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Abstract 

A 65-year-old female with a history of right lung transplantation (LTx) for chronic obstructive 

pulmonary disease (COPD) 9-years 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 lesions that were adherent to the right sided 

anastomosis resulting in mild obstruction of the right mainstem bronchus. Pathology from 

biopsies of the endobronchial lesions revealed hyphal fungal organisms consistent with 

Aspergillus species. Following antifungal therapy with voriconazole, her follow up 

bronchoscopy 37 days post the original bronchoscopy revealed resolution of the 

endobronchial lesions. ¢ƘŜ ǇŀǘƛŜƴǘΩǎ ŎŀǎŜ ƛǎ ǳƴƛǉǳŜ ƛƴΥ ǇǊŜǎŜƴǘŀǘƛƻƴ ф ȅŜŀǊǎ Ǉƻǎǘ-

transplantation, the absence of prior Aspergillus colonization, and the appearance of the 

endobronchial lesions. Following Ltx, immunosuppression in combination with allograft 

exposure to the environment increases the risk of opportunistic infections, especially 

saprophytic infections including Aspergillus. 
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1. Description 

A 65-year-old female with a history of right lung transplantation (LTx) for chronic obstructive 

pulmonary disease (COPD) 9-years 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 below her sternum 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 tomography (CT) scan, 

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 resulting in mild obstruction of the right mainstem 

bronchus [Figure 1]. Prolene (standard) sutures used for the airway anastomosis were present. 

There was no unusual appearance to the sutures, and in our experience, we always see at least 

some parts of the anastomotic 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 appeared clean with visually 

intact wall. A bronchoalveolar lavage (BAL) and transbronchial forceps biopsies (TBBx) of the 

allograft were also performed. 

 

Figure 1 Bronchoscopy exam revealed fluffy, endobronchial lesions that were adherent 

to the right sided anastomosis resulting in mild obstruction of the right mainstem 

bronchus. 

Pathology results from biopsies of the endobronchial lesions revealed hyphal fungal organisms 

consistent with Aspergillus species [Figure 2]. Allograft BAL fungal cultures were finalized as 

negative at 6 weeks, and allograft revealed no evidence of rejection. Her beta-D-glucan assay was 

negative. The patient was started on intravenous voriconazole and amphotericin nebulizers and 
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transitioned to oral voriconazole upon discharge. Though there are no guidelines for anastomotic 

Aspergillus infection, voriconazole was selected as it is the treatment of choice for invasive 

aspergillosis. She was already on decreased immunosuppression, so her immunosuppression 

regimen was not changed. 

 

Figure 2 Pathology results from biopsies of the endobronchial lesions revealed hyphal 

fungal organisms consistent with Aspergillus species. 

She had a follow up bronchoscopy 37 days post original bronchoscopy which revealed resolution 

of the endobronchial lesions [Figure 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. 

 

Figure 3 Bronchoscopy exam 37 days following original debridement bronchoscopy and 

oral voriconazole. 

Following Ltx, immunosuppression in combination with allograft exposure to the environment 

increases the risk of opportunistic infections, especially saprophytic infections. Saphrophytic 

Aspergillus infection involving bronchial anastomoses has been described in lung transplant 
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ǊŜŎƛǇƛŜƴǘǎ ώмϐΦ Lƴ bǳƴƭŜȅ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎΩ ǎŜǊƛŜǎ ƻŦ ŦƛŦǘŜŜƴ ǎŀǇǊƻǇƘȅǘƛŎ ŦǳƴƎŀƭ ƛƴŦŜŎǘƛƻƴǎ ƛƴǾƻƭǾƛƴƎ ǘƘŜ 

bronchial anastomosis in Ltx recipients, the incidence of saprhophytic fungal infection of the 

bronchial anastomosis was as high as 24.6%, with Aspergillus species being responsible for two 

thirds of the cases [2]. In another report, Aspergillus fumigatus was responsible for almost 90% of 

all tracheobronchial infection in Ltx recipients [1]. The median time from transplantation to 

diagnosis of saprophytic fungal infection was 35 (range 13-159) days [2]. According to the review by 

Singh, the median time from transplantation to diagnosis of Aspergillus bronchial anastomotic 

infection was 2.7 months [3]. In a retrospective study of 86 Ltx recipients with Aspergillus infection, 

all bronchial anastomotic infections occurred within 3 months of transplantation [3]. In all of these 

series, fungal endobronchial infections occurred during the first three months when 

ƛƳƳǳƴƻǎǳǇǇǊŜǎǎƛƻƴ ƛǎ ǘȅǇƛŎŀƭƭȅ ƳŀȄƛƳŀƭΦ hǳǊ ǇŀǘƛŜƴǘΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴ ŀǘ ф ȅŜŀǊǎ Ǉƻǎǘ-transplant and 

on reduced immunosuppression is atypical. 

¢ƘŜ ǇŀǘƛŜƴǘΩǎ ǇǊŜŘƛǎǇƻǎƛƴƎ ŦŀŎǘƻǊǎ ŦƻǊ ŜƴŘƻōǊƻƴŎƘƛŀƭ Aspergillus infection include lung transplant, 

immunosuppressive 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 that risk of stump aspergillosis can be 

decreased by using an unbraided nylon monofilament rather than silk sutures [4]. Another risk 

factor for endobronchial Aspergillus infection is airway colonization with Aspergillus [1]; our patient 

was not colonized, evidenced by several negative past bronchoscopies. 

