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Abstract

Background Hepatitis C virus (HCV)-associated kidney injury can affect both the glomeruli and the renal
interstitium. The aim of this single-center, prospective real-world study involving HCV patients was to assess
longitudinal changes in liver and kidney parameters during HCV treatment and to examine how renal function and
urine findings evolved in those with kidney manifestations prior to therapy.

Methods In total, 217 patients treated for HCV-infection were enrolled for the study. Renal abnormalities were
defined as either s-creatinine above the normal limit (male > 100 umol/l, female > 90 umol/l), or estimated
glomerular filtration rate (eGFR) below <60 ml/min/ 1.73 m?, or number of urine red blood cells above the

normal (U-erythrocytes > 20 x 10(E6)/1), or tubular proteinuria above the normal (U-a 1-microglobulin, UATM, >

12 mg/l), or glomerular proteinuria above the normal (U-albumin/creatinine ratio, UACR, in men>2.5 mg/mmol, in
women > 3.5 mg/mmol) levels in a spot urine test.

Results Forty patients (20%) had pretreatment kidney manifestations. Sustained virological response at 12 weeks
(SVR12) was achieved in 93%, with no difference observed between patients with or without pretreatment kidney
manifestations. All liver function tests improved significantly at 12 weeks. Across the study period, serum cystatin

C showed a marked improvement (p=0.0128), while the other filtration markers did not change significantly from
pretreatment levels to one year. The tubular proteinuria marker UATM decreased significantly from pretreatment

to SVR12 and further to the one-year follow-up (p <0.0001 and 0.0046, respectively). Hematuria also declined
markedly from pretreatment to SVR12 (p <0.0001). In contrast, no significant change was observed in the glomerular
proteinuria marker, UACR.

Conclusions Successful hepatitis C eradication therapy improves kidney function assessed by serum cystatin C and
reduces tubular proteinuria as well as hematuria even in patients with low grade pretreatment kidney manifestations.
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Background

Hepatitis C (HCV) infection is an independent risk fac-
tor for kidney manifestations [1, 2]. HCV-related kid-
ney damage may include a variety of histopathologic
patterns, glomerular and/or interstitial lesions, and the
virus can also directly contribute to kidney damage by
infecting tubular epithelial and other renal cell types [3,
4]. Reported prevalence of kidney involvement among
patients with HCV infection varies widely, with estimates
ranging from 30 to 40%, and decreasing to approximately
4-20% when considering proteinuria alone [5-7].

Treating HCV and acquiring a sustained virological
response (SVR) has shown benefit on kidney manifesta-
tions but is somewhat dependent on the extent of pre-
treatment kidney damage [1, 8] and comorbidities [9].
Reduced albuminuria and tubular proteinuria have been
reported after successful HCV eradication therapy [10,
11]. Most clinical trials examining the reversal of kid-
ney damage following antiviral eradication therapy have
focused on patients with CKD stages 3-5. However,
earlier or pre-CKD stages may represent a more effec-
tive window for intervention to prevent advanced kidney
injury, and data on this earlier phase remain limited.

Aim of this single-center, prospective real-world study
was to evaluate the influence of HCV treatment on the
liver and renal laboratory findings longitudinally and to
further examine the findings for patients with pretreat-
ment kidney manifestations.

Methods

Patients

Two-hundred and seventeen consecutive adult patients
referred for treatment of HCV at the Department of
Gastroenterology at the Helsinki University Hospital in
Finland between 2017 and 2018 were enrolled into the
prospective observational study. The enrolled patients
were followed up to one year after HCV therapy. Detailed
inclusion and exclusion criteria were presented at our
previous publication [12]. HCV treatment was adminis-
tered according to standard clinical practice and the pre-
vailing guidelines at the time of the study.

Study protocol

Pretreatment kidney manifestation was defined as:
S-creatinine above the normal limit (male>100 pmol/l,
female>90 pmol/l), or estimated glomerular filtration
rate (eGFR) calculated according to the Chronic Kidney
Disease Epidemiology Collaboration (eGFR CKD-EPI)
equation below normal (<60 ml/min/ 1.73 m?), or num-
ber of urine red blood cells above the normal (U-eryth-
rocytes 220 x 10(E6)/1), or tubular proteinuria above
the normal (U-a 1-microglobulin, UA1IM, = 12 mg/l),
or glomerular proteinuria above the normal (U-albu-
min/creatinine ratio, UACR, in men>2.5 mg/mmol, in
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women > 3.5 mg/mmol) levels in a spot urine test. Those
with any renal manifestation were referred to the Depart-
ment of Nephrology for further standard examinations.

