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Primary hyperoxaluria type 1 (PH1; MIM, 
259900) is the most common form identified 
worldwide and is caused by biallelic pathogen‑
ic variants of the AGXT gene, encoding the liver 
specific peroxisomal enzyme, alanine: glyoxylate 
aminotransferase (AGT). The enzyme catalyzes 

INTROduCTION Primary hyperoxalurias (PH) 
are a group of autosomal recessive disorders of 
glyoxylate metabolism leading to endogenous 
overproduction and increased urinary excretion 
of oxalate. To date, 3 monogenic forms of PH 
(PH1–PH3) have been classified.
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INTROduCTION Primary hyperoxalurias (PHs) are rare disorders leading to overproduction and increased 
urinary excretion of oxalate. Three monogenic forms (PH1–PH3) were classified. PHs lead to urolithiasis 
and chronic kidney disease. There are only sparse data on patients with PH from Eastern European 
countries including Poland.
ObjECTIvEs The aim of the study was to evaluate the prevalence, genetic background, and clinical 
course of PH in the Polish population.
PATIENTs ANd mEThOds This was a retrospective multicenter study including data of all identified and 
genetically confirmed Polish patients with PH.
REsuLTs Between 1998 and 2019, 21 patients with PH were identified, including 13 patients with PH1 
(62%), 2 with PH2 (9%), and 6 with PH3 (29%). In those with PH1, the most common mutation was 
c.508G>A in AGXT and in PH3, c.700+5G>T in HOGA1. Nine patients (69%) developed end ‑stage renal 
disease at a median age of 13 years and 2 died. In 6 (46%) PH1 cases, the diagnosis was made only 
after patients had progressed to end ‑stage renal disease and received isolated kidney transplantation, 
followed by graft failure. Combined liver ‑kidney transplantation was performed in 6 patients with PH1. 
Two siblings with PH2 showed a milder course with slightly decreased renal function in one, at age 
of 11 years. Despite infantile onset of urolithiasis, all patients with PH3 at a median age of 10 years 
maintained normal renal function.
CONCLusIONs The prevalence of PH1 and PH2 in Poland seems to be much lower than in Western 
countries with PH3 constituting about 30% of all cases. The molecular findings and clinical course are 
typical, but the underdiagnosis is of concern.
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calcium oxalate (CaOx) urolithiasis (UL), neph‑
rocalcinosis (NC), subsequent tubulointerstitial 
inflammation and type ‑specific risk of progres‑
sive chronic kidney disease (CKD).13,14 The most 
severe course and complications are seen in PH1 
patients, as the majority of them will develop end‑
‑stage renal disease (ESRD) over time.15 Some PH1 
patients will already present with ESRD during 
infancy. The treatment with pyridoxine may sig‑
nificantly reduce urinary oxalate excretion and 
slow CKD progression in a subgroup of PH1 pa‑
tients with homozygous c.508G>A (p.Gly170Arg) 
or c.454T>A (p.Phe152Ile) mutations of the AGXT 
gene.15-17 The progressive deterioration of glomer‑
ular filtration rate leads to oxalosis, a system‑
ic disorder caused by multiorgan CaOx deposi‑
tion.13 The outcome in PH2 is intermediate, but 
less benign than was formerly thought, since up 
to 25% of patients will develop ESRD in adult‑
hood.16 In comparison to PH1/2, PH3 has signif‑
icantly better prognosis with a high but not com‑
plete rate of clinical remission with age and a rel‑
atively low risk of advanced CKD.8,10,11

The currently available, definitive treatment 
option for PH1 patients with CKD stages 4 and 5 
is combined or sequential liver and kidney trans‑
plantation (CLKT).18,19 For PH2 patients with 
ESRD the optimal transplantation strategy is less 
clear and most patients received isolated kidney 
transplantation (iKTx) with variable outcome.3

New therapeutic options based on RNA inter‑
ference targeting hepatic key enzymes for oxa‑
late precursor formation, including glycolate ox‑
idase or hepatic LDHA are evaluated and con‑
stitute potential for a first precision medicine 
approach to the treatment of PH1 and PH2 in 
the near future.20,21

There is little data on PH patients from Central 
Eastern / Eastern European countries and only 
single case reports on Polish PH1 patients have 
been published as yet.22,23 Therefore, we system‑
atically evaluated the prevalence, clinical course, 
genetic background, treatment, and outcome of 
PH in Poland.

