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Abstract

A 65yearold female with a history of right lung transplantation (.fot chronic obstructive
pulmonary disease (COPD)y®&ars prior complicated by grade 3 bronchiolitis obliterans
syndrome (BOS) was admitted to the hospital for chest pain and dyspnea on exertion (DOE).
Her bronchoscopy revealed fluffy, endobronchial lesithat were adherent to the right sided
anastomosis resulting in mild obstruction of the right mainstem broncRaghology from
biopsies of the endobronchial lesions revealed hyphal fungal organisms consistent with
Aspergillus species. Following antifungl therapy with voriconazole, her follow up
bronchoscopy 37 days post the original bronchoscopy revealed resolution of the
endobronchial lesions¢ KS LI GASydQa OFasS Aa dzyAlpdzS Ay
transplantation, the absence of prigkspergilluscolonization, and the appearance of the
endobronchial lesionsFollowing Ltx, immunosuppression in combination with allograft
exposure to the environment increases the risk of opportunistic infections, especially
saprophytic infections includingspergillus

Keywords
Aspergillusfungal infection lung transplantendobronchialanastomosis
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1. Description

A 65yearold female with a history of right lung transplantation (L.Tor chronic obstructive
pulmonary disease (COPDy®&ars prior complicated by grade 3 bronchiolitis obliterans syndrome
(BOS) was admitted to the hospital for chest pain and dyspnea on exertion (DOE). The patient noted
persistent sharp chest pain belowehsternum along with progressive DOE over the past three
weeks. No fevers or chills were reported. The patient also had a history of steroid induced diabetes
mellitus, hypertension, chronic kidney disease, history of melanoma, and gastroesophageal reflux
disease. She was on decreased immunosuppression due to history of melanoma: tacrolimus 1.5mg
in the morning and 2mg in the evening (trough goal ~5) and prednisone at 5mg daily.

Following negative cardiac workup and unrevealing chest computerized tomog(@ghyscan,
the patient underwent flexible bronchoscopy to assess for possible infectious and immunologic
etiologies explaining her symptoms. The airway exam revealed fluffy, endobronchial lesions that
were adherent to the right sided anastomosis resultingnild obstruction of the right mainstem
bronchus [Figre 1]. Prolene (standard) sutures used for the airway anastomosis were present.
There was naunusual appearance to the sutures, and in our experience, we always see at least
some parts of the anastoatic sutures throughout the life of the graft. No other lesions were noted
throughout the bilateral tracheobronchial tree. The flexible forceps were used to easily debride and
completely remove the lesions. Post removal, the base of the lesion appeaweuwlth visually
intact wall. A bronchoalveolar lavage (BAL) and transbronchial forceps biopsies (TBBx) of the
allograft were also performed.

Figure 1Bronchoscopy exam revealed fluffy, endobronchial lesions that were adherent
to the right sided anaston®s resulting in mild obstruction of the right mainstem
bronchus.

Pathology results from biopsies of the endobronchial lesions revealed hyphal fungal organisms
consistent with Aspergillusspecies [Figre 2]. Allograft BAL fungal cultures were finalized as
negative at 6 weeks, and allograft revealed no evidence of rejection. Heilbghacan assay was
negative. The patient was started on intravenous voriconazole and amphotericin nebulizers and
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transitioned to oral voriconazole upon dischard@é&ough there ge no guidelines for anastomotic
Aspergillusinfection, voriconazole was selected as it is the treatment of choice for invasive
aspergillosis.She was already on decreased immunosuppressgmher immunosuppression
regimen was not changed.
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Figure2 Pathology results from biopsies of the endobronchial lesions revealed hyphal
fungal organisms consistent wikspergilluspecies.

She had a follow up bronchoscopy 37 days post original bronchoscopy which revealed resolution
of the endobronchialdsions [Figre 3]. The following day, the patient collapsed at home, was taken
to the local hospital, and passed away the same day. The family did not request autopsy.

Vocal cords Right sided anastomosis

Figure3 Bronchoscopy exam 37 days following original debriderbeohchoscopy and
oral voriconazole

Following Ltx, immunosuppression in combination with allograft exposure to the environment
increases the risk of opportunistic infections, especially saprophytic infections. Saphrophytic
Aspergillusinfection involving bonchial anastomoses has been described in lung transplant
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NEOALASY(Ga womB8d LY bdzyft S& FyR O2ffSIF3dzSaQ &SN
bronchial anastomosis in Ltx recipients, the incidence of saprhophytic fungal infectiore of th
bronchial anastomosis was as high as 24.6%, dpergillusspecies being responsible for two

thirds of the cases [2]. In another repoAspergillufumigatus was responsible for almost 90% of

all tracheobronchial infection in Ltx recipients [1]. Thedian time from transplantation to
diagnosis of saprophytic fungal infection was 35 (rang&3% days [2]. According to the review by

Singh, the median time from transplantation to diagnosisAspergillusbronchial anastomotic
infection was 2.7 months3]. In a retrospective study of 86 Ltx recipients wispergillugnfection,

all bronchial anastomotic infections occurred within 3 months of transplantation [3]. In all of these
series, fungal endobronchial infections occurred during the first three h®ntvhen
AYYdzy 28 dzLILINBaaAz2y A& GeLAOLEfte& YL Eiafsplanbantd dzNJ L.
on reduced immunosuppression is atypical.

¢KS LI GASYydQa LINBRA & Ll2AapergilBsnféctiod indubiundgrtransplaity R 2 6
immunosippressive medications, and diabetes mellitus [4]. The patient also had visible sutures. In
patients treated with resectional surgery, bronchial stump aspergillosis results from fungal
colonization of the suture material [5]. It has been suggested thabfiskump aspergillosis can be
decreased by using an unbraided nylon monofilament rather than silk sutures [4]. Another risk
factor for endobronchiafspergillugnfection is airway colonization withspergillugl]; our patient
was not colonized, evidenced by several negative past bronchoscopies.

The majority ofAspergilluselated tracheobronchial lesions in Ltx recipients occurred in the
transplanted lung and involved the anastomosis line [1], as in our gatlenLtx recipients,
bronchoscopic appearance Agpergillusncludes pseudomembrane formation, bronchial stenosis
in the anastomosis line, ulcerations, and black eschar [1], rendering unique the fluffy endobronchial
lesions in our patient. Mortality ratealculated from 40 studies was 23.7% in patients with
Aspergillugracheobronchitis and/or anastomotic infection versus 81.8% and 50 % in patients with
invasive pulmonary aspergillosis and disseminated infection8\{&were unable to determine the
patey 1t Q& Ol dzaS 2F RSIFOKX odzi AG 61 & dzyt A1Steée Rd:

While the delineation of fungal infection of the surgical anastomosis versus fungal infection of
the allograft may be challenging, this case provides an example of a macrogspaayillus
infection at the anastomosis in a lung transplant recipient. Thise denotes the importance of
bronchoscopy in the diagnosis and management of fungal endobronchial disease in lung transplant
recipients.

2. Learning points/take home messages

A Following lung transplantation, immunosuppression in combination with allogsgibsure to

the environment increases the risk of opportunistic infections, especially saprophytic infections.
Saphrophytic Aspergillus infection involving bronchial anastomoses has been described in lung
transplant recipients [1].

While the delineation bfungal infection of the surgical anastomosis versus fungal infection of
the allograft may be challenging, this case provides an example of a macroscopic Aspergillus
infection at the anastomosis in a lung transplant recipient.

This case denotes the imparice of bronchoscopy in the diagnosis and management of fungal
endobronchial disease in lung transplant recipients.

>

>

Paged/ 73



OBM Transplantatio2021; 5(3), doi:10.21926/obm.transplan?103147

Author Contributions

All of the authors participated in the care of the patieBhalika Katugahand Amit Mahajan
wrote the article Meg Fregoso outlined details about the cadaresh Mani provided the pathology
pictures.Oksana Shlobin took the bronchoscopy pictuiMeg Fregoso, Haresh Mani, and Oksana
Shlobin edited the case report.

Competing Iterests
The authors have declared thao competing interests exist.
References

1. Krenke R, Grabczak E. Tracheobronahemifestations ofAspergillusnfections. Scworld J.
2011; 11: 2312329.

2. Nunley DR, Gal AA, VegaBEBrlinoC,Smith R Lawrence ECGaprophytic fungal infections and
complications involving the bronchial anastomosis following human lung transplantation. Chest.
2002; 12211851191.

3. Singh N, Husain 8spergillusnfections after lung transplantatior@inical differencesn type
of transplant and implications for management. J Heart Lung Transplant. 2003; 226@58

4. Karnak D, Avery RK, Gildea $Bhoo DMehta AC et al. Endobronchidiungaldiseases: An
under-recognizeckentity. Respiration2007; 74: 88L04.