Alcohol consumption was assessed using a standard
questionnaire alcohol use disorder identification test
(AUDIT) [13]. The estimated time and route of HCV
transmission was also evaluated based on patient inter-
views. Aspartate aminotransferase to platelet ratio index
(APRI) was used to predict significant liver fibrosis [14].
Values < 0.5 refer to significant fibrosis to be unlikely
whereas values > 1.5 refer to likely significant fibrosis.
Liver fibrosis was also assessed by transient elastography
(FibroScan®, Echosens, Paris, France) after a 4-hour fast-
ing. Liver biopsy was available in 10 patients.

Interferon was still part of the eradication therapy in
the beginning of the study, while direct-acting antivirals
(DAAs) became treatment of choice during the study.
The treating physician chose the treatment based on the
clinical guidelines at that time. Most patients receiving
DAAs were treated for a duration of 8 to 12 weeks.

Laboratory variables

Laboratory variables were analyzed at the accredited
Helsinki University Hospital laboratory (HUSLAB) using
standard chemical methods analogously to our previ-
ous publication [12]. Kidney function was measured by
serum creatinine and serum cystatin C and estimated
using three different formulas. EGFRs were calculated
according to the Chronic Kidney Disease Epidemiology
Collaboration equation (CKD-EPI), CKD-EPI Cystatin
C equation (eGFR-EPI-cys-C) and CKD-EPI creatinine-
cystatin C equation (eGFR-EPI-crea-cys-C) [15]. S-cre-
atinine was determined with the enzymatic method
of Abbott Laboratories with upper normal values 100
pumol/l in males and 90 umol/l in females. S-cystatin C
was assessed by multigent cystatin C 1P93-30 method by
Abbott Laboratories and considered normal if < 1 mg/l
(under 50 years of age) or < 1.2 mg/l (> 50 years of age).
The cut-off for lower normal value in all eGFRs was set at
60 ml/min/ 1.73 m2.

Urine samples were collected as spot samples taken
in the morning and an additional 24-h urine collection
was conducted before the appointments at the Depart-
ment of Nephrology. UA1IM as a marker of tubular pro-
teinuria was measured from a spot sample using the
turbidimetry method of Abbott Laboratories with val-
ues <12 mg/l considered normal. UACR as a marker for
glomerular proteinuria based on a spot sample involved
analyzing albumin with the method of bromocresol pur-
ple and creatinine with the enzymatic method by Abbott
Laboratories with values<2.5 mg/mmol for males and
<3.5 mg/mmol for females considered normal. A 24-h
urine collection for proteinuria was considered normal
with values <100 mg/24-h. Urine hemoglobin was tested
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using both dipstick test and automated phase contrast
microscopy. The latter was used in addressing whether
the subject had true hematuria. The hospital laboratory
started using an automated microscopy analysis by the
end of April 2019. The upper normal value of u — eryth-
rocytes was 20x 10 (E6)/l before and 10x 10 (E6)/I after
the change.

Blood complement analyses were performed using the
Wieslab complement system screen method (activity per-
centages of serum classical, alternative and lectin path-
ways, S -CH100Cl, S -CH100Al, S -CH100L, respectively)

Table 1 Pretreatment characteristics of hepatitis C patients
grouped by the presence of renal manifestation. Comparisons
between those with no renal manifestation vs. with renal
manifestation were not significant except for estimated duration
of HCV infection and OST therapy (as shown #, ##)

Variable Patients  Presence of renal
(unit or number of patients) n= manifestation be-
2172 fore the eradication
therapy
No Yes
n=176" n=41¢
Age (years)* 44 (20-77) 43(20-77) 45
(20-70)
Males n (%) 117 (54) 97 (55) 20 (49)
(54)
Diabetes n (%) 12 (6) 9 (5) 3(7)
Hypertension n (%) 29(13) 21(12) 8 (20)
Rheumatic disease n (%) 7(3) 7(4) 0(0)
Chronic disease n (%)** 78 (53) 66 (55) 12 (44)
BMI (kg/m?)*** 26 (4.5) 26 (4.8) 26 (4.6)
Genotype n %
1 91 (42) 73 (41) 18 (44)
2 23(11) 22(13) 12
3 102 (47) 81 (46) 21 (51)
4 1(0.5) 0(0) 1)
Fibrosis stage n (%)
FO-F1 133 (64) 110 (65) 23 (59)
F2 33(16) 28 (16) 5(13)
F3 11.05) 8(5) 3(8)
F4 32(15) 24.(14) 8(21)
Estimated duration of HCV infec- 20.2 (0-44) 94 (0-44) 6.6
tion (years)* # (0-41)
OST therapy n (%) ## 45(21) 43 (24) 2 (5)