PATIENTs ANd mEThOds The project was de‑
signed as a retrospective multicenter study, to 
evaluate data of all identified and genetically con‑
firmed Polish PH patients. All centers of pediat‑
ric nephrology and adult medical centers which 
diagnosed and reported PH cases to the national 
PH registry were included. The chart review com‑
prised available selected anthropometric, clin‑
ical, and laboratory parameters (urinalysis, se‑
rum creatinine, urinary oxalate, calcium, and ci‑
trate excretion) obtained throughout individual 
follow ‑up period.

In pediatric patients, estimated glomerular fil‑
tration rate (eGFR) was calculated using the orig‑
inal or modified Schwartz equation when appli‑
cable24,25 and in adults using the Modification of 
Diet in Renal Disease formula.26 Available uri‑
nary oxalate and citrate concentrations were mea‑
sured enzymatically and their daily excretions 

transamination of L ‑alanine and glyoxylate to py‑
ruvate and glycine. Its disturbed activity leads to 
cytosolic accumulation of glyoxylate which is fur‑
ther oxidized to oxalate and glycolate by cytosol‑
ic lactate dehydrogenase (LDH).1

Primary hyperoxaluria type 2 (PH2; MIM, 
260000) is caused by biallelic pathogenic variants 
of the GRHPR gene, encoding the cytosolic / mi‑
tochondrial enzyme glyoxylate reductase / hy‑
droxypyruvate reductase (GRHPR), mainly ex‑
pressed in the liver. GRHPR catalyzes the trans‑
formation of glyoxylate to glycolate and hy‑
droxypyruvate to D ‑glycerate. Similarly to PH1, 
the excess of oxalate is derived from glyoxylate 
and in addition, deficiency of GRHPR leads to con‑
version of hydroxypyruvate to L ‑glycerate.2 Pri‑
mary hyperoxaluria type 2 accounts for approx‑
imately 9% of the PH cases identified in Europe, 
but is more prevalent in Asian populations.3,4

Primary hyperoxaluria type 3 (PH3; MIM, 
613616) is associated with loss of the HOGA1 
gene function. It encodes a mitochondrial en‑
zyme, the 4 ‑hydroxy ‑2‑oxo ‑glutarate aldolase type 
1 (HOGA), which is mainly expressed in the liv‑
er.5,6 HOGA plays a crucial role in hydroxypro‑
line metabolism and catalyzes the cleavage of 
4 ‑hydroxy ‑2‑oxoglutarate (HOG) into glyoxyl‑
ate and pyruvate. Therefore, its deficiency leads 
to mitochondrial accumulation of HOG which is 
shifted into the cytosol, where it is further trans‑
formed to glyoxylate by nonspecific cytosolic al‑
dolase and finally to oxalate by cytosolic LDH.7 It 
has been proposed that HOG excess may also in‑
crease oxalate production by inhibition of GRH‑
PR.6 Although PH3 accounts for approximate‑
ly 6% to 10% of clinically presenting PH cases,3,8 
carrier frequency data inferred from allelic fre‑
quencies of the most common pathogenic vari‑
ants in the genome Aggregation Database (gno‑
mAD) suggests that it may be the most common 
PH type in some populations, including Ashke‑
nazi Jews and Caucasians.9 However, a markedly 
reduced penetrance of biallelic HOGA1 mutation 
carriers per se and the high rate of clinical remis‑
sion with age result in exceptionally low numbers 
of identified adults with symptomatic PH3.5,9 -12

Although the clinical spectrum of PH is vari‑
able, its main symptoms are related to recurrent 

whAT’s NEw?