5. Sole A, Morant P, Salavert, WemanJ, Morales P, the Valencia Lung Transplant Group
Aspergillusnfections in lung transplant recipient®sk factors and outcome. Clin Microbiol
Infect 2005; 11: 353865.

EnjoyOBM Transplantatioby:

1. Submitting a manuscript

2. Joining in volunteer reviewer bank
3. Joining Editorial Board

4. Guest editing a special issue

For more details, please visit:
http://www.lidsen.com/journals/transplantation

Pageb/ 73


http://www.lidsen.com/account-login
mailto:transplantation@lidsen.com
http://www.lidsen.com/journals/transplantation/transplantation-editorial-board
http://www.lidsen.com/journals/transplantation/transplantation-special-issues
http://www.lidsen.com/journals/transplantation
http://www.lidsen.com/journals/transplantation

KLinsen

OBM Transplantation LIDSEN Publishing Inc.

CaseReport

Efficacy of Autologous Stem Cell Transplantation for the Treatment of
Multiple Myeloma in HI\\Positive Patients

BinNi, Nidhi Sharmg Ashley Rosko, Don M. Benson Jr., Yvonne A. Efebera

Department of Internal Medicine, Division of Hematology, The Ohio State University Comprehensive
Cancer Center, Columbus, Ohio, YUEMails: Bin.Ni@vumc.org Nidhi.Sharma@osumc.edu
Ashley.Rosko@osumc.eddon.Benson@osumc.eddvonne.Efebera@ohiohealth.com

* CorrespondenceNidhi SharmaEMail: Nidhi.Sharma@osumc.edu

Academic EditorAlessandra Picardi

Special IssueAutologous Stem Cell Transplantation

OBM Transplantation ReceivedApril 12, 2021

2021, volume 5, is&8 Accepted:June 25, 2021

doi:10.21926/obm.transplant 203148 Published:Juy 09, 2021
Abstract

Prior to the advent of antietroviral therapy (ART), autologous stem cell transplant (ASCT)
was relatively contraindicated for multiple myeloma (MM) patients witiuman
immunodeficiency virus (HIV) due to issues associated with stem cell harvest and the risk of
opportunistic infections. With the widespread use of ART for control of HIV, ASCT is now the
preferred treatment for relapsed lymphoma, the leading hemat@bici malignancy
associated with HIV/AIDS. Hence, MM patients with HIV controlled by ART may benefit equally
from aggressive combination treatment of chemotherapy and AS®@IE. study seeks to
evaluate the clinical course and treatment outcomes of patiemts HIV and MM treated

with ASCTFEive male patients with average age 53.2 years were included in this study. Patients
were diagnosed with HIV prior to diagnosis of MM and were appropriately treated with ART
prior to ASCT. All patients had undetectabl® Wiral load (VL) prior to ASCT, and remained
undetectable after ASCT. Adequate CD34+ stem cells were collected. Patients received high
dose melphalan (200 mg/) followed by ASCT. ART was continued during ASCT. Patients
experienced usual ASCT toxicitiesluding diarrhea, mucositis, and neutropenic fever. All

© 2021 by the author.This is an open access article distributed under
@ conditions of theCreative Commons by Attribution Licenseéhich permits
unrestricted use, distribution, and reproduction in any mediamformat,

provided the original works correctly cited.
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patients had normal neutrophil and platelet engraftments. 60% of patients had very good
partial response or better after ASCT. All patients received post ASCT maintenance until
progression/toxicity/m@tient decision. As of December 2020, 2 patients have died 51 and 85
months from ASCT due to other causes. The 3 remaining patients are dlivedss after
ASCTMM patients with concurrent HIV infection that is controlled on ART would benefit from
aggressive treatment with chemotherapy and ASCT, with continued ART as they tolerate ASCT
as well as myeloma patients without HIV infection.

Keywords
Multiple Myeloma; HIV; antietroviral therapy

1. Introduction

Multiple myeloma (MM) representapproximately 10% of all hematologic malignan¢igsvith
over 20,000 new diagnoses and greater than 10,000 deaths in the United States pj] .y is
characterzed by uncontrolled proliferation of plasma cell producing monoclonal immunoglobulins.
The severe immunodeficiency caused by advanced HIV infection has been recognized as capable
of contributing to different types of cancef8]. Persons living with HIV (PLWH) suffer from higher
rates of malignancies, especially those of theeB lineagewhich includes plasma cell disordé4ds
6]. While lymphoma is the leadingematopoietic malignancy in PLWH higher rates of MM and
worse outcomes may be observed among-thifécted individual$7]. There is gaucity of expertise
in the treatment of individuals with these anorbid conditiong8]. The intoduction of high dose
therapy(HDT) and atologous stem cell transplant (ASCT) in the 1980s was a major advancement in
MM treatment. Prior to the advent of antetroviral therapy (ART), ASCT was relatively
contraindicated for patients with HIV and hematgical malignancies due to issues associated with
stem cell harvest and the risk of opportunistic infections. With the widespread use of ART for HIV
control, high dose chemotherapy and ASCT is now the preferred treatment for relapsed lymphoma
among PLWHO]. It stands to reason that MM patients with HIV controlled by ART may benefit
equally from aggressive combination treatment of chemotherapy and ASCT. Very little published
data is available examining outcomes of ASCT in patients with HIV ar{d,MBl 11] This report
will evaluate the clinical course and outcomes of PLWH with MM treated with high dose therapy
and ASCT at a single center.

2. Methods

Between August 2002 and June 2016, 5 patients who met the diagnostic criteria for symptomatic
MM and were HIV positive underwent HDT chemotherapy and ASCT at The Ohio $tatsityn
Medical Center. Standard criteria for ASCT eligibility were met. All patients received conditioning
regimen with melphalan 200mg#. Filgrastim 5ug/kg was administered subcutaneously daily from
day 1 after ASCT until recovery of absolute neutrbpdint (ANC) to >1.520% L for 3 days. Patients
received infection prophylaxis with antiviral (acyclovir) and antifungal (fluconazole) prophylaxis. All
patients remained on prASCT ART regimen throughout stem cell collection and ASCT (Talle 1).
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OBM Transplantatio2021; 5(3), doi:10.21926/obm.transplar2103148

patients were started on post ASCT maintenance until disease progression, toxicities or patient
decision to stop.
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Table 1Patient Characteristics

Case Patient #1 Patient #2 Patient #3 Patient #4 Patient #5

Sex Male Male Male Male Male

Race Caucasian Caucasian Caucasian Caucasian AfricanAmerican
Age at ASCT 58 48 52 58 50

ISS Stage Stage | Stage | Stage Il Stage Il Stage |
Marrow cellularity 30% 40% 70% 65% not determined
Cytogenetics del(12q) +11q 46XY 46 XY abnormal
(Tloc;all;llT;IE;ted Cells (TNC) cells collec 11.95 21.34 10.81 10.91 9.47

Time from diagnosis tASCT (months) 4.0 8.0 7 16.5 10.5

Length of hospital stay (days) 16 17 27 18 13

Days to neutrophil engraftment 11 12 13 10 9

Days toplatelet engraftment 11 13 16 11 10

HIV viral load before ASCT (copies/mL) undetectable
/ 5n 0STF2NB ! {/ ¢ oC248

HIV viral load after ASCT (copies/mL) undetectable

/' 5n FFAGSNI ! {/ ¢ o60¢278

undetectable

44

initial 76073/then
undetectable

198

undetectable
370

undetectable

1028

undetectable
564

undetectable

221

undetectable
321

undetectable

278

ASCT autologous stem cell transplant; ISS international scoring system; HIV human immunodeficiency virus
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3. Case&summaries
3.1Casel

A 58yearold Caucasian male presented to the emergency department in 2013 with several
months of progressive back pain. Past medical history was significant for HIV on ART (diagnosed in
1995) and hepatitis B. Imaging showed an antecizest wall mass as well as multiple lytic lesions
throughout the spine. CT guided core biopsy of the chest wall mass was consistent with a lambda
light chain plasmacytoma. At diagnosis, bone marrow plasmacytosis was 30%, hemoglobin
10.6mg/dl (nl 13.2165), creatinine 1.6mg/dl (nl 0-1.3), 24hr urine lambda light chain 8.9g/day,
calcium 9.5mg/dl (nl 8-80.5), free lambda chain 5350 mg/l (nl B16c ® 0 0 2 micrggbulin
3.0mg/L (nl <2.11). He was diagnosed with lambda light chain MM stage | hyalimeal Staging
System (ISS) criteria and was standard risk according to FISH with 13q deletion. He initiated
treatment with standard dose VRD (bortezomib, lenalidomide, dexamethasone) and radiation of
the chest wall mass and bilatd ribs with total 20Gy. He achieved a stringent complete (CR)
remission after 4 cycles of VRD. He underwent collection of 7.74cell§kg CD34+ stem cells and
went on to ASCT 4 months after initial diagnosis. HIV viral load (VL) was undetectable with CD4+ cell
count 321 ells/uL prior to ASCT. ASCT course was complicated by eodigagive febrile
neutropenia managed with empiric antdiics. ART was maintained throughout stem cell
mobilization and ASCT. Patient achieved both neutrophil and platelet engraftment on geagtl1
transplant. HIV VL remained undetectable with CD4+ cell count 278 cells/uL after ASCT. He initiated
lenalidomide maintenance but progressed 53 months pdSCT. He subsequently received
pomalidomide/ixazomib/dexamethasone followed by a second ASCilmgtphalan conditioning.