Information was not available for all participants, n varied between 2146-217,
£119-176 and <27-41

*mean (range)

**chronic disease includes all chronic conditions except hypertension, diabetes,
rheumatic disease,

liver or kidney disease
*** mean (SD)
BMI=body mass index, OST=opioid substitution therapy

# p-value 0.0433 between those with no renal manifestation vs. with renal
manifestation

## p-value 0.0046 between those with no renal manifestation vs. with renal
manifestation
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and nephelometry (serum complement 3 and 4, S -C3, S
-C4, respectively) by Abbott Laboratories. Complement
activation products were analyzed by radial immunodif-
fusion (complement 4 activation product, C4d and factor
B, Facb), rocket immunoelectrophoresis (complement
3 activation product, C3d) and enzyme immunological
methods (factor B activation product, FacBb, membrane
attack complex, SC5b-9) in the accredited laboratory of
Turku University Hospital.

Statistical analyses

For statistical analyses, continuous variables were
reported as the number of patients whose data were
summarized (n), mean, standard deviation (SD), and
minimum and maximum. All categorical variables were
reported using frequency counts and percentages by
category. Comparisons of characteristics between HCV-
positive patients with or without kidney manifestations
were made pretreatment, at SVR12 and one year after
the treatment. Linear mixed models suitable for repeated
measurements were used to study phenomenon over
time and differences over time between the groups. For
some variables, logarithmic transformation was applied
to achieve normal distribution. In any of the statistical
comparisons, two-sided tests were used at a=0.05 sig-
nificance level. In general, missing data was not imputed.
All statistical analyses and generation of all tables, and
listings were performed using the SAS® (SAS Institute,
North Carolina, USA) software, version 9.4.

Results

Altogether 217 HCV-infected patients participated in
the study. Due to withdrawal of consent or loss of follow-
up, the number of patients available for analyses varied
at each time point. Pretreatment data is presented in
Table 1 and various antiviral therapies divided by pre-
treatment kidney manifestation are presented in Table 2.
Mean age was 44 years, 54% were male, and the mean
duration of HCV infection was 20 years. Genotype 3
was the most common and the majority had either no or
only minimal liver fibrosis (FO-F1). Nearly 21% were on
opioid substitution therapy (OST). In total, 41 patients
(20%) had pretreatment kidney manifestations, and they
had significantly shorter duration of HCV infection and
less patients on OST compared to those with no kidney
manifestations, otherwise groups had no significant dif-
ferences. Of those patients having pretreatment kidney
manifestations, 46% had increased level of tubular pro-
teinuria (UA1M), 32% had hematuria, 7% had increased
serum creatinine level, 7% had hematuria and increased
level of glomerular proteinuria (UACR) and finally 7%
had increased level of tubular proteinuria (UA1M) and
increased level of glomerular proteinuria (UACR). Those
having any baseline renal manifestation were significantly
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Table 2 Various antiviral therapies divided by pretreatment
kidney manifestation

Antiviral HCV positive with HCV positive with  p-
therapy baseline renal no baselinerenal  value
findings findings
n=41 n=142
Interferon +rib- 2 (4.9%) 26 (18.3%) 0.047
avirin n (%)
Interferon +rib- 1 (2.4%) 4 (2.8%) 1.00
avirin + sofosbu-
vir n (%)
grazoprevirand 14 (34.1%) 45 (31.7%) 0.85
elbasvir n (%)
grazoprevir and 2 (4.9%) 6 (4.2%) 1.00
elbasvir +ribavi-
rinn (%)
sofosbuvirand 18 (44.9%) 46 (32.4%) 0.20
velpatasvir n (%)
sofosbuvir and 4 (9.8%) 15 (10.6%) 1.00

velpatasvir +rib-
avirin n (%)

more often offered other than interferon + ribavirin based
treatments. In other treatment modalities there were no
significant differences. The majority of the patients (85%)
received DAAs. Renin-angiotensin system inhibitors
(RAASI) were used in only 10% of the patients and min-
eralocorticoid receptor antagonists (MRAs) in only 2%
and no patient was using sodium-glucose co-transporter
2 (SGLT-2) inhibitors.