The majority of Aspergillus-related tracheobronchial lesions in Ltx recipients occurred in the 

transplanted lung and involved the anastomosis line [1], as in our patient. In Ltx recipients, 

bronchoscopic appearance of Aspergillus includes pseudomembrane formation, bronchial stenosis 

in the anastomosis line, ulcerations, and black eschar [1], rendering unique the fluffy endobronchial 

lesions in our patient. Mortality rate calculated from 40 studies was 23.7% in patients with 

Aspergillus tracheobronchitis and/or anastomotic infection versus 81.8% and 50 % in patients with 

invasive pulmonary aspergillosis and disseminated infections [1]. We were unable to determine the 

patieƴǘΩǎ ŎŀǳǎŜ ƻŦ ŘŜŀǘƘΣ ōǳǘ ƛǘ ǿŀǎ ǳƴƭƛƪŜƭȅ ŘǳŜ ǘƻ ŦǳƴƎŀƭ ƛƴŦŜŎǘƛƻƴ ōŀǎŜŘ ƻƴ ŀŎǳǘŜ ǇǊŜǎŜƴǘŀǘƛƻƴΦ 

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 macroscopic Aspergillus 

infection at the anastomosis in a lung transplant recipient. This case denotes the importance of 

bronchoscopy in the diagnosis and management of fungal endobronchial disease in lung transplant 

recipients. 

2. Learning points/take home messages 

Â Following lung transplantation, immunosuppression in combination with allograft exposure 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]. 

Â 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 macroscopic Aspergillus 

infection at the anastomosis in a lung transplant recipient. 

Â This case denotes the importance of bronchoscopy in the diagnosis and management of fungal 

endobronchial disease in lung transplant recipients. 
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Abstract 

Prior to the advent of anti-retroviral therapy (ART), autologous stem cell transplant (ASCT) 

was relatively contraindicated for multiple myeloma (MM) patients with human 

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 hematopoietic malignancy 

associated with HIV/AIDS. Hence, MM patients with HIV controlled by ART may benefit equally 

from aggressive combination treatment of chemotherapy and ASCT. This study seeks to 

evaluate the clinical course and treatment outcomes of patients with HIV and MM treated 

with ASCT. Five 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 undetectable HIV viral load (VL) prior to ASCT, and remained 

undetectable after ASCT. Adequate CD34+ stem cells were collected. Patients received high 

dose melphalan (200 mg/m2) followed by ASCT. ART was continued during ASCT. Patients 

experienced usual ASCT toxicities including diarrhea, mucositis, and neutropenic fever. All 

http://creativecommons.org/licenses/by/4.0/
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mailto:Don.Benson@osumc.edu
mailto:Yvonne.Efebera@ohiohealth.com
mailto:Nidhi.Sharma@osumc.edu
https://www.lidsen.com/journals/transplantation/transplantation-special-issues/autologous-stem-cell-transplant


OBM Transplantation 2021; 5(3), doi:10.21926/obm.transplant.2103148 

 

Page 7/73 

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/patient decision. As of December 2020, 2 patients have died 51 and 85 

months from ASCT due to other causes. The 3 remaining patients are alive 5-7 years after 

ASCT. MM 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; anti-retroviral therapy  

 

1. Introduction 

Multiple myeloma (MM) represents approximately 10% of all hematologic malignancies [1] with 

over 20,000 new diagnoses and greater than 10,000 deaths in the United States per year [2]. MM is 

characterized 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 cancers [3]. Persons living with HIV (PLWH) suffer from higher 

rates of malignancies, especially those of the B-cell lineage, which includes plasma cell disorders [4-

6]. While lymphoma is the leading hematopoietic malignancy in PLWH higher rates of MM and 

worse outcomes may be observed among HIV-infected individuals [7]. There is a paucity of expertise 

in the treatment of individuals with these co-morbid conditions [8]. The introduction of high dose 

therapy (HDT) and autologous stem cell transplant (ASCT) in the 1980s was a major advancement in 

MM treatment. Prior to the advent of anti-retroviral therapy (ART), ASCT was relatively 

contraindicated for patients with HIV and hematological 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 PLWH [9]. 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 and MM [4, 10, 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 State University 

Medical Center. Standard criteria for ASCT eligibility were met. All patients received conditioning 

regimen with melphalan 200mg/m2. Filgrastim 5ug/kg was administered subcutaneously daily from 

day 1 after ASCT until recovery of absolute neutrophil count (ANC) to >1.5 × 109/L for 3 days. Patients 

received infection prophylaxis with antiviral (acyclovir) and antifungal (fluconazole) prophylaxis. All 

patients remained on pre-ASCT ART regimen throughout stem cell collection and ASCT (Table 1). All 
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patients were started on post ASCT maintenance until disease progression, toxicities or patient 

decision to stop. 
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Table 1 Patient Characteristics. 

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

Sex Male Male Male Male Male 

Race Caucasian Caucasian Caucasian Caucasian African-American 

Age at ASCT 58 48 52 58 50 

ISS Stage Stage l Stage l Stage ll  Stage lll Stage l 

Marrow cellularity 30% 40% 70% 65% not determined 

Cytogenetics del(12q) +11q 46XY 46XY abnormal 

Total Nucleated Cells (TNC) cells collected 

(106 cells/kg) 
11.95 21.34 10.81 10.91 9.47 

Time from diagnosis to ASCT (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 to platelet engraftment 11 13 16 11 10 

HIV viral load before ASCT (copies/mL) undetectable undetectable undetectable undetectable undetectable 

/5п ōŜŦƻǊŜ !{/¢ όŎŜƭƭǎκ˃[ύ 248 44 370 564 321 

HIV viral load after ASCT (copies/mL) undetectable 
initial 76073/then 

undetectable 
undetectable undetectable undetectable 

/5п ŀŦǘŜǊ !{/¢ όŎŜƭƭǎκ˃[ύ 278 198 1028 221 278 

ASCT autologous stem cell transplant; ISS international scoring system; HIV human immunodeficiency virus 
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3. Case Summaries 

