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1 | INTRODUCTION

Before 1992, nearly all persons with severe inherited bleeding disor-
ders were infected with hepatitis C virus (HCV} through contaminated
clotting factor products.? Among the 70%-80% of HCV-infected
individuals who developed chronic HCV infection,*2 liver-related mor-
bidity has been one of the most frequent causes of death. In contrast
to the general HCV population, the onset of HCV infection can be rea-
sonably estimated among people with inherited bleeding disorders as
most individuals were infected at their first infusion with clotting factor
concentrates.®

Earlier studies from an international prospective cohort reported
liver-related complications in 13% of persons with chronic HCV infec-
tion after median 23 years infection duration.34 These data originate
from the era of previously used and less effective interferon-based
HCV therapy. Since then, treatment of HCV has improved greatly
with the introduction of direct-acting antivirals (DAA) that achieve
sustained virological response (SVR) in »95% of persons.®

Although successful HCV treatment is considered to substantially
reduce the risk of liver-related complications, this risk is not entirely
eradicated.®” In the general HCV population, liver-related compli-
cations following SVR are more frequent after DAA-induced SVR
than following interferon-induced SVR because in contrast to inter-
feron, also patients with more advanced liver disease are eligible
for DAA therapyb® To our knowledge, it has not been reported yet
whether this applies to persons with inherited bleeding disorders. This
issue is important to assess, as various HCV populations may dif-
fer markedly in prevalence of factors associated with unfavourable
outcomes [e.g, human immunodeficiency virus (HIV}) and hepatitis
B virus (HBV) co-infections,? alcohiol use, overweight'® and socioe-
conomic statust!l. Furthermore, some authors argue that repeated
exposure to HCV via frequent administration of contaminated clotting
factor products has resulted in increased intra-individual HCV quasis-
pecies diversity in this population, which could potentially influence
disease course. >3 Finally, their almost universally long period of HCV
infection makes them especially at risk for developing liver-related
complications.

Nine years after the previous publication,* almost all participants
in our cohort are currently successfully treated for their HCV infec-
tion. Our aims were to describe liver-related outcomes after median
35 years of chronic HCV infection and following successful HCV treat-
ment in a large cohort of persons with inherited bleeding disorders.
Additionally, we compared the incidence of liver-related complications
between DAA-induced and interferon-induced SVR.

ntinuing HCC

2 | METHODS

2.1 | Design and participants

This study was a retrospective follow-up of a prospective single-centre
cohort conducted at the Van Creveldkliniek Haemophilia Treatment
Centre (Department of Benign Haematology, University Medical Cen-
tre Utrecht, The Netherlands). This centre provides care for approx-
imately 50% of the Dutch haemophilia population. The study cohort
was set up in 2005 and consisted of all individuals with inherited
bleeding disorders > 18 years who ever tested HCV antibody-positive.®
Data of HCV antibody-positive individuals who joined the haemophilia
treatment centre after 2005 were added. All persons with inherited
bleeding disorders treated with plasma-derived clotting factor prod-
ucts from large plasma pools were systematically screened for HCV
infection since 1992.% Local haemophilia and liver-related guidelines
are reported in the Supplementary Data. The study was approved
by the medical ethics committee of the University Medical Centre
Utrecht.

2.2 | Data collection

We collected age, body mass index (BMI), haemophilia-related vari-
ables (type and severity of the bleeding disorder), alcohol use, HBV
and HIV co-infections, and date and cause of death, HCV-related
variables were date of infection, HCV RNA and genotype results,
and HCV treatment history. Liver-related variables were abdominal
ultrasound results, Fibroscan (Echosens, Paris, France) measurements,
liver-refated laboratory results, results of endoscopy of the upper
gastrointestinal tract and liver-related clinical complications.

Additional data for the current follow-up were collected until 31
January 2021. For individuals who moved to another haemophilia
treatment centre since 2012, updated information on HCV status and
occurrence of primary and secondary endpoints was requested from
the other centre.