He then obtained a CR and continues maintenance therapy with pomalidomide and ixazomib with
no evidence of progression (Table 2).

Pagel(/73
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Table 2Response and Survival Post ASCT

Disease statu:

Disease statu

Progression

Timeto

Time from ASCT t

Patient DOStASCT v'\\//li;rilntenance YIN (Pnrqcz)g;r)ession Death Y/N Szaztrziljzit followr Cause of Death
1 sCR sCR Y 53 N 89

2 sCR sCR N Y 85 EBWymphoma
3 PR PR N Y 51 AML

4 VGPR CR Y 39 N 55

5 MR PR N N 53

CR, complete response; sCR stringent CR; EBV Epstein Barr Virus; PR partial response; AML acute myelogenous leukemigodtGRirtiae

response.
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3.2 Case 2

A 48yearold Caucasian male presented to the emergency department in summer 2012 with
complaint of left rib pain. Past medical history included HIV on ART (diagnosed in 1997), immune
thrombocytopenia (ITP), and hepatitis B. He was initially treated symgtically but underwent
plain radiographs and MRI after several months of persistent and progressive symptoms. Imaging
demonstrated a T11 burst fracture as well as lesions to the left iliac and left fourth rib. He
subsequently underwent orthopedic intervBon with spinal fusion and vertebral body biopsy;
pathology demonstrated a kappa restricted plasma cell neoplasm. He had further workup including
bone marrow biopsy that showed normal cellularity with <5% plasma cells and normal FISH. Skeletal
survey hadmultiple lytic lesions. He was diagnosed with IgG kappa MM ISS Stage |, standard risk.
He initiated treatment with reduced dose RD (lenalidomide, dexamethasone) given underlying
chronic stable ITP along with radiation to the T11 lesion with total 25 Gachieved a stringent
CR after 6 cycles of RD. 6.24 cells’lkg CD34+ stem cells were collected from peripheral blood
followed by ASCT approximately 8 months after initial diagnosis. HIV VL was undetectable with CD4+
cell count 44 cells/uL prior to ASCASCT course was complicated by culture negative febrile
neutropenia treated with empiric antibiotics and namfectious diarrhea. ART was continued
throughout stem cell mbilization and ASCT. Patient achieved neutrophil engraftment on day 12
and plateletengraftment on day 13 podtansplant. He experienced HIV viral rebound shortly after
ASCT, but HIV VL was subsequently suppressed without change in ART and CD4+ cell count improved
to 198 cells/uL after ASCT. He initiated lenalidomide maintenance thevagy weekly
dexamethasone (for ITP) after ASCT. Unfortunately, he developeeadsBdiated large cell
lymphoma refractory to treatment and died 85 months from ASCT but had no evidence of myeloma
progression at time of death (Table 2).

3.3 Case 3

A 52-year old Caucasian male presented to the emergency department in 2015 with complaint
of urinary symptoms along with fever amdalaise. Past medical history was significant for HIV on
lwe¢> RAFIYy2aSR x p &SI NB LINA 9NR digbetes mefliis, &ndl  LINI
benign prostatic hyperplasia with recurrent urinary tract infections. He was admitted for sepsis
secondary to urinary tract infection and was noted to have new renal insufficiency with
nephropathy, which prompted further workughat resulted in abnormal serum protein
electrophoresis showing presence of IgG kappa monoclonal protein (1954 mg/dl) with elevated
kappa light chains (462 mg/l). Bone marrow biopsy with 15% atypical kappa positive plasma cells.
Skeletal survey and MRI gppine demonstrated multiple subcentimeter lesions in the thoracic and
sacral vertebral bodies. He was diagnosed with IgG kappa MM stage Il standard risk. He underwent
treatment with VRD with partial response (PR) after 5 cycles. 4.1%cell kg CD34stem cells
were collected from peripheral blood and he proceeded to ASCT approximately 7 months after
initial diagnosis. HIV VL was undetectable with CD4+ cell count 370 cells/puL prior to ASCT. ASCT
course was complicated by stay in intensive care unisémtic shock requiring vasopressors, atrial
fibrillation with rapid ventricular response, and small bowel obstruction (SBO). Septic shock was
treated with empiric broaespectrum antibiotics, he was placed on diltiazem for heart rate control,
and SBO was amaged norsurgically but did require period of total parenteral nutrition. ART was
continued during stem cell mobilization and ASCT. Patient achieved neutrophil engraftment on day
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13 and platelet engraftment on day 16 pdsansplant. HIV VL remained urtdetable with CD4+

1028 cells/uL aéir ASCT. He initiated lenalidomide maintenance therapy-p8&T. Unfortunately,

he developed a second primary malignancy of acute myelogenous leukemia 49 months from ASCT
and died 2 months later (Table 2).

3.4 Case 4

A 58year old Caucasian male presented to his primary care physician in 2015 with complaint of
2 months of progressive pelvic edema followed by urinary and fecal urgency/frequency. Past
medical history was significant for HIV on ART, diagnosed in 199hddevent MRI of the pelvis
for evaluation and was found to have a large pelvic mass with significant invasion of local structures.
He was subsequently admitted for further evaluation. AfDided core biopsy of the pelvic mass
was consistent with a plasmgoma. Serum protein electrophoresis showed presence of IgG kappa
Y2y20f 2yttt LINRGSAY oOodpmp YIAKR[UV gAGK St-BaIGS
microglobulin 7.8 mg/L. He underwent a bone marrow biopsy demonstrating hypercellular bone
marrow (65%) with 3% plasma cells; karyotype was normal. Other labs included hemoglobin 13.7
mg/dL, creatinine 1.11 mg/dL, and calcium 8.4 mg/dL. He was diagnosed with IgG Kappa MM ISS
Stage lll, standard risk. He underwent induction therapy with CyBorD (cysloipamide,
bortezomib, dexamethasone) with stable disease after 7 cycles. During therapy, he developed a left
lower extremity DVT and was treated with lovenox. Plans were made to proceed to ASCT-but pre
mobilization workup showed evidence of disease progi@swhile off therapy. Consequently, ASCT
was deferred and patient was initiated on second line treatment with VRD. He achieved very good
PR after 4 cycles of VRD. 5.56 Xddlis/kg CD34+ cells were collected from peripheral blood and
he proceeded to AST approximately 16 months after initial diagnosis. HIV VL was undetectable
with CD4+ cell count 564 cells/uL prior to ASCT. ASCT course was complicatednbgctions
diarrhea, and drugnduced esophagitis that was treated symptomatically. ART wasnuett
during stem cell mobilization and ASCT. Patient achieved neutrophil engraftment on day 10 and
platelet engraftment on day 11 postansplant. HIV viral load remained undetectable with CD4+
221 cells/pL after ASCT. He received 2 years of bortezomitienance therapy following ASCT,
obtaining a CR, but then decided to stop. His disease progressed 39 months following ASCT. He
continues on salvage therapy (Table 2).