3.1 Case 1 

A 58-year-old 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 anterior chest 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 13.2-16.5), creatinine 1.6mg/dl (nl 0.7-1.3), 24-hr urine lambda light chain 8.9g/day, 

calcium 9.5mg/dl (nl 8.6-10.5), free lambda chain 5350 mg/l (nl 5.6-нсΦоύΣ ŀƴŘ ʲ-2 microglobulin 

3.0mg/L (nl <2.11). He was diagnosed with lambda light chain MM stage I by International 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 bilateral ribs with total 20 Gy. He achieved a stringent complete (CR) 

remission after 4 cycles of VRD. He underwent collection of 7.71 x 106 cells/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 cells/µL prior to ASCT. ASCT course was complicated by culture-negative febrile 

neutropenia managed with empiric antibiotics. ART was maintained throughout stem cell 

mobilization and ASCT. Patient achieved both neutrophil and platelet engraftment on day 11 post-

transplant. HIV VL remained undetectable with CD4+ cell count 278 cells/µL after ASCT. He initiated 

lenalidomide maintenance but progressed 53 months post-ASCT. He subsequently received 

pomalidomide/ixazomib/dexamethasone followed by a second ASCT with melphalan conditioning. 

He then obtained a CR and continues maintenance therapy with pomalidomide and ixazomib with 

no evidence of progression (Table 2). 
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Table 2 Response and Survival Post ASCT. 

Patient 
Disease status 

post ASCT 

Disease status 

with 

Maintenance 

Progression 

Y/N 

Time to 

Progression 

(mos) 

Death Y/N 

Time from ASCT to 

death/last follow-

up (mos) 

Cause of Death 

1 sCR sCR Y 53 N 89  

2 sCR sCR N  Y 85 EBV Lymphoma 

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 leukemia; VGPR very good partial 

response. 

 



OBM Transplantation 2021; 5(3), doi:10.21926/obm.transplant.2103148 

 

Page 12/73 

3.2 Case 2 

A 48-year-old 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 symptomatically 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 intervention 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 had multiple lytic lesions. He was diagnosed with IgG kappa MM ISS Stage I, 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 Gy. He achieved a stringent 

CR after 6 cycles of RD. 6.24 x 106 cells/kg 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/µL prior to ASCT. ASCT course was complicated by culture negative febrile 

neutropenia treated with empiric antibiotics and non-infectious diarrhea. ART was continued 

throughout stem cell mobilization and ASCT. Patient achieved neutrophil engraftment on day 12 

and platelet engraftment on day 13 post-transplant. 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/µL after ASCT. He initiated lenalidomide maintenance therapy with weekly 

dexamethasone (for ITP) after ASCT. Unfortunately, he developed EBV-associated 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 and malaise. Past medical history was significant for HIV on 

!w¢Σ ŘƛŀƎƴƻǎŜŘ җ р ȅŜŀǊǎ ǇǊƛƻǊ ǘƻ ǘƛƳŜ ƻŦ ǇǊŜǎŜƴǘŀǘƛƻƴΣ ƘŜǇŀǘƛǘƛǎ .Σ ǘype 2 diabetes mellitus, and 

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 workup that 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 of spine demonstrated multiple subcentimeter lesions in the thoracic and 

sacral vertebral bodies. He was diagnosed with IgG kappa MM stage II standard risk. He underwent 

treatment with VRD with partial response (PR) after 5 cycles. 4.11 x 106 cells/kg CD34+ stem 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/µL prior to ASCT. ASCT 

course was complicated by stay in intensive care unit for septic shock requiring vasopressors, atrial 

fibrillation with rapid ventricular response, and small bowel obstruction (SBO). Septic shock was 

treated with empiric broad-spectrum antibiotics, he was placed on diltiazem for heart rate control, 

and SBO was managed non-surgically 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 post-transplant. HIV VL remained undetectable with CD4+ 

1028 cells/µL after ASCT. He initiated lenalidomide maintenance therapy post-ASCT. 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 58-year 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 1992. He underwent 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. ACT-guided core biopsy of the pelvic mass 

was consistent with a plasmacytoma. Serum protein electrophoresis showed presence of IgG kappa 

ƳƻƴƻŎƭƻƴŀƭ ǇǊƻǘŜƛƴ όофмр ƳƎκŘ[ύ ǿƛǘƘ ŜƭŜǾŀǘŜŘ ƪŀǇǇŀ ŦǊŜŜ ƭƛƎƘǘ ŎƘŀƛƴǎ όммтнΦр ƳƎκƭύ ŀƴŘ ʲ-2 

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 III, standard risk. He underwent induction therapy with CyBorD (cyclophosphamide, 

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 progression while 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 x 106 cells/kg CD34+ cells were collected from peripheral blood and 

he proceeded to ASCT approximately 16 months after initial diagnosis. HIV VL was undetectable 

with CD4+ cell count 564 cells/µL prior to ASCT. ASCT course was complicated by non-infectious 

diarrhea, and drug-induced esophagitis that was treated symptomatically. ART was continued 

during stem cell mobilization and ASCT. Patient achieved neutrophil engraftment on day 10 and 

platelet engraftment on day 11 post-transplant. HIV viral load remained undetectable with CD4+ 

221 cells/µL after ASCT. He received 2 years of bortezomib maintenance 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 African-American male with past medical history significant for HIV 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 protein spike and was referred to an oncologist for 

further evaluation. He underwent bone marrow biopsy that demonstrated 70% lambda positive 