2.3 | Outcomes and definitions

The primary endpoint was development of a first liver-related com-
plication, defined as the occurrence of decompensated cirrhosis,
bleeding gastroesophageal varices or HCC. Decompensated cir-

rhosis was defined as cirrhosis with ascites, dinically diagnosed
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hepatic encephalopathy, hepatorenal syndrome or Jaundice. Secondary
endpoints were occurrence of individual Hiver-related complications,
liver-related mortality and overall survival,

As defined previously,>* the date of first exposure to large pool clot-
ting factor products or cryoprecipitate was assumed to be the date of
HCV infection. For the individuals in whom this date was unknowr,
the median date of HCV infection from the cohort was imputed (ie.,
January 1970). For individuals born after this date, the median age at
first treatment for persons with severe haemophilia in our centre was
imputed. Median age at first treatment in our centre was 1 year dur-
ing the 1970s and 1980s.%% Presence of advanced fibrosis or cirrhosis
was defined as any Fibroscan result >9.5 kPa, if diagnosed with radio-
logic imaging, or if there was a history of liver-related complications as
defined above. Severity of cirrhosis was classified using the Child-Pugh
score. Additional definitions are presented in the Supplementary Data.

2.4 | Statistical analysis

Descriptive data were presented as numbers (percentages) or
median {with interquartile range (IQR] or rangel. Characteristics
were reported at the time of last clinical evaluation, regardiess of
HCV status, unless otherwise noted. Differences between groups
were assessed for statistical significance using Fischer exact tests or
Mann-Whitney U tests as appropriate.

Occurrence of liver-related complications was reported with 95%
confidence interval (CI) for the entire cohort since HCV infection and
for three subgroups: during chronic HCV infection, following sponta-
neous HCV clearance and following successful HCV treatment. For the
analysis of liver-related complications during chronic HCV infection
or following spontaneous HCV clearance, progression to clinical end-
points was compared using Kaplan-Meier analysis. Follow-up started
on the assumed date of HCV infection and ended at the moment of
treatment-induced SVR, occurrence of the first liver-related compli-
cation, fast clinical evaluation or death, whichever came first, For the
analysis of overall survival, follow-up ended at the last clinical eval-
uation or death, regardless of HCV status. Analysis of fiver-related
complications was stratified for HIV/HCV co-infected individuals, indi-
viduals with chronic HCV mono-infection and those with spontaneous
HCV clearance. Regarding overall survival, the group with spontaneous
HCV clearance was additionally stratified for HIV status. Kaplan-
Meier curves were truncated if the number of persons at risk in a
subgroup was below 10. To address the potential issue of competing
risk of mortality and liver transplantation, the cumulative incidence
function was calculated including mortality and liver transplantation as
competing risks toliver-related complications in a sensitivity analysis.

To assess the association between overweight (BMI >25 kg/mR)
and liver-related complications during chronic HCV infection, Cox pro-
portional hazards regression, adjusted for severe alcohol use and HIV
infection, was performed in individuals with >35 years of chronic HCV
infection without liver-related complications.

Finally, liver-related complications following SVR were reported as
incidence per 100 patient-years follow-up with 95%Cl. Follow-up for
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the post-SVR period started at cessation of the successful antiviral
treatment and ended at the last clinical evaluation, liver-related com-
plication or death, whichever came first. This analysis was stratified
for treatment type, that is, interferon-based SVR and DAA-based SVR,
Differences in incidence rates between these treatment types were
expressed as rate ratio (RR) with 95%Cl. Data were analysed using R

{version 3.6.1, Vienna, Austrial.

3 | RESULTS

In total 382 persons were included (Table 1; 93% haemophifia A or B).
Of these, 309 (81%) developed chronic HCV infection {Figure 1). HCV
transmission occurred before 1991, Fifty-five (14%) individuals tested
HIV antibody-positive, all infected before June 1985. Median follow-up
after HCV infection was 44 years (IQR 34-50, in total 15,784 patient-
years). Median duration of chronic HCV infection was 35 years (IQR
27-43}) and for those with successful antiviral therapy median follow-
up post-SVR was 6 years (IQR 4-16).