3.5 Case 5

A 50-year old AfricaPAmerican male with past medical history significant IV on ART,
(diagnosed in 2001 hepatitis B, history of myocardial infarction. Proteinuria was found on routine
labs and was referred to nephrology in 2015 by his infectious disease provider. Serum protein
electrophoresis detected presence of an M proteipike and was referred to an oncologist for
further evaluation. He underwent bone marrow biopsy that demonstrated 70% lambda positive
LI FayYl OSfttad hiGKSNI flro6a AyOfdzRSR a LINROISAY
microglobulin 2.5 mg/L, normahemoglobin, creatinine, and calcium levels. Skeletal survey
demonstrated a large lytic lesion in the L2 vertebral body. He was diagnosed with IgG lambda MM
ISS Stage |, standard risk. He initiated induction therapy with VRD and completed 6 cycles with
minimal response (MR); he also developed an L2 compression fracture during treatment and
underwent vertebroplasty prior to ASCT. CD34+ stem cells were collected from peripheral blood
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with a total 8.52 x 19cells/kg CD34+ cells retrieved. He went on to A$piloaimately 10 months

after initial diagnosis. HIV VL was undetectable with CD4+ cell count 321 cells/uL prior to ASCT. ASCT
course was complicated by mucositis, Aafectious diarrhea, and asymptomatic hypotension; no
additional antiinfectives beyondtandard prophylaxis was given. ART was continued during stem

cell mobilization and ASCT. Patient achieved neutrophil engraftment on day 9 and platelet
engraftment on day 10 podtansplant. HIV viral load remained undetectable with CD4+ 278
cells/uL afterASCT. He began lenalidomide maintenance therapy following ASCT and has achieved
a R (Table 2). At lgdollow-dzLJ LI 6 A Sy iQa YeSt2YlF RAaSIFaS KI &

4. Conclusions

HIV infection is associated with an increased risk of hematologic malignaiocregsared with
that in the general populatiofi2, 13] Multiple myeloma is less commonly associated with HIV than
non-Hodgkin lymphoma, but PLWH with HIV have been reported to have higher rates of monoclonal
gammopathy[7, 8] along with an increased relative risk of developing MM over time after HIV
diagnosig14]. Several studies have shown that outcomes of chemotheaapyASCT for treatment
of lymphoma are similar among PLWH and patients without HIV infe¢tibn 16] however,
experiences of ASCT for treatmentMM in PLWH are extremely limited and PLWH are generally
excluded from MM stem cell transplant trials.

In the preART era, few studies attempted to extend ASCT to PLWH because it was difficult to
manage treatmentelated complications for patients with HPélated hematologic malignancies.
Investigators from France reported ASCT inpdSitive patients with lymphoma for the first time
in 1996, however, the pogtansplant course was accompanied by multiple opportunistic infections
[17]. In the poStART era, effective suppression of HIV replication and improved immune function
have led to reductions in the incidences of opportunistic infections anerélited morbidity and
mortality. As a result, numerous studies have shown that the outcomes ipd#itive patients and
HI\tnegative patients with notHodgkin lymphomafter ASCT are similfi8, 19]

Our experiences of PLWH with myeloma have shown that when HIV is adequately controlled with
ART, clinical outcomes following chemotherapy and ASCT similar to patients without HIV infection.
All patients in this reporttolerated induction therapy and underwent autologous stem cell
mobilization and adequate CB3 cells collection (median 7 »X16ells/kg) without issues. All
patients in this report received higiose méphalan conditioning and were able to continue their
usual ART regimen throughout the transplant period. All patients started on maintenance and
continueduntil disease progression. During ASCT it is important to monitor closely for drug toxicities
due to potental drugdrug interactions between antiretrovitaagents and drugs used in
myeloablative regimens. Neutrophil engraftment time for these patients (median 11 days) was
similar to that in patients without HIV infectid@0, 21] Responses to therapy and aedl survival
are also similar to noilIV patients[20, 21] Our report highlights the therapeutic benefit of
aggressive MM therapy in patients with webntrolled HIV infection and demonstrates the
feasibility of high dose therapy and ASCT with maintenance of ART during transplant -for HIV
infected patients.
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Abstract

Liver transplantation (LT) has grown monumentally in the last 40 years. Sarcopenia has
emerged as an independent factor associated wiitreased mortality in patients with end
stage liver diseaseln this review we aim to shed light upon recent developments in
assessment, clinical implications, management of sarcopenia in patients requiring a liver
transplant. We also bring attention tti¢ impact of COVHD9 pandemic on sarcopenia which
ranges from the disease pathology to the unprecedented preventive measures taken during
this time. Assessment tools to risk stratify and assess the degree of COVID related
deconditioning in patients with red stage liver disease is an exigency. Management of
sarcopenia requires a multifarious approach to address nutritional factors, exercise and
pharmacotherapy. We may have to shift gears to focus on more rigorous rehabilitation and
nutritional techniques dtng the times of pandemid:uture studies should evaluate whether
recovery of sarcopenia with nutritional management in combination with an exercise program
is sustainable and whether that improvement in muscle mass leads to an improvement in
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clinical outomes. Data regarding long term and shtatm effects of COVID 19 pandemic, to
form assessment tools that aim to identify patients who can benefit from multimodal
prehabilitation and rehabilitation, is required.

Keywords
Sarcopenia; COVD®; livertransplant; liver frailty Index; 6 MWT

1. Introduction

Liver transplantation (LT) has grown monumentally in the last 40 years. The learning curve has
been steep but we continue to hone our skills in fields pertaining to recipient selection, organ
procurenent, matching and post transplant management. Sarcopenia has more recently emerged
as an independent factor associated with increased mortality in patients with end stage liver disease.
Advent of COVH29 has not only magnified the predisposition towardvelopment of sarcopenia
due to the social restrictions but data is also emerging regarding direct effects of the virus on muscle
health.

Sarcopenia, described as the disproportionate loss of muscle mass, is frequently seen in patients
with advanced livedisease with prevalence before and after LT ranging between 14% and 78% and
between 30% and 100%, respectively [1]. The definition of sarcopenia has evolved from loss of
muscle mass into remnant muscle strength. Even in the presence of multiple definitfons
sarcopenia in the literature, low muscle mass, irrespective of how it is measured, is a powerful
indicator of clinically relevant adverse outcomes, including poor quality of life [2], hepatic
decompensation [3], mortality in patients with cirrhosistbie LT walit list [46], longer hospital and
intensive care unit stay [5, 7], higher incidence of infection following LT [5, 8], higher overall health
OFNB O02ai wdé yR LRadmn[ ¢ Y2 Ndedtidndl imagingohasitean [ 2 3
associaeéd with increased mortality, morbidity, physical disability and poor quality of life both
before and after LT [8, 11, 12]. In this review we aim to discuss latest developments including
identification, assessment, clinical implications and managementrabpania in liver transplant
recipients in the light of prevailing pandemic.

2. Modalities to Evaluate Muscle Mass in the Liver Transplant Candidate

Sarcopenia has been assessed through a variety of modalities including muscle mass
quantification, includi@d | Y i KNRLR2 YSGNEXZ o0A2St SOGNAROFE AYLJ
absorptiometry (DEXA), ultrasound, magnetic resonance imaging (MRI), and computed tomography
(CT). DEXA scan is considered safe, inexpensive and is readily available and reprodueilidswvith
radiation exposure however limited by its inability to differentiate water from muscle; therefore,
affected by lower limb edema which is commonly present in decompensated liver disease [13]. It
was also found to have weak concordance with CT [l4jiléB limitations are found with
bioelectrical impedance analysis [15]. Anthropometry specificallyamad muscle circumference
(MAMC) has been cost effectively used in-patients to assess repeated measures of muscle mass.
MAMC has reliable intréinter-observer agreement when performed by trained individuals [16] and
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has been shown to predict mortality in patients with cirrhosis and those after LT [17]. Studies have
shown that MAMC poorly correlates with CT and MRI. Ultrasound is also a safe andhsiegpe
study with high intraobserver and interobserver reliability but is limited by indeterminate
reproducibility [18]. CT and MRI easily differentiate main body compartments, i.e., muscle, visceral,
and subcutaneous adipose tissue in a fast and accuratener. These tests are not affected by the
presence of ascites or edema however cost of procedure and radiation in case of CT are the main
limitations for these modalities [18, 19]. We do advocate for using CT as the preferred means of
assessment for sarpenia due to multitude of reasons as discussed prior along with it being the
most studied modality based on previously published reports on sarcopenia in liver transplant
patients [6, 5, 8, 18, 20, 21] and also a frequent imaging modality for commoraklimiications

(i.e malignancy screening, vasculature assessment). When assessing sarcopenia by SMI on an
abdominal CT scan, there does not appear to be a large difference between measurements at L3
versus L4 vertebrae [22]. There is scarce data evaludit@sg modalities in different ethnicities and
rarely accounts for gender disparities in sarcopenia [23]. Sarcopenic obesity (SO) is another
understated challenge reported in 2% of patients awaiting liver transplant [24]. A decrease of
30% in 1 year psi LT survival is noted in living donor LT patients with SO patients when compared
with non-sarcopenic obesity [25]. Interestingly recent literature research has shown that SO
patients had a lower incidence of neurological, surgical, respiratory, and ovastiular
complications compared with those with sarcopenia alone [1].