ǇƭŀǎƳŀ ŎŜƭƭǎΦ hǘƘŜǊ ƭŀōǎ ƛƴŎƭǳŘŜŘ a ǇǊƻǘŜƛƴ мтрм ƳƎκŘƭΣ ƭŀƳōŘŀ ƭƛƎƘǘ ŎƘŀƛƴ ффΦр ƳƎκƭΣ ʲ-2 

microglobulin 2.5 mg/L, normal hemoglobin, 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 I, 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 106 cells/kg CD34+ cells retrieved. He went on to ASCT approximately 10 months 

after initial diagnosis. HIV VL was undetectable with CD4+ cell count 321 cells/µL prior to ASCT. ASCT 

course was complicated by mucositis, non-infectious diarrhea, and asymptomatic hypotension; no 

additional anti-infectives beyond standard 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 post-transplant. HIV viral load remained undetectable with CD4+ 278 

cells/µL after ASCT. He began lenalidomide maintenance therapy following ASCT and has achieved 

a PR (Table 2). At last, follow-ǳǇ ǇŀǘƛŜƴǘΩǎ ƳȅŜƭƻƳŀ ŘƛǎŜŀǎŜ Ƙŀǎ ǊŜƳŀƛƴŜŘ ǎǘŀōƭŜΦ  

4. Conclusions 

HIV infection is associated with an increased risk of hematologic malignancies compared with 

that in the general population [12, 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 

diagnosis [14]. Several studies have shown that outcomes of chemotherapy and ASCT for treatment 

of lymphoma are similar among PLWH and patients without HIV infection [15, 16] however, 

experiences of ASCT for treatment of MM in PLWH are extremely limited and PLWH are generally 

excluded from MM stem cell transplant trials. 

In the pre-ART era, few studies attempted to extend ASCT to PLWH because it was difficult to 

manage treatment-related complications for patients with HIV-related hematologic malignancies. 

Investigators from France reported ASCT in HIV-positive patients with lymphoma for the first time 

in 1996, however, the post-transplant course was accompanied by multiple opportunistic infections 

[17]. In the post-ART era, effective suppression of HIV replication and improved immune function 

have led to reductions in the incidences of opportunistic infections and HIV-related morbidity and 

mortality. As a result, numerous studies have shown that the outcomes in HIV-positive patients and 

HIV-negative patients with non-Hodgkin lymphoma after ASCT are similar [18, 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 report tolerated induction therapy and underwent autologous stem cell 

mobilization and adequate CD34+ cells collection (median 7 x106 cells/kg) without issues. All 

patients in this report received high-dose melphalan conditioning and were able to continue their 

usual ART regimen throughout the transplant period. All patients started on maintenance and 

continued until disease progression. During ASCT it is important to monitor closely for drug toxicities 

due to potential drug-drug interactions between antiretroviral agents and drugs used in 

myeloablative regimens. Neutrophil engraftment time for these patients (median 11 days) was 

similar to that in patients without HIV infection [20, 21]. Responses to therapy and overall survival 

are also similar to non-HIV patients [20, 21]. Our report highlights the therapeutic benefit of 

aggressive MM therapy in patients with well-controlled 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 with increased mortality in patients with end 

stage liver disease. In 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 to the impact of COVID-19 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 end 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 during the times of pandemic. Future 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 outcomes. Data regarding long term and short-term 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; COVID-19; liver transplant; 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 

procurement, 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 COVID-19 has not only magnified the predisposition towards development 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 liver disease 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 definitions of 

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 cirrhosis on the LT wait list [4-6], longer hospital and 

intensive care unit stay [5, 7], higher incidence of infection following LT [5, 8], higher overall health 

ŎŀǊŜ Ŏƻǎǘ ώфϐ ŀƴŘ Ǉƻǎǘπ[¢ ƳƻǊǘŀƭƛǘȅ ώмлϐΦ [ƻǎǎ ƻŦ ƳǳǎŎƭŜ Ƴŀǎǎ ƻƴ ŎǊƻǎǎ-sectional imaging has been 

associated 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 management of sarcopenia 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, includinƎ ŀƴǘƘǊƻǇƻƳŜǘǊȅΣ ōƛƻŜƭŜŎǘǊƛŎŀƭ ƛƳǇŜŘŀƴŎŜ ŀƴŀƭȅǎƛǎΣ ŘǳŀƭπŜƴŜǊƎȅ ·πǊŀȅ 

absorptiometry (DEXA), ultrasound, magnetic resonance imaging (MRI), and computed tomography 

(CT). DEXA scan is considered safe, inexpensive and is readily available and reproducible with a low 

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 [14]. Similar limitations are found with 

bioelectrical impedance analysis [15]. Anthropometry specifically mid-arm muscle circumference 

(MAMC) has been cost effectively used in out-patients to assess repeated measures of muscle mass. 

MAMC has reliable intra-/inter-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 and inexpensive 

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 accurate manner. 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 sarcopenia 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 common clinical indications 

(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 evaluating these modalities in different ethnicities and 

rarely accounts for gender disparities in sarcopenia [23]. Sarcopenic obesity (SO) is another 

understated challenge reported in 20-40% of patients awaiting liver transplant [24]. A decrease of 

30% in 1 year post 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 cardiovascular 

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 dynamometry, Karnofsky 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 nature 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 assessment of liver transplantation, 

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 coined Liver 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 stands and time holding 3 balance positions 

(feet side by side, semi-tandem and tandem). LFI is liver disease-specific that can then be 

categorised into frail, pre-frail and robust and assessed longitudinally. Independent of cirrhosis 

related decompensation [36] it has shown 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 disease, inpatient 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 for liver 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 clinical implications for 

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 along with higher 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 

candidates 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 before they 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 risk stratification 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 regarding implications 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 motivate patients to seek 

appropriate interventions with regards to nutrition and exercise and also opt for living donor LT or 

higher-risk donor livers. 