3.1 | Liver-related complications and overall
survival since HCV infection

In the complete cohort, 43 (11%, 95%Cl 8%-15%) of the 382 HCV
antibody-positive individuals developed a liver-related complication
during the entire follow-up (Table 2). At the end of follow-up, 97 {25%,
95%CI 21%-30%) individuals were deceased. Among the 309 individ-
uals ever diagnosed with chronic HCV infection, liver-related death
was the most common cause of death (n = 23, 7%, 95%Cl 5%-11%;
Table 2). Overall survival was comparable between HIV-negative per-
sons with either chronic HCV infection or spontaneous HCV clearance
(Figure 2). Between 1990 and 2000, 24 (50%, 95%Cl 35%-65%) indi-
viduals with HIV/HCV co-infection died, of whom 23 because of either
acquired immune deficiency syndrome (AIDS, n = 16) or liver-related

complications (n= 7).

3.2 | Liver-related complications during chronic
HCV infection

After median 31 years (range 16-49) of chronic HCV infection, 36/309
(12%, 95%Cl 8%-16%) individuals developed a liver-related complica-
tion. Main liver-related complications were ascites (n= 21, 7%, 95%CI
4%-10%), HCC (n = 14, 5%, 95%CI 3%-7%), variceal bleeding {n = 8,
3%, 95%C1 1%-5%) and hepatic encephalopathy (n= 6, 2%, 95%Cl 1%-
4%). Barcelona Clinic Liver Cancer (BCLC) stage at diagnosis of HCC
wasOn="1LAn=5),B{n=2),Cin=4)and D{n= 2} Liver-related
complications were more frequent in the HIV/HCV co-infected group
(29% vs. 8%, p < .001}, mainly because of higher incidence of decom-
pensated cirrhosis {(29% ws. 5%, p < .001). In HIV/HCV co-infected
individuals, liver-related complications started after 20 years of HCV
infection (Figure 3). After the introduction of more effective and less
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Included HCV-antibody positive
individuals with inherited
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Liver-related complication

bleeding disorders
n=382
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Spontaneous HCV
clearance
n=73

}

+  during entire follow-up
n=43 (11%)

Ever diagnosed
with chronic HCV
n=309

Liver-related complication
during chronic HCV infection
n=36 (12%)

I ;

: }

Liver-related

Successful anti-HCV

Deceased or lost to

Chronic HCV Spontaneous clearance

complication treatment follow-up before SVR and in care after 220 years of
n=1 (1%) n=199 n=103 n=6 chronic HCV
=1
Liver-related complication after
successful anti-HCV treatment
n=7 (4%)*
FIGURE 1 Flowchart.

Liver-related complications were defined as the occurrence of decompensated cirrhosis, variceal bleeding or hepatocellular carcinoma. *One
individual had a liver-related complication both during chronic HCV infection and after successful HCV treatment. HCV, hepatitis C virus; SVR,

sustained virological response
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FIGURE 2 Overall survival stratified by infection status. FIGURE 3 Liver-related complication-free survival stratified by

HIV-positive individuals with spontaneous HCV clearance were
excluded from this analysis as the number at risk in this subgroup was
below 10 at start of follow-up (n= 7). HCV, hepatitis C virus; HIV,

human immunodeficiency virus

immunodefi

infection status, Liver-related complications were defined as the
occurrence of decompensated cirrhosis, variceal bleeding or
hepatoceliular carcinoma. HCV, hepatitis C virus; HIV, human

ciency virus
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TABLE 1 Characteristics of HCV antibody-positive persons with
inherited bleeding disorders at their last clinical evaluation

i
71{97%)

M’ le sex

{Mgno

Severe biecdmg disorder

51(40-63) 52(43-63)

5 Agp dtHC\/mfeutxon €ywr'~;) -

f\xg(* atend of foHow up (ycar s)

HCV gethype

73(100%)

giiJ nfgr}o&;n

HIV infection 7 (10%)
MBVm?mtwn .
‘ wz
?‘SQ?&/G

History of severe alcohol use? 5 (7%)

