-up reported.
The participants recounted that ID probe signals
alleviated their anxiety, and they felt reassured of the
transplanted kidney. The monitoring device also did
not cause any discomfort or hindrance to patient
mobility. There are 2 studies that have reported
avulsion of the vascular pedicle during detachment
of the ID probe.?”:28 Nevertheless, the ID probes in all
30 participants were removed safely after 72 hours.
No technical glitches, malfunctions, or patient
complications were encountered during ID probe
monitoring. Similarly, the professionals delivering
the intervention displayed adherence to the protocol.

Exp Clin Transplant

The likely reason is that the ID probe is simple to
attach, needs no additional operating time, and is
easy to monitor by the healthcare staff.!> The use of a
probe does not require additional support or
disruption to usual care.l”

During the conduct of this study, no additional
resources, provider expertise, or organizational
structure were utilized, other than those available in
usual practice. This was facilitated because ID probes
are already in use by our hospital’s plastic and
reconstructive surgery department. To encourage the
willingness of new sites to participate in future
research, the SWTC will train professionals to deliver
the intervention. However, the participating units
will have to employ specialized resources.

We advocate the outcome measures of objective 1
as the primary outcomes for the future pragmatic
trial as they were accurately and conveniently
measured during the feasibility study (Table 1).
When recorded separately and compared between
the intervention and control groups, outcome
measures would likely achieve a plausible difference,
crucial to future decision-making of effectiveness.®?*
The previous patient-public involvement consulta-
tion showed similar opinions on the choice of
primary outcomes, as these can be easily and
practically collected as part of usual care.?® The
feasibility study has also generated estimates (ie,
effect size) that will be useful to inform the sample
size for future research.?*

This feasibility study was conducted in pre-
paration for a trial with the pragmatic intention of
assessing the effectiveness of an ID probe in clinical
practice. The study findings of our feasibility study
have addressed the uncertainties around the
suitability of research processes and the availability
of research resources. With attainment of feasibility
objectives, we have met the progression criteria
for trial advancement. Our feasibility study
findings were concordant with the criteria proposed
by the Readiness Assessment for Pragmatic Trials
(RAPT) model.3° The ID probe fulfills the RAPT
model criteria as it has previously demonstrated
to be efficacious,!? has well-documented protocols,®
has minimal risk of complications,'® relies on
outcomes that are already routinely measured,'® is
economical,!” is acceptable to stakeholders,?® aligns
with the clinical requirement,'? can be implemented
within the existing healthcare system,!> and is likely
to inform clinical practice.?*
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Conclusions

An ID probe may be used as a beneficial adjunct for
graft monitoring in kidney transplantation. This
feasibility study has provided necessary preliminary
information and filled initial gaps in the evidence.
This knowledge will support the development of
future research.

The prespecified progression criteria are fulfilled,

and the study template can be transferable to other
transplant centers across the United Kingdom. A
pragmatic large-scale randomized controlled trial is
warranted to evaluate the effectiveness of ID probes
in clinical practice.
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Parvovirus in Kidney Transplant Recipients:
A Single-Center Experience
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Abstract

Objectives: Parvovirus testing is not done in routine
clinical practice; thus, it is possible that reported
parvovirus cases are just the tip of the iceberg of total
prevalence. We present a single-center retrospective
analysis of 22 events of parvovirus B19 anemia in 20
renal transplant recipients, among which 2 patients
had recurrence.

Materials and Methods: For this descriptive analytical
study, parvovirus B19 disease was defined as
parvovirus infection (detection by real-time poly-
merase chain reaction) in the presence of anemia with
clinical symptoms or bone marrow biopsy findings
consistent with the diagnosis. Study duration was 18
months, from June 2021 through December 2022, and
patients were enrolled from a single center.

Results: All patients detected with the virus had
received induction with thymocyte globulin and were
on standard triple drug immunosuppression. Mean
age was 32 * 12 years with median time to diagnosis of
2 months after transplant. Anemia was observed in all
patients with mean hemoglobin level at presentation
of 6.02 + 1.28 g/dL. Creatinine at presentation was
1.49 mg/dL (interquartile range, 0.92-2.69 mg/dL). The
most common presentation was asymptomatic
patient with evaluation for anemia. During therapy,
the highest median creatinine level was 2.0 mg/dL
(interquartile range, 1.38-3.2 mg/dL), which was
significantly higher than that at presentation
(P < .018). After therapy, median creatinine level was
1.3 mg/dL, which was not significantly higher than the
baseline level, demonstrating a mostly transient graft
dysfunction.
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Conclusions: Parvovirus B19 is a relatively under-
reported disease in renal transplant recipients,
with patients presenting with anemia and the
disease causing transient graft dysfunction. Parvovirus
B19 infection responds well to a decrease in
immunosuppression and intravenous immunoglo-
bulin therapy.

Key words: Anemia, Graft Renal
transplantation

dysfunction,

Introduction

Parvovirus B19 is a single-stranded DNA virus that
universally infects humans. In immunocompetent
people, the infection is usually cleared by the
immune system, with the systemic manifestations
being limited to fever and viral exanthem for those
presenting in childhood. About 60% to 90% of people
have antibodies against parvovirus B19.12 However,
this is not the case in immunocompromised patients,
with parvovirus B19 causing severe anemia. The first
case of parvovirus B19 infection posttransplant was
reported in 19863; the infection can be seen in any
solid-organ transplant and in hematopoietic stem
cell transplant. Anemia is the most common
manifestation.* Parvovirus B19 infection can also cause
allograft dysfunction in solid-organ transplants, like
renal transplant.> Anemia often occurs after transplant,
and there are many contributing factors, such as
perioperative blood loss, preexisting chronic inflam-
matory state, iron deficiency, and induction and
maintenance drugs used for transplant. Parvovirus
B19 testing is not done in routine clinical practice;
therefore, it is possible that reported parvovirus
B19 cases are just the tip of the iceberg of total
prevalence.

We present a single-center retrospective analysis
of 22 events of parvovirus B19 anaemia in 20 renal
transplant recipients, among which 2 patients had
recurrence.

DOI: 10.6002/ect.2023.0127



Priyash Tambi et al/Experimental and Clinical Transplantation (2023) 11: 868-871 869

Materials and Methods

Case definition

Parvovirus P19 infection is diagnosed by either
serology or direct viral detection in clinical specimens,
such as blood, bone marrow, and other solid organs
like kidney, liver, and lung.® Parvovirus B19 serology
may not be completely reliable for diagnosis in
immunocompromised patients due to inadequate
immune response.”® Only patients with positive
polymerase chain reaction test confirmation of
parvovirus P19, with corroborative clinical findings
cases, were enrolled in our study. Study duration was
18 months, from June 2021 through December 2022,
and patients were enrolled from single center.

Statistical analyses

We used descriptive statistics for data analyses,
including presentation in mean + SD, median, and
interquartile range (IQR).

Results

During the study period, 540 kidney transplant
procedures were done at our center. Of these, 20
kidney transplant recipients (with total of 22 events)
with parvovirus B19 disease were enrolled; 1 patient
had simultaneous kidney and pancreatic transplant.
Of the 20 patients, 6 (27.3%) were deceased donor
transplant recipients (all others were living donor
transplant recipients). Ten patients (45.5%) received
grafts from parents, 2 (9.1%) from spouses, and 1
from grandparent (4.6%). Three patients (13.6%)
received grafts through a living related kidney paired
donation program.

All patients detected with the virus had received
induction therapy with thymocyte globulin (either
rATG or Grafalon) and were on standard triple drug
immunosuppression. None of included patients
had received interleukin 2 (Simulect) as induction
therapy. Among study patients, mean age was
32+ 12 years, and 15 (75.0%) were male patients (the
patient representation may be biased because of the
higher number of renal transplant recipients among
males in our country).

Median time to onset of symptoms was 2 months
(IQR, 1.0-7.5 mo) after transplant. Anemia was
observed in all patients, with mean hemoglobin level
at presentation of 6.02 + 1.28 g /dL. Mean hematocrit
value at presentation was 19.57 £ 4.28. Leukopenia

was observed in 6 patients (with 1 patient having
recurrence). The mean leukocyte count at presentation
was 6.27 + 3.84 x 109 cells /L, with lowest white blood
cell count (WBC) of 2.1 x 10° cells/L. Two patients
had thrombocytopenia, with 1 patient having blood
stream infection/sepsis as etiology and the other
patient having pancytopenia. Mean platelet count
was 230 + 131 x 10° cells/L. Patients had a median
baseline creatinine level of 1.33 mg/dL (IQR,
1.00-1.61 mg/dL) before infection. At time of
presentation with infection, median creatinine level
was 1.49 mg/dL (IQR, 0.92-2.69 mg/dL), showing no
significant difference.

The most common presentation was asympto-
matic presentation with evaluation for anemia in 11
patients (50.0%) followed by dyspnea on exertion in
6 patients (27.3%). The common presentation of
asymptomatic with anemia evaluation may be
because the median time to parvovirus B19 illness
was about 2 months posttransplant, when patients
were under regular and more intense follow-up.
Patients were immunosuppressed during the initial
3 months posttransplant after induction therapy

and on higher doses of maintenance immunosup-

pression. Six events of infection (27.3%) occurred
after antirejection therapy: 5 patients had antibody-
mediated rejection and 1 patient had T-cell-mediated
rejection. One patient (4.5%) was treated with
plasmapheresis for posttransplant recurrence of
glomerulonephritis (focal segmental glomerulos-
clerosis).

One patient with parvovirus B19 who had disease
recurrence came with complaints of severe abdo-
minal pain. On evaluation, the patient had acute
pancreatitis and epididimo-orchitis with generalized
sepsis. He later developed acute respiratory distress
syndrome and needed intensive care unit hos-
pitalization. All patients were treated with 2 g/kg
intravenous immunoglobulin therapy, with decrease
in antiproliferative therapy by about 50% as per
institutional protocol and further reduction if
required as per clinical indication. Packed red blood
cell or packed cell volume was transfused if needed
per clinician discretion.

During therapy, mean hemoglobin was 5.9 + 1.09
g/dL, which was not significantly lower than
hemoglobin at presentation. After therapy (after an
average of 5.4 + 2.4 weeks), hemoglobin level increased
to 10.9 + 1.6 g/dL, which was significantly higher
than level at baseline or presentation (P < .005).
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During therapy, the highest median creatinine level
was 2.0 mg/dL (IQR, 1.38-3.2 mg/dL), which was
significantly higher than the level at presentation
(P < .018). After therapy, creatinine level decreased,
with median posttherapy level of 1.3 mg/dL (IQR,
1.00-1.72 mg/ dL), which was not significantly higher
than the baseline or presentation creatinine level
(P = .2). This demonstrates a mostly transient graft
dysfunction, with graft function returning to baseline
posttherapy.

Two patients experienced graft loss, with 1 loss
because of renal vein thrombosis and the other loss
because of severe sepsis-induced graft dysfunction.
This patient had prolonged intensive care unit and
hospital stays and eventual renal allograft loss.

Discussion

The overall estimated incidence of positive par-
vovirus B19 DNA among kidney transplant
recipients has been reported as 10.3%. Among kidney
transplant patients with anemia, the incidence rate
of positive parvovirus B19 DNA has been reported
as 27.4%.°

In a prospective study by Huang and colleagues,
118 kidney transplant recipients were followed up
and their plasma samples were screened for
parvovirus B19 DNA copies by polymerase chain
reaction and serology for immunoglobulin M (IgM)
and IgG weekly for 1 month and then monthly for 6
months. Among the study population, 10.17% had
parvovirus infection and showed a significant drop
in hemoglobin and reticulocyte count but no
significant renal dysfunction.!”

In another study on posttransplant parvovirus
B19 infections, Eid and colleagues studied patients
over a 16-year period (1990-2005) and documented 7
patients with parvovirus B19 (6 were renal transplant

Table 1. Comparison of Patients With Parvovirus Infection

Exp Clin Transplant

recipients and 1 was a heart transplant recipient);
median time to onset of symptoms was 1.5 months.!!
This result was comparative to our study, where
median time to onset of symptoms was 2 months
(IQR, 1.0-7.5 mo) after transplant (Table 1). Anemia
was observed in all patients in their study
(hemoglobin level ranging from 4.9-6.8 mg/dL),
which was also comparative to our study, where we
observed mean hemoglobin level at presentation of
6.02 + 1.28 g/dL, ranging from 4.0 to 8.9 mg/dL.
Leukopenia was observed in 5 patients (71.4% of
patients) in the study from Eid and colleagues, with
WBC ranging from 2.0 to 2.5 x 10° cells/L. In our
study, only 6 cases (27.3%) had leukopenia, of which
1 was recurrence. In our study, the mean leukocyte
count at presentation was 6.27 £ 3.84 x 10° cells/L,
with lowest WBC count of 2.1 x 10° cells /L.

Allograft dysfunction was observed at the time of
parvovirus B19 infection in 1 patient (14.28%) in the
study from Eid and colleagues. In our study, 6
patients (27.3%) had no allograft dysfunction, 13
patients (59.1%) had transient rise of creatinine,
which returned to baseline after therapy and
rationalization of medication, and 3 patients (13.6%)
had renal allograft dysfunction that was persistent in
nature. Two of our patients experienced graft loss
(9.1%); however, Eid and colleagues reported all
patients alive with functioning allografts.

Eid and colleagues also compared their cases with
other 91 cases in the literature (98 cases, all solid-
organ transplant and hematopoietic stem cell
transplant recipients with parvovirus B19). The
investigators showed the median time to onset of
parvovirus B19 disease was 1.75 months (range, 1
week to 96 months) after transplant. In 65% of
patients, the onset was within 3 months post-
transplant. The most common manifestation was
anemia (98.8% of all patients), with patients

Patient Characteristics Present Study
Age, means = SD, y 32+12
Median time to onset, mo 2
Anemia, % 100
Lowest hemoglobin level, mean + SD, mg/dL 6.02+1.28
Leukopenia, % 26.2
Lowest WBC level, mean + SD, mg/dL 627 +3.84
Graft loss/dysfunction, % 727

Hegde et al’? Eidetal' Kidney All Patients*
Transplant
Recipients*
36.7+155 353£17.1
1.3 15 1.25 1.75
100 100 98.1 98.8
6.49 + 1 4.9-6.8 (range) 62+12 64+15
20% 714 64.2 383
2.0-2.5 (range) 12+12 21+1
50 14.28 15.6 10.6

Abbreviations: WBC, white blood cell

*Cases reviewed by Eid and colleagues were separated into kidney transplant recipients and all solid-organ and hematopoietic stem cell

transplant patients combined.
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presenting clinically with weakness, dyspnea, and
orthostasis. Leukopenia was observed in 37.5% of
patients, and thrombocytopenia was observed in
21.0% of patients. Allograft loss, rejection, or
dysfunction occurred in 10.4% of patients. Among
these cases, 53 were renal transplant recipients (54%)
with mean age of 36.7 + 15.5 years, 63.2% male
patients, and median time to onset posttransplant of
1.25 months. Mean low hemoglobin level was
62 + 12 g/ dL. Leukopenia was observed in 34
patients (64.2%), with lowest mean WBC of
1.2 + 1.2 x 10° cells/L and allograft dysfunction
observed in 15.6% of patients. None of the renal
transplant recipients died of parvovirus B19. These
results were similar to our study, except our patients
had less frequent leukopenia.

Hegde and colleagues evaluated renal transplant
from 2013 to 2020 with persistent anemia and
reported 71 patients who were tested for parvovirus
B19, of which 20 patients had positive tests. Median
time to detection of parvovirus B19 was 1.3 months
posttransplant. Mean hemoglobin was 6.49 1 g/dL.
Leukopenia and thrombocytopenia were present
in 20% and 10% of patients, respectively. Graft
dysfunction was observed at the time of parvovirus
B19 disease in 10 patients (50.0%) (Table 1).12

Our study was similar to a Korean study from
Baek and colleagues, which demonstrated no
difference in long-term allograft outcome that could
be attributed to parvovirus B19 infection.’ In our
study, the cases of graft loss had other causative
factors, such as severe sepsis leading to acute
allograft dysfunction in 1 of the cases and renal vein
thrombosis in the other case.

Conclusions

A high index of suspicion is needed for detection of
parvovirus B19 infection in posttransplant patients
presenting with anemia. The risk of parvovirus B19
infection is significantly higher in patient groups
with higher immunosuppression, particularly in
those who had treatment for graft rejection and more
so if in the immediate posttransplant period. The

typical course is benign, with only transient graft
dysfunction that responds well to a decrease in
immunosuppression and intravenous immunoglo-
bulin treatment. If resources permit, a routine
parvovirus B19 screening in all transplant recipients
is recommended, with close follow-up to further
study the prevalence of this disease, which might be
missed if only screening and testing patients at high
risk of infection.
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TCF7L2 (rs7903146) But Not CDKAL1 (rs7754840)
Gene Polymorphisms Increase the Risk of New-Onset
Diabetes After Kidney Transplant
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Abstract

Objectives: Incidence of new-onset diabetes after
transplant negatively affects graft and patient survival.
Obesity, impaired fasting glucose before transplant,
and a history of diabetes in first-degree relatives are
well-defined risk factors. TCF7L2 and CDKAL1 gene
polymorphisms have been implicated in the pathogene-
sis. We investigated the effect of single gene polymorp-
hisms of TCF7L2 (rs7903146) and CDKAL1 (rs7754840)
on new-onset diabetes in renal transplant recipients.
Materials and Methods: We evaluated 239 renal
transplant recipients. TCF7L2 and CDKAL1 gene
polymorphisms were assessed by polymerase chain
reaction.

Results: Mean patient age was 43 £ 13 years. There
were 148 male patients (61.9%), and 91 were female
(38.1%). New-onset diabetes was detected in 55
patients (23%). In 20 cases (36%), the glycemic
disorder was transient; 61% of patients required
insulin therapy. In terms of CDKAL1, 108 patients had
the wild-type allele, 112 had a single-allele mutation,
and 19 had a 2-allele mutation (45.2%, 46.9%, and
7.9%, respectively). In terms of TCF7L2, 163 of the
patients had the wild-type allele, 49 had a single-allele
mutation, and 27 had a 2-allele mutation (68%, 20%,
and 11%, respectively). New-onset diabetes-related
factors were age at transplant, body mass index after
transplant (calculated as weight in kilograms divided
by height in meters squared), tacrolimus, myco-
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phenolate, and TCF7L2 polymorphism but not CDKAL1
polymorphism. After multiple regression analysis, the
effect of TCF7L2 polymorphism persisted. A single
allelic change resulted in a risk factor 1.4 times higher
for new-onset diabetes after transplant (P =.043; 95%
Cl, 1.142-1.874) and a double allelic change was
2.7 times higher (P <.01; 95% Cl, 1.310-4.073)
Conclusions: TCF7L2 (rs7903146) gene polymorphism
is an independent risk factor for new-onset diabetes
in Turkish renal transplant patients. This study is the
first in Turkey to show the distribution and effect of
these genes in kidney transplant patients.

Key words: Diabetes mellitus, Posttransplant diabetes
mellitus, Renal transplant

Introduction

Renal transplant is the preferred treatment for end-
stage renal disease.! New-onset diabetes after
transplant (NODAT) is an important and frequent
complication in kidney transplant recipients. New-
onset diabetes after transplant is associated with reduc-
tions in patient and organ survival. The prevalence has
been reported to range from 10% to 40% in series,
dependent on the definition of diabetes.?* The risk
factors are age over 40 years, obesity, impaired fasting
glucose before transplant, hepatitis C virus (HCV)
seropositivity, ethnicity (Black or Hispanic), and family
history.>® Furthermore, glucocorticoids, calcineurin
inhibitors, and rapamycin also increase risk.%%10

In the past 3 decades, science has witnessed
the discovery of numerous genes related to type 2
diabetes. More recently, genome-wide-association
studies revealed the association between several
single-nucleotide polymorphisms (SNP) and diabetes,
one of the most important of which is the transcription
factor 7 like 2 (TCF7L2).! In 2008, Kang and colleagues
proved the close relation between TCF7L2 SNPs and
NODAT for the first time.!?
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Many other polymorphisms are also associated
with NODAT to some extent. In a recent meta-
analysis, Benson and colleagues evaluated 18 single-
gene polymorphisms of 12 genes and found 3 SNPs
invariably associated with NODAT.!® These were
TCF7L2  1s7903146, CDK5 regulatory subunit
associated protein 1 like 1 (CDKALL1) rs10946398, and
potassium voltage-gated channel subfamily Q member
1 (KCNQ1) rs2237892 gene polymorphisms.

TCF7L2 protein functions as a transcription
factor encoded by the gene of the same name. The
TCF7L2 gene is located on chromosome 10q and
is inherited via autosomal dominant fashion. It
affects various biological pathways, including the
Wnt signaling pathway and insulin metabolism.
The B cells of the pancreas extensively express
TCF7L2."* Individuals with gene polymorphisms
have a higher risk of diabetes, NODAT, gestational
diabetes, and obesity.!®> These may also increase the
risk of coronary artery disease and hyperlipidemia.
TCF7L2 rs7903146 C-to-T is the most common
polymorphism.

The CDKAL1 gene encodes the protein of the
same name. This protein is a methylthiotransferase
with a function that is not clearly understood. It is
thought to cause susceptibility to diabetes by
disruption of insulin secretion. CDKALL1 rs7754840
G-to-C is the most common polymorphism.!®

Several studies demonstrated the association
between TCF7L2 rs7903146 and diabetes and obesity
in nontransplanted Turkish patients.'”! To our
knowledge, no data on CDKALI1 rs7754840 SNP in a
Turkish population cohort exist. KCNQ1 rs2237892
SNP has been extensively studied in Asian popu-
lations, and its association with diabetes and NODAT
in the Caucasian population is questionable.!320

In this study, we investigated the association
between TCF7L2 rs7903146 and CDKAL1 rs10946398
polymorphisms with NODAT risk in our kidney
transplant recipients.

Materials and Methods

Study population and ethical statement

This study was conducted in our Nephrology and
Transplantation department. Kidney transplant
recipients who were older than >18 years of age and
agreed to participate were included in the study. We
recruited 239 recipients of living or deceased donor
organs. Patients received transplants between 1990

and 2016. Informed consent was obtained from all
patients to be included in the study. Patients who did
not want to give informed consent, those who were
followed up for less than 2 years, and patients with
a diagnosis of pretransplant diabetes were excluded.
The clinical features of the patients such as age, sex,
body mass index (BMI, calculated as weight in
kilograms divided by height in meters squared),
primary kidney disease, transplant type, dialysis
duration, and modality before transplant and
comorbid conditions were recorded. Previous and
current medical treatments regarding immuno-
suppression and NODAT were also noted. Creatinine
levels and glomerular filtration rates (GFR) of the
patients in the first and the last years after transplant
were noted. We used the Chronic Kidney Disease
Epidemiology Collaboration equation (CKD-EPI) to
estimate GFR.