Longitudinal changes of kidney function, at pretreat-
ment, at SVR12 and at one year after HCV eradication
therapy grouped by pretreatment status of kidney mani-
festation are presented in Table 3. In the whole patient
population serum cystatin C improved significantly com-
pared to pretreatment and at one year (p=0.0128). The
trends for improvement were similar in patients with and
without pretreatment kidney manifestations, but signifi-
cant only in those with no pretreatment manifestations
(p=0.0041 for comparison between pretreatment and
one year).

UAI1IM was decreased from pretreatment to SVR12 and
from pretreatment to one year (p<0.0001 and 0.0046,
respectively) in the whole population. However, UA1IM
decreased significantly only in those with pretreat-
ment kidney manifestation. Amount of hematuria was
also significantly reduced from pretreatment to SVR12
(p<0.0001) in the whole population. Among those with
pretreatment kidney manifestation, the change was sig-
nificant both in SVR12 and one year (p<0.0001 and
0.0003, respectively). The reduction in hematuria was
also significant at one year (p<0.0001) in those with-
out pretreatment kidney manifestation. No significant
changes were observed in UACR.

Longitudinal changes of basic laboratory variables
at pretreatment, SVR12 and one year after the HCV
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treatment also grouped by pretreatment status of kid-
ney manifestation are presented in supplementary Table
1. SVR12 was received in 93% of the patients (145/156).
The figures were 94% (31/33) and 93% (114/123), respec-
tively, in those with pretreatment kidney manifestation
and in those without (p =ns). All liver variables and APRI
improved significantly during the follow-up already at
SVRI12.

Kidney variables, given treatments and the overall time
effect from pretreatment to one year after the eradication
treatment is presented in Table 4. No significant differ-
ences were found between various HCV treatments in
kidney function or proteinuria. However, albeit being
small changes, improvements in the amount of hematu-
ria seemed to differ significantly between the treatment
groups (p=0.027).

Complement variables were investigated only among
those with pretreatment renal manifestation. Activity of
the classical pathway of complement between pretreat-
ment and SVR12, activity of the lectin pathway between
pretreatment and 1 year, as well as factor B activation
product between pretreatment and SVR12 were signifi-
cantly changed (Table 5).

Discussion

We found that the urinary markers UA1IM and hematu-
ria improved rapidly — already by 12 weeks after treat-
ment — in patients with renal manifestations. Hematuria
decreased following successful eradication therapy in all
patients, although most changes remained within nor-
mal ranges. Liver function tests also showed substantial
improvement as early as 12 weeks post-treatment, con-
sistent with findings from previous studies.

Cystatin C, a cysteine proteinase inhibitor, has shown
promise for estimating kidney function and is an ideal
GFR marker as it has a constant secretion rate by all
nucleated cells and it passes freely through the glomeruli
[16, 17]. The diagnostic performance of CKD-EPI creat-
inine-cystatin C equation [14] in patients with cirrhosis
was superior to conventional equations for estimating
GEFR [18, 19]. However, its diagnostic performance was
substantially worse in subjects without cirrhosis [18].
CKD-EPI Cystatin C equation yielded less biased eGFR
than serum creatinine-based formulas especially in cir-
rhotic patients with CKD and hence should be used
preferentially in cirrhotic patients with eGFR < 60 ml/
min/1.73 m? and in those with refractory ascites [20].
A recent publication also described that after success-
ful HCV treatment with DAAs, the skeletal muscle mass
improved and could have contributed to the increase
in serum creatinine observed after HCV treatment, no
change was noticed in eGFR based on cystatin C [21].