6. Pandemic and Its Effects on Sarcopenia 

COVID-19 has had a profound impact on sarcopenia which stems not just from disease pathology 

but also the surrounding preventive actions opted worldwide to curtail the infection. COVID-19 

pandemic has led to a devastating global impact requiring implementation of unprecedented 

measures in order to halt the spread of infection. Travel 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 protein and 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 COVID-19 to cause chronic illness, sarcopenia and 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 of COVID-19 

are at increased risk of acute sarcopenia with worsening muscle insufficiency, defined by decline in 

muscle function and/or quantity within six months, usually following a stressor event [52-55]. 

Mechanisms of acute sarcopenia with COVID-19 include direct injury, as SARS-CoV-2 enters host 

cells via the angiotensin-converting enzyme 2 (ACE2) 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 (IL-6) and Tumour Necrosis Factor Alpha (TNF-ʰύ ŀƭƻƴƎ ǿƛǘƘ ǳǎŜ ƻŦ 

steroids and muscle relaxants during management of disease which may all have a detrimental 

effect on muscle protein synthesis [52, 58]. TNF-ʰ ŀƭǎƻ ŘŜŎǊŜŀǎŜǎ ƳŜǎǎŜƴƎŜǊ wƛōƻƴǳŎƭŜƛŎ !ŎƛŘ 

(mRNA) translational efficiency causing 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 effects of 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 the factors 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 CoV-2 infection along with its 

sequelae on the present frailty 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 step towards 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 assessment of sarcopenia may help monitor for further 

deterioration or improvement even though there is scarce data that improving muscle mass and 

function increases survival pre- and post-LT [60, 61]. 

Lifestyle modifications including abstinence from alcohol and smoking are 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 Society for Hepatic Encephalopathy and Nitrogen Metabolism Consensus 

provides BMI-stratified target caloric recommendations based on an ideal body weight (also 

corrected for fluid retention) [63]. For nonobese individuals (BMI < 30 kg/m2 ) optimal daily energy 

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 recommended with further increase up to 2.0 

g/kg/day in cases of severe hepatic decompensation [64] and SARs COV-19 infection [65]. Protein 

restriction is no longer necessary in patients with hepatic encephalopathy [66]. Patients with end 

stage liver disease are susceptible 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 to 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 [68-70] in the absence of an evidence based collaborative 

recommendation. 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 moderate-high intensity whilst awaiting LT [71]. We bring special 

attention towards patients recovering from COVID-19 who may require enhanced physiotherapy. 

Taking into consideration that current policies mandate isolation for these patients, mobilization 

can be considered within COVID-19 pods. Provision of strength training equipment in COVID-19 

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 interventions 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 breakdown [72, 73]. 

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 looked into for 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 distance) 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 growth of the prostate and 

other secondary sexual organs [76]. MK-0773 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. It is uncertain whether 

ammonia-lowering 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 supported by several randomized clinical trials and meta-

analyses, improvement in skeletal muscle growth and function has also been reported however 

adequately powered, well-controlled trials are required to demonstrate that LOLA monotherapy 

provides an effective agent for the prevention and treatment of sarcopenia in these chronic liver 

diseases [79, 80]. 

Table 1 Abbreviations: bid, twice daily; IM, intramuscularly; RCT, randomized clinical 

trial; tid, three times a day [43]. 

Author Intervention Dosing Comment 

Corey et al., 2014 [81] Cholecalciferol 
2000 IU/day 

Deficiency  

Deficiency common in 

cirrhosis 

Davuluri et al., 2016 

[82] Tsien et al. 2015 

[83] 

Leucine 

7.5 g/day typically in 

divided doses with 

additional 

amino acids 

Included in many 

nutritional 

supplements 

Holecek et al., 2017 

[84] 

2-hydroxymethyl 

butyrate 
1 g tid 

Metabolite of leucine 

Nutritional 

https://www.zotero.org/google-docs/?SS1eXS
https://www.zotero.org/google-docs/?xfJzDZ
https://www.zotero.org/google-docs/?Tg11SL
https://www.zotero.org/google-docs/?9Armv1
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supplement with 

anticatabolic action 

Sinclair et al., 2016 

[85] 

Testosterone in 

androgen-deficient 

men 

Testosterone 

undecanoate 1,000 

mg IM, schedule 

per RCT; or 

transdermal gel 50 

mg/day [86] 

Gel preferred for 

sustained physiologic 

levels, 

concerns for 

thrombosis and 

prostate cancer 

Ohara et al., 2018 [87] L-carnitine 1,000 mg/day or bid 

Essential nutrient for 

fatty acid metabolism 

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 COVID-19 risk or mortality [89]. Future studies are required 

focusing on its use in patients with COVID-19 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 nutrition 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 questions that 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 reached, this can be further extrapolated to the effects of COVID-19 infection 

and collateral effects of the pandemic in patients with advanced liver disease. Realizing the ability 

of SARS-CoV-2 to cause physical decline is multifactorial and complex, it is related 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 COVID-19 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 identify not only the best timing of surgery but also to initiate timely and focussed 

prehabilitation and counselling. 
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Abstract 

Glomerular filtration rate (GFR) is an excellent indicator of renal function; however, it is rarely 

evaluated as an endpoint. We investigated donor and recipient factors for associations that 

might be predictive of mid-term GFR after renal transplantation. We performed a 

retrospective review of 828 deceased donor renal transplantations performed at Montefiore 

Medical Center between the years 2009-2015. Donor characteristics included KDPI, [low 
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(<20%), medium (20-80%), high (>80%)], age, graft types [extended criteria (ECD), cardiac 

death (DCD), standard criteria (SCD)], CDC high risk, HCV status and cold ischemic time (CIT). 