This study protocol conformed to ethical
guidelines of the Declaration of Helsinki, and all
participants gave written informed consent and
willingness to participate. The ethics committee of
Zekai Tahir Burak Research and Training Hospital
approved the study protocol.

Definition of new-onset diabetes after transplant
American Association of Endocrinology 2016 criteria
were used for diagnosis, as follows: (1) fasting
plasma glucose =126 mg/dL, or (2) incidental
plasma glucose + diabetes symptoms =200 mg/dL,
or (3) oral glucose tolerance test 2-hour plasma
glucose = 200 mg/dL, or (4) hemoglobin Alc
(HbA1c) =6.5%.

The treatments the patients received for NODAT
were recorded as diet alone, oral anti-diabetes drug,
insulin, and insulin plus oral anti-diabetes drug.
Hemoglobin Alc values of patients with NODAT
were recorded.

Genotyping and
analysis

We prepared genomic DNA extracts from whole
blood samples containing EDTA with the automated
magnetic dead method (MagPurix, kit ZP02001;
Zinexts) according to the manufacturer’s instructions;
samples were stored at -80 °C until analysis. TCF7L2
rs7903146 and CDKALI1 rs10946398 polymorphisms
were genotyped by real-time polymerase chain
reaction (PCR) with specific oligonucleotide primers,
which are shown in Table 1 and Table 2.

single-gene polymorphism
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Table 1. DNA Isolation and Primer Design

Exp Clin Transplant

TCF7L2_SNP1_F
TCF7L2_SNP1_R

Primer Sequence (5'-3") Polymorphism Amplicon Size, bp
CDKALT_SNP1_F CAAATTGTCCAGATTTGAGAGTGAGC SNP1 213
CDKALT_SNP1_R CATCAGGCACTATTCTAGAGACCAAGG

GTCAGATGGTAATGCAGATGTGATGAG SNP1 238
CATTGACTAAGTTACTTGCCTTCCCTG

Abbreviations: PCR, polymerase chain reaction; SNP, single-nucleotide polymorphism
One researcher (SG) performed all the tests. DNA isolation was performed with an automated system by magnetic
bead method (MagPurix Blood DNA Extraction Kit 200; catalog No. ZP02001; Zinexts). A pair of PCR primers were

designed for each polymorphism to be studied.

Table 2. Polymerase Chain Reaction Conditions

Content Amount per
Reaction, pL
Distilled H,O 15
5% Buffer (ThermoFisher) 5
dNTP mix, 10 mM each 0.5
Advanced primer (5 uM) 1
Back primer (5 uM) ]
Phire Hot Start Il DNA polymerase (ThermoFisher) 0.5
Template DNA (20-50 ng/uL) 2
Total 25

Abbreviations: ANTP, deoxynucleoside triphosphate; PCR, polymerase
chain reaction

PCR amplification of the polymorphism regions to be studied was
performed using designed primers. Reaction results were visualized with
2% agarose gel electrophoresis. PCR products obtained for each sample
were mixed so that each sample was approximately equally represented,
considering the reaction efficiency. PCR pools created for each sample were
purified by an appropriate method (NucleoFast 96 PCR 96-well
ultrafiltration kit, Macherey-Nagel). Purified PCR pools were measured
with a spectrophotometer (NanoDrop 1000, ThermoFisher). The measured
PCR pools were standardized to 0.2 ng/pL in accordance with the
sequencing kit. New-generation sequencing was performed with the MiSeq
platform (Illumina), and data were analyzed with MiSeq Reporter software
(Illumina) and IGV 2.3 Integrative Genomics Viewer software (Broad
Institute). Samples were analyzed, and the genotypes of each sample were
extracted.

The PCR pools generated for each sample were
purified with the NucleoFast 96 PCR 96-well
ultrafiltration kit (Macherey-Nagel). Purified
samples were measured with a NanoDrop 1000
spectrophotometer (ThermoFisher). New-generation
sequencing was performed on the MiSeq platform
(Illumina) with the v2 300 cycle sequencing Kkit.
Single-nucleotide polymorphisms were finally
determined by with MiSeq Reporter software
(Illumina) and IGV 2.3 Integrative Genomics Viewer
software (Broad Institute).

Statistical analyses

Continuous variables are expressed as means and
SD, and categorical variables are expressed as
frequency and percentage. The normal distribution
pattern was tested with the Kolmogorov-Smirnov
test. Independent samples ¢ tests and Mann-Whitney
U tests detected differences between groups when
appropriate. The compliance of the genetic distri-

bution to the Hardy-Weinberg balance was analyzed
with the chi-square test. The variations of genotypic
distributions between patients with and without
NODAT were evaluated with the Fisher exact
test. Multivariate logistic regression analysis was
used to identify possible risk factors for NODAT. A P
value of less than .05 was considered statistically
significant. All statistical analyses were performed
with SSPS software for personal computers (version
20.0)

Results

There were 239 renal transplant recipients included
in the study; 148 of the patients were male (61.9%),
and 91 were female (38.1%). The mean age at
transplant was 32 + 13 years. The mean follow-up
was 10.3 + 5.6 years. A preemptive transplant was
received by 33 patients (13%). The remainder
underwent either hemodialysis, peritoneal dialysis,
or a combination of both. The mean dialysis vintage
was 43 + 53 months.

There were 184 patients (76%) who had living
donors, and 55 patients (23%) who had deceased
donors. Of 184 living transplants, 87 donations were
from first-degree relatives (47%), 83 were from
second-degree relatives (45%), and 14 were from
third-degree relatives (7%).

New-onset diabetes after transplant was detected
in 55 of the patients (23%). Thirty-four of these 55
patients (61%) required insulin (Table 3). Mean
HbAlcwas7.1+1.2.

Patients with NODAT had a higher age at
transplant. TCF7L2 mutations to CC and CT were
higher in the NODAT group. Sex, preemptive
transplant rates, modality, vintage of renal
replacement, donor type, second transplant, and
HCV infection rates were similar between those with
and without NODAT (Table 4).

Posttransplant BMI was higher in patients who
developed diabetes. For the first and last year
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posttransplant, GFR values were lower in the
NODAT group. These patients had a higher rate of
tacrolimus use and a lower rate of mycophenolate
use. Cytomegalovirus infection was similar between
the 2 groups. Patients without NODAT were less
likely to have hypertension and coronary artery
disease (Table 5).

Age, tacrolimus, BMI, and TCF7L2 polymorphism
were risk factors for NODAT in univariate analysis. In
multivariate analysis, all parameters except BMI
remained significant. Mycophenolate was protective
of NODAT (Table 6).

Table 3. New-Onset Diabetes After Transplant and Treatment

Modality Number of Patients % of NODAT
Diet alone 4 73
OAD 17 309
OAD + insulin 27 49.1
Insulin 7 12.7
Total 55 100

Abbreviations: NODAT, new-onset diabetes after transplant; OAD, oral anti-
diabetes drug

Table 4. Characteristics of Transplant Recipients

Total NODAT NODAT P
(N=239)2 Absentb PresenEJ
(n=184) (n=55)
Age at transplant,
mean = SD,y 32+13 3012 40+ 13 <.001

Sex, No. of patients (%) 53
Male 148 (61%) 116 (78%)° 32 (21%)°
Female 91 (38%) 68 (74%) 23 (25%)

Dialysis vintage,

mean + SD, mo 40 £53 41 +57 39+50 52

Preemptive transplant,

No. of patients (%) 49
Yes 33 (13%) 26 (78%) 7 (21%)
No 206 (87%) 158 (76%) 48 (23%)

Dialysis modality,

No. of patients (%) 81
HD 164 (79%) 126 (76%) 38 (23%)
PD 23 (11%) 16 (69%) 7(31%)
HD + PD 16 (8%) 13 (81%) 3(18%)

HCV infection,

No. of patients (%) 45
No 227 (94%) 174 (76%) 53(23%)
Yes 12 (5%) 10 (83%) 2 (16%)

Donor, No. of patients (%) 48
Living 184 (76%) 141 (76%) 43 (23%)
Deceased 55 (23%) 43 (78%) 12 (21%)

CDKALT, No. of

patients (%)
GG 110 (46%) 83 (45%)c 27 (45%) 727
GC 110 (46%) 85 (46%) 25 (49%)
cC 19 (7%) 16 (9%) 3 (6%)
TCF7L2, No. of patients
(%)
cC 163 136 (74%)c 27 (49%)<  .001
(@) 49 33 (18%) 16 (42%)
T 27 15 (8%) 12 (22%)

Abbreviations: HCV, hepatis C virus; HD, hemodialysis; NODAT, new-onset
diabetes after transplant; PD, peritoneal dialysis

3Column percentage. "Row percentage. “Column percentage. Note: additive
values may not sum 100 because of rounding.
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Table 5. Posttransplant Follow-up Characteristics of Transplant Recipients

Total NODAT NODAT P
(N=239) Absent Present
(n=184) (n=55)
Follow-up, mean + SD, y 103 +55 105+56 96+5.1 295
Posttransplant BMI,
mean + SD, 26+3 25+4 27 +£3 018
First year posttransplant
Creatinine, mean + SD,
mag/dL 1.11+032 1.09+030 1.16+£038 131
GFR, mean + SD, mL/min 83 +23 86+ 23 74+ 21 001
Last year posttransplant
Creatinine, mean + SD,
mag/dL 136+084 136+084 136+054 998
GFR, mean + SD, mL/min 71 +£26 73+£26 62+22 004
Corticosteroids,
No. of patients (%) 45
Present 226 (94%)2 174 (76%)> 52 (23%)
Absent 13 (5%) 10 (76%) 3(23%)
Tacrolimus,
No. of patients (%) 002
Present 178 (74%) 146 (82%) 32 (17%)
Absent 61 (26%) 38 (62%) 23 (37%)
Mycophenolate,
No. of patients (%) 004
Present 166 (69%) 143 (86%) 23 (13%)
Absent 73 (31%) 41 (56%) 32 (43%)
CMV infection,
No. of patients (%) 55
Yes 218 (91%) 168 (77%) 50 (22%)
No 21 (9%) 16 (76%) 5(23%)
Hypertension,
No. of patients (%) 009
Yes 153 (64%) 110 (71%) 43 (28%)
No 86 (35%) 74 (86%) 12 (13%)
Coronary artery disease,
No. of patients (%) 001
Yes 222 (92%) 177 (79%) 45 (20%)
No 17 (7%) 7 (41%) 10 (58%)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CMV, cytomegalovirus; GFR,
glomerular filtration rate; NODAT, new-onset diabetes after transplant
Column percentage. "Row percentage. Note: additive values may not sum
100 because of rounding.

Table 6. Risk Factors for New-Onset Diabetes After Transplant

Univariate Logistic Multivariate Logistic
Regression Regression
P Odds Ratio P Odds Ratio
(95% CI) (95% CI)
TCF7L2 rs7903146

cT 031 1.442(1.182-1.547) 043 1413(1.142-1.874)
T <01 2.868 (1.698-4.030) <.01 2.758 (1.310-4.073)
Age at transplant ~ <.01 1.112(1.059-1.105) <01 1.077 (1.046-1.109)
Posttransplant BMI .02 1.200 (1.003-1.196) 052 1.093(0.987-1.284)
Tacrolimus <01 2.097 (1.337-3.289) 013 1.378(1.175-1.815)
Mycophenolate <01 0.784 (0.644-0.854) 02 0.841(0.631-0.943)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared)

Discussion

Our study, conducted in 239 patients, showed that
the rs7903146 polymorphism of TCF7L2 was an
independent risk factor for NODAT in Turkish renal
transplant recipients.
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Single-center studies from Turkey have reported
NODAT prevalence to be between 15% and 26%.21-2
Our prevalence of 23.3% complies with these studies.

Common variants in TCF7L2 stand out as the
leading polymorphisms associated with type 2
diabetes in the general population in most genome-
wide studies performed to date.?> A meta-analysis by
Benson and colleagues also proved the association of
rs7903146 with NODAT in different communities
with a homogeneous distribution.!> Our study
showed that a C-to-T change of a single allele
increases the relative risk of NODAT by 1.4 times;
with the change of 2 alleles, the risk increases by 2.7
times. TCF7L2 rs7903146 has been associated with
diabetes and obesity in Turkish patients.'”-1° In this
respect, our findings are compatible with both global
and local literature.

We did not find an association between CDKAL1
rs10946398 G-to-C polymorphisms and NODAT.
Kang and colleagues reported CDKALI1 rs10946398
to be a significant risk factor in Korean patients.? The
statistical power of their study reflects its influence
on the review from Benson and colleagues.!?
However, other studies have disagreed with their
results.?”?8 Interestingly, another study from the
Korean transplant database, published in 2019,%° did
not replicate the results of Kang and colleagues.
Genetic differences between the populations may
explain this phenomenon. Overall, our results are not
discordant with current literature. Knowledge of
CDKAL1 SNPs in the Turkish people does not exist;
hence, it is not possible to comment on local data.

According to our data, the presence, duration,
and type of dialysis treatment before transplant do
not affect NODAT. This subject has not been well
elucidated. A single study from Poland reported
peritoneal dialysis to be a risk factor for NODAT,*
whereas 2 other studies did not.3*? Studies with
prospective cohorts may help resolve these
conflicting reports. The current literature does not
include sex as a major risk factor for NODAT; our
study has yielded similar results.3?

Age at the time of transplant, posttransplant BMI,
and tacrolimus use are associated with the risk of
NODAT. In multivariate regression, the interaction
between NODAT and BMI lost its significance.
Obesity increases NODAT risk; however, depending
on the definition of obesity and statistical technique,
the odds ratio may be between 1.04 and 1.7.93+% Age
is a well-known and repeatable risk factor.” In this

Exp Clin Transplant

respect, our findings are compatible with the
literature.

Tacrolimus and cyclosporine disrupt insulin
secretion by interference with the nuclear factor of
active T cell signaling in pancreatic 3 islets. This
toxicity is more severe for tacrolimus.3® Several
studies have repeatedly proved that tacrolimus is a
potent diabetogenic and independent risk factor for
NODAT.4%

Corticosteroids trigger diabetes via multiple
mechanisms!%; however, in our study, we were
unable to establish an association between steroid
use and NODAT. In our clinic, we do not have
“steroid-free regimens.” Therefore, the total number
of patients who were not on corticosteroids was only
13, which may have interfered with statistics.

Retrospective data have suggested that mycop-
henolate (sodium or mofetil) might reduce the risk
of diabetes by about 15% to 25%.7 This finding has
not been validated in a prospective setting. It remains
uncertain whether this effect of mycophenolate is the
result of a metabolic pathway or the result of its
strong immunosuppressive properties that allow
lower doses of diabetogenic drugs. Nonetheless, our
findings agree with current knowledge.

Cytomegalovirus and HCV infection do not
increase the risk of NODAT according to our work.
Data for cytomegalovirus infection are variable.33
Hepatitis C virus is expected to be associated
with diabetes.¥” However, we had few patients
seropositive for HCV (only 12), and their tests were
positive for anti-HCV IgG but negative for HCV
RNA, ie, without active hepatitis. No patient
received anti-HCV treatment after transplant. These
characteristics might explain why we failed to
demonstrate an association between HCV and
NODAT.

Our study also revealed the coexistence of
NODAT with hypertension and coronary artery
disease. This association is well known.>72333 In
addition, patients with NODAT had lower GFR both
in the first year and in the last year of follow-up.
Because we did not recruit patients with failed grafts,
it is impossible to comment on the effect of NODAT
on renal survival. Nevertheless, given the mentioned
interactions, NODAT diagnosis should be warning
for premature mortality risk.

Our study is cross-sectional, and this is a
limitation. The family history, pretransplant BMI,
and glycemic status are notable risk factors for
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NODAT.3# Unfortunately, we were not able to
analyze these because of a lack of data.

Conclusions

New-onset diabetes after transplant is a prevalent
complication associated with hypertension and
coronary artery disease. This study proves TCF7L2
(rs7903146) to be an independent and significant risk
factor for NODAT in Turkish renal transplant
recipients.
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Abstract

Objectives: The recipient’s gastroduodenal artery is
often ligated before the hepatic artery anastomosis
during orthotopic liver transplant, to gain either
mobility or length of recipient’s hepatic artery,
potentially protecting the anastomosis by preventing
“steal syndrome.” In this study, our aim was to evaluate
the consequences of gastroduodenal artery ligation and
its effect on prevention of hepatic artery thrombosis.
Materials and Methods: We retrospectively analyzed
deceased-donor orthotopic liver transplant procedures
(n=210) performed at a single center between January
2016 and July 2021 to compare outcomes between
recipients with (group 1) and recipients without (group
2) gastroduodenal artery ligation. Group 1 included 78
patients (37%), in which the recipient’'s common
hepatic artery was used for arterial anastomosis;
group 2 included 132 patients (63%), in which the right
hepatic artery or the proper hepatic artery was used for
arterial anastomosis. Occurrences of hepatic artery
thrombosis, posto-perative hyperamylasemia, nausea
and vomiting, and delayed feeding were compared
between the groups.

Results: There was no incidence of hepatic artery
thrombosis reported in either group. In group 1, 31
patients (39.7%) were reported to have postoperative
hyperamylasemia, ranging from 200 to 4700 U/L
accompanied by delayed feeding, whereas, in group 2,
only 16 of 132 patients (12%) had postoperative
hyperamylasemia, ranging from 200 to 1400 U/L
(P<.01).
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Conclusions: Ligation of recipient’s gastroduodenal
artery is not associated with decreased risk of hepatic
artery thrombosis compared with nonligation.
However, the procedure does have consequences in
the form of possible postoperative hyperamylasemia,
leading to delayed feeding probably due to decreased
oral tolerance.

Key words: Hepatic artery thrombosis, Postoperative
hyperamylasemia, Splenic artery steal syndrome

Introduction

Hepatic artery (HA) anastomosis is the most critical
component of liver transplant with immediate and
long-term implications on graft and patient survival
based on its patency. Documented incidence of
hepatic artery thrombosis (HAT) after liver transplant
has been as high as 12% of adult liver transplant
recipients in earlier series.! However, with impro-
vement of techniques, the current incidence ranges
from 2% to 4%.2 Of the multiple factors responsible for
early HAT, the anastomotic technique still remains an
important factor. Various techniques used by different
surgeons are end-to-end anastomosis between celiac
axis stem of graft and recipient common hepatic artery
(CHA), graft right hepatic artery (RHA) to the
recipient CHA, use of donor HA with splenic patch,
use of a patch at the division of donor gastroduodenal
artery (GDA), use of donor HA with aortic patch to
the recipient CHA, use of infrarenal conduit, and use
of supraceliac conduit.> However, HAT has been
shown to be associated with all of the techniques,
with varying degrees, and no particular technique
has shown a statistically significant result.?
Performing tension-free anastomosis by ensuring
adequate length and mobilization of artery, ligation
of branch vessels to ensure good blood flow at the
anastomotic site to prevent steal, and meticulous
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anastomosis techniques are important technical
considerations for prevention of HAT.*” When HA
anastomosis is performed during orthotopic liver
transplant, the recipient’s GDA is often ligated to
increase the length of the recipient’s artery for
anastomosis and also to potentially avoid the steal
phenomenon.®® There are reports of graft hypo-
perfusion requiring procedures at times due to these
steal phenomena, which are reported to be due to
either GDA or splenic artery steal syndrome and may
require interventions to augment HA flow.10-12
However, these reports are anecdotal and limited by
a small numbers of cases. There has been no large
series, to our knowledge, evaluating the effects of
GDA ligation during liver transplant, specifically
with whole organ deceased-donor liver allografts.
We aimed to evaluate the effects of GDA ligation in
recipients of orthotopic liver transplant. The primary
outcome evaluated was the incidence of HAT.
Secondary outcomes assessed included the effects
on recipients’ postoperative parameters, namely,
hyperamylasemia, nausea and vomiting and delayed
feeding.

Materials and Methods

Patients included in this retrospective study had
provided detailed and informed consent. This study
received approval from our institutional review
board. All deceased-donor orthotopic whole liver
transplants performed at a single center between
January 2016 and July 2021 were retrospectively
analyzed. The surgical technique of liver transplant
included both bicaval replacement and the
piggyback technique. End-to-end HA anastomosis
was performed either in a continuous or an
interrupted fashion using a fine 7-0 Prolene suture
based on surgeon’s preference. In the case of replaced
vessels, especially right replaced HA, an arterial
reconstruction was performed on the bench where
donor-replaced right HA was anastomosed to the
graft HA’s GDA or splenic stump. All recipients had
single anastomosis to the recipient artery.

For evaluation of outcomes, we divided recipients
into 2 groups: group 1 included patients who had
GDA ligation, and group 2 included patients who
did not have GDA ligation during the transplant.
Occurrence of HAT, postoperative hyperamylasemia
(POHA), postoperative nausea and vomiting (PONV),
and delayed feeding were assessed in both groups.

Exp Clin Transplant

Feeding was considered delayed if patients were not
started on a diet until 5 days postsurgery, which was
considered standard in liver transplant recipients.
Continuous variables were compared using the  test,
and categorical variables were compared using the
Pearson chi-square test.

Results

During the study period, our center performed
210 deceased-donor orthotopic liver transplants.
Demographic data of orthotopic liver transplant
recipients are listed in Table 1. Group 1 consisted of
78 recipients, in which the common HA was used
for arterial anastomosis. Group 2 consisted of 132
recipients, in which anastomosis was performed using
either the right HA or the proper HA. Among the total
patients, 162 patients (77.1%) did not have replaced or
accessory vessels. Of 48 patients (22.9%) with replaced
vessels, 28 (13.3%) had right replaced /accessory, 18
(8.6%) had left replaced /accessory, and 2 (0.8%) had
both right and left replaced / accessory vessel. Of these
48 patients with replaced vessels, 18 (23.1%) were in
group 1 and 30 (22.7%) were in group 2. We found
no incidence of HAT in either of the 2 groups.

Table 1. Demographic Data of Liver Transplant Recipients and Donors
(N =210)

Group 1 Group 2
(n=178;37.1%) (n=132;62.9%)
Median age at transplant (IQR), y 57 (48.25-63) 55.5(47.75-63)
Median MELD score (IQR) 34 (24-35) 30 (27-31)
Recipient sex, No. (%)

Male 42 (53.8%) 92 (69.7%)
Female 36 (46.2%) 40 (30.3%)
Most common etiology NASH NASH and ALD

Coronary artery disease, No. (%) 3(0.038%) 5(0.037%)
Median age of donor (IQR), y 33.5(26-45.75) 34 (26-44.25)
Median BMI of donor (IQR) 25(22.3-30.5) 25.9(23.2-304)
Donor sex, %
Male 58.9% 59.8%
Female 41.1% 40.2%
Donor criteria
DBD 77 (99.99%) 125 (99.955)
DCD 1(0.01%) 7 (0.05%)

Abbreviations: ALD, alcoholic liver disease; BMI, body mass index (in
kilograms divided by height in meters squared); DBD, donation after brain
death; DCD, donation after circulatory death; IQR, interquartile range;
MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic
steatohepatitis

Group 1 had gastroduodenal artery ligation, and group 2 did not.

