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Abstract
The primary hyperoxalurias (PHs) are a group of diseases characterized by kidney stones,
nephrocalcinosis, and chronic kidney disease. At stages of advanced kidney disease, glomerular
filtration of oxalate becomes insufficient, plasma levels increase, and tissue deposition may
occur. Hemodialysis is often unable to overcome the excess hepatic oxalate production. The
current surgical management of primary hyperoxaluria type 1 (PH1) is combined liver kidney
transplantation. In a subset of PH1 patients who respond to pyridoxine, kidney-only trans-
plantation has been successfully performed. Recently, kidney-only transplantation has also been
performed in PH1 patients receiving a small interfering RNA therapy called lumasiran. This drug
targets the hepatic overproduction of oxalate, making kidney-only transplantation a potentially
practical novel approach formanaging PH1 patients with advanced kidney disease. It is unknown
if similar effects could be seen with a different small interfering RNA agent called nedosiran. This
article will briefly review PH1, describe the small interfering RNA therapies being used to treat
PH, summarize the reported cases of kidney-only transplantation performedwith lumasiran, and
detail a case of kidney-only transplantation performed in a PH1 patient receiving nedosiran.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Correspondence to:
Matthew C. Breeggemann, Matthew.Breeggemann @ ucsf.edu

D
ow

nloaded from
 http://karger.com

/cnd/article-pdf/13/1/63/3960525/000531053.pdf by U
C

SF Library & C
KM

 user on 03 August 2023

https://www.karger.com/cnd
https://www.karger.com/cnd
https://www.karger.com/cnd
https://doi.org/10.1159/000531053
https://www.karger.com/cnd
http://www.karger.com/Services/OpenAccessLicense


Introduction

Primary hyperoxaluria type 1 (PH1) is an ultra-rare autosomal recessive kidney stone
disease that results from deficient alanine glyoxalate aminotransferase (AGT) activity. This
hepatic peroxisomal enzyme metabolizes L-alanine and glyoxylate to produce pyruvate and
glycine [1]. When AGT activity is reduced, the accumulation of glyoxylate serves as a substrate
for cytosolic lactate dehydrogenase A (LDHA)-mediated oxalate production [2]. Oxalate has
no known function in humans and has a high affinity for calcium. The resultant crystalluria
can lead to calcium oxalate kidney stones, genitourinary obstruction, nephrocalcinosis, and
chronic kidney disease (CKD) [3]. 20-year kidney survival in primary hyperoxaluria (PH)
correlates with baseline urinary oxalate (UOx) excretion, and the risk of kidney failure is
greater with increasing UOx levels [4]. Interestingly, AGT has a pyridoxal phosphate cofactor-
binding site, and administration of high doses of pyridoxine has been shown to lower UOx in
some PH1 patients [5]. This has even allowed for kidney-only transplantation in the minority
of patients who experience significant UOx reductions on pyridoxine [6, 7]. However, most
PH1 patients will ultimately pursue combined liver kidney transplantation (CLKT) at the
onset of advanced kidney disease and associated rise in plasma oxalate (POx) levels.

In November 2020, the first and currently only drug to treat PH1 was approved by the
FDA. Lumasiran, a subcutaneously administered siRNA therapy, inhibits expression of
peroxisomal glycolate oxidase by mRNA degradation. Glycolate oxidase metabolizes glycolate
into glyoxylate, and thus inhibition of this enzyme decreases cytosolic LDHA-mediated
glyoxylate to oxalate conversion. Lumasiran has been shown to reduce both UOx and POx
in three different ongoing clinical trials involving PH1 patients (Table 1) [8–10].

Similar to the small subset of PH patientswho respond favorably to pyridoxine, kidney-only
transplantation has been performed in a small group of patients receiving lumasiran. The first-
reported case involved a 39-year-old woman with PH1 who had been receiving lumasiran for
approximately 7 months and achieved normalization of POx ranging from 20.9 to 24.0 μmol/L
(normal levels are defined in this paper as <33 μmol/L) prior to transplantation. One session of
hemodialysis (HD) was performed postoperatively for delayed graft function, and preventative
measures including high fluid intake, low oxalate diet, a crystallization inhibitor, pyridoxine, and
a thiazide-like diuretic were advised postoperatively. UOx excretion was elevated at 1.15 mmol/d
(<0.45 mmol/d). Unfortunately, the patient developed Banff 2A rejection and had evidence of
allograft oxalate crystal deposition on a biopsy performed 25 days after transplantation [11]. The
findings from a study of five PH1patientswho received kidney-only transplants on lumasiran and
were followed for at least 6 months with pretransplant POx levels ranging from 10 to 72 μmol/L
(average 49.8 μmol/L) demonstrated 1 patient with allograft oxalate crystal deposition. None
experienced delayed graft function, but the 3 patients with the highest POx levels received HD
postoperatively, though this appears to have been discontinued in all patients before 3 months
posttransplant. All of the patients were prescribed hyperhydration and most were on pyridoxine
and crystallization inhibitors after transplantation. At 6months posttransplant, POx levels ranged
from undetectable to 21 μmol/L. In the 3 patients with whom UOx levels were assessed, values
ranged from 0.101 to 2.046 mmol/d (average 1.0 mmol/d). No patients were reported to have
experienced allograft rejection [12].