In our study most patients were not -cirrhotic
and eGFRs remained stable, although significant
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Table 3 Longitudinal change of renal function tests at pretreatment, at SVR12 and at one year after HCV therapy grouped by the
presence of renal manifestation (yes vs. no) at pretreatment

Variable Pretreatment SVR12 1 year P-value: Pretreatment vs.
n=216* n=175° n=142¢ Overall time effect’ SVR12/
Renal manifestation Group Pretreatment vs.
x time interaction? 1year

eGFR CKD-EPI (= 60 ml/min/1.73m?) 106 (104;,108) 104 (102;107)  102(99;105)  0.2270! 0.1692/0.1107
Yes 99 (93;105) 101 (95;106) 99 (93;106) 0.38852 0.9247/0.6250
No 108 (106;110) 105 (103;108) 104 0.0047/0.0153

(100;107)

eGFR-EPI-cys-C (=60 ml/min/1.73m?)* 81 (78;84) 79 (76;81) 81 (77,84) 0.3230' 0.9667/0.1956
Yes 71 (64,78) 74 (67,80) 74 (67,82) 0.7589° 0.7182/0.4272
No 83 (80,87) 80 (77,83) 83(79,87) 0.5946/0.1974

eGFR-EPI-crea-cys-C 92 (89,94) 89 (87,91) 89 (86,92) 0.5927' 0.4356/0.7737

(=60 ml/min/1.73m?)

Yes 82 (76;88) 85 (79;90) 85 (78,91) 046732 0.8486/0.6628

No 94 (92,96) 90 (88;93) 91 (88,94) 0.0509/0.9043
S-creatinine (< 100 pmol/l male, < 90 umol/I 67 (65,68) 67 (65;69) 68 (65;71) 06377 0.4008/0.4631
female)

Yes 72 (66;77) 70 (65;74) 69 (64;74) 036272 0.8152/0.9556

No 65 (64,67) 67 (64,69) 67 (64,71) 0.0235/0.1130
S-cystatin C (< 1.0 mg/I <50 years, < 1.2 mg/I>50 1.04 1.01 0.98 0.0398’ 0.3982/0.0128
years) (1.00;1.08) (0.98:1.04) (0.95;1.01)

Yes 1.2(1.04,136) 1.1(1.01;,1.09) 1.07 0.9289% 0.6257/0.1892

(0.99;1.16)
No 1.00 0.98 0.95 0.3365/0.0041
(0.97,1.03) (0.95;1.01) (0.91;0.98)

Urine hematuria (< 20 E6/1)* 6 (6;7) 546 2(1;4) <0.0001" <0.0001/0.7365
Yes 10 (7;21) 5(3;7 41,10 <0.00012 <0.0001/0.0003
No 6 (6;7) 6 (4,6 1(1;3) 0.8833/<0.0001

Urine ATM (<12 mg/l) 7.7 (6.8,8.7) 6.6.(6.1,7.2) 7.1(64;7.8) 0.0002' <0.0001/0.0046

(<12 mg/l)**

Yes 14.5 8.1(6.2100) 86(63;109) <0.00012 <0.0001/<0.0001

(10.6,184)

No 6.1(5.86.3) 6.2 (5.7,6.7) 6.6 (6.0;7.2) 0.2517/0.0687
Urine ACR 2.2 (04:4.0) 2.5(-02,5.1) 14(0.5;2.3) 0.7795' 0.4844/0.6978
(<2.5M, < 3.5F mg/mmol)

Yes 73(-16;163) 79(-5.0208) 27(-096.2) 0.2456° 0.2982/0.2469

No 0.9 (0.8;1.0) 1.0(0.8;1.2) 1.0(0.7,1.3) 0.6787/0.2058

Data is presented as mean and 95% confidence interval (Cl) for mean value or as number of patients and percentages (%). Statistically significant changes are

expressed in bold

Information was not available for all participants, n varied between 190-216, ®174-175 and “118-142, *median and 95% CI, eGFR CKD-EPI=estimated glomerular
filtration rate, calculated according to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, eGFR-EPI-cys-C=estimated glomerular filtration
rate, calculated using cystatin-C, eGFR-EPI crea-cys-C=estimated glomerular filtration rate, calculated using creatinine and cystatin C, AIM=urine a 1-microglobulin,

albcrea=urine albumin/creatinine ratio

improvement was noticed in sole plasma cystatin C from
pretreatment to one year, but only in patients without
pretreatment renal abnormalities. No differences were
seen between different HCV therapies regarding the
impact on kidney filtration. Only 15% of the patients
were treated by interferon-based therapy and the rest
with DAAs. It must be noted that most kidney derange-
ments were noticed in urine and perhaps with a longer
follow-up change in kidney function could also become
evident.