Group 1 had 31 patients (47%) with POHA
(ranging from 200 to 4700 U/L), and group 2 had 30
patients (25.4%) with POHA (ranging from 200 to
1400 U/L) (P = .003). Nineteen patients (24.4%) in
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group 1 required tube feeds compared with 14
patients (10.6%) in group 2 (P = .01). Thirty-eight
patients (4.7%) in group 1 had PONV in the early
postoperative period compared with 17 patients
(12.9%) in group 2 (P = .001). Feeding was delayed in
23 patients (29.5%) in group 1 compared with 9
patients (6.8%) in group 2 (P = .001) (Table 2).

Table 2. Comparison Between Group 1 and Group 2

Group 1 Group 2 Total P
(n=78;37.1%) (n=132;629%) (N=210)

Patient age, 53.8(13.6) 53.0(12.9) 533(13.1) .7
mean (SD), y

Multiorgan transplant, 14 (18.0) 14 (10.6) 28 (13.3) ]
No. (%)

Hyperamylasemia, 31 (47.0) 30(254) 61(33.2) .003
No. (%)

Required tube feeds, 19 (24.4) 14 (10.6) 33(15.7) .01
No. (%)

PONV, No. (%) 38 (48.7) 17 (12.9) 55(26.2) <.001

Delayed feeding, 23 (29.5) 9 (6.8) 32(15.2) <.001
No. (%)

Abbreviations: PONV, postoperative nausea and vomiting
Group 1 had gastroduodenal artery ligation, and group 2 did not.

Discussion

Hepatic artery thrombosis and hepatic artery stenosis
are dreaded complications of liver transplant surgery
that can occur in the early and the late phase. Hepatic
artery thrombosis can lead to fulminant liver failure,
delayed biliary leak and biliary sepsis, relapsing
bacteremia, ischemic strictures, cholangitis, graft
dysfunction, and multiorgan failure.'® It leads to bile
duct injury and necrosis, which can frequently be
followed by bacterial translocation, sepsis, and
death.>!® The incidence of HAT has significantly
decreased over the years from 42% (in children) and
12% (in adults) to 4.4% and 2%, respectively,®4likely
because of improvements in surgical technique,
organ preservation, and graft and patient selection.
However, there are other causes of early HAT, like
rejection and decreased flow through the HA.15
Various authors have described the occurrence of
steal syndrome with both GDA steal and splenic
artery steal responsible for poor flow across HA
anastomosis.?1? The reported incidence of HAT is
low but may be up to 0.6%.1¢ Our study did not show
any significant change in incidence of HAT in
patients with either ligation of GDA or no ligation.
Replaced or accessory vessels present in the donor
liver and bench reconstruction may increase the risk
of arterial thrombosis.!”!® However, in our analysis,
we did not see an increased incidence of HAT with

bench reconstruction to enable single anastomosis
to the recipient’s artery, irrespective of whether
recipient GDA was ligated or not.

Among our patients, GDA ligation led to higher
incidence of hyperamylasemia and delay in enteral
nutrition. Delayed feeding observed in the cohort
was most likely attributed to this subtle pancreatitis
with resultant pyloric spasm that resulted in delay in
ability to start enteral nutrition. Patients with GDA
ligation had increased incidence of nausea and
vomiting, contributing to increased length of stay in
the hospital among other factors. Our results suggest
that recipient GDA ligation for HA anastomosis is not
a mandatory step in liver transplant and can be
avoided with the benefit of decreased POHA, PONV,
and early feeding.

Limitations to our study include other factors that
may contribute toward POHA. With dissection in the
HA bed to expose the common HA or to gain extra
length on the artery, placement of a retractor blade in
that vicinity may agitate the pancreas, leading to some
degree of inflammation in that region and associated
pancreatitis. There may be other causes of PONV and
delayed feeding in our orthotopic liver transplant
recipients, such as medications, frailty, delayed gastric
emptying, prolonged encephalopathy, or postoperative
intensive care or delirium; however, correlation with
hyperamylasemia cannot be overlooked for reasons
stated above. In addition, this symptomatology
has a broad etiology base, making it difficult
to do any multivariate analysis to have accurate
reason.

Conclusions

Patients who did not have ligation of recipient GDA
before HA anastomosis during liver transplant did
not have increased incidence of HAT. However, GDA
ligation may lead to significant hyperamylasemia,
which can be a cause of upper gastrointestinal
symptoms in the early postoperative period and can
be a subject of interest for future studies.
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Abstract

Objectives: Allogeneic hematopoietic stem cell
transplant is the only curative treatment for patients
with transfusion-dependent thalassemia major. In
recent years, a number of novel approaches have
improved patient outcomes and quality of life by
minimizing the toxicity of conditioning regimens.
The objective of this study was to compare the role
of treosulfan- and busulfan-based conditioning in
transfusion-dependent thalassemia.

Materials and Methods: Data were collected retros-
pectively on 121 children with beta thalassemia major
who underwent hematopoietic stem cell transplant
using treosulfan-based (n = 37) or busulfan-based
(n = 84) conditioning regimens between 2012 and
2022.

Results: Two-year overall survival was 87.5% in the
busulfan-based conditioning group and 91.1% in the
treosulfan-based conditioning group. The group given
the busulfan regimen compared with treosulfan
regimen had significantly increased number of side
effects (58.3% vs 21.6%, respectively; P <.001). When
the busulfan-based regimen by level was evaluated,
we observed no significant differences between the
frequency of side effects according to drug serum
levels. In addition, no significant differences were
shown between the 2 regimen groups for cumulative
incidence of acute and chronic graft-versus-host
disease.
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Conclusions: The safety and effectiveness of a
treosulfan-based myeloablative conditioning regimen
has been confirmed by our retrospective investigation
of pediatric patients with beta thalassemia.

Key words: Cooley anemia, Hematopoietic stem cell
transplant, Toxicity, Transfusion-dependent thalassemia
major

Introduction

Thalassemia major (TM), also known as Cooley
anemia, is a prevalent monogenic inherited hemoglo-
bin disorder. Patients with thalassemia consequently
require lifelong blood transfusions and suffer
significant organ dysfunction as a result of primary
and secondary iron overload.!

For patients with TM, allogeneic hematopoietic
stem cell transplantation (HSCT) is the only current
curative option for patients to save patients from
the long-term consequences of the disease and/or
treatment and from the lifelong, difficult treatment
itself.>?

For patients with TM undergoing HSCT, iron
overload is a significant risk factor for poor prognosis,
even with the best available management.*> The use
of Pesaro risk stratification, increased donor selection,
supportive care, and modified conditioning regimens
have reduced transplant-related mortality and
improved HSCT results in TM pa’fien’ts.6 However,
because of the significant risk of treatment-related
problems or graft failure, the clinical prognosis
following HSCT in children with TM who are
categorized as Pesaro class 3 remains unsatisfactory.”
Treatment-related mortality, as determined by the
standard Pesaro criteria, was 3% among patients in
Pesaro classes 1 and 2 compared with 8% in class 3.8
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According to the literature, 2.7% to 8.8% of pediatric
patients with TM who underwent HSCT experienced
graft rejection.!? In addition, many serious treatment-
related complications such as sepsis, seizure and veno-
occlusive disease can be seen.!!

Over time, outcomes have improved with
improvements in our knowledge and management
of transplant-related problems. However, transplant-
related acute and long-term complications are
still frequently seen and depend on the severity of
the conditioning regimen. The most widely used
conditioning regimens in HSCT for thalassemia
include busulfan, treosulfan, fludarabine, and
antithymocyte globulin. Since the 1950s, busulfan
has been in use as an alkylating anticancer drug.
Busulfan usage is frequently correlated with certain
adverse effects. Intestinal mucosal damage,
hepatotoxicity, sinusoidal obstruction syndrome, and
pancytopenia are all frequent side effects connected
to busulfan. Treosulfan, also known as L-threitol-1,4-
bismethanesulphonate, is a water-soluble alkylating
agent and a prodrug of L-epoxybutane.'? Even
without drug-level monitoring, treosulfan-based
conditioning has reduced regimen-related toxicity
and follows linear pharmacokinetic properties.!* In
comparison with a busulfan-based regimen, treosulfan
has been used as an HSCT preparation and has shown
decreased risk of hepatic, pulmonary, and nervous
system damage.!#!> High doses of busulfan reduce the
risk of relapse; however, busulfan can increase long-
term late complication rates, morbidity rates, and
mortality rates.1

Treosulfan-based conditioning has been used
more frequently in children since the first report of it
in pediatric allo-HSCT in 2002, largely because it is
thought to have a broad therapeutic index and a
lower tendency to cause veno-occlusive disease than
busulfan.!” Several studies have shown better results
in terms of toxicity, complete donor chimerism, graft-
versus-host disease (GVHD), treatment-related
mortality, and relapse rates.1”-1?

All of these features make using a treosulfan-based
preparative regimen desirable for thalassanemia
patients, lowering the risk of potentially fatal
complications and boosting the proportion of patients
who are successfully treated. We conducted a
retrospective analysis to assess results in patients with
TM who received either a busulfan-fludarabine-
based or treosulfan-fludarabine-based conditioning
regimen for HSCT.
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Materials and Methods

Study design and characteristics of the study cohort
In a retrospective, single-center cohort study, we
retrospectively evaluated consecutive HLA-matched
HSCTs with treosulfan-based or busulfan-based
conditioning regimens (n = 121) at the Department
of Pediatric Bone Marrow Transplantation,
Acibadem Adana Hospital (Adana, Turkey). Up to 28
days after HSCT, early regimen-related toxicity was
assessed. We collected patient data from hospital
medical records by using electronic case report
forms. Data safety was ensured by a confidential
disclosure agreement signed by the hospital for each
clinician in Turkey, as required by law and regulations.
We collected data on patient demographics, diagnosis,
donor matching, HLA compatibility, stem cell
source, conditioning regimen, transplant-related
complications, early regimen-related toxicities, GVHD,
donor chimerism, outcome, and time of follow-up.
Informed consent from parent or guardian was
obtained before patients were enrolled. The Research
Ethics Committee of the Acibadem University, Faculty
of Medicine, approved the use of the data for the study.

Children under the age of 18 who underwent
their first allogeneic HSCT for transfusion-dependent
TM (TDT) between January 2012 and November 2022
were included in this study. Data for 121 patients
who underwent HSCT using a myeloablative
busulfan-fludarabine-based conditioning regimen
(busulfan group) were analyzed retrospectively and
compared with patients who received a treosulfan-
fludarabine-based regimen (treosulfan group). Both
groups had undergone their first HSCT with bone
marrow or peripheral blood stem cells from a
matched sibling donor, other related donor, or
unrelated donor. According to high-resolution HLA
allele typing atloci A, B, C, DRB1, and DQ, unrelated
donors were categorized as being matched (10/10
loci) or mismatched at 9/10 or 8/10 loci.

Study endpoints

We analyzed demographics and baseline variables
for the entire study population and for each
conditioning regimen group. The main objectives of
the study were to quantify the frequency of early
regimen-related toxicities, graft failure, and treatment-
related mortality following HSCT. Cumulative
incidence of acute GVHD (aGVHD) and chronic
GVHD (cGVHD) were secondary objectives.
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The first of 3 days with an absolute neutrophil
count of <0.5 x 10°/L was defined as neutrophil
recovery. Platelet engraftment was defined as platelet
count >20 x 10%/L, without platelet support for 3
consecutive days. Chimerism was evaluated in
peripheral blood granulocytes and mononuclear cells
by fluorescein in situ hybridization in sex-mismatched
transplants and by polymerase chain reaction in others.
Time to aGVHD was defined as first occurrence (date
of diagnosis) of aGVHD after HSCT. Time to cGVHD
was defined as the first episode of cGVHD (date of
diagnosis) after HSCT. Severity of aGVHD and
cGVHD was graded according to the Seattle criteria.?’

Sinusoidal obstruction syndrome, also known as
veno-occlusive disease, was diagnosed according to
clinical criteria as the presence within 3 weeks
after HCT of (1) hyperbilirubinemia (bilirubin
>2.0 mg/dL), (2) painful hepatomegaly, and (3)
weight gain.

All patients in the treosulfan group received the
same conditioning regimen, comprising intravenous
(IV) thiotepa 8 mg/kg on day -6, treosulfan 14 g/m?/-
day on day -5 to day -3, and fludarabine 40 mg/m?/-
day on day -5 to day -2. Patients in the busulfan group
received oral busulfan 3.5 mg/kg/day on day -9 to
day -6, cyclophosphamide 50 mg/kg/day on day -5
to day -2, and antithymocyte globulin 30 mg/kg/day
on day -4 to day -2. Prophylaxis for GVHD included
cyclosporine (2.5 mg/kg IV twice daily) and
methotrexate (10 mg/m?IV on day -1 and 7 mg/m?
on days +3, +6, and +11). All patients received
cyclosporine for 9 to 12 months post-HSCT, with
plasma cyclosporine levels maintained at 200 to
350 ng/mL. Adjusted doses for both busulfan and
treosulfan according to plasma drug levels were
obtained from the patient records.

The Common Terminology Criteria for Adverse
Events version 4.01 were used to analyze toxicity
events. All patients were given standard oral care.
Patients with neurological complaints were
diagnosed with radiological imaging methods,
including magnetic resonance imaging.

Statistical analyses

Data were analyzed with IBM SPSS version 23.
Conformity to normal distribution was evaluated
with Shapiro-Wilk and Kolmogorov-Smirnov tests.
We used the chi-square test and the Fisher exact test to
compare categorical variables between the treosulfan
group and the busulfan group. Cumulative incidence

estimates were used to determine the incidences
of primary rejection, treatment-related mortality,
and aGVHD and ¢GVHD (comprising disease-free
survival). We used the Mann-Whitney U test to
compare the quantitative data that were not normally
distributed according to the paired groups. The
probability of overall survival (OS) was calculated
using the Kaplan-Meier method. A log-rank (Mantel-
Cox) test was used to compare the survival outcome
and OS according to the groups. Results are shown as
mean + SD for quantitative data and as median
(minimum to maximum) and frequency (percentage)
for categorical data. Results are shown with 95%
confidence interval (95% CI). We used the Gray test
(cmprsk package) to evaluate the overall differences
among cumulative incidence functions. P < .05 was
considered statistically significant.

Results

We examined 121 consecutive TM patients (76 males,
45 females) who had allogeneic HSCT using a
treosulfan-based or busulfan-based conditioning
regimen. The median patient age was 13.6 £ 6.0 years
(range, 2-18 years). Table 1, Table 2, and Table 3 list
the patient and the donor characteristics, conditi-
oning regimen, source of the stem cells, GVHD
prophylaxis, and other laboratory results. The
busulfan-based conditioning group included 84
patients, and the treosulfan-based conditioning group
included 37 patients. Median age at HSCT was
14.0 + 5.8 years (range, 3.0-18.0 years) in the busulfan
group and 12.8 + 6.5 years (range, 2.0-17.6 years) in
the treosulfan group (P < .001). Based on the size of
the liver, the degree of chelation, and the presence of
hepatic fibrosis, patients were categorized using the
Pesaro categorization system, with 43 patients in
Pesaro class 1, 50 patients in Pesaro class 2, and 27
patients in Pesaro class 3 (P < .001). For Pesaro class
2, 50.6% of patients were in the busulfan group and
21.6% of patients were in the treosulfan group. For
Pesaro class 3, 12% were in the busulfan group and
45.9% were in the treosulfan group.

Most patients in the busulfan group received a
combination of busulfan plus cyclophosphamide
without thiotepa (46/84 patients, 54.8%). Most
patients in the treosulfan group received treosulfan
plus fludarabine plus thiotepa for conditioning
(34/37 patients, 91.6%). Both the busulfan group and
the treosulfan group relied on calcineurin inhibitors
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for GVHD prophylaxis (n = 43 [51.2%] and n = 20
[54%], respectively).

Table 1. Comparison of Demographic and Laboratory Data by Regimen
Group

Busulfan  Treosulfan Total Test P
Based Based Statistic
Sex, No. (%)
Male 56 (66.7)  20(54.1)  76(628) 1.749  .186*
Female 28(33.3) 17 (459)  45(37.2)
Pesaro class ,
No. (%)
1 31(37.3) 12(324) 43(35.8) 18401 <.001*
2 42 (50.6) 8(21.6)°> 50(41.7)
3 10(12)2 17 (459)0 27 (22.5)
Donor, No. (%)
Sibling 42 (50) 12(324) 54 (446) 23604 <001*
Mother 7(83) 1(2.7) 8(6.6)
Father 9(10.7)2 0 (0P 9(74)
Relative 13 (15.5) 3(8.1) 16 (13.2)
Nonrelative 13(155)2 21 (56.8)P  34(28.1)
HLA compatibility,
No. (%)
10/10 75(89.3)  32(86.5) 107 (884) 7591
9/10 9(10.7) 5(135)  14(11.6)
Stem cell source,
No. (%)
Bone marrow 42 (50) 21 (56.8) 63(52.1) 4984  289*
Peripheral blood
stem cells 32(38.1) 14(37.8)  46(38)
Umbilical
cord blood 2(24) 0(0) 2(1.7)
Bone marrow +
umbilical cord
blood 8(9.5) 12.7) 9(74)
Bone marrow +
peripheral
stem cells 0(0) 1(2.7) 1(0.8)
Conditioning
regimen, No. (%)
Bu+Cy 7(8.3) 0(0) 7(58) 1174 <.001*
Tre+Flu+TT 0(0) 349190 34(28.1)
Bu+Cy+Flu 46 (5.8)2 0(0b 46 (38)
Bu+Flu+Cy+
TT 14 (16.7)2 0(0) 14(11.6)
Tre + Flu 1(1.22 3(8.1)p 4(3.3)
Bu 16 (19)2 0(0b 16 (13.2)
Serotherapy, No. (%)
No 45 (53.6) 4(10.8)  49(40.5) 19491 <001*
ATG 39(464)  33(89.2) 72(595)
GVHD prophylaxis,
No. (%)
CNI'monotherapy 43 (51.2)  20(54.1)  63(52.1) 2930 .231%
CNI plus
prednisolone 29 (34.5) 8(21.6) 37(306)
CNI plus MMF 12 (14.3) 9(243) 21(174)

Abbreviations: ATG, antithymocyte globulin; Bu, busulfan; CNI, calcineurin
inhibitor; Cy, cyclophosphamide; GVHD, graft-versus-host disease; MMF,
mycophenolate mofetil; TT, thiotepa; Tre, treosulfan

*Chi-square test. 'Fisher exact test. *®No difference in results with the same
letter in each row.

A significant difference in the distribution of
donor type was shown between the groups
(P < .001). Thirteen patients (15.5%) in the busulfan
group and 21 patients (56.8%) in the treosulfan
group received an HSCT from a matched unrelated
donor. The stem cell source was bone marrow in
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63 patients, filgrastim (granulocyte colony-
stimulating factor)-mobilized peripheral blood in 46
patients, and bone marrow plus cord blood in 9
patients (P = .289).

Table 2. Comparison of Toxicity, Graft-Versus-Host Disease, and Transplant
Status by Regimen

Busulfan  Treosulfan  Total Test P
Based Based Statistic
Toxicity, No. (%)
Skin 7(143) 2(25) 9(15.8)
Cardiac 5(10.2) 1(12.5) 6(10.5)
Respiratory 2(4.) 1(12.5) 3(5.3)
Renal 11(224) 0(0) 11(19.3)
Hepatobiliary 6(12.2) 0(0) 6(10.5)
Neurologic 2(4.1) 2(25) 4(7)
Hematologic 2(40) 1(12.5) 3(5.3)
Mucositis 7(14.3) 1(12.5) 8(14)
Vomiting 5(10.2) 0(0) 5(88)
Hemorrhage/
bleeding 241 0(0) 2(35)
Toxicity, No. (%)
No 35(41.7) 29 (78.4) 64(529) 13.894 <.001*
Yes 49 (58.3) 8(21.6) 57 (47.1)
Grade of toxicity,
No. (%)
1 22 (44.9) 5(62.5) 27 (474) 1533 821*
2 20 (40.8) 2(25) 22 (38.6)
3 4(82) 1(125) 5(8.8)
4 1(2) 0(0) 1(1.8)
5 2(4.0) 0(0) 2(35)
aGVHD grade, No. (%)
1 3(3.6) 6(16.7) 9(7.6) 9.068  .059*
2 11(13.3) 2(5.5) 13(12.6)
3 5(6) 3(83) 8(6.7)
4 7(84) 2(5.5) 9(7.5)
No 57(687)  23(639) 80(67.2)
cGVHD, No. (%)
No 67(79.8)  33(89.2) 100(826) 1.889  .596*
Yes, mild 4(4.8) 12.7) 5(4.1)
Yes, moderate 7(83) 12.7) 8(6.6)
Yes, severe 6(7.1) 2(54) 8(6.6)
Improvement in
cGVHD symptoms, No. (%)
Yes 8(47.1) 2 (50) 10 (47.6) 1.000%
No 9(52.9) 2 (50) 11(52.4)
Transplant status, No. (%)
Complete chimerism 73 (86.9) 36(97.3) 109(90.1) 7423  .060*

Abbreviations: aGVHD, acute graft-versus-host disease; cGVHD, chronic
graft-versus-host disease
*By chi-square test. By Fisher exact test.