This is the first comprehensive report on primary hyperoxaluria (PH) from 
Poland as well as from the Central Eastern / Eastern European countries. To 
date, the prevalence, clinical course, genetic background, treatment, and out‑
comes of this rare inherited metabolic disease in this region were completely 
unknown and only single case reports were published. The results indicate 
that the prevalence of PH in Poland is much lower than in Western countries 
and the distribution of PH subtypes differs from data demonstrated in North 
American and European registries. Although in the last decades considerable 
efforts have been made to facilitate diagnosis and improve the outcome of 
Polish patients with PH, delay in definite diagnosis is still a matter of concern.
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There were 5 (39%) patients with UL / NC and 
preserved own renal function (F4.1, F5, F7.1, 
F7.2, F9) and 2 (15%) clinically asymptomat‑
ic but biochemically affected siblings from PH1 
F4 (F4.2, F4.4). The biochemical work ‑up stud‑
ies in these cases showed hyperoxaluria (HOx) 
which exceeded 1 mmol/1.73 m2/24 h (median 
[range], 1.74 [1.05–3.72] mmol/1.73 m2/24 h). In 
most of them, it was accompanied by decreased 
urinary calcium and citrate excretion (median 
[range] 0.87 [0.66–3.13] mg/kg/24 h and 0.79 
[0.46–3.46] mmol/1.73 m2/24 h, respectively).

Genetic testing in the PH1 group revealed 8 pa‑
tients with compound ‑heterozygous and 5 with 
homozygous pathogenic AGXT variants. The most 
frequent mutation was c.508G>A (p.Gly170Arg). 
It affected 3 unrelated patients, of whom 2 were 
homozygous (F2, F6) and 1 (F5) compound‑
‑heterozygous: c.508G>A (p.Gly170Arg); 
c.33dupC (p.Lys12Glnfs*156). Three patients 
from 2 families were heterozygous for the splice 
mutation c.942+1G>T (F7.1, F7.2, F8). In 2 fami‑
lies, the novel mutation c.533G>A (p.Cys178Tyr) 
(F3) and a novel large out ‑of ‑frame deletion of 
exons 6 to 8 (p.Ile200Alafs*29; F4.1, F4.2, F4.3, 
F4.4) were identified. In patient F1, c.33delC 
(p.Lys12Argfs*34) was identified in a homozy‑
gous state and patient F9 showed the 2 muta‑
tions c.121G>A (p.Gly41Arg) and c.697C>T 
(p.Arg233Cys) in a compound ‑heterozygous state.

During follow ‑up, patients with PH1 showed 
a variable course of CKD (FIGuRE 2). Nine of them 
(69%) developed ESRD at a median (range) age 
of 13 (2.5–63) years. Two reached ESRD in early 
childhood (F3, F4.3), 5 during adolescence (F1, 
F2, F4.1, F5, F8), and 2 in adulthood (F4.2, F6). 
At the last follow ‑up, 4 patients had preserved 
native kidney function, including 3 with CKD 
stage 2 (F4.4, F7.1, F7.2) and 1 with CKD stage 
1 (F9). Treatment with pyridoxine was attempt‑
ed only in 6 patients with preserved renal func‑
tion (F4.1, F4.2, F4.4, F5, F7.1, F7.2) but it was 
ineffective and yielded no significant reduction 
in urinary oxalate excretion.

CLKT was performed in 6 PH1 patients. It was 
the primary procedure only in 2 patients (F4.1, 
F5) who were correctly diagnosed with PH1 before 
reaching ESRD. They received CLKT after several 
months of dialysis treatment. In the remaining 
4 patients (F1, F2, F3, F4.3) with a delayed PH1 
diagnosis, CLKT was performed 1 to 4 years af‑
ter failed primary iKTx. At the last follow ‑up, 5 
patients treated with CLKT showed variable pre‑
served liver and kidney graft function.

One patient (F2) died at the age of 22 years 
from uremia complications shortly after he re‑
ceived the third kidney graft, 2 years after CLKT. 
Patient F4.2 was clinically asymptomatic until 
the age of 24 years and presented with nonre‑
versible acute renal failure caused by urosepsis 
at gestational week 27 of her third pregnancy. 
The patient died due to a late consequence of ox‑
alate cardiomyopathy. Thus, the mortality rate in 
the PH1 group was 15%.

were expressed in mmol per 1.73 m2 of body sur‑
face area. Daily urinary calcium excretions were 
calculated in mg per kg of body weight.

All molecular genetic analyses were performed 
at the Institute of Human Genetics, University of 
Cologne, Germany by targeted Sanger sequenc‑
ing of the 3 disease associated genes AGXT, GRH-
PR, and HOGA1. Primer sequences and PCR con‑
ditions are available on request.

statistical analysis Statistical analysis was per‑
formed using the STATISTICA 13.1 software (Stat‑
Soft PL). Data were presented as median (range) 
as appropriate for continuous variables and as 
absolute numbers and / or percentages for cate‑
gorical variables.