3. Assessment of Muscle Strength and Function

Multiple measures of muscle strength and function have been described including six minute
walk testing (SMWT) [26, 27], hand grip dynamtmeKarnofsky Performance Status (KPS) [18, 28],
Short physical performance battery (SPPB) [29], gait speed [30] and cardiopulmonary exercise test
(CPET) [31, 32]. These tests can be quickly performed with little to no expense however due to the
complex rature of the disease it is difficult to ascertain the cause of suboptimal performance when
confounding comorbidities exist for example cardiopulmonary limitations. Even though we do not
have an expert consensus on which modality to use in the assessmdremnfransplantation,
studies highlight independent association of functional measures including 6MWT as a significant
predictor of waitlist mortality when compared to sarcopenia described on the bases of SMI [27].

4. Liver Frailty Index

Lai et al coinedLiver Frailty Index (LFI) in 2017 [33] from a cohort of 536 patients with ESLD this
was based on Fried Frailty Index [34] and Short physical performance battery (SPPB) [35]. It consists
of dominant hand grip strength (HGS), time to do 5 chair standsiaredtolding 3 balance positions
(feet side by side, semtandem and tandem). LFI is liver diseapecific that can then be
categorised into frail, prdrail and robust and assessed longitudinally. Independent of cirrhosis
related decompensation [36] it lsasshown to be a good predictor of LT waiting list mortality, hospital
admissions [37], post LT mortality [38] and acute cellular rejection [39]. To standardize LFI and make
it a unit of clinical comparisons, validation in acute worsening of liver disegusgtient population,
data from other countries and its response to treatment interventions is required. Expert opinion
from American Society of Transplant in 2019 emphasised that frailty should not be used as the sole
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criterion for delisting a patient foliver transplantation, but rather should be considered one of
many criteria when evaluating transplant candidacy and suitability [40].

5. Impact of Sarcopenia in LT

Sarcopenia, irrespective of how it's defined and measured, has significant clinicahtropsdor
patients awaiting LT including increased mortality [5, 41], poor quality of life [2], hepatic
decompensation [3] and their post transplant period including longer hospitalization, intensive care
requirements, increased risk of infection alonghwiigher 1 year post LT mortality [6, 10, 38, 39,

42]. It is however important to note that the North American Working Group and American Society

of Transplant recommends that sarcopenia should not be the sole criterion for declining or delisting
candidages for LT [40, 43]. Sarcopenia when added to the MELD score was associated with improved
prediction of mortality in patients with cirrhosis especially in the patient cohort with low MELD
scores [5]. It has been proposed to prioritize these patients betloeg develop extreme muscle
wasting. This has not yet qualified as a prevalent practice. Keeping in mind the robust effect was
seen in MELD score less than 15 and lack of a threshold value for sarcopenia poses a significant
limitation in its use as a risitratification tool or practice guidance. A more holistic approach to
transplant candidacy is advised including an objective metric of sarcopenia along with a patient's
medical, physical, functional, and psychosocial factors.

Knowledge regardingmplications of sarcopenia may assist clinicians in addressing the elephant
in the room earlier in the transplant evaluation. It may help provide appropriate counselling to
patients regarding his pre and post LT risks. This information may help motiviitatpao seek
appropriate interventions with regards to nutrition and exercise and also opt for living donor LT or
higherrisk donor livers.

6. Pandemic and Its Effects on Sarcopenia

COVIEL9 has had a profound impact on sarcopenia which stems not just disease pathology
but also the surrounding preventive actions opted worldwide to curtail the infection. GO¥ID
pandemic has led to a devastating global impact requiring implementation of unprecedented
measures in order to halt the spread of infectiofravel bans, quarantine, isolation and social
distancing [44, 45] have led to reduction in physical activity and increase in sedentary lifestyle [46]
which are associated with loss of muscle mass [47]. Decreased social interaction and physical activity
may lead to increased levels of stress and anxiety which are reported to increase markers of muscle
atrophy [48, 49]. Psychological stressors and limited access to food pave the way for poor dietary
choices, commonly opting for fast foods containing low pnotand high fat and sugar content [50,

51]. Our concerns, not yet validated, are worsening of fatty liver disease alongside metabolic
syndromes and increase in sarcopenic obesity in cirrhotics.

The ability of COVHDO to cause chronic iliness, sarcopeara physical deconditioning may be
underestimated. Myalgia, lethargy and anorexia in the setting of anosmia and dysgeusia can have
the potential to exacerbate muscle weakness. It has now become clear that survivors ofI80VID
are at increased risk of acusarcopenia with worsening muscle insufficiency, defined by decline in
muscle function and/or quantity within six months, usually following a stressor everR53b2
Mechanisms of acute sarcopenia with CO¥®Dinclude direct injury, as SARS8V2 entershost
cells via the angiotensioonverting enzyme 2 (ACEZ2) receptors found on skeletal muscle surfaces
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[54, 56, 57] and indirect pathways such as increased serum concentrations of inflammatory
cytokines including interleukin 6 {6) and Tumour Necrosis FacAlpha (TNF 0 f 2y 3 6 A ( K
steroids and muscle relaxants during management of disease which may all have a detrimental
effect on muscle protein synthesis [52, 58]. TNF | § 82 RSONXKI a4Sa YSaaSys:
(mRNA) translational efficiency cang anabolic resistance, which requires higher protein intake to
stimulate muscle protein synthesis [52].

Obesity is described as an adverse prognostic factor during the pandemic. It is associated with
systemic inflammation, which may exacerbate the effexf acute illness upon muscle metabolism.
Sarcopenic obesity may also be associated with ectopic deposition of fat and intramyocellular lipid
deposition, thus affecting the quality of muscle [59].

It is safe to assume that the overall impact of all thetbrs mentioned above is magnified in
patients with end stage liver disease. Assessment of frailty has taken a new meaning during the
pandemic. It would be worthwhile to look into the impact of SARS-ZwoWection along with its
sequelae on the presentdilty measures used for assessment of sarcopenia.

7. Management of Sarcopenia

Management of sarcopenia requires a multifaceted approach. Clinician awareness in recognizing
the impact of sarcopenia and the potential to modify that impact is the first ste@rds the path
of management. Early counselling performed by clinicians during the pandemic may help mitigate
some effects of sarcopenia by motivating patients to seek prehabilitation and follow standard
operating procedures (SOPs). Objective assessmmiesaircopenia may help monitor for further
deterioration or improvement even though there is scarce data that improving muscle mass and
function increases survival prand postLT [60, 61].

Lifestyle modifications including abstinence from alcohol andlengpare advised across the
board to all patients with end stage liver disease irrespective of etiology. Optimizing glycemic
control may also help in reversing sarcopenia [62], keeping in mind hyperinsulinaemic state causes
catabolism.

The International Soety for Hepatic Encephalopathy and Nitrogen Metabolism Consensus
provides BMistratified target caloric recommendations based on an ideal body weight (also
corrected for fluid retention) [63]. For nonobese individuals (BMI < 30 kg/m2 ) optimal dailgyener
intake of at least 35 kcal/kg of actual body weight corrected for fluid retention is recommended. In
obese patients, a moderately hypocaloric diet (with a reduction of 500 to 800 kcal/day) has been
suggested [64]. Protein target of 1.5 g/kg/day is recoamded with further increase up to 2.0
g/kg/day in cases of severe hepatic decompensation [64] and SAR&9C@Mction [65]. Protein
restriction is no longer necessary in patients with hepatic encephalopathy [66]. Patients with end
stage liver disease arsusceptible to accelerated muscle catabolism during prolonged periods of
starvation and in an attempt to shorten the overnight fasting period they are advised to eat a snack
shortly before bedtime and avoid skipping breakfast [64, 67].

Multiple studies o date have demonstrated that exercise improves muscle mass and function,
function, 6 minute walk test (6 MWT) and quality of life in patients with compensated and
decompensated cirrhosis [6B)] in the absence of an evidence based collaborative
recommendaon. Even though large studies aiming to look at the survival benefit are needed, it is
generally recommended that a combination 3 days/week aerobic and 2 days/week of resistance
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exercises be performed at moderakegh intensity whilst awaiting LT [71]. 8Moring special
attention towards patients recovering from COVIBD who may require enhanced physiotherapy.
Taking into consideration that current policies mandate isolation for these patients, mobilization
can be considered within COVID pods. Provisioof strength training equipment in COVID

units will help to build a supportive environment focused around rehabilitation [52].