Table 3. Comparison of Last Status by Regimen

Busulfan  Treosulfan Total Test P
-Based Based Statistic
Last status, No. (%)
Alive, without
thalassemia 71(845)  33(89.2) 104 (86) 1133 .769*
Alive, thalassemic 3(3.5) 0(0) 3(2.5)
Deceased 9(10.7) 3(81) 12(9.9)
2nd transplant,
deceased 2(24) 0(0) 2(1.7)
Late status group,
No. (%)
Alive 73(86.9)  34(91.9) 107 (884) 547t
Deceased 11(13.1) 3(81) 14(11.6)

*By chi-square test. "By Fisher exact test.
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Table 4. Comparison of Quantitative Data by Regimen

Busulfan-Based Treosulfan-Based Total Statistic*
Mean + SD Median (range) Mean + SD Median (range) Mean + SD Median (range)
Agde,y 140£58 13.0 (3.0-29.0) 128£65 140 (20-230) 136+ 60 140 (20-290) 0.000
Bfrurlrfsgsglﬂfgr/nk(%)/ma dose 39+07 40(08-48) 140+ 00 140 (140-14.0) 7047 44(08-14.0) 682,000
Blfrseuc‘)fsau?f;ir?nig%/m)esgl 12561 £3206  12280(667.027750) 16907 +6348 1547.0(7810-33630) 1371544656 12800 (667.0-33630)  1430.000
T‘gwegtrgf:mi:tnrtozz‘}‘/ 15436 150(11031.0) 150+ 26 150(11.0-23.0) 153£33 150(11031.0) 1534000
Tmeqsgtr.;f’ilri\fr‘witday 159+35 15.0 (9.0-27.0) 155+32 15.0(12.0-26.0) 158+ 3.4 150 (90-27.0) 1432.500
*By Mann-Whitney U test.
Engraftment, chimerism and survival Figure 1. Overall Survival
In the treosulfan group, the median times to | 1.
neutrophil and platelet engraftment were 15.0 days [ SO
(range, 11.0-23.0 days) and 15.0 days (range, 12.0-26.0 % S T
days), respectively. In the busulfan group, the
median times to neutrophil and platelet engraftment =
were 15 days (range, 11.0-31.0 days) and 15.0 days § *
(range, 9.0-27.0 days), respectively. There was no g
noticeable difference between platelet and neutrophil w
engraftment in the 2 groups (Table 4). ——
Median follow-up time among both groups was o " Busuitan
4.3 years (95% CI, 3.2-7.5). Mean survival time was EE‘:“I%Z:*"T;L
94.7 months (95% CI, 87.4-102.1) in the busulfan 00
00 25,00 50,00 75,00 100,00 125,00

group and 125.3 months (95% CI, 112.3-138.3) in the
treosulfan group, with survival for both groups of
120.9 months (95% CI, 112.8-129.0). Two-year OS was
87.5% in the busulfan group and 91.1% in the
treosulfan group; groups were not significantly
different with regard to OS (P = 0.72) (Table 5, Figure
1). Among 121 patients, 16 died as a result of
complications of TDT or HSCT (Table 6).

Table 5. Comparison of Survival Time by Regimen

Mean Survival 2-Year P*
(95% Cl), Cumulative
months Survival Rate
(SE)
Busulfan-based regimen 94.7 (87.4-102.1) 0.875(0.037) 721
Treosulfan-based regimen ~ 125.3 (112.3-138.3) 0.911 (0.049)
Overall 120.9 (112.8-129.0)

*By log-rank (Mantel-Cox).

Table 6. Distribution of Causes of Death by Regimen
Cause of Death No. (%)

Busulfan-Based Treosulfan-Based Total
Infection 3(23.1) 1(333) 4(25)
Hemorrhage 10.7) 0(0) 1(6.3)
aGVHD + infection 2(15.4) 1(333) 3(18.8)
cGVHD 4(30.8) 1(333) 5(31.3)
Nontransplant cause 1(7.7) 0(0) 1(6.3)
Toxicity 2(154) 0(0) 2(125)

Abbreviations: aGVHD, acute graft-versus-host disease; cGVHD, chronic
graft-versus-host disease

Statistical comparisons could not be made because of the low number of
observations.

Time (Month)

A total of 107 patients were evaluable at 1 year
following HSCT, 111 patients were at day +100
chimerism, and 121 patients were evaluable at day +30
chimerism. In 73 patients (86.9%) in the busulfan group
and 36 patients (97.3%) in the treosulfan group, donor
chimerism was between 90% and 100% at year 1,
respectively. No relationship was seen with treosulfan
or busulfan exposure at year 1 (P = .060).

Cumulative incidence of treatment-related morta-
lity at day +100 was 2.4% (n =2) (95% CI, 5%-20%) in
the busulfan group and 5.4% (n = 2) in the treosulfan
group, with no relationship found between treatment-
related mortality and conditioning regimen (P = .585)
(Table 7).

Table 7. Comparison of Treatment-Related Mortality by Regimen

Treatment- Busulfan- Treosulfan- Total P*
Related Based Based

Mortality

Alive, No. (%) 82(97.6) 35(94.6) 117 (96.7) 585
Deceased, No. (%) 2(24) 2(54) 4(33)

*By Fisher exact test.

Early regimen-related toxicity
Incidences of mucosal, liver, cutaneous, and renal
damage were the most frequently observed toxicities.
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Table 2 lists toxicities according to the conditioning
regimen group. Eight patients (6.6%) experienced
mucositis (developing grade 3 or 4). Hepatobiliary
toxicity was not observed in the treosulfan group. Six
patients (4.9%) experienced hepatobiliary toxicity in
the busulfan group, with 2 having severe veno-
occlusive disease /sinusoidal obstruction syndrome,
as determined by modified Seattle criteria. Although
significant, significance could not be mentioned
because there were not enough cases. Skin toxicity,
including erythematous rash and skin exfoliation,
was observed in 7 patients in the busulfan group and
1 patient in the treosulfan group. No significant
association was shown between busulfan exposure
and skin toxicity according to drug plasma levels.
Convulsions and posterior reversible encephalopathy
syndrome were among the neurological symptoms
that were observed in 2 patients in each group (total of
4 patients, 3.3%). Neurological problems and busulfan
exposure were not significantly related. Although there
was no one-by-one difference between system
involvements, we observed a significant increase in
the busulfan group (n = 49, 58.3%) compared with
the treosulfan group (n = 8, 21.6%) in terms of total
side effects (P < .001).

When we analyzed toxicities in the treosulfan
group by treosulfan level, the number of side effects
was low and an evaluation could not be made
(Table 8). However, with regard to busulfan-based
regimens, no significant difference was shown
between the frequency of side effects and drug serum
levels (P = .879) (Table 9).

Graft-versus-host disease

Grade III or IV aGVHD cumulative incidence was
14%, with 12 patients in the busulfan group and 5
patients in the treosulfan group. When we compared
these 2 group with the Fisher exact test, we found no
significant different. Of 121 patients, 39 experienced
grade I-IV aGVHD, with 5-year cumulative incidence
of 25.4% in busulfan group and 60.7% in the
treosulfan group. Among 121 patients at risk, 8
developed extensive severe cGVHD, with 5-year
cumulative incidence of 17.4 % in busulfan group
and 24.6% in the treosulfan group. We also analyzed
the estimated aGVHD cumulative incidence with the
Gray test method. Among 84 patients in the busulfan
group and 37 patients in the treosulfan group,
estimated 5-year cumulative incidence was 25.4% in
the busulfan group (95% ClI, 16.4%-39.4%) and 60.7%
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in the treosulfan group (95% CI, 41.6%-88.4%) (Table
10). The estimated 8-year cumulative incidence was
71.4% (95% CI, 49.8%-100%) and 60.7% (95% CI,
41.6%-88.4%), respectively. The Gray test showed a
significant difference between the busulfan and
treosulfan groups for the 5-year estimated
cumulative incidence for aGVHD (P < .001). Chronic
GVHD occurred in 17 patients in the busulfan group
and in 4 patients in the treosulfan group, with
estimated 5-year cumulative incidence of 17.4% (95%
CI, 10%-30.5%) and 24.6% (95% CI, 10.1%-60.1%) and
estimated 8-year cumulative incidence of 59.7% (95%
CI, 32.4%-100%) and 24.6% (95% CI, 10.1%-60.1%) in
the busulfan and treosulfan groups, respectively. We
found no significant difference in the 5-year and
8-year estimated cumulative incidence of cGVHD
between the groups (P = .988) (Table 10, Figure 2,
Figure 3).

The estimated 5-year cumulative incidence of
treatment-related mortality was 2.4% (95% CI, 0.06%-
9.4%) and 5.9% (95% Cl, 1.5%-%22.6) for the busulfan
and treosulfan groups, respectively. The estimated
8-year cumulative incidence rate was 2.4% (95% ClI,
0.06%-9.4%) and 5.9% (95% CI, 1.5%-22.6%) for the
busulfan and treosulfan groups, respectively (Table
10, Figure 4).

Table 8. Toxicities in Patients Who Received the Treosulfan-Based Regimen
by Level

No. (%) of Patients Receiving Regimen Total
(in mg/L/h)

<1130 1130-2450 >2450
Skin 0(0) 0(0) 2(66.7) 1(14.3)
Cardiac 1(33.3) 0(0) 0(0) 1(14.3)
Respiratory 0(0) 0(0) 1(333) 1(143)
Neurologic 2 (66.7) 0(0) 0(0) 2(286)
Hematologic 0(0) 1(50) 0(0) 1(143)
Mucositis 0(0) 1(50) 0(0) 1(14.3)

Statistical comparisons could not be made because of the low number of
observations.

Table 9. Toxicities in Patients Who Received the Busulfan-Based Regimen by
Level

No. (%) of Patients Receiving Test P*
Regimen (in pmol/L/min) Statistic
<900 900-1350  >1350 Total

Skin 1(143)  2(9.1) 400 7043) 1135 879
Cardiac 0(0) 3(136) 20100 5(10.2)
Respiratory 0(0) 1(4.5) 1(5) 2(4.1)
Renal 3(429) 5(227) 3(15) 11(224)
Hepatobiliary — 1(143)  3(13.6) 2(10) 6(12.2)
Neurologic 0(0) 1(4.5) 150 2@40)
Hematologic 1(143)  1(45) 0(0) 2(4.1)
Mucositis 0(0) 4(182) 3(15) 7(143)
Vomiting 1(143)  2(9.1) 2(100 5(10.2)
Hemorrhage/

bleeding 0(0) 0(0) 2(10) 241

*By chi-square test.
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Figure 2. Estimated 8-Year Cumulative Incidence of Acute Graft-Versus-Host
Disease Over Time, in Months
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Figure 3. Estimated 8-Year Cumulative Incidence of Chronic Graft-Versus-
Host Disease Over Time, in Months

Figure 4. Estimated 8-Year Cumulative Incidence of Treatment-Related
Mortality Over Time, in Months
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Figure 5. Estimated 8-Year Cumulative Incidence of Primary Rejection Over

Time, in Months
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Estimated 5-year cumulative incidence of

primary rejection was 3.2% (95% CI, 0.8%-12.5%) and
0%, respectively, for the busulfan and treosulfan
groups. Estimated 8-year cumulative incidence rate
of primary rejection was 27.4% (95% CI, 6.1%-100%)
and 0%, respectively, for the busulfan and treosulfan
groups (Table 10, Figure 5).

Allogeneic HSCT remains the solely recognized and
broadly available curative standard of therapy for
patients with TDT. Treosulfan-based conditioning
has been shown to be efficient and well-tolerated in
patients with both malignant and nonmalignant
diseases, and it is being utilized more frequently in

Table 10. Results of Gray Test for Events Comprising Disease-Free Survival

Event Regimen Group No.of  5-Year Cumulative 8-Year Cumulative P
Events Incidence Incidence
(95% Cl) (95% Cl)
aGVHD Busulfan (n = 84) 26 254% (16.4-39.4) 71.4% (49.8-100) <.001
Treosulfan (n =37) 13 60.7% (41.6-88.4) 60.7% (41.6-884)
cGVHD Busulfan (n = 84) 17 17.4% (10-30.5) 59.7% (32.4-100) 988
Treosulfan (n =37) 4 24.6% (10.1-60.1) 24.6% (10.1-60.1)
TRM Busulfan (n = 84) 2 2.4% (0.06-9.4) 24% (0.06-9.4) 374
Treosulfan (n=37) 2 5.9% (1.5-22.6) 5.9% (1.5-22.6)
Primary rejection Busulfan (n=84) 3 3.2% (0.8-12.5) 27.4% (6.1-100) 490
Treosulfan (n=37) 0 0 0

Abbreviations: aGVHD, acute graft-versus-host disease; cGVHD, chronic graft-versus-host disease; TRM,

treatment-related mortality
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pediatric HSCT. Our study showed that, overall,
conditioning based on treosulfan was well-tolerated,
and limited toxicity was observed compared with the
busulfan-based regimen. Treosulfan appears to be
safe and effective even for infantile ages, according
to preliminary reports.!” The fact that there were no
deaths due to toxicity in the patients who received
treosulfan also supports this argument. However, we
must accept that treosulfan has minimized but not
eliminated treatment-related toxicity. Although the
overall toxicity rate decreased in the group receiving
a treosulfan-based conditioning regimen, treosulfan
exposure is linked to mucositis, skin toxicity, and a
risk of experiencing multiple toxicities within the
first 28 days following HSCT at all plasma drug
levels, suggesting that treosulfan dose regulation
may lessen transplant-related morbidity when
administered as an individualized treatment dose in
each patient. Liver toxicity, pulmonary hypertension,
skin toxicity, mucositis, and seizures have also been
reported regarding the toxicity of treosulfan, similar
to our study.'”182122 In addition, it should be kept in
mind that early regimen-related toxicity rates were
higher in the group receiving busulfan, although
dose adjustment was also made in the group
receiving the busulfan-based regimen according to
the plasma drug level.

Although the mean age of the treosulfan group
was significantly higher than the busulfan group
(taking into account the Pesaro risk classification),
the lack of significant difference in OS, treatment-
related mortality, and mortality rates can be
interpreted as low treatment-related toxicity. As
previously shown, risk class is expected to increase in
thalassemia patients with a high mean age and the
success and benefits of HSCT would decrease
inversely.?32

We reported an association between treosulfan
exposure and early toxicities (particularly severe
mucositis and skin toxicity), but we have not identified
a link with neutrophil or platelet engraftment,
chimerism at 1 year, and development of severe acute
GVHD. The heterogeneity of the main diseases in our
group may, however, be to blame for this. Similarly, no
significant difference was found between neutrophil
and platelet engraftment times in a study conducted
by Chaudry and colleagues?® among 40 patients
diagnosed with TM, in which treosulfan- and
busulfan-based conditioning regimens were compared
(P = .68). However, in another study conducted with
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189 patients with TM in which the same 2 conditioning
regimens were also compared, no significant difference
was found between neutrophil engraftment, but
platelet engraftment time was found to be
significantly shorter in the treosulfan group (P = .242
and .000, respectively).” The authors explained this
situation by change in graft source (peripheral blood
stem cells) in some patients.

Overall, only a small percentage of patients
experienced severe aGVHD, with no statistical
difference between conditioning groups (grade III-IV
aGVHD occurred in 14% of patients in the busulfan
group vs 8% in the treosulfan group), consistent with
previous data.? In the busulfan group, 7.1% of
patients (n =7) had 2-year severe cGVHD compared
with 5.4% (n = 2) in the treosulfan group (P > .05).
The fact that treatment-related mortality rates are
similar in patients who receive busulfan-based (n =2,
2.4%) and treosulfan-based (n = 2, 5.4%) regimens
also supports this result. However, the drug has a
conditional ability to reduce the likelihood of GVHD
compared with other conditioning regimens.!1,2228
The estimated cumulative incidence of aGVHD is
significantly lower (Gray test, P <.001). Nevertheless,
this result may be associated with the small number
of patients. Randomized prospective clinical studies
are needed to identify differences between the 2
conditioning regimens.

In patients with TDT, HSCT protects against
disease-related organ damage and enhances quality
of life in terms of health.? Because HSCT is usually
performed under elective conditions in TDT patients,
it is important to choose suitable agents with
minimal toxic effects and to consider additional
HSCT-related issues, including graft rejection and
GVHD, when selecting the conditioning regimen. On
the basis of these factors, treosulfan-based conditioning
has been shown to be efficient and well-tolerated in
patients with malignant and nonmalignant diseases,
and it is being used more frequently in pediatric
HSCT.2227-29 We mentioned that the lower toxicity
profile of treosulfan compared with busulfan-
cyclophosphamide may have prompted treating
physicians to select treosulfan-based preparative
regimens.

The busulfan-fludarabine-cyclophosphamide
regimen was given to 54.8% of the busulfan group,
whereas the treosulfan-fludarabine-thiotepa prepa-
ration regimen was applied to 91.9% of the treosulfan
group. Treosulfan was administered at a dose of
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14 g/m?, which was widely considered myeloab-
lative, had low toxicity, and produced notable
chimerism (97.2%) in addition to reducing
regimen-related toxicity and graft failure. This
was also demonstrated by a higher 2-year OS
in the treosulfan group and no patients needing
a second HSCT, similar to the excellent OS rates
achieved in a similar study.!® The high rate of
OS and low incidence of secondary HSCT of the
conditioning regimen are thought to be due to the
combination of treosulfan with fludarabine and an
alkylating agent, thiotepa. Similar studies have
supported this claim.!®?! Because of its potent
immunosuppressive properties, fludarabine is the
major component of the most current reduced
intensity conditioning regimens for both adults and
children.3031

Our research also revealed that patients in the
treosulfan group had more matched unrelated
donors than those in the busulfan group (P = .001).
With the consideration that the OS rates in both the
treosulfan and busulfan groups are excellent, it may
be an advantage to give patients who do not have a
matched sibling donor the chance to have HSCT
from a matched unrelated donor. Matched unrelated
donors are important in terms of creating a new and
extensive resource for HSCT to be performed on
patients with TDT.?

An advantage of our study is it is more
comprehensive because it includes a toxicity profile
for busulfan and treosulfan plasma drug levels. A
limitation is that the long-term side effects of
treosulfan-based and busulfan-based regimens
should be handled with an individual approach for
each patient in terms of endocrine system problems
and the risk of secondary cancers. Such data will
only be available with longer follow-up in larger
cohorts.

Conclusions

The safety and effectiveness of a treosulfan-based
myeloablative conditioning regimen has been confir-
med by our retrospective investigation of patients with
TDT. Treosulfan-based conditioning regimens are well
tolerated and increasingly becoming accepted as the
gold standard of care globally, and they appear to be
suitable for reducing the risk of short-term life-
threatening HSCT complications in patients with
TDT.
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ARTICLE

Current Status and Trends in Lung Transplant Research
Funded by the National Natural Science
Foundation of China

Xianyu Xie,"* Zijun Zhao,** Qinde Wu**

Abstract

Objectives: This study aimed to analyze research
projects on lung transplant funded by the National
Natural Science Foundation of China from 1986 to
2022 and to provide a scientific reference for lung
transplant research.

Materials and Methods: We identified research
hotspots and frontiers in the field of lung transplant
research using CiteSpace visualization.

Results: From 1986 to 2022, the National Natural
Science Foundation of China funded 93 projects
related to lung transplant, with an average of 2.51
projects and ¥0.94 million annually. The National
Natural Science Foundation of China funded 30
institutions across 20 provinces, with general and
youth science foundation projects comprising 45.16%
and 41.93% of the total projects, respectively. The
main categories of disciplines included HO0113
respiratory intervention, tracheal reconstruction, and
lung transplantation; H1105 organ transplantation and
transplant immunization; and H0109 acute lung injury
and acute respiratory distress syndrome. The research
hotspots mainly included ischemia-reperfusion injury,
gene regulation, obliterative bronchiolitis, rejection
reaction, T cells, and stem cells. The 6 main research
clusters were ischemia-reperfusion injury, immune
tolerance, obliterative bronchiolitis, stem cells,
pulmonary fibrosis, and rejection reaction. The main
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key word bursts in the past 5 years were “vein
endothelial” and “ex vivo lung perfusion.”
Conclusions: In the past 37 years, National Natural
Science Foundation of China-funded projects have
significantly advanced the clinical application and
basic research of lung transplantation. However,
compared with developed countries and other solid-
organ transplantations, several problems still require
attention and improvements in lung transplant
research in China.

Key words: Clinical research, Fundamental research,
Research frontiers, Research hotspots

Introduction

Lung transplantation is the only effective treatment
for end-stage lung disease.! Over 70000 lung
transplants have been performed worldwide since
1990.2 The data analysis report on thoracic organ
transplant cohorts by the International Society for
Heart and Lung Transplantation focuses on a topic
each year, such as donor and recipient age, retrans-
plantation, transplant indications, and graft ischemia
time.3” Recently, marginal donor lung, ex vivo lung
perfusion (EVLP), and extracorporeal membrane
oxygenation have become the focus of lung transplan-
tation. Nevertheless, survival rates after lung trans-
plant are still lower than rates for other solid-organ
transplants. Problems, such as donor shortage, donor
lung maintenance, primary graft dysfunction, and
chronic graft dysfunction, still hinder the development
of lung transplantation. Therefore, studies on lung
transplant and its basic medicine are important.

The National Natural Science Foundation of
China (NSFC) was established in 1986. It is one
of the most important and most high-level research
funding institutions in China and has greatly
promoted scientific research, innovation, and
discipline. Analysis of projects funded by NSFC can
reflect the nation’s support for research and identify

DOI: 10.6002/ect.2023.0220
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research frontiers and hotspots in this field.® This
study aimed to analyze NSFC-funded projects on
lung transplantation from 1986 to 2022, provide
insights into scientific research trends, guide the
direction of research, and assist lung transplant
professionals globally and in China.

Materials and Methods

Data sources

Using the NSFC network information system, we
used the key word “lung transplantation” as the
search strategy to identify funded projects from 1986
to 2022. Lung transplant experts were invited to review
all key words, abstracts, or concluding reports, and the
funding projects that met the study criteria were
selected. No ethical approval was required, as there
were no human participants in this study.

Quality control and statistical methods

We gathered data on various parameters, such as
project leaders, supporting units, project names, key
words, funding type, project year and duration, and
funding amount. We entered parameters into an
EXCEL 2019 form to establish a database. To ensure
quality control, 2 researchers independently collected
and entered the data, cross-checking until consistency
was achieved. We used CiteSpace software (6.2. R2) to
perform research frontier and hotspot analysis.’?

Results

Number and amount of funded projects

Between 1986 and 2022, NSFC funded a total of 93
projects in the field of lung transplantation, with
funding for an average of 2.51 projects annually. The

Xianyu Xie et al/Experimental and Clinical Transplantation (2023) 11: 893-900
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cumulative funding amounted to ¥34.60 million,
averaging ¥0.94 million annually. Project numbers
exhibited an initial increase, peaking in 2016 with 11
funded projects, whereas, prior to 2003, there were
almost no projects, except for 1 in 1993. However,
project numbers gradually declined after 2016, with
only 2 funded by 2022. A similar trend was observed
from the yearly analysis of the funding amount,
reaching a peak of ¥4.35 million in 2013. Subsequently,
the funding amount gradually decreased to ¥0.60
million in 2022 (Figure 1).

Funded project institutions and geographical
distribution

From 1986 to 2022, the NSFC funded 30 institutions
across 20 provinces in the field of lung transplantation.
Regarding the geographical distribution of funding,
Shanghai and Hubei emerged as the top 2 funded
regions. Both provinces had over 18 projects and
received over ¥5 million in funding. Shanghai ranked
first with 33 funded projects, accounting for over one-
third of the total number of funded projects and
receiving over one-third of the total funds. Overall,
the regional distribution of project funding was
unbalanced (Table 1).

The top 7 funded institutions in terms of funding
distribution were Tongji University, Huazhong
University of Science and Technology, Harbin
Medical University, Shanghai Jiao Tong University,
Capital Medical University, and Fudan University.
Tongji University and Huazhong University of
Science and Technology ranked among the top 2
regarding project quantity and funding amount
(Table 2). Tongji University ranked first with 21
funded projects and ¥8.32 million in funding,
surpassing other institutions. This accounted for

Figure 1. Amount of Funding and Number of Studies Funded by the National Natural Science Foundation of China in the Field of

Lung Transplantation From 1986 to 2022
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22.58% of the total number of projects and 24.05%
of the total funding, highlighting the institution’s
strong research capabilities in the field of lung
transplantation.