The study was approved by the Research Eth‑
ics Committee of Medical University of Lublin 
(no. KE ‑0254/118/2016). An individual written 
consent was obtained from all adult patients or 
legal representatives of pediatric patients before 
molecular testing.

REsuLTs The study included 21 individuals with 
PH from 15 families. They were diagnosed over 
a 21 ‑year period between 1998 and 2019. There 
were 13 PH1 (62%), 2 (9%) PH2, and 6 (29%) 
PH3 patients. All of them were Caucasians, and 
to the best of our knowledge, their parents were 
nonconsanguineous, though the degree of homo‑
zygosity calculated from available whole exome 
datasets of the 4 affected siblings from fami‑
ly 4 (F4; range 0.8% to 1.3%) would be close to 
the ratio of 1 to 64 expected for the offspring 
of second cousins. Their clinical characteristics 
are summarized in TAbLE 1 and shown in detail 
in TAbLEs 2 and 3.

Thirteen patients (5 men, 8 women) from 
9 families had PH1. Their median (range) age 
at last follow ‑up was 22 (3.5–72) years. The me‑
dian (range) age at onset of manifestations was 
5 (1–28) years and the median (range) time of 
the follow ‑up from onset was 14 (1–44) years. 
The distribution of initial symptoms was as fol‑
lows: isolated UL (31%), isolated NC (31%), and 
combined UL / NC (38%). They were accompanied 
by microscopic hematuria (38%), sterile leuko‑
cyturia (38%), or urinary tract infections (31%). 
Decreased eGFR was initially present in 62% of 
PH1 patients. The median (range) age at clini‑
cal diagnosis of PH was 13 (3.5–65) years and it 
was made from 0.2 to 37 (median, 7) years after 
the first clinical symptoms.

In almost half (46%) of the PH1 patients (main‑
ly in cases from far past), the diagnosis of PH was 
not made until they reached ESRD and received 
iKTx (F1, F2, F3, F4.3, F6, F8). In these 6 cases, 
only rapidly progressive kidney graft failure and 
massive CaOx deposition within the renal graft 
tissue led to the correct diagnosis (FIGuRE 1). More‑
over, 4 of them had severe bone pain due to bone 
oxalosis (F1, F2, F3, F8).

Only 7 PH1 patients (54%) were properly iden‑
tified by metabolic screening for urinary oxalate. 
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L ‑glycerate (semiquantitative measurement) 
and normal calcium and citrate excretion. Ge‑
netic testing revealed 2 common pathogenic GRH-
PR variants: c.103delG (p.Asp35Thrfs*11) and 
c.454dupA (p.Thr152Asnfs*39) in compound‑
‑heterozygous state.

Six patients (2 men, 4 women) from 5 fam‑
ilies had PH3. Among those patients we could 
identify 3 novel causative HOGA1 variants: 
c.206T>G (p.Phe69Cys), c.580G>A (p.Gly194Ser), 
and c.284G>A (p.Arg95His) plus c.376G>A 
(p.Ala126Thr) in cis on the paternal allele. For 

So far, only 2 patients (female siblings, F10.1, 
F10.2) with PH2 were identified. Their age at the 
last follow ‑up was 11 and 13 years, respectively. 
Patient F10.1 presented with NC at 12 months, 
followed by recurrent UL, multiple urological in‑
terventions and CKD stage 2, whereas her sis‑
ter showed incidental UL with a normal eGFR 
(FIGuRE 2). Clinical suspicion of PH in these sib‑
lings was made only at the age of 10.9 and 12 
years, when metabolic screening revealed HOx 
(2.02 and 1.18 mmol/1.73 m2/24 h, respective‑
ly). It was accompanied by increased urinary 

TAbLE 1 Summary of clinical and biochemical characteristics of Polish patients with primary hyperoxalurias

PH1 (n = 13) PH2 (n = 2) PH3 (n = 6)

Age at the last FU, y, median (range) 22 (3.5–72) 12 (11–13) 10 (7–13)

Duration of FU, y, median (range) 14 (1–44) 10.5 (10–11) 9 (7–12)

Age at first symptoms, y, median (range) 5 (1–28) 1.5 (1–2) 0.4 (0.3–0.7)