Pharmacotherapeutic interventions are of great interest and serve as promising potential for
growth. Summary of a few intervéons is provided in Table 1. Myostatin is a secreted protein that
functions as a potent negative regulator of skeletal muscle growth. Interventions focused on its
disruption via neutralising antibodies in skeletal muscle may slow down muscle breakdqw].72
There is ongoing research to target myostatin signalling in skeletal muscle in hopes to improve
muscle mass and function. Modified myostatin propeptide to block myostatin [74] and a soluble
ActRIIB receptor Fc fusion protein [75] have been lookaalfor this purpose. Promising results in
older adults have been reported for muscle mass and function through direct inhibition of myostatin.
However, functional measures of strength (handgrip, isometric leg strength) and endurance (6
minute walking distace) were not affected which limits their use in patients with end stage liver
disease.

Selective Androgen Receptor Modulators (SARMs) demonstrate anabolic activity in muscle and
bone, but unlike testosterone and other androgens it minimally affects grafithe prostate and
other secondary sexual organs [76]. ¥dK73 treatment has shown increase in lean body mass but
did not improve muscular strength or physical performance [77].

Hyperammonemia contributes to abnormal skeletal muscle proteostasis.itertain whether
ammonialowering treatment improves proteostasis or reverses sarcopenia even though
improvement in grip strength and skeletal muscle growth is reported in a preclinical study [78]. Use
of L-ornithine L-aspartate (LOLA) has been supportgdsbveral randomized clinical trials and meta
analyses, improvement in skeletal muscle growth and function has also been reported however
adequately powered, weltontrolled trials are required to demonstrate that LOLA monotherapy
provides an effective age for the prevention and treatment of sarcopenia in these chronic liver
diseases [79, 80].

Table 1Abbreviations: bid, twice daily; IM, intramuscularly; RCT, randomized clinical
trial; tid, three times a day [43].

Author Intervention Dosing Comment
Corey et al., 2018[l] Cholecalciferol 200.0. IUfday D_ef|c:|e.ncy common it
Deficiency cirrhosis

Davuluri et al., 201¢ 7.'5. g/day typlcally_lr Included in many
divided doses with

[82] Tsien et al. 201! Leucine nutritional

additional
[83] aminG acids supplements
Holecek et al., 201" 2-hydroxymethyl 1 q tid Metabolite of leucine
[84] butyrate g Nutritional
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supplement with
anticatabolic action

Testosterone Gel preferred for
: undecanoate 1,00( sustained physiologi
: , Testosterone in
Sinclair et al., 201i - mg IM, schedule levels,
androgendeficient
[85] men per RCT; 0 concerns for
transdermal gel 5C thrombosis and
mg/day[86] prostate cancer

Essential nutrient fol
fatty acidmetabolism
Oharaetal., 2018[/] L-carnitine 1,000 mg/day or bid One fourth IS
synthesized in the
kidney and liver

Ace inhibitors seem to have beneficial effects on preventing sarcopenia [88]. There is evidence
that they do not cause increased COM®risk or mortality [89]. Future studies arequired
focusing on its use in patients with COMI® infection and end stage liver disease patients to
identify risks and benefits.

There is dire need of developing potential treatment options that may prevent or reverse
sarcopenia as exercise and nutit may not always be feasible especially in bed ridden patients
during the pandemic.

8. Conclusion

Sarcopenia, endemic in patients with end stage liver disease, has been explored vigorously in the
last few years. There are still clinical research questittrat merit further consideration which
include formulation of assessment tools that can help clinicians recognize sarcopenia and follow the
progression. Once consensus regarding reliable and reproducible objective tools with clear
threshold values is reded, this can be further extrapolated to the effects of CGMDnfection
and collateral effects of the pandemic in patients with advanced liver disease. Realizing the ability
of SAR&0V2 to cause physical decline is multifactorial and complex, kleted to periods of
convalescence, anxiety, poor dietary choices, reduced appetite, chronic cardiorespiratory
symptoms, social isolation, and reduced access to physical activity. The impact of physical
deconditioning related to liver disease and COVW¥pandemic +/ infection should be carefully
assessed in patients planned to undergo liver transplantation surgeries. Peri operative risk should
be further studied in this highly susceptible group and management approach should be tailored
accordingly to idatify not only the best timing of surgery but also to initiate timely and focussed
prehabilitation and counselling.
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(<20%),medium (20-80%),high (>80%)],age, graft types [extended criteria (ECD)cardiac
death (DCD)standardcriteria (SCD)]CDChighrisk, HCVstatusand cold ischemictime (CIT).
Recipientfactorsincludedageat transplant,induction agent, BK status, CMV status, acute
andchronicrejection,cPRAand DSAstatus.Primaryoutcomeis 3-year GFRecalculatedviathe

MDRDequation. In univariate analysis,donor age, KDPI,ECD and chronic rejection were

significantlyassociatedvith changesn 3-year GFRp<0.001)In the multivariableregression
analysisdonor age,KCPI,and chronicrejection remainedassociatedvith changesn 3-year
GFRp<0.001)Acuterejection,DCDHC\status,CIT BKandCMWiremia,PRApretransplant
or de novo DSAwere not associatedvith changesn 3-year GFRp>0.05) We concludethat

donor age,KDPIland chronicrejection are independentlyassociatedvith 3-year GFRwhile

acuterejection,DCDHC\ktatus,CIT BKandCMWiremia,PRAgxistingor de novoDSAwvere

not. Basedon thesefindings,current scoringsystemsmay need refinementto addressthe

prognosisof mid-term GFR.
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1. Introduction

Glomerularfiltration rate (GFR)s an excelent indicator of renal function; however,transplant
outcomeshave historicallybeen basedon patient and graft survival.Kidneydonor profile index
(KDPI)derived by calculatingKidney Donor RiskIndex (KDRIhas been widely acceptedand is
validatedto predictkidneygraft performancein adultrecipients;however,graft failure and patient
survivalunderestimatethe progressiorto chronickidneydiseasegnd stagerenaldiseaseand mid-
term GFR[1]. Furthermore,there are limited data describingmid-term predictors of GFRafter
deceasedlonorrenaltransplantation Weinvestigateda) whether KDP predictsmid- term GFRand
b) whether other independentdonor andrecipientfactorsare predictiveof mid-term GFR.

2. Materials and Methods

Adult deceaseddonor renaltransplantsperformedat our institution between2009-2015were
reviewed.We revieweddonor characteristicancluding: KDPIcategorizedas low (<20%)medium
(20-80%) or high (>80%),donor age, graft type: extended criteria (ECD)cardiacdeath (DCD)
standardcriteria (SCD)CDdncreasedisk, HCVstatusand coldischemicime (CIT) CDOncreased
riskis definedby the CDQPublicHealthServiceasdonorswith riskfactorsfor HIV,HBV ,or HC\2].
ECDgraftis definedasone dwho, at the time of death, isagedx c ar aged50to 59 yr and hasany
two the following three criteria: (1) Causeof death is cerebrovasculaaccident;(2) preexisting
history of systemichypertension;and (3) terminal serumcreatinine>1.5Y 3 k RBf €

Recipientfactors included: age at transplant, induction agent, BKand CMV status, acute and
chronicrejection, cPRApreoperative DSAand de novo DSAstatus. DSAwas measuredby One
LambdaLuminexresults. PRAwas categorizedas low immunogenicrisk (0-20%), moderately
sensitized(21-80%),and highly sensitized(81-100%).All biopsieswere basedupon classification
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scoresof the renal pathologiststhat usedBanff criteria to diagnoseacute and chronicrejection.
Accordingto the Banff Criteria,acute rejedion wasdefined by tubulitis, interstitial inflammation,
glomerulitis,peritubularcapillaritis,andarteritis. Alsoin accordancevith the Banffcriteria, chronic
rejection was defined by tubular atrophy, interstitial fibrosis, transplant glomerulopathy,
multilayeringof peritubular capillary(PTCpasementmembranesandtransplantarteriopathy|[4].
Allbiopsieswereperformeddfor O | dzas®ecurrentlydo not perform protocolbiopsieslnduction
agentwaschosenbasedon the sensitizationstatusof the recipient. Non-sensitizedpatients with
no pretransplantDSAwere givenbasiliximabwhereashigherimmunologicrisk patients (PRA> 20
and presenceof DSA)eceivedanti-thymocyte globulin (ATG).Maintenanceimmunosuppression
protocol included prednisone mycophenolate mofetil and tacrolimus (standard triple
immunosuppressiortherapy). Primary outcome was 3-year GFRcalculatedby MDRDequation.
MDRDcalculationis the default equationin the electronicmedicalrecordsystemof the institution
therefore it was usedasthe primary method of GFRDelayedgraft function (DGF)data was not
trackedgiventhat we expectedDGHn many of thesekidneysas manywere imported with long
coldischemidime and/or elevatedterminalserumcreatinine. BKand CMWiremiawere performed
Gor O dzasSwe currently do not perform protocol viral tests. Demographicand clinical
characteristicsof donors and recipients are presented as means and standard deviations for
continuousvariablesandasfrequenciesandpercentagedor categoricavariablesLinearregression
wasusedto assesshe changen 3-yearGFRrom baselinefor the variabledistedin Tablel. Three
yearGFRvasthe dependentvariablein theseanalysiof covarianceanodelswhichincludedbaseline
GFRas a covarate. A multivariableregressionmodel also usedto jointly assesghe relationship
betweenfactorsfoundto be associatedvith the changein 3-year GFRn the univariatemodels.All
statisticaltests were conductedat two-sided 0.05 level. The analyseswvere conductedusingthe
StaticalAnalysisSoftwareSystem(SASyersion9.4 (Cary NC).