Table 1. Regional Ranking and Distribution of Funded Projects

Ranking Province Number Amount No. of
(¥, million) Institutions
1 Shanghai 33 13.86 4
2 Hubei 18 575 2
3 Beijing 8 3.87 3
4 Heilongjiang 8 192 1
5 Fujian 2 0.31 1
6 Guangdong 2 0.88 2
7 Guangxi 2 0.85 2
8 Jiangsu 2 052 2
9 Jiangxi 2 0.83 1
10 Liaoning 2 0.21 1
1 Shandong 2 0.46 1
12 Shanxi 2 0.13 2
13 Tianjin 2 0.36 1
14 Zhejiang 2 0.14 1
15 Hainan 1 0.34 1
16 Jilin 1 0.60 1
17 Inner Mongolia 1 0.36 1
18 Sichuan 1 032 1
19 Xinjiang 1 0.30 1
20 Yunnan 1 0.25 1

Table 2. Ranking of Institutions That Received Funding

Ranking Institution Province Number Amount
(¥, million)

1 Tongji University Shanghai 21 832

2 Huazhong University
of Science and Hubei 15 437
Technology

3 Harbin Medical Heilongjiang 8 1.92
University

4 Shanghai Jiao Tong Shanghai 8 3.10
University

5 Capital Medical Beijing 6 2.82
University

6 Fudan University Shanghai 3 2.14

7 Wuhan University Hubei 3 1.38

Types of funded projects

The NSFC funding categories include key projects,
general projects, youth science foundation projects,
regional science foundation projects, major research
plan projects, National Outstanding Youth Science
Foundation projects, and special fund projects. Data

Table 4 Disciplines of Funded Projects

analysis revealed large differences in the number and
funding amounts among these categories (Table 3).
General and youth science foundation projects
accounted for 45.16% and 41.93% of the total number
of projects, respectively. However, the average
funding amounts were ¥0.49 million and ¥0.22
million, respectively. Major research plans and key
projects had smaller numbers but relatively high
average funding, with individual averages of ¥0.60
and ¥1.75 million, respectively.

Table 3. Categories of Funded Projects

Ranking Funded Project Number Amount Average
Type (%) (¥, million) Amount
(¥, million)

1 General projects 42 (45.16%) 20.69 049

2 Youth science 39 (41.93%) 843 0.22
foundation projects

3 Regional science 8 (8.60%) 293 037
foundation projects

4 Special fund projects 2 (2.15%) 0.20 0.10

5 Major research plan 1(1.08%) 0.60 0.60
projects

6 Key projects 1 (1.08%) 1.75 1.75

Disciplines of funded project

In the field of lung transplantation, NSFC funding is
categorized into 3 main disciplines: H0113 respiratory
intervention, tracheal reconstruction, and lung
transplantation; H1105 organ transplantation and
transplantation immunization; and H0109 acute lung
injury and acute respiratory distress syndrome.
Among these, the category of HO0113 respiratory
intervention, tracheal reconstruction, and lung
transplantation received funding for 47 projects,
accounting for 50.54% of the total projects. The
average funding amount for H0109 acute lung injury
and acute respiratory distress syndrome was the
highest, reaching ¥0.45 million (Table 4).

Analysis of research hotspots and frontiers

Key word co-occurrence analysis. We used CiteSpace
to construct a key word co-occurrence network
graph. The comprehensive high-frequency and high-

Ranking Discipline of Funded Project Number Amount Average Amount
(¥, million) (¥, million)
1 HO113 respiratory intervention, tracheal 47 (50.54%) 17.24 037
reconstruction, and lung transplantation
2 H1105 organ transplantation and transplantation immunization 8 (8.60%) 3.07 0.38
3 HO0109 acute lung injury and acute respiratory distress syndrome 7 (7.53%) 312 045
4 HO1 respiratory system 5(5.38%) 1.98 0.40
5 HO0108 interstitial pulmonary disease 4 (4.30%) 1.20 0.30
6 Other 22 (23.66%) 7.99 0.36
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centrality key word distribution and the co-occurrence
relationship graph are shown in Table 5 and Figure 2.
The research hotspots of lung transplantation inclu-
ded ischemia-reperfusion injury, gene regulation,
obliterative bronchiolitis, rejection reaction, T cell,
and stem cell.

Table 5. Top 11 Key Words in the Frequency Ranking

Ranking Frequency  Centrality Year Keyword

1 57 0.40 1993 Lung transplantation

2 28 0.76 2003 Ischemia-reperfusion
injury

3 20 0.78 2007 Gene regulation

4 15 048 2007 Obliterative bronchiolitis

5 13 0.20 1993 Rejection reaction

6 11 0.12 2007 Tcell

7 8 0.32 2012 Stem cell

8 7 0.18 2003 Immune tolerance

9 6 0.08 2009 Donor lung preservation

10 6 0.08 2008 Lung injury

1 6 022 2013 Pulmonary fibrosis

Figure 2. Key Word Co-occurrence Map

e R TR0, Labe 18, LTS, oot
¥ oaaty-oner)

H”m.-‘l
@
.
L3

Figure 3. Key Word Clustering Timeline

Cinjury

" ; mgm cell

Exp Clin Transplant

Key word clustering analysis. Using CiteSpace, we
performed key word clustering for lung transplant
research projects based on a co-occurrence network.
Figure 3 shows the clustering results, with Q and S
values of 0.5597 and 0.8857, respectively, indicating
significant clustering and strong credibility. The 6
main research clusters identified were ischemia-
reperfusion injury, immune tolerance, obliterative
bronchiolitis, stem cell, pulmonary fibrosis, and
rejection reaction.

Research frontier analysis

We used the CiteSpace key word burst method to
conduct cutting-edge research analysis using a 2-year
time span. Figure 4 shows the top 12 key words
according to the intensity of the key word burst. By
combing the time distribution of these key words, we
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Figure 4. Top 12 Key Word Bursts

Top 12 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End
ischemia-reperfusion injury 2003 0.5 2004 2005
tcell 2007 138 2007 2010
obliterative bronchiolitis 2007 092 2007 2009
gene regulation 2007 0.55 2007 2008
donor lung preservation 2009 0.88 2009 2010
immune tolerance 2003 0.72 2010 2011
stem cell 2012 1.95 2012 2015
pulmonary fibrosis 2013 13 2016 2018
lung injury 2008 0.86 2016 2017
vein endothetial 2017 0.97 2017 2019
ex vivo lung perfusion 2013 1.81 2018 2022
lung transplantation 1993 3.77 2020 2022

1993 - 2022

identified the research frontiers of lung transplant
research in each period. Before 2004, there were almost
no key word bursts. From 2004 to 2010, the main key
word bursts were ischemia-reperfusion injury, T cell,
obliterative bronchiolitis, gene regulation, and donor
lung preservation. From 2010 to 2018, the main key
word bursts were immune tolerance, stem cell,
pulmonary fibrosis, and lung injury. The main key
word bursts in the past 5 years were “vein
endothelial” and “ex vivo lung perfusion.”

Discussion

Analysis of overall funding quantity and amount
This study revealed that NSFC funded 262 projects
related to lung transplantation, averaging 2.51
projects and ¥0.94 million annually from 1986 to
2022. Generally, lung transplant projects increased
from 2006 to 2016, promoting the rapid development
of lung transplant research. However, the overall
funding and growth rate have decreased since 2016,
with only 2 projects funded in 2022, which does not
align with the field’s development speed. This
indicates a discrepancy between the advancement of
scientific research and clinical technology in lung
transplant. Furthermore, lung transplant research
lags behind that of other solid-organ transplant
research, such as liver, kidney, and heart.

This study revealed that the major projects
funded were general and youth science foundation
projects. Only 1 key project and 1 major research plan
project were funded. Innovative research group
projects, National Science Fund for Distinguished

Young Scholars, and other high-level funding were
lacking. This indicates a scarcity of high-level research
achievements with international prominence in China
and a limited number of research experts and teams
at the forefront of the field. Therefore, enhancing the
scientific research level in the field of lung transplant
in China is essential for enhancing the development
of lung transplant medical technology, which will be
beneficial to patients who require lung transplant.

Analysis of the regional distribution of funded
projects

Over the span of 37 years, NSFC has funded lung
transplant projects in 20 provinces. However, the top
2 regions, Shanghai and Hubei, accounted for over
half of the funded projects, with Shanghai accounting
for over one-third, reflecting a significant regional
imbalance. Moreover, only 30 institutions nationwide
received funded projects, with Tongji University
alone securing 22.58% of the funded projects.
Additionally, the top 7 institutions are traditional
medical schools, including 3 in Shanghai and 2 in
Hubei. This indicates a significant disparity in
competitive strength among institutions in the field
of lung transplantation.

The distribution of project-funded institutions
showed a clustering trend, mainly located in the
eastern coastal and central developed provinces,
with fewer institutions in the western region. This
disparity is mainly attributed to the larger population
base, better scientific research foundation, and greater
economic strength of the eastern region compared
with the western region. However, this phenomenon
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hampers the application and advancement of lung
transplant medical technology, potentially leading to
patient outflow from the western region and
increasing the economic burden for such patients.
Simultaneously, it hinders the development of medical
institutions in the western regions. To address this
situation, urgent measures should be taken to
improve medical and scientific research in lung
transplant in western China. This can be achieved
through collaborative efforts between provinces,
remote consultations, and support from counterpart
institutions. Furthermore, because organ transplant
qualification requires approval from the National
Health Commission of the People’s Republic of
China, providing preferential treatment to the western
region is recommended when the basic requirements
for organ transplantation are met. This would
encourage the implementation of lung transplant and
other solid-organ transplant procedures in the western
region, enabling patients to receive treatment locally,
benefiting lung transplant patients, and reducing
economic burden to patients.

Analysis of research hotspots

We identified 6 main research clusters: ischemia-
reperfusion injury, immune tolerance, obliterative
bronchiolitis, stem cell, pulmonary fibrosis, and
rejection reaction.

Ischemia-reperfusion injury is an important cause
of respiratory failure after lung transplant.!® Effective
management of ischemia-reperfusion injury is key to
the success of lung transplant. Finding effective
measures to prevent and treat lung ischemia-
reperfusion injury is of great clinical significance to
increase the success rate of lung transplant and the
long-term survival rate after transplant. The NSFC-
funded research on ischemia-reperfusion injury
mainly focuses on inhibiting, alleviating, and
regulating this injury in cases of lung transplant.
Examples include “IRF-8 /IFN-y study on the effect of
selective autophagy and its mechanism in pulmonary
ischemia-reperfusion injury,” “Effect and mechanism
of maresinl on inhibiting ferroptosis and alleviating
early lung ischemia-reperfusion injury after lung
transplantation,” and “Effect and mechanism of
extracorporeal lung perfusion combined with drug
intervention on ischemia-reperfusion injury after lung
transplantation in rats.”

To avoid transplant rejection, recipients must
undergo lifelong administration of immunosup-
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pressive drugs. Although they are effective in
ensuring short-term survival, nonspecific reactions
and other adverse effects of immunosuppressives
have significant negative effects on the long-term
survival of the graft. Therefore, establishing and
maintaining donor antigen-specific immune tolerance
may be fundamental to solving organ transplant
rejection.!! The NSFC-funded research on immune
tolerance includes “Effect and mechanism of sirolimus
combined with sTNFRI IgGFc electrogenetically
modified dendritic cells on immune tolerance induced
by lung transplantation in mice” and “Experimental
study on induction of immune tolerance in lung
transplantation rats.”

Obliterative bronchiolitis is the main factor
affecting long-term survival after lung transplant.12
Its mechanism involves tissue fibrosis and immune
rejection. Presently, there is no effective treatment
plan. The NSFC-funded research on bronchiolitis
obliterans includes “Mechanism of blocking
Adam10/Notchl signaling pathway of myeloid
macrophages to slow down bronchiolitis obliterans
associated with lung transplantation,” “Role and
mechanism of autophagy associated epithelial-
mesenchymal transformation regulated by farnesyl
diphosphate synthase in bronchiolitis obliterans,”
and “Cellular and molecular regulation mechanism
and intervention of bronchiolitis obliterans after
IL-17 mediated lung transplantation.”

Enhancing the “quality” and “quantity” of bone
marrow mesenchymal stem cells is crucial for
effectively treating lung ischemia-reperfusion injury,
and recent advancements have shown promising
progress in this regard.!® The NSFC-funded research
on stem cells includes “Experimental study on the
treatment of lung ischemia reperfusion injury with
HGF modified mesenchymal stem cell transplan-
tation based on ischemic post-adaptation” and
“Study on the specific differentiation and regulation
mechanism of human adult lung stem cells in the
Chung-guyok of acellular lung scaffold.”

Pulmonary fibrosis is a respiratory disease that
forms scars in the lung tissue, causing serious
respiratory problems in patients. Currently, lung
transplant is the only effective treatment for
pulmonary fibrosis.!* Research on the etiology of
pulmonary fibrosis and antifibrosis drugs has been
challenging worldwide. The NSFC-funded research
on pulmonary fibrosis includes “Mechanism of
AQP5 regulating the imbalance of immunogenic and
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neurogenic CGRP to induce pulmonary fibrosis,”
“Effects of fine particles of air pollution on idiopathic
pulmonary fibrosis and its molecular mechanism,”
and “Collagen receptor DDR2 synergizes with
TGF-f: study on the molecular mechanism of the
pathway promoting pulmonary fibrosis.”
Transplant rejection reaction is an important
problem in organ transplant and remains a constant
focus in the context of lung transplant. The NSFC-
funded research on rejection reaction includes
“Effect and its mechanism research of glutamate
transaminase 1 (GOT1) - shRNA on acute rejection of
lung transplantation in rats,” “Role and mechanism
of CD8 memory T cell in immune rejection of lung
transplantation,” and “Tim-3/galectin-9 signaling
pathway mediates acute rejection after lung
transplantation and its mechanism.”

Analysis of research frontiers

This study revealed that the main key word bursts
from 2010 to 2018 were immune tolerance, stem cell,
pulmonary fibrosis, and lung injury. However, in the
past 5 years, the main key word bursts are now “vein
endothelial” and “ex vivo lung perfusion” This
indicates a change in the lung transplant research
focus in China. Previously, the emphasis was on
immune rejection and lung injury after lung
transplant, and efforts were made to suppress and
improve these aspects. Recent research has
increasingly focused on pre-lung transplant, such as
donor lung preservation, maintenance, and tissue
research, to address the root cause by eliminating
signals that induce inflammation and injury.

The study titled “Regulation and mechanism
of vein endothelial on inflammation and injury
during the preservation of donor lung in lung
transplantation” conducted research at the molecular,
cellular, whole animal model, and clinical sample
levels and aimed to clarify the regulatory role of vein
endothelial cells on inflammation and injury during
cold ischemia preservation of donor lungs, providing
a theoretical basis for the clinical development of
strategies for preserving donor lungs, increasing the
availability of donor lungs, and thus improving the
long-term survival of grafts and recipients after
lung transplant. The recent development of EVLP
technology has expanded the utilization rate of
donor lungs; however, its mechanism of alleviating
reperfusion injury after transplant remains unclear.
The study “Effect and mechanism of extracorporeal

lung perfusion (EVLP) combined with drug inter-
vention on ischemia-reperfusion injury after lung
transplantation in rats” reported that combining EVLP
with pharmacological interventions can improve
donor lung compliance, peak airway pressure,
pulmonary vascular resistance, and oxygenation
capacity.

In general, China still has some ground to cover
regarding lung transplant research. For example,
few studies exist in China on the application of
3-dimensional printing technology in lung and
xenogeneic lung transplant.’>1” For many years, the
world has used data registration queues to improve
the availability of donor lungs with the maintenance
of donor information, for the improvement of
surgical methods, and for optimization of organ
allocation strategies. There is increasing evidence for
the clinical application of EVLP in lung transplant
centers in Europe and the United States.8

With the growing aging population, the policies
of organ transplant in various countries have been
modified to remove previous restrictions on age, and
the prognosis of elderly lung transplant recipients is
now being investigated and analyzed.!” However,
the lung transplant centers in the United States have
been more active in promoting the development of
infant lung transplant technology and actively
exploring perioperative extracorporeal lung assistance
technology.?? At present, research is lacking in the field
of basic research and drug therapy related to lung
transplant in China, especially with regard to
microecology, organ function, and immune regulation,
which have received more attention in other countries
in recent years. Compared with studies in China,
foreign studies have found that lung transplant
recipients tend to have chronic graft failure and
pulmonary colonization flora after lung transplant.?!

The primary limitation and delimitation of our
study are that the scope was limited to only NSFC-
funded projects in the field of lung transplant research
in China. This was primarily because of limited
funding provided by other organizations for lung
transplant research in China.

Conclusions

We identified the NSFC-funded projects in the field
of lung transplant research from 1986 to 2022 and
described their distribution characteristics in terms
of number, funding amount, and project category.
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CiteSpace co-occurrence analysis, cluster analysis, and
other visual means were used to show research
hotspots and frontiers. Overall, NSFC-funded projects
have significantly contributed to the advancement of
clinical application and basic research in lung
transplantation. However, compared with other
developed countries and research for other solid-
organ transplants, there remain several noteworthy
issues and areas of improvement in lung transplant
research in China.
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Xenotransplantation of Microencapsulated Parathyroid
Cells as a Potential Treatment for
Autoimmune-Related Hypoparathyroidism
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Abstract

Objectives: Hypoparathyroidism occurs as a part of a
complex autoimmune syndrome or iatrogenically after
neck surgery. The disease presents many challenges,
such as hypocalcemia, hyperphosphatemia, and
low/undetectable parathormone levels. Allotrans-
plantation of parathyroid tissue or cells has been
reported as a promising option to overcome these
effects. Transplantation of microencapsulated parathy-
roid tissue or cells offers an immune escape, which
particularly restores the parathyroid function for
autoimmune-related hypoparathyroidism. So far,
clinical and in vivo studies have demonstrated limited
graft survival and instability for the available
biocompatible materials. In addition, the transplant
site, proper local isolation, and biocompatibility of
materials are directly related to survival rate.
Materials and Methods: A microencapsulated parathy-
roid xenotransplant model by using high guluronic
acid-containing ultrapure alginate transplanted into
rat omentum was tested in vivo for 1 year.
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Results: After stability of empty microcapsules was
ensured, parathyroid cells were microencapsulated
and transplanted in rats, with results compared versus
rats with naked (nonencapsulated) parathyroid cells
(both groups followed for 64 weeks). Rats remained
normocalcemic, and preinflammatory cytokine
levels showed dramatic changes. Despite a delay
posttransplant, parathormone levels increased
significantly. All retrieved microencapsules elicited
pericapsular fibrotic overgrowth; however, the fibrosis
area was shown to be well tolerated.

Conclusions: The possible role of accumulation/cell
infiltration of immune response remains to be
elucidated. In conjunction with this, the use of
nonencapsulated parathyroid cells was also positively
correlated with survival rates. A similar evaluation
using ultrapure alginate materials and omental
transplantation may enable the future determination
for the long-term effects of correction of parathor-
mone insufficiency in patients with severe
hypocalcemic responses and other endocrine diseases.

Key words: Hypocalcemia, Microencapsulation, Parathy-
roid allotransplantation, Parathormone insufficiency.

Introduction

The most common causes of hypoparathyroidism
occur as a complication during thyroidectomy, and
this form may become permanent. Another cause of
hypoparathyroidism can be a part of complex
autoimmune syndrome.? The disease itself can be
accompanied by hypocalcemia, hyperphosphatemia,
and low or undetectable parathormone (PTH)
levels.? People who are diagnosed with this condition
experience numbness, tingling, cramping around feet
and fingers, bone pain, and fatique, as well as have
severely reduced quality of life. Patients with this
condition must use calcium, active vitamin D analogs,
and antiphosphorus supplementation throughout
their life.*

DOI: 10.6002/ect.2020.0403
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Currently, parathyroid allotransplantation (PTX)
is the only curative treatment that increases the level
of PTH® and is an acceptable approach for patients
with hypoparathyroidism.*> Another therapy option
is recombinant drugs, but these are expensive and are
only suitable for a limited number of patients.®

Previously, several microencapsulated PTX
techniques have been described, but 2 major concerns
always remain: (1) the source material selection (eg, cell
or tissue’) and (2) determination of the optimal
biocompatible transplant material. Each approach
comes with positive and negative outcomes. As
already known, the main problem for transplantation
is immune rejection; however, microencapsulation has
been seen as a superior applicable method.510
Microencapsulation may be performed with many
different materials. Among natural biocompatible
materials, alginate is particularly preferred.!12 Herein,
we microencapsulated parathyroid cells (Ptc) by using
a-L-guluronic acid-rich ultrapure alginate and
performed xenotransplantation into rat omentum.
Our aims were to demonstrate the stability of

Figure 1. Methods and Synopsis of the Study

Weeks
By araaan

Beyza Goncu et al/Experimental and Clinical Transplantation (2023) 11: 901-912

Exp Clin Transplant

microencapsules and to evaluate the proinflam-
martory responses and graft survival.

Materials and Methods

The animal study was approved by the Local
Experimental Animals Ethics Committee (approval
number: 2015/204). Xenograft preparation was
performed after approval was received from the
Local Human Ethics Committee (approval number:
71306642-050.01.04-19444). All protocols were in
accordance with the ethical guidelines of the Helsinki
Declaration, and written informed consent was
obtained from the human donor. Methods and
synopsis of the study are illustrated in Figure 1.

Animal experiments
procedure

Experiments were carried out on 32 female Wistar
albino rats (12-15 weeks old) with an average weight
of 240 g. Rats were housed and fed ad libitum and
randomly divided into the following groups: empty

and parathyroidectomy
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microcapsules (n = 10), Ptc transplanted (n = 10),
microencapsulated Ptc transplanted (n = 10), and sham
(n = 2) (isotonic saline solution-injected group after
laparotomy). Blood sampling was made from the
jugular vein according to the methods of Parasuraman
and colleagues.!® Parathyroidectomy was performed
on the 32 rats under sterile conditions.

Encapsulation of empty microcapsules

Ultrapure alginate was purchased from NovaMatrix.
Low-viscosity (20-200 mPas), low-endotoxin (<100
EU/g), and high guluronic acid content (=60%)
sodium alginate (Pronova UP LVG, NovaMatrix,
Oslo, Norway) was prepared with ultrapure water
with a 2% ratio (wt/vol), which was sterilized by
ultraviolet exposure for 15 minutes as described
previously.* Gelled alginate (0.5 mL) was mixed with
isotonic saline solution at a 28% ratio. Capsulation was
developed by calcium being used at a 300 mosM CaCl,
solution and followed with a washing step for removal
of the remaining CaCl,. For the empty microcapsule
group, isotonic saline solution (1 mL) containing
empty microcapsules was transplanted into the
omentum of each animal (n = 10).