Recipient factors included age at transplant, induction agent, BK status, CMV status, acute 

and chronic rejection, cPRA and DSA status. Primary outcome is 3-year GFR calculated via the 

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

significantly associated with changes in 3-year GFR (p<0.001). In the multivariable regression 

analysis, donor age, KDPI, and chronic rejection remained associated with changes in 3-year 

GFR (p<0.001). Acute rejection, DCD, HCV status, CIT, BK and CMV viremia, PRA, pretransplant 

or de novo DSA were not associated with changes in 3-year GFR (p>0.05). We conclude that 

donor age, KDPI, and chronic rejection are independently associated with 3-year GFR while 

acute rejection, DCD, HCV status, CIT, BK and CMV viremia, PRA, existing or de novo DSA were 

not. Based on these findings, current scoring systems may need refinement to address the 

prognosis of mid-term GFR. 

Keywords  

Donor renal transplantation; glomerular filtration rate; kidney transplant; recipient survival; 

risk prediction; risks score; donors and donation 

 

1. Introduction 

Glomerular filtration rate (GFR) is an excellent indicator of renal function; however, transplant 

outcomes have historically been based on patient and graft survival. Kidney donor profile index 

(KDPI) derived by calculating Kidney Donor Risk Index (KDRI) has been widely accepted and is 

validated to predict kidney graft performance in adult recipients; however, graft failure and patient 

survival underestimate the progression to chronic kidney disease, end stage renal disease and mid- 

term GFR [1]. Furthermore, there are limited data describing mid-term predictors of GFR after 

deceased donor renal transplantation. We investigated a) whether KDPI predicts mid- term GFR and 

b) whether other independent donor and recipient factors are predictive of mid-term GFR. 

2. Materials and Methods 

Adult deceased donor renal transplants performed at our institution between 2009-2015 were 

reviewed. We reviewed donor characteristics including: KDPI categorized as low (<20%) medium 

(20-80%) or high (>80%), donor age, graft type: extended criteria (ECD), cardiac death (DCD), 

standard criteria (SCD), CDC increased risk, HCV status and cold ischemic time (CIT). CDC increased 

risk is defined by the CDC Public Health Service as donors with risk factors for HIV, HBV, or HCV [2]. 

ECD graft is defined as one άwho, at the time of death, is aged җсл or aged 50 to 59 yr and has any 

two the following three criteria: (1) Cause of death is cerebrovascular accident; (2) preexisting 

history of systemic hypertension; and (3) terminal serum creatinine >1.5 ƳƎκŘƭέ [3]. 

Recipient factors included: age at transplant, induction agent, BK and CMV status, acute and 

chronic rejection, cPRA, preoperative DSA and de novo DSA status. DSA was measured by One 

Lambda Luminex results. PRA was categorized as low immunogenic risk (0-20%), moderately 

sensitized (21-80%), and highly sensitized (81-100%). All biopsies were based upon classification 
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scores of the renal pathologists that used Banff criteria to diagnose acute and chronic rejection. 

According to the Banff Criteria, acute rejection was defined by tubulitis, interstitial inflammation, 

glomerulitis, peritubular capillaritis, and arteritis. Also in accordance with the Banff criteria, chronic 

rejection was defined by tubular atrophy, interstitial fibrosis, transplant glomerulopathy, 

multilayering of peritubular capillary (PTC) basement membranes, and transplant arteriopathy [4]. 

All biopsies were performed άfor ŎŀǳǎŜέ as we currently do not perform protocol biopsies. Induction 

agent was chosen based on the sensitization status of the recipient. Non-sensitized patients with 

no pretransplant DSA were given basiliximab, whereas higher immunologic risk patients (PRA > 20 

and presence of DSA) received anti-thymocyte globulin (ATG). Maintenance immunosuppression 

protocol included prednisone, mycophenolate mofetil and tacrolimus (standard triple 

immunosuppression therapy). Primary outcome was 3-year GFR calculated by MDRD equation. 

MDRD calculation is the default equation in the electronic medical record system of the institution 

therefore it was used as the primary method of GFR. Delayed graft function (DGF) data was not 

tracked given that we expected DGF in many of these kidneys as many were imported with long 

cold ischemic time and/or elevated terminal serum creatinine. BK and CMV viremia were performed 

άfor ŎŀǳǎŜέ as we currently do not perform protocol viral tests. Demographic and clinical 

characteristics of donors and recipients are presented as means and standard deviations for 

continuous variables and as frequencies and percentages for categorical variables. Linear regression 

was used to assess the change in 3-year GFR from baseline for the variables listed in Table 1. Three-

year GFR was the dependent variable in these analysis of covariance models which included baseline 

GFR as a covariate. A multivariable regression model also used to jointly assess the relationship 

between factors found to be associated with the change in 3-year GFR in the univariate models. All 

statistical tests were conducted at two-sided 0.05 level. The analyses were conducted using the 

Statical Analysis Software System (SAS) version 9.4 (Cary, NC). 

All study protocols were approved by the Montefiore Medical Center Institutional Review Board 

#2017-7715. 

3. Results 

3.1 Patient Demographics 

We reviewed 828 patients. Donor and recipient characteristics are summarized in Table 1. Mean 

recipient age was 55.9   ҕ13.8 (range 21-85).  Mean GFR at 1, 2, and 3 years was 49ҕ14, 48ҕ15, and 

47ҕ15. Mean donor KDPI was 60 ҕ27.2. We categorized KDPI as low (<20%) (n=67, 8%), medium 

(20-80%) (n=569, 69%) and high (>80%) (n=192, 23%).  Graft loss at 3 years of follow-up was 6 (9%), 

41 (7%) and 41 (21%) in low, medium and high KDPI groups, respectively (p=0.55). There were 4 

(6%), 35 (6%), 28 (15%) deaths in low, medium and high KDPI categories at 3 years, respectively 

(p=0.04). Death censored graft loss was 3%, 1% and 8% in low, medium and high KDPI groups, 

respectively (p=0.57). Higher KDPI was significantly associated with lower 3-year GFRs both as a 

categorical and continuous variable (p<0.05). 