All study protocolswere approvedby the Montefiore MedicalCenterlinstitutional ReviewBoard
#20177715.

3. Results
3.1 PatientDemographics

Wereviewed828patients.Donor andrecipientcharacteristicare summarizedn Tablel. Mean
recipientagewas55.9 p13.8(range21-85). MeanGFRat 1, 2, and 3 yearswas49p14,48p15, and
47p15. Mean donor KDPwas 60 527.2. We categorizedKDPlas low (<20%)n=67,8%),medium
(20-80%)(n=569,69%)and high(>80%)n=192,23%). Graftlossat 3 yearsof follow-up was6 (9%),
41 (7%)and 41 (21%)in low, medium and high KDPIgroups,respectively(p=0.55).Therewere 4
(6%),35 (6%),28 (15%)deathsin low, medium and high KDPIcategoriesat 3 years,respectively
(p=0.04).Death censoredgraft losswas 3%, 1% and 8% in low, medium and high KDPIgroups,
respectively(p=0.57).Higher KDPlwas significantlyassociatedwith lower 3-year GFRdoth asa
categoricalbnd continuousvariable(p<0.05).

Table 1 Donor and recipient characteristicsPRA:Panelreactive antibody, ATG:anti-

thymocyteglobulin,DSAdonor specificantibody, GFRglomerularfiltration rate, KDPI:
kidneydonor profile index, ECDextendedcriteria donor, DCD:donation after cardiac
deah, HCVhepatitisCvirus.
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Recipientcharacteristics N (%)
Age(years) 55.86+13.8
Male 488(59%)
Ethnicity

Caucasian 176(21%)
African¢American 279(34%)
Hispanic 223(27%)
Asian 17 (2%)
Other 37 (4%)
Declinedto Report 96 (12%)
cPRA

low risk (0-20%) 417(50%)
moderatelysensitized21-80%) 212(26%)
highlysensitized81-100%) 199(24%)
Induction

ATG 478(58%)
Basiliximab 346 (42%)
denovoDSA 111(13%)
PreoperativeDSA 105(13%)
Acuterejection 68 (8%)
Chronicrejection 37 (4%)
MeanGFRat 1 year(mL/min) 49+ 14
Mean GFRat 2 years(mL/min) 48+ 15
Mean GFRat 3 years(mL/min) 47+15
Donorcharacteristics N (%)
Age(cutoff 70 yearsold) 43+15
MeanKDPI 60+27.2
low (<20%) 67 (8%)
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medium(20-80%) 569 (69%)
high (>80%) 192(23%)
ECD 179(22%)
DCD 84 (10%)
HCWositive 45 (5%)
Meancoldischemidime 1277.9+878min

3.2 Association8BetweenGFRand the Variables

We had 179 EC[D(22%),84 DCD(10%),45 HCVpositive (5%),143 CDChighrisk (17%)donors.
Meandonoragewas43p15. Averagerecipientagefor ECDgraft wassignificantlyhigherthan non-
ECDrecipients(60vs.37 years,p<0.0001).ECOgraftshad meanGFRof 41.0p16.9versusnon-ECD
graftsof 49.0514.36(p<0.0001).ECDgraftswere alsoassociatedvith highermortality at 3 years
(14.0%vs.6.8%,p=0.002)and with graft failure (18.4%vs.8.6%,0=0.0002) DCDgraftshad similar
GFRat 3 yearscomparedto non-DCDgrafts (46.0 p15.8vs.DCD47.0 p15.2(p=0.57).

Themeandonor ageof HC\fositiveorganswassimilarto that of HCVhegativeorgans(44.7vs.
43.8years,p=0.79).HCVpositiveand -negativeorganrecipientagewasalsosimilar(59.0 r6.3vs.
53.3 p13.5 p=0.05).When adjustedfor donor and recipientage, HCVstatuswas not associated
with 3-year GFR(p=0.17).ECDrate in HCVpositive organswas not significantlyassociatedo the
ECDrate in HCVhegativeorgans(18.2%versus24.7% p=0.47).

MeanClTwas1277.9 5878.2min. We groupedClTasshort(<24hrsyandlong (> 24hrs).40%had
short CIT whereas60%hadlong CIT.CITwasnot associatedvith 3-year GFRn univariateanalysis
(p=0.7).

BKand CMVviremiarates were 8.0%and 16.3%respectively.Mean preoperative cPRAwas
classifiedas0-20%(low risk) (n=417,50%),21-80%(moderatelysensitizedYn=212,26%),and 81-
100%(highlysensitized)(n=199,24%).13%o0f the patientshad pretransplantDSAclasd or clasdll.
13%developedde novoDSAclasd or clasdl after the transplantation.Noneof thesevariablesvere
associatedvith 3-yearGFRp>0.05).

Acute rejection occurredin 68 (8%) patients and they had no differencein GFRat 3 years
comparedto patientswithout acuterejection (41 520.3vs.43 p15.3,p =0.32).However,chronic
rejectionwasassociatedvith lower GFRat 3 years(34.0518.7vs.44.0515.6,p=0.0002).

Multivariableregressioranalysigs summarizedn Table2. Becausedonor ageis a part of ECD
determination, we did not include ECDstatusin our final model. In our multivariableregression
analysisdonorage,andchronicrejectionwere associatedvith GFRat 3 years.

Table2 MultivariableregressioranalysisHCV= hepatitisCvirus, DCD=donationafter
cardiacdeath.

Variable ParameterEstimate StandardError t-value Pr>lil

Intercept 84.54 2.98 27.42 <0.05
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DonorAge -0.58 0.05 -8.78 <0.05
Acute Rejection -17.15 4.50 -3.78 p=0.55
ChronicRejection -20.75 5.21 -5.23 <0.05
DonorHCV 1.24 5.61 0.30 0.91
DCD -3.41 2.93 -0.79 0.48
KDPI -12.31 3.50 -2.68 <0.05

4. Discussion

GFRs an excellentindicator of renalfunction. Determiningpredictorsof GFRhasthe potential
to predict graft and patient survival.Prior studiesassesseanainly donor variablesto predict mid-
term GFRThesevariablesoften included:donorage,donorcreatinine,donor causeof death,donor
diabetes,and donor ethnicity [5-7]. Theliterature doesnot have a sufficient, reliable marker for
predictingmid-term GFRunction. We therefore attemptedto analyzepredictorsof mid-term GFR
and chose3-year GFRas a primary endpoint (asit is widely acceptedthat 1-year GFRis a good
markerfor graft survival) However both patientsandtransplantproviderswould agreethat longe
term graft survivalshouldbe the ultimate goal.

We analyzeda variety of predictorsof mid-term GFRThefirst predictor of mid-term GFRwe
lookedat wasthe kidneydonor profile index(KDPI)KDPIsderivedby calculating<idneyDonorRisk
Index(KDRJand hasbeenwidely acceptedto predictkidneygraft performancein adult recipients.
Raoet al. developedthe kidneydonor riskindex (KDRI)leadingto the widespreaduseof the KDPI
asa markerof mid-term graft function. However,graft failure and patient survivalunderestimate
the progressiorto chronickidneydiseasegnd stagerenaldiseaseand mid- term GFR1].

In our study, we did find that higherKDPWwasassociatedvith lower patient survivaland GFRat
3 years.In multivariableregressionandysisKDPIremainedsignificant. We alsofound that acute
rejection,HC\statusor DCDgraft wasnot associatedvith 3-yearGFRn contrastto the KDPkcoring
system.

Surprisinglywe found that that DCDstatus was not associatedwith 3-year GFReven when
adjustedfor donoragemaynot necessarilynerit anincreasedisk,asit doesin the currentscoring
models.