Preparation of xenograft and microencapsulation
One male patient (32 years old) who had parathyroid
hyperplasia due to chronic renal failure was enrolled
into the present study. Half of each of the resected
glands was delivered to the pathology laboratory for
an exact diagnosis. The remaining parts of the glands
were snap-frozen and stored at —80 °C; samples
underwent the rapid thaw method before use.
Parathyroid cell isolation and viability determination
were assessed as previously described.!> Before the
transplant process, Ptc were cultivated with McCoy’s
5A (modified) medium and placed in an incubator at
37 °C with 5% CO, in a humidified atmosphere. After
overnight cultivation, cells were suspended in
isotonic saline solution, and then viability was
assessed with a Muse Cell Analyzer (Merck
Millipore). For the group that underwent transplant
with Ptc only, isotonic saline solution containing
50 x 10 Ptc were transplanted into the omentum of
each animal (n = 10). Afterward, the remaining cell
pellets were resuspended in 2% ultrapure alginate
(preparation as described above).

Ultrapure alginate (0.5 mL, 2%) was mixed with a
final volume of 150 uL isotonic saline solution that
contained 50 x 10° Ptc in suspension prepared for each

animal in the microencapsulated Ptc transplant group
(n = 10). The alginate-cell suspension was placed into
a 30-gauge needle and dropped into 300 mosM CaCl,
solution. Spheroids were rapidly formed upon contact
with the CaCl, solution. The resulting microencapsules
were counted and collected into tubes containing 1 mL
of isotonic saline solution.

Transplantation into the omentum

All transplant procedures were performed under
sterile conditions for each experimental group
(microencapsulated Ptc transplant group, empty
microcapsule transplant group, and nonencapsulated
Ptc transplant group). For animals receiving
microencapsulated Ptc, approximately 28 to 33
microencapsulated Ptcs were transplanted into each
animal’s omentum. At week 12 and 52, rats in the
microencapsulated Ptc and empty microcapsule
transplant groups underwent omentectomy for
histopathological evaluation. Other organs were
controlled macroscopically, and removal was
performed only when adherence of microcapsules
occurred to other organs (except omentum). Only the
Ptc transplant group was evaluated macroscopically.

Sandwich enzyme-linked immunosorbent assay
The following protocol was adjusted and optimized
based on the work from Aydin.'® The following
solutions were used: coating buffer (0.01 M sodium
carbonate buffer, pH 9.6), blocking buffer (1%
[wt/vol] bovine serum albumin in 1x phosphate-
buffered saline [PBS] with 0.05% Tween 20), 1x PBS
(pH 7.4), washing buffer of PBS-T (PBS containing
0.05% [vol/vol] Tween 20), antibody dilution buffer
(PBS containing 1% [wt/vol] bovine serum albumin
and 0.05% [vol/vol) Tween 20), 2 M hydrogen
peroxide as a stop solution (at 1:1 vol), and substrate
solution. The substrate solution was prepared by
combining 2 mL of solution/microplate of 1 mg
3,3',5,5'-tetramethyl benzidine (TMB) in dimethyl
sulfoxide with 9 mL of 0.1 M citrate phosphate buffer
(pH 5.0) containing 1 uL of 30% hydrogen peroxide.
All chemicals were purchased from Merck except
TMB (from Sigma). All primary and secondary
antibodies were purchased from Abcam.

Anti-rat PTH polyclonal antibody was used as a
coating and a detection antibody. Colorimetric
detection was performed with anti-rat immunoglo-
bulin G antibody. Anti-human PTH monoclonal
antibody was used as a coating antibody. Anti-
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human PTH antibody of human PTH (hu-PTH) was
used as a detection antibody; for colorimetric
detection, anti-rabbit immunoglobulin G antibody
was used. Standard preparation was performed with
recombinant hu-PTH protein with a 1 to 500 pg/mL
dilution range.

For the PTH sandwich enzyme-linked immu-
nosorbent assay (ELISA), undetachable, high-bin-
ding 96-well microplates (Nest Biotechnology) were
coated with antibody, which was diluted in a coating
buffer (100 uL/well) and subsequently incubated at
4 °C overnight (up to 18 h). Wells were then aspirated
and washed 2 times with PBS-T (250 uL/well) and
blocked with blocking buffer (200 uL/well) for 1
hour at room temperature. After the blocking step,
wells were aspirated and 100 uL of serially diluted
standards and serum samples were added in duplicate.
Microplates were incubated at 4 °C overnight (up to 12
h) and then placed at room temperature for further
processing (around 10-20 min). Samples were aspi-
rated and washed 3 times with PBS-T (250 uL/well).
Detection antibody (100 uL) was added to each well
and incubated for 2 hours at room temperature,
which was then followed with aspiration and
washing steps. Afterward, horseradish peroxidase-
labeled colorimetric detection antibody (100 uL) was
added to the wells, and microplates were incubated
for another 1 hour at room temperature. As a final
step, microplates were washed 4 times, 100 uL of
TMB substrate solution were added to each well, and
the samples were allowed to react with the labeled
antibody at room temperature for 15 minutes in the
dark. The reaction was stopped by adding stop
solution, and the absorbance was measured at 450 nm
with a microplate reader (Bio-Rad).

Serum calcium, interleukin 17, tumor necrosis
factor o, and interleukin 6 enzyme-linked
immunosorbent assays

All serum calcium levels were measured with the
Chemistry Analyzer IDEXX VetTest (IDEXX
Laboratories). Interleukin 17a (IL-17a.), tumor necrosis
factor a (TNF-a), and interleukin 6 (IL-6) levels were
quantified using commercial ELISA kits according to
the manufacturer’s instructions (BioLegend).

Immunohistochemical testing

Collected tissues of omentectomy and partial
pancreatectomy, which contained the microcapsules
(for both the microencapsuled Ptc and the empty
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microcapsule transplant groups) and freely floating
microcapsules from rat peritoneal cavity, were
collected at week 12 and at weeks 50 to 52 (end of the
experiment) after the transplant procedure for each
group. Frozen tissue sections were then stained with
hematoxylin and eosin. In addition, 2 sections of each
animal were scored with the use of an image analysis
system (Nikon Instruments). Sections were graded by
using a grading scale: grade 0 indicated no fibrosis (no
fibroblast and/or collagen fibers), grade 1 indicated
low-level fibrosis (low number of fibroblast and/or
collagen fibers), grade 2 indicated moderate-level
fibrosis (moderate fibroblast and /or collagen fibers),
and grade 3 indicated severe fibrosis (high number of
fibroblast and/or collagen fibers). Each grading
represented the average value of 3 capsules per section.

Scanning electron microscopy

Before transplant, microencapsulated Ptcs were
visualized by field emission gun scanning electron
microscopy using a QUANTA 450 field emission gun
(FEI). Scanning electron microscopy was performed
at the Science and Technology Center at Bulent Ecevit
University.

Statistical analyses

All data collected during the study period (64 weeks
in total) were compared, with statistical comparisons
made with unpaired Mann-Whitney ¢ tests. For time-
interval groups, we used a 2-way analysis of variance
or comparable mixed-effects analysis followed by a
Tukey post hoc test (when there was a missing value)
or Sidak’s or Dunnett’s multiple-comparisons test. In
addition, ELISA data were calculated by using the
sigmoidal 4-parameter logistic model. All data were
visualized with the use of GraphPad Prism software
version 8.3. P < .05 was considered statistically
significant.

Results

All recipient animals (n = 32) were euthanized, with
data derived from the 4 groups: microencapsulated
Ptc transplant group, Ptc transplant group, empty
microcapsule transplant group, and sham group.

Sham group outcomes

The sham group only received injection of isotonic
saline solution after laparotomy and were followed
for 44 weeks. The sham group exhibited alterations
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in food intake and weight loss, which led to early use
of euthanasia before the other groups.

Empty microcapsule transplant group outcomes

At week 1 posttransplant, 1 animal in the empty
microcapsule transplant group did not recover after
surgery. After transplant, 4 animals in this group
were killed and omentectomy and partial pancre-
atectomy were performed for macroscopic and
immunohistochemistry evaluations at week 12
posttransplant (Figure 2A). One animal died at week
28 posttransplant; immediate autopsy showed
peritoneal adhesion. Four empty microcapsules had
adhered to the liver, and immunohistochemistry was
performed (Figure 3). Liver sections showed that
neutrophil and leukocyte-rich inflammation was
present in the portal area and around the hepatic
veins. At week 52, the remaining animals (n = 4) were
killed (Figure 2B). Furthermore, omental spheres
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were enveloped by fibrotic cells with an increasing
rate. Despite these multicellular fibrotic layers, freely
floating empty microcapsules showed less surround-
ing cell envelopment even at 1 year after transplant
(Figure 2D). Immunohistochemistry evaluation and
grading of omental and partial pancreas specimens
were performed for both tissues containing omental
spheres and the freely floating spheres at week 12 and
52, respectively. When time intervals were compared
between groups, fibrosis rate only increased
significantly from week 12 to 52 in the freely floating
group (P = .0286) but not in the group with omental
adhered spheres (P = .3714) (Figure 2E).

Microencapsulated parathyroid cell transplant group
Before surgery, Ptc were isolated and cultured.
Results for cell viability and PTH release level were
94.3% and 1270 pg/mL, respectively. Analyses of
scanning electron microscopy images showed that the

Figure 2. Representative Surgical Images of Empty Microcapsule Transplant Group, Cytokine Levels in Serum Samples, and Stained Sections
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(A and B) Comparision of 2% ultrapure alginate adhesion for omental organs between week 12 and 52. Insets show explanted capsule (red dashed arrows).
(C) Cytokine levels for the empty microcapsule transplant group throughout 52 weeks. IL-17a levels significantly increased at weeks 4 to 8. TNF-a levels
increased significantly posttransplant. During the posttransplant period, IL-170 levels dramatically decreased at weeks 12 to 52 compared with that shown
at posttransplant week 4 (black straight lines). A similar decline in TNF-a levels at weeks 12, 24, and 52 occurred (black dashed lines). Data are shown as
means + SD. *P < .05, **P < .005, ***P < .0001. (D) Hematoxylin and eosin-stained sphere histology. (E) Histopathological fibrosis grading of the collected
microcapsules from the peritoneal cavity and omental sections. Fibrosis significantly increased posttransplant for freely floating microcapsules (P = .0286).
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Figure 3. Adhered Empty Microcapsule Immunohistochemistry Results

(A and B) One animal underwent macroscopical evaluation. During the autopsy, intraperitoneal adhesion
was observed (red arrows). (C) Hematoxylin and eosin-stained sections of the liver showed adhered empty
microcapsules (black dashed lines) from the empty microcapsule transplant group at week 28 posttransplant.
Immunohistochemistry-stained sections of liver sections showed neutrophil and leukocyte-rich inflammation

in the portal area and around the hepatic veins.

microencapsulated Ptc sphere diameter ranged from
1.28 to 1.59 mm (Figure 4). After transplant, half of the
animals were killed and evaluated macroscopically
at week 12 posttransplant. We did not detect any
unexpected adherence inside the peritoneal cavity, and
the morphology of recovered microencapsulated Ptc
spheres remained stable. At week 52 (endpoint of the
study), the remaining animals were killed. During
extraction from the omentum, two-thirds of the
transplanted microcapsules were freely floating
inside the peritoneal cavity. In the microencapsulated
Ptc transplant group, fibrotic cellular overgrowth on
the capsule surface of the freely floating and omental
spheres was demonstrated, which was surrounded
with a varied range of fibrotic cells (data presented for
week 52). Retrieved spheres were graded by
immunohistochemistry fibrosis grading, with fibrosis
rate not found to be significant (Figure 5). As shown in
the histological data in Figure 5, the Ptc stained
faintly, and freely floating spheres contained less
Ptc.

Parathyroid cell transplant group
One animal failed to recover at week 1 posttransplant.
At 12 and 52 weeks after xenotransplant, animals were

Figure 4. Scanning Electron Microscopy Images Illustrating Microencap-
sulated Parathyroid Cells With Ultrapure Alginate Before Transplantation

i

(A) Magnification x50, 5.00 kV, 2 mm of working distance. Lines
demonstrate the perimeter of each microencapsule section circumscribed
area. (B) Magnification x130, 5.00 kV, 500 um of working distance. (C)
Magnification x1000, 13 kV, 100 um of working distance. (D) Magnification
%4000, 13 kV, 20 um of working distance.
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Figure 5. Histopathological Analysis of Spheres and Stained Sections of Microencapsulated Parathyroid Cell Transplant Group After Transplant
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Graph shows histopathological fibrosis analysis. Changes in fibrosis were not statistically significant (P >.05). Data are shown as means + SD. Freely floating
sphere and omental sphere magnifications are shown as x10 and x4 and x4 and x10, respectively.

killed and macroscopically evaluated. There were no
peritoneal adhesions inside the cavity.

Rat parathormone levels

Rat PTH levels were determined with the use of
sandwich ELISA. The results for sham and empty
microcapsule transplant group performed as first
group, and the microencapsulated Ptc transplant and
Ptc-only transplant groups were evaluated as second
group. Assay sensitivity and threshold levels were
accepted based on nontransplant (sham) group data
of each preoperative, postsurgery, and posttransplant
time interval separately. Rat PTH levels were 19.84
and 20.65 pg/mL at preoperative week 1 and week 3,
respectively. After surgery, levels dramatically
decreased for all groups as expected. During
posttransplant, these levels remained below
6.29 pg/mL, which is lower than the average
threshold level (7.4 pg/mL) (Figure 6A).

Human parathormone levels
Human PTH levels were evaluated for the sham and
empty microcapsule transplant group, for the Ptc-only
transplant group, and for the microencapsulated Ptc
transplant group. Assay sensitivity and threshold
levels were accepted based on the empty microcapsule
transplant group data of each preoperative, postsur-
gery, and posttransplant time interval separately.
The preoperative hu-PTH levels were below
2.1 pg/mL for each group; during postsurgery, the

hu-PTH levels remained below 3.46 pg/mL. During
the posttransplant period, the microencapsulated Ptc
transplant group showed functionality after week 3.
Subsequently, the hu-PTH level started to decrease
at week 18, with the same reduction continuing
through to the endpoint of the experiment (week 52);
thereafter, hu-PTH levels remained above the
accepted threshold level.

Only the Ptc-only transplant group showed a
significant increase starting from week 1 post-
transplant; this level remained higher than in the
other groups even at week 52 (Figure 6B).

Calcium levels

Before surgery, all animals were normocalcemic, with
average calcium level of 9.1 to 10.7 mg/dL; levels
were elevated with an average of 0.5 to 0.7 mg/dL
throughout all experimental processes (Figure 6C).
With regard to physiological function of calcium
levels, rats in the Ptc transplant and microencap-
sulated Ptc transplant groups lost weight; this was
not found to be significant because results were not
within the exclusion criteria and there were no
changes in the food intake.

Cytokine levels

For cytokine evaluation, IL-170 and TNF-a levels
were measured in the empty microcapsule transplant
group throughout 56 weeks. We found IL-17a. levels
to be significantly increased at weeks 4 to 6 and at
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Figure 6. Serum Parathormone and Calcium Levels Over Time
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weeks 6 to 8 compared with the preoperative and
postsurgery levels, respectively. After transplant,
IL-170 levels were dramatically decreased at week 12
through 52 compared with posttransplant week 4.
Moreover, TNF-a levels were increased significantly
posttransplant compared with postsurgery levels. A
similar decline at 12, 24, and 52 weeks occurred
compared with posttransplant week 6. Cytokine
levels are shown in Figure 2C.

For the Ptc-only and microencapsulated Ptc
transplant groups, IL-17a, TNF-a, and IL-6 levels
were measured in each animal throughout the
64-week study period and compared with levels in
the nontransplant group (sham).

In the sham group posttransplant, IL-6 levels
were significantly increased compared with our
examination of TNF-a levels, particularly at week 18
(P = .0054). After this time point, the animals had
reduced food and water intake and displayed some

pain-like movements. At week 36, the animals
started to lose weight; at week 44, the animals were
euthanized (Figure 7A).

In the microencapsulated Ptc transplant group,
during the posttransplant period fromweek 1 to
week 6, IL-170 levels were relatively high. At week 6
posttransplant, TNF-a levels reached a maximum
level, showing a significant difference (P = .0131).
Afterward, TNF-a levels gradually decreased and
remained below the average range. In addition, IL-6
levels reached their highest level at week 4, although
IL-6 levels were relatively stable throughout the
58-week period (Figure 7B).

In the Ptc-only transplant group, no significant
differences were detected for TNF-a, IL-170, and
IL-6 throughout the 58-week period. Interestingly, at
posttransplant week 8, IL-17a changes were
statistically significant compared with IL-6 changes
(P =.033) (Figure 7C).
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We also analyzed cytokines separately at week 18
posttransplant, with IL-6 levels being statistically
significant between the microencapsulated Ptc and
Ptc-only transplant groups (P = .0016) (Figure 7D).

Discussion

Treatment strategies for autoimmune disorders have
so far made slow progress. Ongoing and future
studies into investigations of promising treatment
options are needed as there are yet no specified
therapies.!”

Hypoparathyroidism is mostly iatrogenic and is
rarely congenital (and may also be caused by an
autoimmune processes.'>%18 The management of
hypoparathyroidism relies upon symptomatic
treatment.* Parathyroid allotransplantation may be an
alternative therapeutical.*® In a study of the largest
number of reported cases, which included 316 allo-
and redo-PTX that were performed between 1996 and
2017, varying degrees of success were reported.’
The necessity of immunoisolation requires more
definitive choices, such as allotransplantation by
biocompatible materials to avoid immune response.

Figure 7. Cytokine Levels Over Time
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Graft rejection represents a major drawback in
transplantation. To overcome rejection, studies
have described different methods and a variety
of in vitro and in vivo experiments for PTX.%1419-26
Xenotransplantation triggers an inflammatory
pathway, and this leads to a limitation of graft
survival.?” The immunological barriers of allotrans-
plantation and xenotransplantation differ with
regard to the transplanted grafts from either cells or
organs. However, grafts consisting of cells are
exposed more directly to the recipient’s immune
system.?”28 Currently, immunoisolation with the use
of polymeric materials is one of the contributions to
the field of transplantation.??

Another challenge for PTX is determining the
most favorable transplant site. With xenografting of
parathyroid tissue/cells, several in vivo routes
have been used, including intramuscular,!%2030
subcutaneous,® and intraperitoneal3?3 injection.
Notably, in a previous study from Nawrot and
colleaugues, the peritoneal cavity served as a natural
incubator for parathyroid xenotransplantation.
Another study reported more effective results when
transplanted intraperitoneally.3 In addition, in vivo
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(A) Cytokine levels in sham group (n = 2) over 53 weeks in total. IL-6 levels were significantly increased compared with TNF-a at week 18 (P = .0054)
posttransplant. (B) Cytokine levels of microencapsulated Ptc transplant group. TNF-a levels were significantly increased at week 3 postsurgery (P = .0185)
compared with IL-17a; the same increment occurred at week 6 compared with both IL-17a and the preoperative values (P = .0189, P = .0131, respectively).
TNF-a levels were significantly higher than IL-6 levels during weeks 1, 3, 4, and 6 posttransplant (P =.0122 for week 1, P = .0442 for week 3, P = .0101 for week
4, and P < .001 for week 6). (C) Cytokine levels of Ptc transplant group. IL-17a levels were significantly higher than IL-6 levels at week 8 (P = .0330)
posttransplant. (D) IL-6 levels were statistically significant at week 18 (P =.0016). *P < .05; **P < .005.
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studies have reported longer survival rates for
islets.3637 Therefore, in this study, we prefered use of
the omentum to particularly aim for long-term graft
function.

Encapsulated PTX has been described in only 7
case reports for 12 recipients.”821:2338-40 Hasse and
colleagues performed the first microencapsulated
PTX for 2 recipients and reported 3-month graft
survival.?! Zimmerman and colleagues performed
PTX for 1 recipient. After 3 months, the implantation
site of the recipient showed no trace of parathyroid
tissue particles or microcapsules.® In a later study, in
which Khryshchanovich and colleagues transplanted
macroencapsulated parathyroid tissue particles
and reported 3-month follow-up data, the group
demonstrated a nonspecific inflammatory response
to the microcapsules.®’ The last case report on
microencapsulated Ptc transplantation was performed
by Yucesan and colleagues.?®

To the best of our knowledge, this is the first and
the longest follow-up in vivo study on encapsulated
parathyroid cells. Several in vivo approaches
have revealed that use of Ptc rather than tissue is
useful®? and feasible.”1920223341 Encapsulation of
the parathyroid gland by using semipermeable and
biocompatible materials may promote longer survival
rates. Hasse and colleagues evaluated different
alginate materials and reviewed the results in less than
30 weeks.?19-2241 Other studies have used different
encapsulation materials, such as sodium alginate,?
amitogenic barium alginate,*#? barium-alginate-poly-
acrylicacid,®? alginate-poly-lysine-alginate,® alginate-
poly-lysine-alginate-co-MPEG, and polyvinylidine
difluoride.® In addition, 1 study demonstrated that
mannuronic acid residues stimulated cytokines 10
times higher than guluronic acid.*® In contrast,
another study reported that calcium cross-linked
alginate promoted IL-1B secretion in vivo within
the first 12 hours after subcutaneous injection.*
Nontheless, there has been limited mention of the
other features of alginate, such as the cross-linking
degree, rigidity, or permeability of the alginate
capsules in vivo.'? Therefore, we prepared microen-
capsules with the ultrapure version for higher
biocompatibility and to provide egg-box structure
for successful pore integrity and vascularization
process into the omentum. It is important to
emphasize that the lack of studies is a true
obstacle for progress in this field. With this
insight, we should be able to demonstrate the
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methodological details to overcome the current lab-
to-lab variations.

Two main goals were planned for this study. The
first goal was to investigate the empty ultrapure
alginate sphere stability and the adherence capability
into the omental tissue and to follow the inflammatory
status. We first optimized the in vitro Ptc isolation
process and continued to determine the percentage of
ultrapure alginate and the cell mass per 27 to 30
microspheres in vitro.* Later, we sought to investigate
the adherence capability of omental tissue. During the
sphere retrieval process, >65% of the spheres had
adhered to the omentum, and the remaining capsules
were freely floating inside the peritoneal cavity. The
fibrosis grade was found to be significantly higher in
the freely floating microspheres. The inflammatory
response (TNF-a and IL-17a) also increased
significantly for up to 6 weeks. We also compared
xenotransplant graft longevity by determining PTH
and preinflammatory cytokine (TNF-a, IL-170, and
IL-6) levels. The pulsatile secretion of PTH has shown
intraindividual variability.*> The basal PTH level from
different patients with secondary hyperparathy-
roidism has its own secretory dynamics.*> Therefore,
we used 1 parathyroid hyperplasia donor for all
processes and this was the main limitation in our
study of 10 animals per group.