Nedosiran is a different siRNA therapy being investigated for the treatment of PH. Due to
its mechanism of downregulating LDHA mRNA, nedosiran has the potential to treat all three
types of PHs, though only PH1 and PH2 patients were enrolled in the phase 2 trial PHYOX2
(NCT03847909). Similar to lumasiran, subcutaneously administered nedosiran will also be
studied in pediatric patients in the PHYOX8 trial (NCT05001269). It has been used in a patient
with end-stage kidney disease [13], whose case will be detailed later in this article. Active
recruiting to study the drug in advanced kidney disease is underway in the PHYOX7 trial
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(NCT04580420). The CARE Checklist has been completed by the authors for this case report,
attached as online supplementary material (for all online suppl. material, see https://doi.org/
10.1159/000531053).

Case Description

A 17-year-old patient (they/them)with PH1 developed end-stage kidney disease andwas
started on HD. Their other medical history is notable for Factor V Leiden (heterozygous type),
major depressive disorder, generalized anxiety disorder, and gastroesophageal reflux. They
passed approximately 10 kidney stones in their lifetime, with the first episode at age 3 years
requiring hospitalization. The diagnosis of PH1 was made by genetic testing 2 years later
(c.973delG, exon 10 + c.836T>C, exon 8). No significant reduction in UOx was observed during
a pyridoxine trial. Their estimated average daily fluid consumption was 4–5 L. Medications
included potassium citrate, escitalopram, hydroxyzine, omeprazole, and cholecalciferol. Their
family history is notable for PH1 in a younger sibling who underwent CLKT at age 2 years and
ultimately repeat kidney transplantation at age 11 years.

HD was initiated at a frequency of 6 days per week following an acute rise in POx (shown
in Fig. 1) to reduce the morbidity associated with oxalosis. Three months after HD initiation,
they started nedosiran on a compassionate use basis. HD frequency was progressively
decreased to 3 days per week following a reduction in POx. The patient declined an offer
for a CLKT in favor of waiting for a kidney-only transplant.

At age 19 years, they received a deceased donor kidney transplant. Pretransplant POxwas
12.8 μmol/L. Intravenous basiliximab was used for induction. Urine output was 275 mL at
15 min post-reperfusion. Daily HD was initiated on postoperative day (POD) 1 to target POx
levels of <3 μmol/L. An abdominal ultrasound including studies of the renal allograft did not
reveal any abnormalities. The posttransplant immunosuppressive regimen included

Table 1. Summary of clinical trials involving lumasiran

Study name Study design Inclusion criteria N Primary outcome Primary results

ILLUMINATE-A Double-blind
randomized (2:1)
placebo controlled

Age ≥6 years
eGFR ≥30 mL/
min/1.73 m2

24-h UOx ≥0.70
mmol

39 Percent Δ in 24-h
UOx from
baseline

65.4% UOx
reduction
(lumasiran group)

ILLUMINATE-B Single-arm, open-label Age <6 years
eGFR >45 mL/
min/1.73 m2

Normal SCr (if < 1
year)
Spot UOx:Cr > ULN

18 Percent Δ in spot
UOx:Cr from
baseline

72.0% UOx
reduction

ILLUMINATE-C Single-arm, open-label
Cohort A: not receiving
HD
Cohort B: receiving HD

Any age
eGFR ≤45 mL/
min/1.73 m2

Elevated SCr (if < 1
year)
POx ≥20 μmol/L

A: 6
B:
15

Percent Δ in POx
from baseline

33.3% POx
reduction (cohort
A)
42.4% POx
reduction
(cohort B)

N, number of participants; eGFR, estimated glomerular filtration rate; UOx, urinary oxalate; SCr, serum
creatinine; ULN, upper limit normal; POx, plasma oxalate.
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basiliximab, prednisone, tacrolimus, and mycophenolate mofetil. Infection prophylactic
agents included trimethoprim/sulfamethoxazole and valganciclovir. They received their
scheduled monthly dose of nedosiran on POD 6 and were discharged on POD 10. Continued
hyperhydration and citrate were recommended.