In our results,whenadjustedfor donorandrecipientage,HCVstatuswasnot associatedvith a
decreasean 3-yearGFRWe startedusingHCWATpositiveorgansfor naiverecipientsin 2018,after
the initial reportsregardingthe useof HC\positivedonorsandreported suitableoutcomeg[8-11].
Of note, our resultsreflect the erabefore we started acceptingHCVantibodyand nucleicacidtest
(NAT) positiveorgansfor HCVnhegativerecipients.In this study, HCVjpositiveorganswere usedfor
only HC\positiverecipients.

There are current studiesthat have attempted to correlate mid-term GFRwith donor and
recipientvariablesForexample Elbadriet al.reportedimprovedGFRat 5 yearswith youngerdonor
age,the absenceof CMVinfection and the absenceof rejection [12]. Thesefindingssupport our
results.However their overalldonor agewas muchyoungerthan our cohort (mean36, range21-
47)and,they did not includeHC\Vpositivedonorsin their review[13].
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In our results,ECDyraftswere associatedvith lower GFRand highermortality at 3-years.Arnau
et al. looked at 1-year GFRfor ECDkidneysand marginalgrafts defined by the Donor RiskScore
(DRS)ystemreported by Scholdet al. Theydid report worse GFRat 1 year for ECDdonors
(39.4614.1vs53.819.1,p<0.001)14]. We found strongassociationbetweendonorageand ECD
statusat 3-yearGFR.Sincedonorageisacomponentof ECOletermination,we did not includeECD
statusin our final multivariablemodel. In additionto GFRECDstatuswasassociatedwvith 3-year
mortality rate. Thiscould be partly explainedby increasedageof ECDrecipientscomparedto non-
ECDrecipients. Ourfindingsare concurrentwith mostinstitutions @racticeto utilize ECDyraftsfor
elder transplant candidatesto expandthe availabledonor pool, which could explainthe higher
mortality rate in this group.

We alsofoundthat the presenceof chronicrejedion wasanindependentpredictorof lower GFR
at 3-years.Schinstoclet al. demonstratedanincidenceof de novo DSAof 7.0%andthey concluded
it wasa risk factor for reducedgraft survivaland could predict antibody mediatedrejection at 1-
year.Theyalso found that GFRvasaffectedby de novo DSABoth classl and 2 DSAhad a higher
rate of decreasingsFH15]. Thisisdifferent from our results;13%of our patientshadpretransplant
DSAand 13%developedde novo DSAput neither wasassociatedvith 3-yearGFR.

Our study hasseveralmajor limitations. First, our studyis a retrospectivestudy with resultant
selectionbiasdue to transplantpolicy at the time and missingdata. Secondlywe usedthe MDRD
equationwhichis knownto be lessaccuratethan the CKBEPKformula, mainlyit is the default GFR
calculationin our electronicmedicalrecord system.In addition, our patient populationis skewed
dueto the largepercentageof minority groupscomparedto other centers.

5. Conclusions

InconclusionhigherKDPIs predictiveof lower GFRat 3-yearsaswell aspatient mortality. Donor
age,andchronicrejectionareindependentpredictorsof 3-yearGFRAcuterejection,HCVstatusor
DCDstatusarenot associatedvith 3-yearGFRevenwhenadjustedfor donorandrecipientage. We
believethe scoringsystemsshould be refined and we recommendprospectivestudiesto better
determinethe role of KDPIn predictingkidneyfunction at mid-term.

Abbreviations

ATGAnNti-thymocyteglobulin
CDCCenterfor disea® control
ClITcoldischemidime
DCDdonationafter cardiacdeath
DGHdelayedgraft function
DSAdonor specificantibody
ECCExtendedcriteriadonor
GFRGlomerulaffiltration rate
HVCHepatitisV virus
KDPKidneydonorriskprofile
KDRKidneydonorriskIndex
PRAPanelreactiveantibody
SCDOstandardcriteriadonor
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Abstract

Antibodies against donor HLA determine access to solid organ transplantation and in many
cases the outcome of transplantation, but graft failure is not an inevitable consequence of

their presence. Much research has been performed with two main gimbkich antibodies

represent the highest risk factor prior to transplantation, and second to understand how

donor specific HLA antibodies behave after transplantation, with a-temg aim of being

able to manipulate their production. HLA antibody incompatibtikly transplantation is the

best model for examining antibody responses and this review looks at methods for
AYGSNNRIlFGAY3T GKS FTYGAO02RASE dzaAy3d WOENF RAGA?Z
and newer dissection techniques such as antibadyckss, complement binding and activity

and affinity. Integral to the understanding of the large datasets generated is sophisticated
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mathematical analysis using techniques such as decision tree analysis and unsupervised
machine learning. This review exan@s key aspects of this work, performed by us and others.

Keywords
DSA; HLA; pathogenicity; incompatibility; outcomes

1. Introduction

Kidney transplantation is the optimal treatment for patients with end stage kidney disease but
immunological barriers, especially HLA antibodies, are important factors limiting timely accessibility
to transplantation. Assays detecting and defining HLA antibodies have evolved over the last few
decades. This has allowed us to better understand hum@sponses but has posed a major
challenge in defining threshold at which we can safely transplant, as we are now detecting
antibodies at very low levels with increasing sensitivity and specificity. This has redrawn the risk
stratification in decision makg but also increased complexities. Additionally, over the last two
decades, transplantation across blood group and HLA antibody incompatibilities have been
performed successfully in different parts of the world7qLusing varied desensitisation therapies
[8]. This is partly due to improvements in diagnostic techniques such as HLA tissue typing,
identification of HLAspecific antibodies, crossmatch techniques [9] and advances in therapeutic
approaches such as adsorption columns [10], removal of antibbgietasmapheresis [11, 12], and
newer biological therapies. Data from transplanted series tend to stratify results based on positive
response in current assays, but none of the assays can accurately predigedonglinical
outcomes irrespective of dessitisation protocol utilised. Hence efforts have been made to
characterise and analyse other properties of antibodies and the underlying regulatory mechanisms.
This review summarises current literatures surrounding -sib#cific antibodies and outcome of
HLA-incompatible kidney transplantation across the range of immunological risks.

2. Snapshot: Current Assays Used in Laboratories and Relation to Clinical Outcome

Three main assays are widely used to risk stratify donor specific antibodies (DSA) riskes prior
HLAincompatible kidney transplantation. Two of these are cellular assays (complement dependent
cytotoxicity and flow cytometry), and the third one is solid phase luminex assay using microbeads
coated with HLA proteins. The relationship between the ¢hassays is shown in Figure 1. As the
assays measure a different aspect of antibody binding, there is incomplete concordance between
the results obtained. Microbead (luminex) assay is highly sensitive and is specific for HLA proteins.
Low levels of HL-Apecific antibodies are detected that may not give a positive signal on flow
cytometry or CDC. Both flow cytometry and CDC assays use lymphocytes to study the binding of
antibodies, but the principle differs from each other such that one studies complement fi
antibodies whereas other tests both complement fixing and -tcomplement fixing antibodies.
Anti-human globulin (AHG) augmented CDC can detectoomplement fixing antibodies too, thus
more sensitive compared to neslugmented CDC assay. However \thkie of a more sensitive CDC
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assay might be revaluated given the availability of flow cytometry and luminex bead assay and
recent long term clinical outcome data.

<—— Non- HLA antibodies, non-IgG antibodies

A HLA-specific IgG antibodies

bC ———
|  High affinity/ high concentration/ Complement fixing
Flow cytometer i
@ Moderate concentration / affinity
&a
Luminex Low concentration / affinity

<— Antibodies to Denatured HLA-antigen

Figurel Overlap of current assays used in determining{dpécificantibodies.

It has generally agreed that selective responses of patient sera with above three assays can
quantify strength of antibodies, with positive results for all three assays the most powerful and
luminex assay alone positive at milder end of thecipen. The microbead assay is also very
important in defining positive CDC results that are not due to HLA antibodies and may not be
clinically significant. Analysis of outcome from 114 {filcAmpatible kidney transplantation at our
centre showed early aitiody mediated rejection (within 30 days post transplantation) was higher
in CDC (55%; N = 12/22) followed by flow positive group (50%; N=28/57) and least in luminex bead
positive alone (23%; N=8/35). This was statistically significant (Figure 2A). $hmatch status
also influenced treatment success following an episode of early acute antibody mediated rejection
(AAMR). At our centre, we have observed 100 % recovery of graft function at three months post
episode of AAMR in ne@DC group (N=39/39) comparto 80% in CDC group (N=12/15), p = 0.4
[13].

Figure2 Outcomes following HLl-facompatible kidney transplantation in relation to
current assays; 4 early AAMR and B death censored graft survival (Kaplan Meier
survival analysis and statistics by tagk test).
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