Transplant-associated stress targets inflammatory
responses,* and previous studies have demonstrated
that synergism of certain cytokines, such as TNF-a
and IL-6, may inhibit allograft acceptance?” or IL-6
promotes IL-17a-dependent rejection.*® Therefore,
cytokines were examined to anticipate the possible
role of cytokine-mediated elimination/rejection.
Both TNF-o and IL-170 levels for all groups
were mostly positively correlated. The presence of
IL-6 levels were significantly higher at week 18
posttransplant and at same time hu-PTH levels started
to decrease but remained above the preoperative
levels. We assumed that the inflammatory response
did not hinder transport of nutrients or oxygenation
even with the development of subsequent per
capsular fibrosis. Of note, fibrosis was significantly
altered if the spheres did not adhere to the omentum.
The nature of the omental tissue could promote this
outcome, and this remains to be elucidated.

Our findings concur with the main idea that
encapsulation of xenografts provides immunoisola-
tion. The observed delay in hu-PTH release of
microencapsulated Ptc was possibly caused by the
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physical barrier formed by microencapsules.
Prolonged cytokine release possibly accumulated
during the fibrotic cellular growth response to
microencapsules. We considered that a main feature
of ultrapure alginate is allowing free access to exit for
only relatively small proteins, in this case hu-PTH
(approximately 12 kDa). Based on the decrease in
PTH levels, graft rejection occured after almost 1
year. It is possible that secreted cytokines from
monocytes and/or T cells may result in the induction
of breaking points, as demonstrated at week 18 for
IL-6 and PTH levels.

Conclusions

Our study on the potential clinical use of
microencapsulated Ptc transplantation to the omental
tissue demonstrated that it is suitable for long-term
graft survival. This method may similarly be used for
a broad range of applications, such as cell-based
protein therapies or other cellular transplant
procedures. Importantly, clinical studies are required
for the therapeutic benefits for hypoparathyroidism in
the future.
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CASE REPORT

Monkeypox in a Kidney Transplant Recipient:
Case Report and Literature Review

Fakhriya Alalawi,! Fatima Alhadari,? Hani Tobia,! Amna Alhadari®

Abstract

Monkeypox (mpox) infection is usually a self-limiting
disease; however, kidney transplant recipients may be
at a higher risk of serious complications, due to their
immunosuppressed status. Nevertheless, the reported
mpox cases in transplant recipients are very few, thus
data on the clinical course and prognosis details of
mpox in transplant recipients are scarce. Indeed, only
2 cases of mpox in kidney transplant recipients have
been reported: one patient achieved good clinical
recovery, and the other patient experienced a
disseminated form of the disease with urinary and
gastrointestinal complications. Yet, both patients
recovered fully with no allograft involvement. Here, we
report a case and images of a 46-year-old male patient,
with a history of posttraumatic splenectomy in 1999 and
a living related kidney transplant in 2010, who
presented to us with fever, sore throat, and skin rash.
After thorough examination, a throat swab sent for
mpox DNA polymerase chain reaction was positive;
similarly, a cutaneous swab taken from a skin lesion was
positive for mpox by DNA polymerase chain reaction,
although he had no history of recent travel or contact
with mpox cases. Our patient received supportive care
and made a good clinical recovery with no disease
sequelae. In this report, we describe the patient’s clinical
course and outcome, as well as photographic
illustrations of skin lesion progression. With the present
outbreak of mpox cases, clinicians should consider mpox
in differential diagnoses of skin rash in immunosup-
pressed patients. Early identification of the infection,
through viral detection by DNA polymerase chain
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reaction from samples taken from the skin rash, is
necessary to facilitate a prompt diagnosis.

Key words: Kidney transplantation, Mpox virus, Skin rash
Introduction

Monkeypox (mpox) is a zoonosis caused by the
monkeypox virus, an orthopox virus similar to
smallpox, and causes a disease similar to smallpox but
less severe.! Although smallpox was eradicated in
1980, mpox continues to occur in people living in
tropical rainforests of central and west Africa.! After
decades of quiescence, mpox has re-emerged as an
outbreak that began in May 2022.2 The World Health
Organization (WHO) declared the mpox outbreak to
be an international health emergency on July 23, 2022,
after over 16000 cases were reported from 75 countries,
including 5 deaths> Moreover, the WHO has
recommended a new preferred term “mpox” as a
synonym for this disease.!

Transplant recipients may acquire mpox infection
through direct contact with skin-to-skin cutaneous
lesions, sexual transmission, or respiratory droplets by
exposure to infected individuals.*> In the literature,
only a few cases of mpox infection in immuno-
compromised patients have been reported to date.

Case Report

Informed consent was obtained from the patient for
his images and other clinical information to be
reported in the journal.

Here, we report the case of a 46-year-old male
patient from the United Arab Emirates who had a
history of posttraumatic splenectomy in 1999. He
underwent a living related kidney transplant in
2010, in Germany, and the donor was his brother.
His native kidney disease was focal segmental
glomerulosclerosis. After transplant, he had been

DOI: 10.6002/ect.2023.0222
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maintained on tacrolimus and mycophenolate.
Steroids were withdrawn rapidly after the transplant.
Additionally, he developed posttransplant diabetes
mellitus and was maintained on the combination
of glucagon-like peptide 1 plus pioglitazone
and sodium-glucose cotransporter-2 inhibitors
(empagliflozin and metformin). He had excellent
allograft function with a creatinine level of 0.7 to
0.8 mg/dL and an estimated glomerular filtration rate
(Chronic Kidney Disease Epidemiology Collaboration
method) of 110.5 mL/min/1.73 m?, with a minimum
proteinuria protein-to-creatinine ratio of 299 mg / g.

He was admitted in May 2023 with a history of
fever, severe sore throat, and diarrhea of 4 days
duration. He reported no history of recent travel;
however, he had contact with his son, who had
severe diarrheal illness but with no skin rashes.

Upon presentation, he was ill in appearance,
febrile with a temperature of 38 °C, blood pressure
119/74, pulse 114 beats/min, respiration 18
breaths/min, height 170 cm, weight 87.8 kg, and
saturation of blood oxygen 99%.

Physical examination, apart from pharyngeal
swelling, was unremarkable. Furthermore, an
incidental finding of maculopapular skin rash was
noted across the scalp, shoulders, and arms. According
to the patient, the rash appeared 2 weeks earlier, and he
had remained otherwise asymptomatic. The rash
appeared first on the scrotum and then spread to the
entire body. The rash was well defined, multiple, and
erythematous; some areas appeared with skin-tone
papules and nodules with central umbilication; and
some areas appeared with crusted lesions on an
erythematous base. The rash was scattered across the
body but was absent from the palms of the hands and
soles of the feet. On genitalia, the papules showed
coalescence and formed a plaque over the scrotum. No
lesions were noted on the oral mucosa.

The laboratory findings are shown in Table 1, and
the rash (at the neck) is shown in Figure 1. Chest
radiography revealed accentuated vascular markings
in both lung fields, with no definite air space opacities.

The patient was examined and assessed by the
dermatologist, who proposed a differential diagnosis
of varicella zoster virus, mpox, or herpetic lesions.
The patient was started empirically on antibiotics for
the high inflammatory markers and fever. Further
investigations showed negative test results for
cytomegalovirus immunoglobin M and no reactivity
for rapid plasma reagin. The results for all of the
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following tests were negative: HIV1 and HIV2
antigen/antibody; herpes simplex virus 1 DNA
polymerase chain reaction (PCR); blood herpes
simplex virus 2 DNA PCR; blood varicella zoster virus
DNA PCR; Cryptococcus neoformans antigen;
Cryptococcus quantification antibodies; and blood
Epstein-Barr virus DNA PCR. The gastrointestinal
panel was positive for Sapovirus. A throat swab sent
for mpox DNA polymerase chain reaction was
positive; similarly, a cutaneous swab taken from a skin
lesion (cutaneous) was positive for mpox by DNA
polymerase chain reaction. On further inquiry, he had
no history of recent travel or contact with mpox cases.

Table 1. Laboratory Findings Upon Presentation

Result Value Reference
Range
FBC (CBC+DIFF)
WBC, x103 cells/pL 223 (H) 36-11.0
RBC, x10¢ cells/uL 5.68 (H) 4.50-5.50
Blood hemoglobin, g/dL 15.0 13.0-17.0
Hematocrit, % 463 40.0-50.0
MCV, fL 815 77.0-95.0
MCH, pg 264 (L) 27.0-32.0
MCHC, g/dL 323 31.5-345
RDW, % 152 (H) 11.5-14.0
Platelets, X103 cells/uL 465 (H) 150-410
MPV, fL 8.6 74-104
Neutrophil (absolute), x103 cells/pL 14.80 (H) 2.00-7.00
Lymphocytes (absolute), x103 cells/pL 340 (H) 1.00-3.00
Monocytes (absolute), x103 cells/pL 230 (H) 0.20-1.00
Eosinophils (absolute), x 103 cells/ul 1.70 (H) 0.00-0.50
Basophils (absolute), X103 cells/uL 0.10
Neutrophils, % 66.4
Lymphocytes, % 15.1
Creatinine, mg/dL 0.83 0.70-1.20
eGFR, mL/min/1.73 m? 109.3 >60
Venous CRP, mg/L 119.5 (H) <50
Urea electrolytes
Sodium, mmol/L 135 (L) 136-145
Potassium, mmol/L 4.0 3348
Chloride, mmol/L 96 (L) 98-108
Bicarbonate, mmol/L 194 (L) 20-28
Urea, mg/dL 23 12-40
Anion gap, mmol/L 20 (H) 6-14
PCT, ng/mL 0.14 (H) <0.05
Random glucose, mg/dL 92 65-140
Lactic acid, mmol/L 16 0.5-2.2
Liver function test
Total bilirubin, mg/dL 03 0-1.0
ALP, U/L 97 40-129
ALT, U/L 16 0-41
Total protein, g/dL 84 6.6-8.7
Albumin, g/dL 34 34-48
Globulin, g/dL 5.0 (H) 2834

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase;
CBC+DIFF, complete blood count with differential; CRP, C-reactive protein;
eGFR, estimated glomerular filtration rate (Chronic Kidney Disease
Epidemiology Collaboration method); FBC, full blood count; with a
differential count; H, higher than reference range; L, lower than reference
range; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration (ratio of MCH to MCV); MCV, mean corpuscular
volume; MPV, mean platelet volume; PCT, procalcitonin; RBC, red blood
cells; RDW, red cell distribution width; WBC, white blood cells
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Figure 1. Umbilicated Papular Rash at the Neck, Upon Presentation

T I

The infectious disease unit was consulted, but there
was no active treatment for mpox, so he was continued
on antibiotics. We ceased his mycophenolate while he
was an inpatient but continued his treatment with
tacrolimus. The patient made a remarkable recovery;
his inflammatory markers trended down, and he had
normal allograft functions throughout. He was
discharged from the hospital and transitioned to
home isolation. Figure 2 and Figure 3 show the
course progression of the rash, which faded over the
subsequent 3 weeks:

Figure 2. Mpox Rash After 8 Days of Presentation

Figure 3. Healed Rash Over the Scalp and Left Arm at Follow-Up Visit, 35
days After Presentation
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Discussion

Infection with mpox is usually self-limiting;
however, it can be serious in immunocompromised
individuals. The incubation period is estimated to be
2 to 20 days, with most cases appearing at 9.1
days.>®7 The disease classically lasts for 2 to 4
weeks.® The clinical syndrome is characterized by
fever with other prodromal symptoms, such as
malaise, myalgias, and headache, together with
lymphadenopathy and rash. Fever can occur before
or after the appearance of the rash. Respiratory
symptoms such as sore throat (as in our patient),
nasal congestion, pharyngitis, or cough can occur.
Skin rashes are characteristically described as firm
or rubbery, well-circumscribed, and deep-seated,
which often develop umbilication (resembling a dot on
the top of the lesion). Skin rashes can be located on the
face, hands, feet, chest, mouth, and genital and
anorectal areas. The rash develops simultaneously on
various sites and can be confined to only a few lesions
or a single lesion or can be disseminated across many
sites on the body (as in our patient).® The lesions
progress through 4 stages (macular, papular, vesicular,
and pustular) and then forms scabs that resolve during
a course of 2 to 3weeks.>!! Lesions confined only to the
genital area can be confused with other sexually
transmitted infections."! Whenever possible, samples
should be taken directly from the skin rash, crusts,
fluid, or biopsy if necessary. Viral DNA PCR is the
preferred method for detection of the mpox virus.!12
The immunosuppressed status of kidney transp-
lant recipients could represent a higher risk to
develop subsequent complications after infection.
Complications of mpox can include encephalitis,
sight-threatening keratitis, pneumonitis, secondary
bacterial infections, and death; these potential
complications are based on reported observations
of severe complications in immunocompromised
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HIV-infected patients.*>® Yet the reported transplant
cases are very few, thus data of the clinical course and
prognosis of mpox in transplant recipients are scarce.
Indeed, only 2 cases of mpox in kidney transplant
recipients have been reported in the literature: one
patient achieved a good recovery,!® and the other
case was a disseminated form of the disease with
urinary and gastrointestinal complications, in the
form of urine retention, proctitis, and secondary
bowel obstruction. Yet both patients recovered fully
with no allograft involvement.

Treatment of mpox in renal transplant recipients
is mainly supportive to relieve symptoms, manage
complications, and prevent long-term sequelae.?*
There is presently no standardized approach to
manage immunocompromised patients with mpox
in terms of reducing immunosuppression reduction,
and no specific protocol has been established. We
reduced the immunosuppressants in our patient by
temporary cessation of mycophenolate therapy,
based on previous observational research of COVID-
19 infection management. Even before the skin rash
was fully resolved in our patient, mycophenolate was
restarted by the time the patient was discharged.
Antiviral medications can be used to reduce illness
duration and symptom severity; nevertheless, there is
no antiviral therapy approved by the United States
Food and Drug Administration for the mpox tirus.® A
few investigational antiviral medications drugs are
available, under the guidance of infectious disease
specialists, such as Tecovirimat, an antiviral drug that
was developed for smallpox.#® There is, however,
limited availability of tecovirimat. Additionally, reduc-
tion of tacrolimus and sirolimus levels are suggested,
because these are weak inducers of cytochrome P450
3A and 2B6 and contraindicated in patients with
glomerular filtration rate of <30 mL/min.® There have
also been reports of mpox cases treated with cidofovir
and brincidofovir.> However, the effectiveness of these
medications is not well established in renal transplant
patients, and further research is necessary.!’> No
antiviral therapy was started here since infectious
disease specialists recommended none. The vaccinia
immunoglobulin intravenous (human) is available
under expanded access protocol from the Center for
Disease Control for treatment of mpox cases.
Nonetheless, this treatment has not been studied in
kidney transplant recipients.#%15

Given the limited evidence for the therapeutic
efficacy of these investigational medications,
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transplant infectious disease specialists together with
the primary transplant provider, should be involved
in the patient’s treatment decisions.

Conclusions

With the present outbreak of mpox cases, clinicians
should consider mpox in the differential diagnoses
of skin rash in immunosuppressed patients. Early
identification of the infection, through viral DNA
PCR detection in the skin rash, is necessary to
facilitate a prompt diagnosis.
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CASE REPORT

Short Tandem Repeat Analysis in a Living Related
Donor Adult Renal Transplant Recipient with Rare
Natural Chimerism
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Wengin Xie,* Xinhua Chen,'? Shusen Zheng'?

Abstract

After renal transplant, immunosuppression therapy is
used to reduce the risk of rejection. Here, we describe
the case of an adult living related donor renal
transplant recipient with rare natural chimerism, as
discovered by short tandem repeat sequence analysis.
In our process of matching transplant patients, we
perform human leukocyte antigen testing and short
tandem repeat chimerism testing to decide posto-
perative immunosuppression strategy for transplant
patients. We analyzed the short tandem repeat
chimerism status before renal transplant and
determined that this patient represented a rare case
of natural chimerism. Assessment of organ recipient
chimerism can inform physicians regarding a
dosage reduction of immunosuppressive agents.
Short tandem repeat sequence analysis provides
substantial information regarding existing polymor-
phisms and can identify chimerism, if present, and
thereby guide immunosuppression strategies after
renal transplant, which may improve the long-term
immunosup-pression-free survival of renal transplant
recipients.

Key words: Chimera status, Kidney transplantation
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Introduction

In kidney transplant studies, research has focused
on microchimerism in order to induce the post-
transplant immune tolerance.! Microchimerism
assessment can be used as a diagnostic method for
various diseases.>* We suggest that microchimerism
assessment can be used as a reference biomarker to
monitor the status of the organ recipient’s immune
tolerance after kidney transplant. Here, we report our
application of this method for a renal transplant
patient. We performed blood type and human
leukocyte antigen (HLA) tests before transplant. In this
process, the dispersed chimerism was inadver-tently
discovered by short tandem repeat (STR) sequence
analysis, which is generally used in genetic disease
detection and forensic medicine. Here, we report the
STR sequence analysis in a living related donor adult
renal transplant recipient with rare natural chimerism.

Materials and Methods

This study was performed in accordance with the
Declaration of Helsinki and Good Clinical Practice
guidelines. The patient provided written informed
consent.

General history

A 23-year old male patient had been previously
treated for uremia and had received hemodialysis for
3 months. He was admitted to our hospital in
November 2021 with complaint of itching and fatigue.
At that time, creatinine was 1700 umol/L, and renal
biopsy indicated immunoglobin A nephro-pathy
(grade V, Oxford classification: M1E0S1T2C2). The
patient was diagnosed with uremia and underwent
hemodialysis 3 times per week. To determine eligibility
for renal transplant, the patient underwent

DOI: 10.6002/ect.2023.0104
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chromosomal and HLA high-resolution typing tests.
The patient and his parents collected the whole blood
and throat swab samples.

Human leukocyte antigen typing

Whole blood and throat swab samples from the
patient were sent for assessment of ABO blood group
genotype, chromosome karyotype, chromosomal
microdeletions, and microrepeated variations for STR,
as detected by a blood DNA purification kit (Maxwell
16, Promega) and a buccal swab DNA purification kit
(Maxwell 16 LEV, Promega). Sequence-specific
oligonucleotide probes (LABType SSO HLA DNA
typing trays; One Lambda) were used for the DNA
analyses. The ABO blood group genotyping kit for
human erythrocytes was from Xiaoping.

Genomic microdeletion and microduplication
detection

Genomic microdeletion and microduplication detec-
tion procedures were performed according to the high-
throughput ligation probe amplification technique by
Shanghai Tianhao Biotechnology (Shanghai, China).
The assay provides 1602 probes covering more than
200 core regions and a certain range of regions on both
sides of the core regions. The basic principle of this
technique is the use of the ligase-linked reaction with
high specificity to cross-link the target region, then by
introduction of nonspecific sequences of different
lengths at the end of the ligation probe and by ligase
addition reaction, different-length ligation products
corresponding to the sites are obtained. The
polymerase chain reaction products are then amplified
by universal primers labeled with fluorescent capillary
electrophoresis, and the products are separated by
electrophoresis. Finally, the peaks of each site are
obtained by analysis of the electrophoretic patterns.

Results

The HLA subtypes of the patient’s family are shown
in Table 1. The patient inherited 2 genes from his
father and 1 from his mother. The results showed the
HLA A locus of the patient (Figure 1). The patient
was identified to have a standard ABO blood type
(A01 type) (Figure 2). The patient was identified to
have a standard chromosome karyotype without
sequence variation (Figure 3). Figure 4 shows that
STR loci D75820, G250002, and D18S51 all have 3
peaks, which represent 3 alleles.

Xueqin Meng et al/Experimental and Clinical Transplantation (2023) 11: 917-920

Table 1. Human Leukocyte Antigens in the Patient and Parents
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HLA Father Patient Mother

A* 02:01, 02:06 33:03, 02:06, 02:01 11:01,33:.03
B* 15:11,40:06 44:03,40:06, 15:11 44:03, 5401
c* 03:03, 08:01 14:03,08:01,03:03 01:02, 14:03
DRB1* 09:01, 14:05 09:01, 13:02, 14:05 08:03, 13:02
DQB1* 03:03, 05:03:01G 03:03, 06:04, 05:03.01G 06:01, 06:04
DPB1* 02:02,05:01:01G 02:02,05:01:01G, 04:01 02:02,04:01

Abbreviations: HLA, human leukocyte antigen

Figure 1. Human Leukocyte Antigen A Locus of Patient
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Figure 4. Results of Chromosomal Microdeletions and Microrepeated Sequence
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Figure 5 shows the number of copies detected by
each probe on all chromosomes. The probes on the
autosome show 2 copies, and the probes on the sex

Figure 5. Number of Copies Detected by Each Probe on All Chromosomes
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the 2 sequence variants inherited from the father was
basically the same as that of the mother. The 3
isogene peaks were observed at loci D75820,
CSF1PO, and D18S51.

After transplant, the induction immunosup-
pression therapies included tacrolimus (2 mg twice
daily), mycophenolate mofetil (0.5 g twice daily), and
prednisone (5 mg/d); then mycophenolate mofetil
was prescribed as the maintenance immunosup-
pression therapy. The patient recovered from the
transplant within 3 days. The laboratory results
returned to baseline after a week. The follow-up
laboratory reports showed healthy function of the
kidney (Figure 7).

Discussion

Our patient underwent HLA-matched living related
kidney transplant; however, further follow-up was
required to determine whether the patient was able
to continue to tolerate kidney transplant in the long-
term after cessation of the immunosuppressive
agents. Here, we report a rare case of natural
chimerism.

There have been previously reported cases for
which donor origin was from the transplanted
organs.E'/6 However, our case is quite different in that
our living related kidney transplant recipient
expressed rare natural chimerism..

The father provided the donor kidney for his son.
Both of the father’s 2 haploids were passed to the
son. The HLA test results showed that the son who
received the transplanted kidney and his donor
father were fully compatible at 6 sites, which
represents a rare case of natural chimerism. We
observed D75820, G250002, and D18S51 by detection
of chromosome microdeletion and microrepeated
sequence variation, and we observed D75820,
CSF1PO, and D18551 by STR chimerism detection;

Figure 7. Preoperative and Postoperative Laboratory Results
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all had 3 allelic peaks, and 2 of the loci (D75820 and
D18S51) were mutually verified.

We followed up this patient after kidney
transplant for 2 years, and we expected to reduce
immunosuppressive agents in the later stage. We
targeted this patient for further long-term follow-up
observation.