E3§dy§y‘ws§irié@x@%g/@z}:i 26124 08) 2
Atleast advanced fibrosis® 2 (3% 110 {36%;)
Child~ PughA/B/t, /10 74/26/10
g Afdmm Lranf“ ninase (IU/L) ‘ . “28(‘18 MF
Aspartate transaminase {(IU/L) 24 (20-29) 26{18-43)

i

| #36(208-300
10(7-13)
1.0(1.0-1.1)

: Piamtel com{{* 109/L) ;215(‘15( 2/
11(8~16)
420@8 45

1.0{1.0-1.1)

Bilirubin (umol/L})
ﬁztbtmm gfL

International normali swi ratio
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Data are number (percentage) or median (interquartile range) unless oth-
erwise noted. Anti-HBc, hepatitis B core antibodies; HBsAg, hepatitis B
surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human
immunodeficiency virus.

20ne individual spontaneously cleared HCV after »20 vears of chronic
infection.

bDeficiency factor H{n =1L, Vil (n =11, X{nh =
carvier (n =2},

Subtypes: lan=53,1la/bn="
dAlcohol intake > 20 units/week.

“Fibroscan > 9.5 kPa or radiological, histological or clinical diagnosis.
‘Both were diagnosed with alcoholic cirrhosis.

4}, X1 (i = 2}, or haemophilia

yn= 74, lcn= 1, unknownn =45,

hepatotoxic HIV therapy in 1996, the incidence of liver-related com-
plications decreased in HIV co-infected persons. In those diagnosed
with chronic HCV mono-infection, liver-related complications started
after 30 years of chronic HCV infection, with increasing incidence after
40 years.
In the sub-analysis including 150 individuals with >35 vears of
chronic HCV infe

viduals (ﬁPVé‘EOpf*d a liver-refated complication during chronic HCV

tionwithout prior liver-related complication, 16 indi-

infection. No significant association was found between being over-
weight and the occurrence of liver-complications {adjusted HR 1.1,
95%ClH .7-5.8, p = 9} Among 226 individuals with chronic HCV
who had an ultrasound examination, 46/226 (25%) had their most
recent ultrasound examination indicating steatosis. Twelve (5%} of
these individuals had a liver-related complication before achieving
SVR, which was not associated with an ultrasound indicating steato-
sis (MR adjusted for HIV and severe alcohol use: 4, 95%CI .1-3.3,
p=.4).

As there were no cases of liver transplantation prior to development
of afiver-related complication, only mortality was included as compet-
ing risk in the sensitivity analysis (Supplementary Figure $1). In this
analysis, the incidence of liver-related complications was similar to the

incidence in the regular survival analysis for all groups.

3.3 | Antiviral therapy and SVR rates

Of the 309 persons diagnosed with chronic HCV infection, 223 (72%)
were treated at least once with anti-HCV therapy. SVR percentages
for first treatment with an interferon-based regimen were 40% (21/53)
for interferon monotherapy, 43% (18/42) for interferon + ribavirin and
57% (55/97) for peg-interferon + ribavirin. SVR-rate was 68% (15/22)
for first- or second-generation DAA + peg-interferon + ribavirin
and 96% (86/90) for interferon-free treatment based on second-
generation DAA,

I total 199/223 (89%) of ever-treated individuals obtained SVR.
Of the remaining individuals ever diagnosed with chronic HCV infec-
tion, 103 had either died (n = 75) or were lost to follow-up before SVR
{rn = 28), one individual spontaneously cleared the virus after 20 years
of chronic HCV infection and six individuals remained chronically HCV-
infected while in care in January 2021, At end of follow-up, 63/199
(32%) successfully treated individuals had at least advanced fibirosis.
Laboratory parameters of liver function {serum bilirubin, PT, albumin
values) did not change from pre-treatment to 4 years post-SVRin those
with at least advanced fibrosis before start of HCV therapy (results not

shown).