Urine findings and filtration markers were evaluated
separately in this study. Indeed, it seemed that tubular cell

damage as evaluated by UAIM was significantly reduced
after successful eradication therapy. This is in line with
another report studying the same biomarker. However,
the patient population in that report consisted of 135 cir-
rhotic patients with a follow-up of 6 months [11]. Glo-
merular proteinuria was reduced from pretreatment
phase to one year in those with pretreatment renal mani-
festation, albeit the change was not statistically significant
in our study. Other reports showed that albuminuria was
reduced after successful therapy in HCV-patients, espe-
cially without diabetes [11, 22]. In our study, hematuria
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Table 4 Impact of treatment on the kidney variables, and the overall time effect between pretreatment, SVR12 and 1 year after the

therapy
Variable Treatment Pretreatment SVR12 1 year P-value
Mean (95% Cl) Mean (95% Cl) Mean (95% Cl)
n=190 n=174 n=118

Urine ATM Sofosbuvir/Velpatasvir 8.4 (7.0,9.8) 6.7 (5.8,7.6) 6.6 (5.8;7.5) 0.0813
Interferon 5(5.5;7.5) 3(559.1) 74 (4.6;,10.0)
Grazoprevir/Elbasvir 8(5.8,9.7) .3(5.6,7.0) 74 (6.5:8.3)

Urine ACR Sofosbuvir/Velpatasvir ( 0.2:8.2) .0 (-1.6,9. 6) 2 (-0.2:4.6) 0.4521
Interferon 8(0.6;1.0) .9(0.6;1.2) 1(06;1.5)
Grazoprevir/Elbasvir 0(0.8;1.2) 10814 0.9(0.6;1.2)

Urine hematuria* Sofosbuvir/Velpatasvir ( 8) (3 5) 2 (1;4) 0.0266
Interferon 4;7) 8(6:11) 4(0;9)
Grazoprevir/Elbasvir 7(6;8) 6 (4;7) 2(1;4)

eGFR CKD-EPI Sofosbuvir/Velpatasvir 106 (103;109) 106 (102;109) 104 (99;109) 0.4002
Interferon 114 (110;118) 111.(105;117) 1M1 (WO4'H7)
Grazoprevir/Elbasvir 01 (98;105) 101 (97;104) 98 (93;103)

eGFR-EPI-cys-C Sofosbuvir/Velpatasvir 7(72;82) 77 (73;81) (72 84) 0.1950
Interferon 9 (81;98) 88 (79,97) 89 (77,
Grazoprevir/Elbasvir 2 (77,86) 78 (74,82) 80 (75; 84)

eGFR-EPI-crea-cys-C Sofosbuvir/Velpatasvir 89 (85;93) 89 (85;92) 89 (83; 94) 0.2820
Interferon 100 (93;107) 97 (90;104) 98 (88;108)
Grazoprevir/Elbasvir 90 (86;94) 87 (83,90) (83 91)

S-creatinine Sofosbuvir/Velpatasvir 66 (64,69) 67 (64,70) 67 (63;71) 0.2620
Interferon 66 (62;69) 69 (62,76) 67 (62;73)
Grazoprevir/Elbasvir 67 (64,70) 67 (64;70) 69 (64,74)

S-cystatin C Sofosbuvir/Velpatasvir 1.1(1.0;1.2) 1.0(1.0;1.1) 1.0 (1.0;1.1) 0.2480
Interferon 1.0(0.91.1) 1.0(0.9,1.0) 0.9(0.8;1.0)
Grazoprevir/Elbasvir 1.0 (0.96;1.05) 1.0(0.9,1.0) 1.0(0.9;1.0)

Data s presented as mean and 95% confidence interval (Cl) for the mean values. P-value indicates treatment effect over study period (i.e. treatment x time interaction)

Statistically significant changes are expressed in bold

* continuous variable, median

was also significantly reduced, but this has not been eval-
uated systematically in other publications.