The preoperative detection of this patient sug-
gests that biomarker monitoring can guide operant
immune tolerance and facilitate a better under-
standing of the immune status of grafts during the
process of immunosuppression reduction. Short
tandem repeat sequence analysis provides substantial
information regarding existing polymorphisms and
can identify chimerism, if present, and thereby guide
immunosuppression strategies after renal transplant,
which may improve the long-term immunosup-
pression-free survival of renal transplant recipients.
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CASE REPORT

Pulse Methylprednisolone-Induced Sinus Bradycardia:
A Case Report

Ozlem Beyler, Cengiz Demir

Abstract

Corticosteroids have a wide range of uses. The most
common adverse side effects of high-dose pulse steroids
are hyperglycemia, gastrointestinal intolerance, and
psychiatric symptoms. Cardiac arrhythmias have been
reported in patients who receive high-dose steroid
therapy. Bradycardia is a rare adverse side effect of
pulse steroid therapy. We present the case of a
57-year-old male patient who developed symptomatic
sinus bradycardia after he received pulse methyl-
prednisolone therapy as treatment for graft-versus-
host disease. The patient’s pulse steroid therapy was
discontinued, and the dose of methylprednisolone
was reduced to 100 mg/day. He was treated
conservatively and with close observation; the
patient’s heart rate increased to 68 beats/min after 1
day, and then to 78 beats/min. The diagnosis of
methylprednisolone-induced bradycardia was made
after exclusion of other common etiologies of sinus
bradycardia. This case report demonstrates the
importance of careful cardiovascular monitoring in
patients who receive high-dose methylprednisolone
because of dose-related cardiovascular risks.

Key words: Cardiovascular risk, Graft-versus-host disease,
High-dose steroid therapy, Pulse therapy

Introduction

Corticosteroids have a wide range of uses due to the
anti-inflammatory and immune modulatory pro-
perties of these agents. Because of these properties,
corticosteroids are used in the treatment of various
hematologic conditions, as well as the treatment of
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many diseases. Acute graft-versus-host disease
(aGVHD) is a complication of allogeneic hemato-
poietic stem cell transplant that occurs early after
transplant.

The skin, gastrointestinal tract, and liver are the
main target organs in patients with aGVHD. For the
treatment of aGVHD at grade =2, treatment with
systemic glucocorticoids (eg, methylprednisolone)
has been widely adopted. Treatment is usually
started with 2 mg/kg/d methylprednisolone in
divided doses.! Studies of high-dose intravenous
methylprednisolone (eg, 10-20 mg/kg/d) have
shown a high response rate.?® Our patient had
extensive skin and gastrointestinal and liver
involvement, so we planned a regimen of high-dose
methylprednisolone for 3 days followed by methyl-
prednisolone at a dose of 2 mg/kg. The most common
adverse side effects of high-dose pulse steroids are
hyperglycemia, gastrointestinal intolerance, minor
infections, and psychiatric symptoms. Overall, cardiac
arrhythmias have been reported in 1% to 82% of
patients given high-dose corticosteroid therapy.#>

Bradycardia is a rare side effect of pulse steroid
therapy and is usually asymptomatic. In this case
report, we present an episode of severe asymp-tomatic
sinus bradycardia detected during routine follow-up
of vital functions, which developed 3 days after pulse
steroid therapy in a 57-year-old male patient with
aGVHD.

Case Report

Bone marrow biopsy was performed in a 57-year-old
male patient due to pancytopenia in July 2021. In
the patient’s bone marrow, cellularity was 80%,
myeloid /erythroid ratio was 15/1, and blast ratio
was 15%. The patient was diagnosed with
myelodysplastic syndrome and was given 4 cycles of
hypomethylation therapy. However, allogeneic stem
cell transplant was performed from an unrelated

DOI: 10.6002/ect.2023.0095
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9/10 matched male donor in June 2022, to treat the
increased need for transfusion and high risk of
complications according to the International
Prognostic Scoring System in this patient who did
not respond to the treatment.

Echocardiogram results were unremarkable, and
contractility and valve function were within reference
limits, both after the diagnosis of myelodysplastic
syndrome and before the allogeneic stem cell
transplant. In September 2022, chimerism was 100%.
After taper of the cyclosporine dose was initiated,
widespread erythema and skin dryness was
observed on the head, neck, trunk, and extremities of
the patient. The patient’s cyclosporine dose was
increased, and he received steroid therapy for a short
time. Skin lesions regressed with treatment, but
desquamation and postinflammatory hyperpigmen-
tation remained present in some areas.

In January 2023, thrombocytopenia was detected.
Bone marrow biopsy showed increased myeloid
series, 70% cellularity, and sufficient multilobular
megakaryocytes. The patient’s cyclosporine dose was
reduced. In the control physical examination, there
was widespread erythema, dry skin, and hyperpig-
mentation. Liver was palpable in deep inspiration,
and the Traube space was open. A skin biopsy was
taken from the right scapula. In the complete blood
count, white blood cell count was 9.81 x 10 cells/L,
neutrophils 7.97 x 10° cells /L, hemoglobin 9.6 g/dL,
hematocrit 28.1%, and platelet count 26 x 10° cells/L.
The platelet count in the peripheral smear was
consistent with the results from whole blood.

The patient, who also had an increase in liver and
cholestasis enzymes (Table 1), was hospitalized with
a prediagnosis of liver and skin GVHD. His biopsy
was reported as skin GVHD. Mycophenolate mofetil
(2 doses of 1000 mg) and intravenous methylpred-
nisolone (1 g/d) were planned for 3 days. On day 3
of treatment, heart rate was 55 beats/min, and sinus
bradycardia was observed on elec-trocardiography
in the routine follow-up of vital functions. We obser-
ved that the patient was asymptomatic at this time.

Figure 1 shows the electrocardiography results
before the pulse steroid treatment, during the
bradycardia, and after the dose reduction of the
steroid treatment. Troponin T and creatinine kinase
were within reference limits. The dose of
methylprednisolone was reduced to 100 mg/d, and
1 day later the patient’s heart rate increased to 68
beats/min, and then subsequently to 78 beats/min.

Table 1. Laboratory Results of Case Patient

Ozlem Beyler, Cengiz Demir/Experimental and Clinical Transplantation (2023) 11: 921-924
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Urea, mg/dL
Creatinine, mg/dL
ALT, U/L

AST, U/L

GGT, U/L

ALP, U/L

Total bilirubin, mg/dL
Direct bilirubin, mg/dL
LDH, U/L

Pretreatment Posttreatment  Posttreatmen
Baseline Day 1 Day 2

40 38 37
0.7 0.56 0.52
76 102 125
106 109 85
162 221 260
443 479 403

3 34 22
28 13 1.6
367 290 274

t Posttreatment
Day 3
28
0.59

161
91
316
342
27
19
308

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase;
AST, aspartate transaminase; GGT, y-glutamyl transferase; LDH, lactate

dehydrogenase

Figure 1. Electrocardiography Results
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A, Electrocardiography before the pulse steroid treatment (heart rate, 95
beats/min). B, Electrocardiography during the bradycardia (heart rate, 50
beats/min). C, Electrocardiography after the dose reduction of the steroid
treatment (heart rate, 84 beats/min).
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Due to the absence of bradycardia among the
adverse side effects of other drugs and because the
heart rate recovered after corticosteroid dose
reduction, bradycardia was associated with pulse
steroid therapy.

Discussion

Corticosteroids are widely used for many pathologic
conditions in clinical practice. High-dose corticos-
teroid therapy (known as pulse corticosteroid
therapy) is used for the treatment of hematologic,
ophthalmic, neurologic, nephrologic, dermatologic,
and rheumatologic diseases, as well as some
neoplastic diseases.® Although the adverse side
effects of chronic corticosteroid use are well known
(eg, increased appetite, hyperglycemia, hypertension,
depression, osteoporosis, and Cushing syndrome),
awareness remains low regarding the adverse side
effects that occur with short-term high doses of
corticosteroid.

In recent years, rthythm changes due to corti-
costeroid treatments have been reported, mostly in
adults. These rhythm changes can be seen as
tachyarrhythmias or bradyarrhythmias.” These
arrhythmias include atrial fibrillation, sinus tachy-
cardia or bradycardia, premature atrial contractions,
and premature ventricular contractions.® Although
arrhythmias are usually asymptomatic and mitigated
with simple treatment, symptoms such as palpitations,
chest pain, unconsciousness, and cardiac arrest may
occur in some patients.’

Steroids are known to cause arrhythmias, but the
mechanism of action remains controversial. Animal
studies have shown that high-dose methyl-
prednisolone has various effects on the
cardiovascular system, particularly blunting the
chronotropic response to catecholamines through 1
receptor sensitivity.1%12 These effects may result from
(1) a direct effect on electron exchange in the
myocardial cell membrane and (2) changes in the
sensitivity of the sinoatrial node to catecholamines.

Many factors may contribute to the development
of bradycardia after pulse corticosteroid therapy.
These predisposing factors include rapid intravenous
infusion of corticosteroids (typically less than 30
minutes) and underlying heart disease or kidney
disease.!>!* Electrolytes, especially potassium,
should be monitored prior to treatment, and any
deficiencies should be corrected. In patients without

comorbidities, corticosteroids are less likely to cause
bradycardia, but such a complication was seen in our
patient, despite the absence of a renal or cardiac
comorbid disease. In our case, bradycardia was
detected 3 days after initiation of pulse corticosteroid
therapy.

In the literature, sinus bradycardia has generally
been reported between 1 and 7 days after the
initiation of pulse corticosteroid therapy.'>® Late
onset may make it difficult to consider corticos-
teroids as the cause of bradycardia. Cardiac
arrhythmias at varying rates have been reported in
patients receiving high-dose corticosteroids.*> These
undesirable effects are usually associated with the
intravenous route of administration. As in our case,
bradycardia is usually associated with high-dose
intravenous corticosteroid administration, but
some cases of bradycardia have been reported after
low-dose intravenous and oral corticosteroid
therapy.”#1618 As in our case, methylprednisolone or
prednisone has been reported as the cause of steroid-
related bradycardia.”®1>1¢ However, intravenous
dexamet-hasone has also been identified as a
causative agent.51?

Corticosteroid-induced bradycardia is generally
well tolerated in the absence of underlying heart or
kidney disease or electrolyte disturbances.”!416
Dizziness and chest pressure/ pain are often reported
as symptoms.#20 Our patient was asymptomatic and
had a medical history of normal cardiac functions; no
sudden cardiac pathology was detected in the re-
evaluation with echocardiography after the incidental
detection of bradycardia. Generally, bradycardia
resolves within 3 to 10 days after corticosteroid
cessation or dose reduction.'®192! In accordance with
the literature, bradycardia completely resolved
without any other intervention after the steroid dose
was reduced in our patient.

Conclusion

Steroids are frequently used in the treatment of many
diseases. Our report provides evidence to suggest
that pulse steroid therapy may be complicated by
adverse side effects that are different from the effects
observed in long-term corticosteroid therapy.
Patients with an underlying heart or kidney disease
who receive high-dose steroids are at particularly
high risk to develop bradycardia, although it is rare.
These patients should be followed closely in terms of
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electrolyte disturbance and heart rate. Cardiac
complications should be considered in patients with
chest pressure, pain, or shortness of breath, and
symptomatic patients should seek immediate
medical attention.
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Department of Physiology
Ph.D. on Physiology

Department of Physiotherapy And Rehabilitation
Department of Prosthodontics
Ph.D. on Prosthodontics

Department of Public Health
Ph.D. on Public Health

Department of Treatment Of Dental Diseases
Ph.D. on Treatment of Dental Diseases And
Endodontics

Institute of Science

Department of Biomedical Engineering
Ph.D on Biomedical Engineering (Based On A
Bachelor'S Degree)

Ph.D.on Biomedical Engineering
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Department of Computer Engineering

Ph.D.on Computer Engineering

Ph.D.on Computer Engineering (Based On A Bachelor'S
Degree)

Department of Defence Technologies And Systems
(Interdisciplinary)

Ph.D.on Defence Technologies And Systems

Ph.D.on Defence Technologies And Systems (Based On
A Bachelor'S Degree)

Department of Electrical And Electronics Engineering
Ph.D.on Electrical And Electronics Engineering

Ph.D.on Electrical And Electronics Engineering (Based
On A Bachelor'S Degree)

Department of Industrial Engineering

Ph.D.on Industrial Engineering

Ph.D.on Industrial Engineering (Based On A Bachelor'S
Degree)

Department of Mechanical Engineering
Ph.D.on Mechanical Engineering

Ph.D.on Mechanical Engineering (Based On A
Bachelor'S Degree)

Institute of Social Sciences
Department of Banking And Finance
Ph.D. on Banking And Finance

Department of Business Administration
Ph.D. on Accounting And Finance

Ph.D. on Business Administration

Ph.D. on Management And Organization

Department of Civil Law
Ph.D. on Civil Law

Department of Interior Architecture And
Environmental Design

Ph.D. on Interior Architecture And Environmental
Design

Department of Radio, Television And Cinema
Ph.D. on Radio, Television And Cinema

Department of Sociology
Ph.D on Sociology
Performing Arts Art Major

M.A PROGRAMS
Institute of Educational Sciences

Department of Computer And Instructional
Technologies

Master Program of Computer And Instructional
Technologies Education With Thesis

Department of Educational Sciences

Master Program of Curriculum And Instruction With
Thesis

Master Program of Curriculum And Instruction Without
Thesis

Master Program of Education Administration With
Thesis

Master Program of Education Administration Without
Thesis

Master Program of Guidance And Psychological
Counselling With Thesis

Department of Foreign Languages

Master Program of English Language Teaching With
Thesis

Department of Mathematics And Science Education
Master Program of Mathematics Education With Thesis
Master Program of Primary School Mathematics
Education With Thesis

Department of Primary Education

Master in Pre-School Education With Thesis
Department of Turkish And Social Sciences Education
Master Program of Teaching Turkish As A Foreign
Language With Thesis

Master Program of Turkish Language Education With
Thesis

Institute of European Union And International
Relations

Department of European Union

Master Program of European Union With Thesis
Master Program of European Union Without Thesis
Department of Political Science And International
Relations

Master Program of International Relations With Thesis
Master Program of International Relations Without
Thesis

Institute of Food, Agriculture And Livestock
Development

Department of Sustainable Agriculture And Food
Systems (Interdisciplinary)

Master Program of Sustainable Agriculture And Food
Systems With Thesis

Institute of Health Sciences

Department of Anatomy

Master Program of Anatomy With Thesis
Department of Medical Biology

Master Program of Medical Biology With Thesis
Master Program of Stem Cell And Regenerative
Medicine With Thesis

Master Program of Stem Cell And Regenerative
Medicine Without Thesis

Department of Medical Genetics

Master Program of Medical Genetics With Thesis
Department of Medical Microbiology

Master Program of Medical Microbiology With Thesis
Department of Nursing

Master Program of Nursing With Thesis
Department of Nutrition And Dietetics

Master Program of Nutrition And Dietetics With Thesis
Department of Otorhinolaryngology

Master Program of Audiology And Speech-Voice
Disorders With Thesis

Master Program of Audiology With Thesis
Department of Pharmacology

Master Program of Pharmacology With Thesis
Department of Physiology

Master Program of Physiology With Thesis
Department of Physiotherapy And Rehabilitation
Master Program of Physiotherapy And Rehabilitation
With Thesis

Department of Public Health

Master Program of Public Health With Thesis
Master Program of Public Health Without Thesis
Department of Sport Sciences



Master Program of Exercise And Sportive
Performance With Thesis

Master Program of Exercise And Sportive
Performance Without Thesis

Institute of Science

Department of Architecture

Master Program of Architecture With Thesis
Department of Biomedical Engineering

Master Program of Biomedical Engineering With
Thesis

Master Program of Biomedical Engineering Without
Thesis

Department of Biotechnology (Interdisciplinary)
Master Program of Biotechnology With Thesis
Department of Computer Engineering

Master Program of Computer Engineering With
Thesis

Master Program of Computer Engineering Without
Thesis

Department of Defence Technologies And Systems
(Interdisciplinary)

Master Program of Defence Electronics And Software
With Thesis

Master Program of Defence Platforms With Thesis
Department of Electrical And Electronics Engineering
Master on Electrical And Electronics Engineering
With Thesis

Department of Energy Engineering (Interdisciplinary)
Master Program of Energy Engineering With Thesis
Master Program of Energy Engineering Without
Thesis

Department of Industrial Engineering

Master Program of Engineering And Technology
Management With Thesis

Master Program of Engineering And Technology
Management Without Thesis

Master Program of Industrial Engineering With Thesis
Department of Mechanical Engineering

Master Program of Mechanical Engineering With
Thesis

Master Program of Mechanical Engineering Without
Thesis

Department of Molecular Biology And Genetics
Master Program of Molecular Biology And Genetics
With Thesis (English)

Department of Occupational Health And Safety
(Interdisciplinary)

Master Program of Occupational Health And Safety
With Thesis

Master Program of Occupational Health And Safety
Without Thesis

Department of Quality Engineering (Interdisciplinary)
Master Program of Quality Engineering With Thesis
Master Program of Quality Engineering Without
Thesis

Department of Statistics And Computer Science
Master Program of Information Technology And
System Management With Thesis

Master Program of Information Technology And
System Management Without Thesis

Institute of Social Sciences

Department of Accounting And Financial
Management

Master Program of International Financial Reporting
And Auditing With Thesis

Master Program of International Financial Reporting
And Auditing Without Thesis

Department of American Culture And Literature
Master Program of American Culture And Literature
With Thesis

Master Program of American Culture And Literature
Without Thesis

Department of Art History And Museology

Master Program of Museology With Thesis

Master Program of Museology Without Thesis
Department of Banking And Finance

Master Program of Banking And Finance With Thesis
Master Program of Banking And Finance Without
Thesis

Master Program of Capital Markets With Thesis
Master Program of Capital Markets Without Thesis
Department of Business Administration

Master Program of Accounting And Finance Without
Thesis

Master Program of Accounting And Finance With
Thesis

Master Program of Business Administration With
Thesis

Master Program of Business Administration Without
Thesis

Master Program of Marketing With Thesis

Master Program of Marketing Without Thesis
Program of Executive Mba Without Thesis
Department of Civil Law

Master Program of Civil Law With Thesis

Master Program of Medical Law Without Thesis
Department of Economics

Master in Economics Without Thesis

Master Program of Economics With Thesis
Department of Fashion And Textile Design

Master Program of Fashion Design With Thesis
Master Program of Fashion Design Without Thesis
Department of Financial Law

Master Program of Economy Law Without Thesis
Department of Gastronomy And Culinary Arts
Master Program of Gastronomy And Culinary Arts
With Thesis

Master Program of Gastronomy And Culinary Arts
Without Thesis

Department of Healthcare Management

Master Program of Healthcare Management With
Thesis

Master Program of Healthcare Management Without
Thesis

Department of Insurance And Risk Management
Master Program of Insurance And Risk Management
With Thesis

Master Program of Insurance And Risk Management
Without Thesis

Department of Interior Architecture And
Environmental Design

Master Program of Interior Architecture And
Environmental Design With Thesis

Master Program of Interior Architecture And
Environmental Design Without Thesis

Department of International Trade

Master Program of International Trade And Marketing
With Thesis

Master Program of International Trade And Marketing
Without Thesis

Department of Management Information Systems
Master Program of Human Resources Management
With Thesis

Master Program of Human Resources Management
Without Thesis

Master Program of Management Information
Systems With Thesis

Master Program of Management Information
Systems Without Thesis

Department of Music And Performing Arts
Master Program of Composition With Thesis
Master Program of Musicology With Thesis
Master Program of Performance Without Thesis
Department of Psychology

Master Program of Clinical Psychology With Thesis
Master Program of Psychology With Thesis
Master Program of Social Psychology With Thesis
Department of Public Law

Master Program of Public Law With Thesis
Department of Public Relations And Publicity
Master Program of Public Relations And Publicity
With Thesis

Master Program of Public Relations And Publicity
Without Thesis

Department of Radio, Television And Cinema
Master Program of Radio, Television And Cinema
With Thesis

Master Program of Radio, Television And Cinema
Without Thesis

Department of Social Work

Master Program of Social Work With Thesis
Master Program of Social Work Without Thesis
Department of Sociology

Master Program of Sociology With Thesis

Master Program of Sociology Without Thesis
Department of Technology And Knowledge
Management

Master Program of Technology And Knowledge
Management With Thesis

Master Program of Technology And Knowledge
Management Without Thesis

Department of Turkish Language And Literature
Master Program of Turkish Language And Literature
With Thesis

Music Art Major

Master Program of Performance With Thesis
Performing Arts Art Major

Master Program of Performance With Thesis

DISTANCE EDUCATION

Institute of Educational Sciences
Department of Computer And Instructional
Technologies

Master Program of Computer And Instructional
Technologies Education Without Thesis

Department of Educational Sciences
Master Program of Education Administration

Institute of Science
Master Program of Informatics Systems Without
Thesis

Institute of Social Sciences
Department of Banking And Finance

Master Program of Banking And Finance Without
Thesis
Master Program of Capital Markets Without Thesis

Department of Business Administration
Master Program of Business Administration Without
Thesis

Department of Healthcare Management
Master Program of Healthcare Management Without
Thesis

Department of Insurance And Risk Management
Master Program of Insurance And Risk Management
Without Thesis
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AND OTHER FACILITIES
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. ANKARA HOSPITAL OUTPATIENT CLINICS
. ANKARA UMITKOY OUTPATIENT CLINICS
. ALANYA OBA OUTPATIENT CLINICS

BASKENT UNIVERSITY ANKARA HOSPITAL

ADANA DR. TURGUT NOYAN KISLA TEACHING & MEDICAL RESEARCH CENTER ~ 17.
ALANYA TEACHING & MEDICAL RESEARCH CENTER 18
{ZMIR ZUBEYDE HANIM TEACHING & MEDICAL RESEARCH CENTER 19
ISTANBUL TEACHING & MEDICAL RESEARCH CENTER 20
KONYA TEACHING & MEDICAL RESEARCH CENTER 21

ANKARA MALTEPE WOMEN’S AND CHILDREN’S HEALTH CENTER 22

iZMIR GIGLi OUTPATIENT CLINICS

14.
ADANA DR. TURGUT NOYAN YUREGIR TEACHING & MEDICAL RESEARCH CENTER 15.
ADANA DR. TURGUT NOYAN SEYHAN TEACHING & MEDICAL RESEARCH CENTER 16.

ANKARA UMITKOY DIALYSIS CENTER
ANKARA YENIKENT DIALYSIS CENTER
ANKARA CIGDEM DIALYSIS CENTER
ISKENDERUN DIALYSIS CENTER

. ISTANBUL DIALYSIS CENTER

. SANLIURFA DIALYSIS CENTER

. TOKAT ZILE DIALYSIS CENTER

. YALOVA DIALYSIS CENTER

. ZONGULDAK DIALYSIS CENTER

. ZONGULDAK KARADENIZ EREGLI DIALYSIS CENTER

. YAPRACIK PSYCHOSOCIAL REHABILITATION CENTER

. AYAS PHYSICAL THERAPY & REHABILITATION CENTER

. BASKENT GROUP HEALTH PRODUCTS TRADE and INDUSTRY INC.