3.4 | Liver-related complications following
successful HCV treatment

Total follow-up after SVR was 1626 patient-years (median 16, IQR 14~
22) for the interferon-cured group (n = 97} and 385 years (median
4, IQR 3-5) for the DAA-cured group (n = 102}, Infection duration
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TABLE 2

inherited bleeding disorders

Liver-related complication
Decompensated cirrhosis

Hepatoceltular carcinoma

42(14,10-18)
31(10,7-14)
17(6,3-9)

WILEY-Z

Liver-related complications and mortality after median 44 vears since HCV infection In HCV antibody-positive persons with

26(10,7-14)
161(6,4-10;
15(6,3-9)

16(33,20-48)
15(31,19-46)
2(4,1-14)

Gastroesophageal bleeding 10(3,2~6} 2(4,1-14)

Liv ansmantatmn 0. 411 . U “ 204 \

All-cause mortality 14(19, 10-30) 83(27,22-32) 29(60,45-74) 54(21,16-26)
HIV/AIDS 2(3,0-10} 18(6,3-9) 18(38,24-53) 0
Liver-related 13(1,0-7) 23(7,5-11) 10(21, 10-35) 13(5,3-8)
Non-variceal haemorrhage 1(1,0-7 11(4,2-6} O 11{4,2-7}
Malignancy® 4(5,2-13} 7 (2, 1-5) 0 7(3,1-5)
Cther 4(5,2-13} 16(5,3-8; ¢ 16 (6,4~ 10}
Unknown 2(3,0-10} 8(3,3-8) 1(2,0-11) 7(3,1-5)

AIDS, acquired immune deficiency syndrome; HCV, hepatitis C virus; HIV, human immunodeficiency virus,

Diagnosed with alcoholic cirrhosis.
SMalignancies not related to either HIV or HCV.

was significantly longer among DAA-cured individuals {45 vs. 29 years,
p < .001; Table 3} and advanced fibrosis or cirrhosis at the end of
follow-up was significantly more common in the DAA-cured group
than in the interferon-cured group (42% vs. 21%, p = .001). Seven
(4%, 95%Cl 1.6-7.2) persons developed nine liver-related complica-
tions following SVR, of whom three individuals were interferon-cured
and four DAA-cured (Table 4). These events were HCC (n = 4), ascites
{n = 3} and variceal bleeding (n = 2). BCLC stage of post-SVR HCC
was A (n =2}, C{n =1} and D {n = 1). Median time between end
of successful treatment and first liver-related event was 25 months
{range 11-157). Only one of these individuals had a liver-related com-
plication before SVR, with recurrent HCC following successful HCWY
treatment.

Incidence rates of liver-related complications following SVR were
significantly higher in the DAA-cured group than in the interferon-
cured group (RR 5.6, 95%Cl 1.2-30.2, p = .01). For individuals with at
least advanced fibrosis, the difference between interferon and DAA
was less pronounced with incidence rates of 1.0 and 2.2 per 100
patient-years in the interferon and DAA group, respectively (RR 2.2,
95%CI .5-11.9, p = .28). Four persons were diagnosed with HCC
post-SVR, of which three were de novo HCCs. HCC incidence rates
per 100 patient-years post-SVR follow-up in persons with at least
advanced fibrosis were .3 for the interferon-cured group and 1.6 for
the DAA-cured group (RR 4.6, 95%Cl .5-131.4, p = .12). One individ-
ual with HCC following DAA-based HCV eradication had a fiver-related
death.

4 | DISCUSSION

Following the introduction of highly effective DAA, virtually all persons
with inherited bleeding disorders in our centre are now successfully
treated for their HCV infection. Although successful HCV treatment
substantially reduces the risk of liver-related complications, a resid-
ual risk remains. In our cohort, seven (4%, 95%Cl 1.6-7.2} of the 199
successfully treated individuals had a liver-related complication during
median six years post-SVR follow-up.