First clinical symptoms

UL 4 (31) 1 (50) 6 (100)

NC 4 (31) 1 (50) 0

NC+UL 5 (38) 0 –

Hematuria 3 (23) 1 (50) 5 (83)

Sterile leukocyturia 5 (38) 1 (50) 4 (67)

Urinary tract infections 4 (31) 0 –

Decreased eGFR 8 (62) 1 (50) 0

Age of clinical diagnosis / suspicion, y, median (range) 13 (3.5–65) 11.2 (10.5–12) 3.2 (0.5–7.4)

Time between first symptoms and clinical diagnosis, y, 
median (range)

7 (0.2–37) 9.8 (9.5–10) 2.5 (0.1–7.1)

Circumstances leading to diagnosis

Metabolic evaluation of UL / NC 5 (39) 2 (100) 6 (100)

Evaluation of failed iKTx 6 (46) – –

Family screening of asymptomatic subjects 2 (15) – –

Selected urinary parameters at diagnosis 7 (54) 2 (100) 6 (100)

24h urinary oxalate excretion, mmol/1.73 m2, 
median (range)

1.74 (1.05–3.72) 1.6 (1.18–2.02) 0.98 (0.73–1.6)

24h urinary calcium excretion, mg/kg, median (range) 0.87 (0.66–3.13) 1.78 (0.95–2.62) 2.46 (1–4.63)

24h urinary citrate excretion, mmol/1.73 m2, 
median (range)

0.79 (0.46–3.46) 1.96 (1.47–2.45) 2.23 (1.79–3.31)

Age at molecular diagnosis, y, median (range) 14 (3.5–65) 12 (11–13) 5 (0.6–8)

Time between clinical and genetic diagnosis, y, 
median (range)

0.5 (0.2–12) 0.8 (0.5–1) 0.4 (0.2–5.5)

ESRD during FU 9 (69) 0 0

Age at ESRD, y, median (range) 13 (2.5–63) – –

Symptoms of systemic oxalosis 7 (54) 0 0

Organ transplantation

Any 8 (62) 0 0

iKTx (n = 8) 6 (75) – –

CLKT after failed iKTx (n = 6) 4 (67) – –

Primary CLKT (n = 8) 2 (25) – –

Mortality

All ‑cause 2 (15) 0 0

Age at death, y, median (range) 23 (22–24) – –

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: CLKT, combined liver ‑kidney transplantation; eGFR, estimated glomerular filtration rate; ESRD, end‑stage 
renal disease; FU, follow ‑up; iKTx, isolated kidney transplantation; NC, nephrocalcinosis; PH1, primary hyperoxaluria 
type 1; PH2, primary hyperoxaluria type 2; PH3, primary hyperoxaluria type 3; UL, urolithiasis
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the latter variants, it remains currently unclear 
which variant is deleterious or if potentially both 
variants result in loss of HOGA1 function. All nov‑
el variants occurred in trans with the common 
splice donor variant c.700+5G>T. Their median 
(range) age at the last follow ‑up was 10 (7–13) 
years. The median (range) age at onset of symp‑
toms was 0.4 (0.3–0.7) years and the median 
(range) time of the follow ‑up from onset was 9 
(7–12) years. Initially, all patients presented with 
UL, which was accompanied by microscopic he‑
maturia (83%) or / and sterile leukocyturia (67%). 
The median (range) age at clinical suspicion of PH 
was 3.2 (0.73–7.4) years and the median (range) 
time of diagnostic delay was 2.5 (0.1–7.1) years. 
Comparing with patients with PH1 /2, urinary 
oxalate excretion in PH3 cases was considerably 
lower (median [range] 0.98 [0.73–1.6] mmol/1.73 
m2/24h). It was mostly accompanied by normal 
calcium and citrate excretion; however, on follow‑
‑up, all but one (F13) patient showed intermittent 
moderate hypercalciuria (4–4.63 mg/kg/24 h). In 
all patients, genetic testing revealed the common 
c.700+5G>T splice site mutation: 1 patient was 
homozygous (F11) and the remaining 4 carried 
the splice mutation in a compound ‑heterozygous 
state. After diagnosis, most patients were treat‑
ed conservatively with alkaline citrate, a low‑oxa‑
late diet, and high fluid intake. On the follow ‑up, 
all patients had normal renal function (FIGuRE 2). 
Only 2 patients (F14.2; F15) showed recurrent UL 
and required urological procedures.