We additionally measured several complement compo-
nents in patients with pretreatment renal manifestation.
Activities of the classical pathway between pretreatment
and SVR12, and lectin pathway between pretreatment
and one year, increased, and these changes may well rep-
resent reduced complement consumption. Factor B acti-
vation product between pretreatment and SVR12 was
also reduced significantly, possibly reflecting the same
phenomenon. No changes, however, were noticed in
serum C3, C4 or C5b-9. Some publications have reported
significant increases in serum C3 and/or C4 after suc-
cessful HCV therapy, even suggesting that pretreatment
low C4 predicted improvement in kidney function after
treatment [23, 24]. It is reasonable that complement
overactivation diminishes once the chronic antigenemia
associated with HCV infection has been eliminated. The
role of complement activation during HCV infection may
be even more diverse as in other kidney diseases there is
evidence that proteinuria itself can activate complement
system locally in the kidneys and complement system

may also be activated in tubulointerstitial disease as well
as in glomerulosclerosis locally in kidneys [25].

There are multiple strenghts in our study. It is a large,
prospective patient cohort representing real-world data
and having detailed assessment of kidney function as well
as renal abnormalities before and after HCV therapy. The
follow-up continued up to one year after the therapy far
exceeding beyond SVR12. As a limitation of the study,
this was an observational single center study based on
the treatment guidelines valid at the time of conducting
the study rather than a randomized study. Our patient
population in Finland may not be generalizable to other
countries as the chronic HCV prevalence has been esti-
mated to be somewhat higher than in the other Nordics
(Finland ~ 0.59% vs. others 0.16—-0.27%), with people who
inject drugs driving the transmission. Like the rest of
Europe, genotypes 1 and 3 predominate [26]. Interferon
was still part of the eradication therapy in the beginning
of the study, while DAAs became treatment of choice
during the study possibly affecting the post-eradication
result. As always in prospective studies some patients do
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Table 5 Complement variables and overall time effect between pretreatment, SVR12 and 1 year after the treatment. Investigations
were performed only for the renal manifestation group

Variable Pretreatment SVR12 1 year P-value

(reference) n=37 n=19 n=8 Pretreatment vs. SVR12/
Pretreatment vs. 1 year

S-C3 1.12(1.03;1.22) 1.04 (1.00;1.25) 0.96 (0.85;1.27) 0.3681/0.7188

(0.5-1.5g/l)

S-C4 0.21(0.16,0.24) 0.17(0.15;,0.19) 0.16 (0.12,0.27) 0.7384/0.8594

(0.12-0.42 g/l)

S-CH100AI (> 39%) 100 (91;110) 90 (66;124) 83 (52;150) 0.0934/0.8125

S-CH100C! (> 74%) 98 (90;122) 113(103;132) 114 (96;135) 0.0104/0.6875

S-CH100L (> 10%) 79 (28;103) 92 (34;,118) 91 (0;134) 0.2582/0.0313

P-C3d 52 (4.86.1) 47 (4.1,6.1) 5.6(2.9,94) 0.1392/0.8750

(<7 U/ml)

P-C4d 2.15(1.6;2.8) 34(1.63.6) 2.7(0.94.2) 0.0859/0.8750

(<7 pg/ml)

P-FacB 0.19(0.17,0.21) 0.19(0.16,0.22) 0.19(0.17,0.2) 0.2324/0.75

(0.1-04 g/1)

P-FacBb 1.05(0.91.3) 09(0.8;1.2) 0.95 (0.6;1.1) 0.004/0.1250

(<4 pg/ml)

P-SC5b-9 174 (153;196) 212 (138;235) 163 (16;233) 0.9506/0.6250

(<366 ng/ml)

Data shown as median and 95% confidence interval (Cl). Statistically significant changes are expressed inbold

S=serum, P= plasma, C3=complement 3, C4=complement 4, CH100Al=activity of the alternative pathway of complement, CH100Cl=activity of the classical
pathway of complement, CH100L =activity of the lectin pathway of complement, C4d =complement 4 activation product, C3d =complement 3 activation product,
FacB=factor B, FacBb =factor B activation product, SC5b-9=membrane attack complex

not come to all preassigned visits, therefore follow-up
data is limited in some patients.

Conclusions

In summary, our study provides real-life, prospective,
observational data of early kidney findings in a large rep-
resentative cohort of HCV-positive patients, showing
that kidney function as evaluated by serum cystatin C
and urine abnormalities as assessed by tubular protein-
uria and hematuria seemed to improve after successful
HCV treatment regardless of the used therapy. Our study
indicates that early kidney changes can be improved,
and the damage reversed. This further supports the early
treatment of HCV patients as suggested by WHO (http
s://www.who.int/news-room/fact-sheets/detail/hepatiti
$-C).
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