Following hospital discharge, they continued HD 6 days weekly for oxalate removal. This
was reduced to 5 times weekly at 4 weeks posttransplantation for pre-HD POx levels of
1.8–4.0 μmol/L, four times weekly at 5 weeks posttransplantation for pre-HD POx levels of
1.8–4.0 μmol/L, and 3 times weekly at 6 weeks posttransplantation for pre-HD POx levels of
1.6–3.0 μmol/L. The last HD session was at 7 weeks posttransplantation, when the pre-HD
POx level was 2.9 μmol/L. POx has since remained at < 5 μmol/L following discontinuation of
HD and through 9 months posttransplant (shown in Fig. 1). Importantly, UOx has remained
minimally elevated ranging from 42.7 to 48.0 mg/d (3.6–38.0 mg/d) since discontinuation of
HD and through 9months posttransplant (shown in Fig. 2). Ultrasound of the renal allograft is
without kidney stones and nephrocalcinosis.

Unfortunately, the patient developed acute T-cell-mediated transplant rejection (Banff
1B) detected on a surveillance biopsy performed at 6 months posttransplant. There was no
evidence of tissue oxalate crystal deposition. They were treated with Thymoglobulin and
methylprednisolone. Repeat transplant biopsy 2 months later was notable for borderline
changes (Banff i1,t1) and no tissue oxalate crystal deposition. Baseline creatinine of 1.0 mg/
dL has since increased to 1.2 mg/dL (0.55–1.02 mg/dL).

Discussion

PH1 is a devastating metabolic disease that results from the hepatic overproduction of
oxalate. Patients often suffer from frequent stone episodes before developing progressive

Fig. 1. Average monthly pre-HD POx levels (µmol/L). Green dotted line indicates upper limit of normal. A
value of 1.0 μmol/L was assigned for values resulting as <2 μmol/L.
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CKD and oxalosis in young adulthood. They adopt an intensive dialysis regimen before waiting
for a CLKT. This grim outlook has improved recently with the advent of siRNA therapies
targeting hepatic enzymes to reduce UOx and POx. Their marked effectiveness offers hope to
this historically vulnerable patient population. While the goal continues to be early identi-
fication of PH to start effective management before advanced kidney disease ensues, many
will continue to require transplantation.

To date, there have been 6 published cases of patients receiving lumasiran who under-
went kidney-only transplantation. Each patient had variable pretransplant POx levels and two
had evidence of oxalate crystal deposition on posttransplant biopsies. UOx levels were
elevated in most patients, which likely reflects mobilization of bone and other tissue oxalate
stores which may take months or even years to clear.

The ideal pretransplant POx levels for those pursuing kidney-only transplantation while
on siRNA therapy are unknown. Similarly, the ideal posttransplant UOx levels are unknown. It
seems reasonable to assume that lower values would correlate with better renal allograft
survival in avoiding posttransplant oxalate nephropathy. However, given the sparsity of
reported cases to date, this has yet to be established. The authors of the 5 patient case series
referenced above indicate that POx levels <80–90 μmol/L may allow for kidney-only trans-
plantation in PH1 patients receiving lumasiran. Additional data from long-term follow-up of
all patients choosing this novel transplantation strategy are greatly needed including those
receiving nedosiran.

Our case demonstrates that nedosiran might make kidney-only transplantation the
preferred strategy in some PH patients who reach advanced kidney disease. We were able
to reduce the posttransplant POx to lower levels than the patients described on lumasiran by
continuing intensive dialysis after the surgery. Our patient also had lower pretransplant POx
levels possibly due to the short duration with advanced kidney disease, indicating lower tissue
oxalate stores. Adherence to hyperhydration, crystallization inhibitors, treatment of hyper-
calciuria, and pyridoxine (if responsive) are also important for posttransplant patients. It is
worth noting that our patient, and one of the kidney-only-transplanted PH1 patients on
lumasiran, experienced advanced T-cell-mediated rejection. Given the well-described role
that transplanted livers play in modulating host alloimmunity, one potential benefit of
CLKT would be decreased risk of kidney allograft rejection. However, this must also be
balanced with the high associated morbidity and mortality that liver transplant recipients face.

Fig. 2. 24-h urine oxalate levels (mg/d). Green dotted line indicates upper limit of normal.
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In summary, PH represents one of the most severe forms of kidney stone disease.
Fortunately, an extensive amount of knowledge regarding PH and its ideal management will
be available in the near future as additional studies are performed and important PH clinical
trials conclude. We have come a long way to help a vulnerable patient population advance
from a time when limited therapies existed to successfully implementing pyridoxine,
lumasiran, nedosiran, and other treatments aimed at lowering UOx and POx, preventing
painful kidney stone episodes and reducing the high frequency of CKD.
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