dIsCussION Until the late 1990s, patients with 
PH have not been identified in Poland, mainly 
due to limited access to relevant diagnostic tools. 
However, for more than 2 decades, considerable 
efforts have been made to facilitate diagnosis and 
improve outcomes. These included education of 
professionals, access to urinary oxalate measure‑
ment, and genetic evaluation through nation‑
al and pan ‑European initiatives like the Europe‑
an Hyperoxaluria Consortium (Oxaleurope). Ac‑
cordingly, the vast majority of children and ado‑
lescents with UL / NC evaluated in all Polish cen‑
ters of pediatric nephrology could be screened for 
HOx and all suspected pediatric and adult individ‑
uals were genetically tested. However, over the pe‑
riod 1998 to 2019, only 21 patients with PH, in‑
cluding 13 with PH1, were identified. This places 
a lower bound on the prevalence of PH1 of about 
3 cases per 10 million, that is, approximately 3‑ 
to 10 ‑fold lower than reported in Western Euro‑
pean countries and calculations based on carri‑
er frequencies found in the gnomAD.9,27,28 Obvi‑
ously, this discrepancy may be at least partly in‑
fluenced by an ascertainment bias. We cannot 
exclude that some individuals may be still undi‑
agnosed or even already dead without a proper di‑
agnosis. On the other hand, we report a substan‑
tial cohort of PH3 patients, which may indicate 
that our efforts to improve awareness for PH in 
Poland are effective. Therefore, one could doubt 
that the more severe PH1 phenotype is generally TA
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compound ‑heterozygous (c.508G>A;c.33dupC). It 
is in agreement with other studies, which showed 
that it is the most frequent mutation among Cau‑
casians, found in up to 30% of mutant alleles. In 
contrast, the duplication c.33dupC shows no eth‑
nic association, accounting for 12% to 13% of PH1 
cases from different populations.8,31-33 The sec‑
ond common mutation was c.942+1G>T affect‑
ing 3 patients from 2 families. Notably, 2 novel 
AGXT mutations, the missense variant c.533G>A 
(p.Cys178Tyr) and a complete (out ‑of ‑frame) de‑
letion of exons 6 to 8 were found in 2 (22%) of 
9 families.

PH1 is characterized by an extreme clinical 
heterogeneity with respect to age of onset and 
course.34 As in other observations, the medi‑
an age of PH1 onset in the Polish cohort was 5 
years.35 The majority of patients showed a typ‑
ical course and most of them developed ESRD 
during puberty. Others had either late ‑onset 
PH1 with first symptoms in adulthood or in‑
fantile / early childhood form with NC and rapid 

overlooked, while the milder PH3 type is diag‑
nosed and reported.

In theory, the carrier frequency of deleterious 
AGXT variants in the ethnic Polish population 
could be lower than in Western Europe but this 
remains to be conclusively measured. This might 
also account for other countries from Eastern Eu‑
rope, separated behind the Iron Curtain for sever‑
al decades. The paucity of published data on PH1 
cases from this region may indirectly support this 
hypothesis. Other reasons contributing to data 
showing lower prevalence of PH1 in Poland may 
be related to the rarity of consanguineous mar‑
riages and historically little emigration from re‑
gions with a higher burden of the disease, like 
North Africa or Pakistan.4,29,30

To date, about 200 AGXT gene mutations 
have been described.8 In this study we provide 
for the first time genotypes of the Polish pop‑
ulation. The common pathogenic variant in our 
cohort was c.508G>A (p.Gly170Arg), affecting 
3 patients, of whom 2 were homozygous and 1 

FIGuRE 1  Calcium oxalate deposits (arrows) in 
the renal graft tissue of patient F8 (hematoxylin ‑eosin, 
polarization microscope; magnification × 100)

FIGuRE 2  Follow ‑up of estimated glomerular filtration rate (eGFR) in patients with primary hyperoxaluria type 1 (PH1; 
F1–F9), PH2 (F10.1, F10.2), and PH3 (F11–F15). Patient F6 who developed end ‑stage renal disease at the age of 63 
years is not shown.
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and one (F4.2), asymptomatic till 24 years, devel‑
oped nonreversible acute renal failure caused by 
urosepsis in pregnancy and passed away due to 
a consequence of oxalate cardiomyopathy, await‑
ing combined heart ‑liver ‑kidney transplantation. 
The remaining 3 (F4.4; F7.1; F7.2), currently at the 
age between 16 and 22 years, are at CKD stage 2.