Our findings on the post-SVR clinical course of DAA-cured individ-
uals with inherited bleeding disorders are in line with data from the
European and American general HCV populations. This includes that
the most frequent liver-related event following SVR in was HCC:16
and that post-SVR HCC incidence rates tended to be higher after DAA-
based than interferon-based cure.®® Importantly, interferon-based
therapies were used years before the introduction of DAA therapy,
with potential risk of confounding by age, infection duration and year of
treatment. Indeed, both groups differed in characteristics such as age,
infection duration and year of HCV cure, Of note, studies in the gen-
eral HCV population with proper adjustment for differences in baseline
characteristics demonstrated that SVR with DAA and interferon-
based regimens result in similar HCC risk reduction.®® Nonetheless, it
appears that individuals treated with DAA have an inherently higher
haseline HCC risk due to a higher prevalence of severe liver disease and
longer infection duration. Hence, post-SVR HCC is expected to be more

frequent in the DAA era.

WITN4033025_0006

ASUBI1] SUOIINIIO,) 2ARLAID qeoijdde a3 £q PatuaA0s ol SAIME V(O 1aSh JO S9ILI I0f AIIqy] UUO A9{IA) U0 (SUONIPUOD-PUR-SULIyMOd" Kofim  KIqia o/ sdyit) SUORIPUO) pue SUu L a3 238 [£Z07/11/97] U0 AIqi] 2WuO K2f1A ‘1591 £q 890+ 28/ 1 111 01/10p/Wr0d Kais Kreiqipaurpuoy/:sdiy wog papeojumod T “£20Z “91STSOST



|

2 L wiLgy Maemopnii

TABLE 3 Characteristics of successfully treated individuals,
stratified for therapy type

ISFORDINK ET AL

TABLE 4
treatment

Liver-related complications following successful HCV

Age (median, IOR) {years)

At start of treatment 37(28-44) 49 (41-60)
At end of follow-up 5447 -64) 52{45-63)

_ HCVinfection duration(years)  29(23-34)  45{38.48)
Advanced fibrosis or cirrhosis? 20(21%) 43(42%)
Child-Pugh A/B/C

18/2/0

 HCV genotype

}nf;f‘_rown
12{12%)

HIV co-infection
: of (P 61(60%

istory of severe alcol 10 (10%)

Platelet count {median, IQR)
221(181~271) 206 (165-254)

228(185-270)

Prior to successful treatment

Two to four year post-SVR

234(195-289)

s

/102007%)
4/37111%)

Prior m‘w&g@ss‘{u% treatment

Twotofour vears po

FIB-4>3.25

Ssoln

Prior to successful treatment  2/91(2%) 14/102(14%)
Two to four years post-SVR 1/80(1%) 4/37 (11%)

Data are reported as number (percentage) unless otherwise noted. Charac-
teristics reported at the most recent clinical visit, unless otherwise noted,
APRI, AST to Platelet Ratio Index; DAA, direct-acting antivirals; FIB-4,
Fibrosis-4 Score; HCV, hepatitis C virus; HIV, human immunodeficiency
virus; IQR, interquartile range; SVR, sustained virological response.
‘Defined as a Fibroscan result 9.5 kPa or radiological, histological or
clinical diagnosis.

Defined as an alcoholintake » 20 units per week.

The post-SVR HCC incidence of DAA-cured individuals with at least
advanced fibrosis observed in our study was above the threshold for
cost-effective post-SVR HCC surveillance of 1.3% per year reported
by a recent analysis from Canada.l’ Validated prognostic tools to
identify patients with cirrhosis having a sufficiently low risk to omit
HCC surveillance are not yet available. '8 Furthermore, non-invasive
tools for the assessment of liver fibrosis are insufficiently accurate in
detecting fibrosis regression following SVR.1820.21 Thys, in our opinion,
continued bi-annual HCC surveillance with ultrasound + alpha fetopro-

Follow-up since SVR
(years)
Median, IQR 16(14-22)

Group total 1626

er il
{onl

yisen

Hepatocellular carcinoma
after SVR

1{1%) 3(3%)°

2(95%C1.003-3)  8(95%Cl1.2-2.1)

1.6(95% Cl.4-4.4)

Per 100 patient-years

Per 100 patient-vears B{95% CL.02-1.6)
{only F3/F4¢)

.:‘I‘ﬁféiﬁdtdﬁé’%h after

Liv
5

All-cause mortality after 4(4%)

SVR

Per 100 patient-years 2(95%C1 8-59)

1.0 (95%Cl.3-2.5)

Diata are reported as number {percentage) or incidence (95% confidence
interval) unless otherwise noted. Cl, confidence interval DAA direct-acting
antivirals; HCV, hepatitis C virus; 1QR, interquartile range: SVR, sustained
virological response,

Defined as hepatocellular carcinoma, decompensated cirrhosis or variceal
bleeding.