Table 1 Donor and recipient characteristics. PRA: Panel reactive antibody, ATG: anti-

thymocyte globulin, DSA: donor specific antibody, GFR: glomerular filtration rate, KDPI: 

kidney donor profile index, ECD: extended criteria donor, DCD: donation after cardiac 

death, HCV: hepatitis C virus. 
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Recipient characteristics N (%) 

Age (years) 55.86 ± 13.8 

Male 488 (59%) 

Ethnicity 
 

Caucasian 176 (21%) 

African ςAmerican 279 (34%) 

Hispanic 223 (27%)  

Asian 17 (2%) 

Other 37 (4%) 

Declined to Report 96 (12%) 

cPRA 
 

low risk (0-20%) 417 (50%) 

moderately sensitized (21-80%) 212 (26%) 

highly sensitized (81-100%) 199 (24%) 

Induction 
 

ATG 478 (58%) 

Basiliximab 346 (42%) 

de novo DSA 111 (13%) 

Preoperative DSA 105 (13%) 

Acute rejection 68 (8%) 

Chronic rejection 37 (4%) 

Mean GFR at 1 year (mL/min) 49 ± 14 

Mean GFR at 2 years (mL/min) 48 ± 15 

Mean GFR at 3 years (mL/min) 47 ± 15 

Donor characteristics N (%) 

Age (cutoff 70 years old) 43 ± 15 

Mean KDPI 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%) 

HCV positive 45 (5%) 

Mean cold ischemic time 1277.9 ± 878 min 

3.2 Associations Between GFR and the Variables 

We had 179 ECD (22%), 84 DCD (10%), 45 HCV positive (5%), 143 CDC high-risk (17%) donors. 

Mean donor age was 43ҕ15. Average recipient age for ECD graft was significantly higher than non-

ECD recipients (60 vs. 37 years, p<0.0001).  ECD grafts had mean GFR of 41.0 ҕ16.9 versus non-ECD 

grafts of 49.0 ҕ14.36 (p<0.0001).  ECD grafts were also associated with higher mortality at 3 years 

(14.0% vs. 6.8%, p=0.002) and with graft failure (18.4% vs. 8.6%, p=0.0002). DCD grafts had similar 

GFR at 3 years compared to non-DCD grafts (46.0  ҕ15.8 vs. DCD 47.0  ҕ15.2 (p=0.57). 

The mean donor age of HCV positive organs was similar to that of HCV negative organs (44.7 vs. 

43.8 years, p=0.79). HCV-positive and -negative organ recipient age was also similar (59.0   ҕ6.3 vs. 

53.3   ҕ13.5, p=0.05). When adjusted for donor and recipient age, HCV status was not associated 

with 3-year GFR (p=0.17). ECD rate in HCV positive organs was not significantly associated to the 

ECD rate in HCV negative organs (18.2% versus 24.7%, p=0.47). 

Mean CIT was 1277.9   ҕ878.2 min. We grouped CIT as short (<24hrs) and long (> 24hrs). 40% had 

short CIT, whereas 60% had long CIT. CIT was not associated with 3-year GFR in univariate analysis 

(p=0.7). 

BK and CMV viremia rates were 8.0% and 16.3% respectively. Mean preoperative cPRA was 

classified as 0-20% (low risk) (n=417, 50%), 21-80% (moderately sensitized) (n=212, 26%), and 81-

100% (highly sensitized), (n=199, 24%). 13% of the patients had pretransplant DSA class I or class II. 

13% developed de novo DSA class I or class II after the transplantation. None of these variables were 

associated with 3-year GFR (p>0.05). 

Acute rejection occurred in 68 (8%) patients and they had no difference in GFR at 3 years 

compared to patients without acute rejection (41 ҕ20.3 vs. 43 ҕ15.3, p = 0.32). However, chronic 

rejection was associated with lower GFR at 3 years (34.0 ҕ18.7 vs. 44.0 ҕ15.6, p=0.0002). 

Multivariable regression analysis is summarized in Table 2. Because donor age is a part of ECD 

determination, we did not include ECD status in our final model. In our multivariable regression 

analysis, donor age, and chronic rejection were associated with GFR at 3 years. 

Table 2 Multivariable regression analysis. HCV = hepatitis C virus, DCD = donation after 

cardiac death. 

Variable Parameter Estimate Standard Error t-value Pr > ltl  

Intercept 84.54 2.98 27.42 < 0.05 
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Donor Age -0.58 0.05 -8.78 < 0.05 

Acute Rejection -17.15 4.50 -3.78 p = 0.55 

Chronic Rejection -20.75 5.21 -5.23 < 0.05 

Donor HCV 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 

GFR is an excellent indicator of renal function. Determining predictors of GFR, has the potential 

to predict graft and patient survival. Prior studies assessed mainly donor variables to predict mid-

term GFR. These variables often included: donor age, donor creatinine, donor cause of death, donor 

diabetes, and donor ethnicity [5-7]. The literature does not have a sufficient, reliable marker for 

predicting mid-term GFR function. We therefore attempted to analyze predictors of mid-term GFR 

and chose 3-year GFR as a primary endpoint (as it is widely accepted that 1-year GFR is a good 

marker for graft survival). However, both patients and transplant providers would agree that longer 

term graft survival should be the ultimate goal. 

We analyzed a variety of predictors of mid-term GFR. The first predictor of mid-term GFR we 

looked at was the kidney donor profile index (KDPI). KDPI is derived by calculating Kidney Donor Risk 

Index (KDRI) and has been widely accepted to predict kidney graft performance in adult recipients. 