To date, 6 Polish PH1 patients underwent CLKT 
and their outcome has been already described.48 
Timing of liver transplantation in PH1 is a mat‑
ter of debate and preemptive procedure could 
potentially avoid complications of systemic oxa‑
losis, but this advantage has to be carefully bal‑
anced against substantial perioperative risks.18 
This strategy has not been applied to Polish pa‑
tients. CLKT was the primary procedure in 2 pa‑
tients who were correctly diagnosed with PH1 
before reaching ESRD, whereas in the remaining 
4 “historical” patients with delayed PH1 diagno‑
sis, CLKT was performed 1 to 4 years after failed 
primary iKTx. Fortunately, due to specific treat‑
ment, including intensive hemodialysis, rapid 
renal graft loss was observed only in 1 of them 
(F2).48 As expected, most of these patients pre‑
sented symptoms of systemic oxalosis, mainly 
bone pain. All but one patient preserved satisfac‑
tory kidney and liver function on the last follow‑
‑up. Patient F2 lost his renal graft function and 
died with preserved liver function due to uremia 
complications after an unsuccessful third KTx 
at the age of 22 years.

Our data suggest that PH2 is extremely rare 
in Poland. Just recently, the first PH2 fami‑
ly with 2 affected siblings was identified. How‑
ever, this type of PH may be associated with 
a greater problem of underdiagnosis in compar‑
ison with PH1 due to less severe phenotype.13 
In Polish patients, 2 mutations in the GRHPR 
gene were found in a compound heterozygous 
state (c.103delG;c.454dupA). Despite the iden‑
tical genotypes, both siblings showed a marked‑
ly different clinical course. The index case F10.1 
presented with NC at 12 months, which was fol‑
lowed by recurrent UL, multiple urological in‑
terventions, and CKD stage 2, while her sister 
(F10.2) showed incidental UL with normal eGFR. 
The more severe phenotype in the former was as‑
sociated with a significantly higher degree of hy‑
peroxaluria. Interestingly, intrafamilial discor‑
dance in PH2 patients harboring the c.103delG 
mutation of the GRHPR gene was already report‑
ed.8 Thus, similarly to PH1, disease modifiers in 
PH2 should be also expected. In contrast to PH1, 
limited genotype ‑phenotype correlations for PH2 
could be established.3,8

Between 2012 and 2018, 6 patients with PH3 
from 5 families were identified and they account 
for 29% of all cases in the whole PH cohort. This 
higher ratio compared with international data8 
is the result of the abovementioned, remarkably 
low number of reported PH1 patients in Poland. 
In comparison with our PH1 group, the accu‑
rate clinical and molecular diagnosis in PH3 pa‑
tients was established significantly faster, which 

progression to ESRD within the first years of life. 
Several large studies showed that the homozy‑
gous c.508G>A mutation may be associated with 
a milder renal disease.8,15-17 It was explained by 
residual catalytic activity of mitochondrial mis‑
targeted AGT which can be partially rescued by 
treatment with pyridoxine, the cofactor of AGT.17 
This favorable course of patient F6 who present‑
ed very late with ESRD in the seventh decade of 
life in the absence of any specific treatment for 
PH may reflect these findings. In contrast, patient 
from F2 with the same genotype, also untreated 
with pyridoxine due to late diagnosis, developed 
ESRD at the age of 13 years and died 9 years lat‑
er as a consequence of uremic complications. This 
characteristic for PH1 genotype ‑phenotype dis‑
cordance was even more impressive among 4 sib‑
lings (F4.1–4) sharing the same, large homozy‑
gous deletion (Ex6_8 del). Whereas patient F4.3 
developed infantile oxalosis and F4.1 typical ad‑
olescent form of the disease, patients F4.2 and 
F4.4 remained asymptomatic till adulthood. This 
phenomenon of diverse intrafamilial disease ex‑
pression in PH1 was already reported but the un‑
derlying factors are still unclear.36-39

The early diagnosis of PH1 is crucial for ad‑
equate therapeutic decisions and patients’ out‑
come. However, due to the rarity of this disease, 
lack of awareness or unusual presentation, it is 
often missed or diagnosis is delayed.40 In our 
group, the median time interval between initial 
symptoms and clinical diagnosis was 7 years. It 
seems to be significantly longer in comparison 
with the results of a German survey study from 
2004 where two ‑third of patients were diagnosed 
within 1 year.41 A dramatic example of diagnostic 
delay is the establishment of PH1 diagnosis only 
after recurrence of the disease in the isolated re‑
nal graft.22,42-46 In these cases, a graft failure oc‑
curs usually rapidly and biopsy reveals CaOx crys‑
talline nephropathy as a consequence of post‑
‑transplant mobilization of accumulated oxalate 
from body stores. Unfortunately, this scenar‑
io was observed in 6 Polish PH1 patients (46%) 
treated before the era of genetic testing, which is 
much more frequent than in other observation‑
al studies.16,45-47 Lack of proper diagnosis before 
ESRD had different reasons, which were men‑
tioned before. It is noteworthy that the first pa‑
tient with PH1 and preserved renal function was 
diagnosed in Poland only in 2005. Since that time 
6 new cases received a more timely diagnosis, 4 
of them during metabolic evaluation of UL / NC 
and the remaining 2 by family screening. They 
showed urinary oxalate excretion greater than 
1 mmol/1.73 m2/24 h, all but one very low cal‑
cium excretion of less than 1 mg/kg/24 h, and 
half of them hypocitraturia. Unfortunately, due 
to unfavorable genotype, they were unrespon‑
sive to pyridoxine. Therefore, according to rec‑
ommendations, they were / are treated symptom‑
atically with high fluid intake, alkaline citrates, 
and low oxalate diet.18 Unfortunately, 2 of them 
reached ESRD and underwent CLKT (F4.1; F5) 
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might reflect an improvement in the clinical man‑
agement of PH in Poland. However, considering 
the relatively short time from the first descrip‑
tion of PH3, the self ‑limiting course with age ob‑
served in many patients and unique appearance 
of ESRD, this type of PH is particularly prone to 
underestimation.5,12

In all Polish PH3 patients, at  least one 
c.700+5G>T HOGA1 allele was found. This is 
the most common mutation identified in indi‑
viduals of European descent with an allelic fre‑
quency up to 67% among causative variants.12,49

The clinical course in Polish PH3 patients was 
generally similar to that in other studies.8,12,49 It 
was characterized by very early onset with devel‑
opment of mostly bilateral UL in early infancy, 
usually accompanied by hematuria and sterile leu‑
kocyturia. The majority of patients required uro‑
logical interventions within the first years of life. 
In contrast to PH1/2 patients, NC was occasion‑
ally reported,12,49,50 but was not observed in our 
PH3 group. During follow ‑up, only 2 Polish PH3 
patients showed recurrent UL and all of them had 
preserved normal renal function. Potential factors 
contributing to a favorable interim outcome in 
our cohort were a lower oxaluria observed in PH3 
cases compared to the PH1 / PH2 ‑group, normoc‑
itraturia, early diagnosis, and timely introduction 
of conservative treatment, as well as avoidance 
of stone removal procedures. As reported previ‑
ously,7,12,49 most Polish PH3 patients showed in‑
termittent, moderate HC. This is in contrast to 
PH1 where low calcium excretion is a common 
finding, caused by massive CaOx precipitation.50

Conclusions This is the first comprehensive study 
on PH from an Central Eastern / Eastern Europe‑
an country. The prevalence of PH1 and PH2 in Po‑
land seems to be much lower than in many West‑
ern countries, while a substantial fraction of PH3 
cases could be identified. The observed distribu‑
tion of PH subtypes among Polish patients dif‑
fers from the data reported by international regis‑
tries. However, we cannot exclude at the moment 
that those differences may be largely influenced 
by the small sample size of the Polish cohort.

The molecular findings and clinical course of 
Polish PH patients are typical but a definite di‑
agnosis of PH1 is still delayed, so further efforts 
among urologists and nephrologists are needed 
to increase the care and attention for the cohort 
with this rare disorders. In particular, urinary ox‑
alate measurement should be a part of metabol‑
ic evaluation of every pediatric UL or NC case, as 
well as it should be performed in adults with re‑
current UL or existing, unexplained NC.
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