Rao et al. developed the kidney donor risk index (KDRI), leading to the widespread use of the KDPI 

as a marker of mid-term graft function. However, graft failure and patient survival underestimate 

the progression to chronic kidney disease, end stage renal disease and mid- term GFR [1]. 

In our study, we did find that higher KDPI was associated with lower patient survival and GFR at 

3 years. In multivariable regression analysis KDPI remained significant. We also found that acute 

rejection, HCV status or DCD graft was not associated with 3-year GFR in contrast to the KDPI scoring 

system. 

Surprisingly, we found that that DCD status was not associated with 3-year GFR even when 

adjusted for donor age may not necessarily merit an increased risk, as it does in the current scoring 

models. 

In our results, when adjusted for donor and recipient age, HCV status was not associated with a 

decrease in 3-year GFR. We started using HCV NAT positive organs for naive recipients in 2018, after 

the initial reports regarding the use of HCV positive donors and reported suitable outcomes [8-11]. 

Of note, our results reflect the era before we started accepting HCV antibody and nucleic acid test 

(NAT) positive organs for HCV negative recipients. In this study, HCV positive organs were used for 

only HCV positive recipients. 

There are current studies that have attempted to correlate mid-term GFR with donor and 

recipient variables. For example, Elbadri et al. reported improved GFR at 5 years with younger donor 

age, the absence of CMV infection and the absence of rejection [12]. These findings support our 

results. However, their overall donor age was much younger than our cohort (mean 36, range 21-

47) and, they did not include HCV positive donors in their review [13]. 
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In our results, ECD grafts were associated with lower GFR and higher mortality at 3-years. Arnau 

et al. looked at 1-year GFR for ECD kidneys and marginal grafts defined by the Donor Risk Score 

(DRS) system reported by Schold et al. They did report worse GFR at 1 year for ECD donors 

(39.4ҕ14.1 vs 53.8ҕ19.1, p<0.001) [14]. We found strong associations between donor age and ECD 

status at 3-year GFR.  Since donor age is a component of ECD determination, we did not include ECD 

status in our final multivariable model. In addition to GFR, ECD status was associated with 3-year 

mortality rate. This could be partly explained by increased age of ECD recipients compared to non-

ECD recipients.  Our findings are concurrent with most institutions  Ωpractice to utilize ECD grafts for 

elder transplant candidates to expand the available donor pool, which could explain the higher 

mortality rate in this group. 

We also found that the presence of chronic rejection was an independent predictor of lower GFR 

at 3-years. Schinstock et al. demonstrated an incidence of de novo DSA of 7.0% and they concluded 

it was a risk factor for reduced graft survival and could predict antibody mediated rejection at 1-

year. They also found that GFR was affected by de novo DSA. Both class 1 and 2 DSA had a higher 

rate of decreasing GFR [15]. This is different from our results; 13% of our patients had pretransplant 

DSA and 13% developed de novo DSA, but neither was associated with 3-year GFR. 

Our study has several major limitations. First, our study is a retrospective study with resultant 

selection bias due to transplant policy at the time and missing data. Secondly, we used the MDRD 

equation which is known to be less accurate than the CKD-EPI formula, mainly it is the default GFR 

calculation in our electronic medical record system. In addition, our patient population is skewed 

due to the large percentage of minority groups compared to other centers. 

5. Conclusions 

In conclusion, higher KDPI is predictive of lower GFR at 3-years as well as patient mortality. Donor 

age, and chronic rejection are independent predictors of 3-year GFR. Acute rejection, HCV status or 

DCD status are not associated with 3-year GFR even when adjusted for donor and recipient age.  We 

believe the scoring systems should be refined and we recommend prospective studies to better 

determine the role of KDPI in predicting kidney function at mid-term. 
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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 aims ς which antibodies 

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

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

able to manipulate their production. HLA antibody incompatible kidney transplantation is the 

best model for examining antibody responses and this review looks at methods for 

ƛƴǘŜǊǊƻƎŀǘƛƴƎ ǘƘŜ ŀƴǘƛōƻŘƛŜǎ ǳǎƛƴƎ ΨǘǊŀŘƛǘƛƻƴŀƭΩ ǎƴŀǇǎƘƻǘ ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ ŎȅǘƻȄƛŎƛǘȅ ǘŜǎǘƛƴƎΣ 

and newer dissection techniques such as antibody subclass, 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 examines 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 humoral responses 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 making 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 world [1-7] using varied desensitisation therapies 

[8]. This is partly due to improvements in diagnostic techniques such as HLA tissue typing, 

identification of HLA-specific antibodies, crossmatch techniques [9] and advances in therapeutic 

approaches such as adsorption columns [10], removal of antibodies by plasmapheresis [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 predict long-term clinical 

outcomes irrespective of desensitisation 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 HLA-specific 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) risks prior to 

HLA-incompatible 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 three assays 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 HLA-specific 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 fixing 

antibodies whereas other tests both complement fixing and non-complement fixing antibodies. 

Anti-human globulin (AHG) augmented CDC can detect non-complement fixing antibodies too, thus 

more sensitive compared to non-augmented CDC assay. However, the value of a more sensitive CDC 
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assay might be re-evaluated given the availability of flow cytometry and luminex bead assay and 

recent long term clinical outcome data.  

 

Figure 1 Overlap of current assays used in determining HLA-specific antibodies. 

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 the spectrum. 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 HLA-incompatible kidney transplantation at our 

centre showed early antibody 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). The crossmatch 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 non-CDC group (N=39/39) compared to 80% in CDC group (N=12/15), p = 0.4 

[13]. 

 

Figure 2 Outcomes following HLA-incompatible kidney transplantation in relation to 

current assays; A ς early AAMR and B ς death censored graft survival (Kaplan Meier 

survival analysis and statistics by log rank test).  

 

 






