5One individual had 3 liver-related event prior to SVR (hepatoceliular
carcinomal, and a recurrent hepatocellular carcinoma following SVR.
cAdvanced fibrosis or cirrhosis. Defined as a Fibroscan result >9.5 kPa or
radiological, histological or clinical diagnosis.

tein post-SVR for individuals with bleeding disorders and HCV-induced
advanced fibrosis or cirrhosis is justified, in accordance with current
HCV and HCC guidelines for the general HCV population, 192223

Being overweight after 35 years of chronic HCV infection was
not significantly associated with increased occurrence of liver-related
complications during chronic HCV infection. Although BMI is asso-
clated with hepatic steatosis in HCV-infected individuals,?? there is
inconsistency in literature regarding the association between being
overweight and accelerated fibrosis progression in HCV patients.192°
A recent analysis of a large database on hospital inpatient discharge
data in the USA indicated that non-alcoholic steatohepatitis (NASH)
diagnosis based on ICD-10 codes was strongly associated with HCC
among people with haemophitia.2é For individuals without advanced
fibrosis or ¢irrhosis, additional HCC risk factors such as NASH, HBY
infection and severe alcohol use can justify continuing liver fibro-
sis assessments following successful HCV treatment. Robust data on
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epidemiology and clinical outcomes of NASH in people with inherited
bleeding disorders are still lacking, and are therefore an important
topic for future research.

in the previous analysis of our cohort in 2012, the majority of
inciuded persons still had chronic HCV infection® and after a median
duration of 33 vears, 9% had developed a liver-related complica-
tion. For the current analysis, median HCV infection duration was
extended to 35 years and complications during chronic HCV infection
had increased to 12%. Although median infection duration was not
extended much due to successful antiviral therapy, incidence of liver-
related complications during chronic HCV infection had increased
further. Since DAAs were allowed in The Netherlands for individuais
with at least advanced fibrosis in November 2014, five patients were
diagnosed with de novo HCC. In the seven years before DAA, seven
cases were identified, indicating that prevalence did not decrease
sharply following introduction of DAA. Physicians must therefore
remain aware of the risk of liver-related complications, even after
35 years of complication-free chronic HCV infection and after SVR.
Taken together, this underlines the importance of the arrival of DAAs
and that HCV micro-elimination is paramount in this population with
uniform long HCV infection duration.

To our knowledge, our study is among the first to report data on
incidence of liver-related complications following SVR in persons with
inherited bleeding disorders. These data originate from a centre that
provides care for a large part of the Dutch haemophilia population,
with very long and consistent follow-up of individuals ever infected
with HCV. Nonetheless, several limitations apply to our study. The
survival curve of liver-related complications during chronic HCV infec-
tion might overestimate the incidence rate at the end of follow-up,
as censoring due to successful treatment was not completely ran-
dom because of patients with more advanced liver disease having a
lower chance of achieving SVR with interferon-based treatment. Also,
the exact date of HCV seroconversion was unknown since HCV test-
ing was not available at the time of HCV transmission. As previously
described, 3 the date of first exposure to large pool clotting factor
products or cryoprecipitate was used, which was frequently followed
by elevated transaminases indicating non-A, non-B hepatitis.?7-28

Furthermore, our definition of at least advanced liver fibrosis if any
Fibroscan result was >9.5 kPa might have falsely classified some indi-
viduals as having at least advanced fibrosis, because several factors,
such as inflammation and a non-fasting state, can lead to overesti-
mation of fibrosis. Therefore, the incidence of post-SVR fiver-related
complications in individuals definitively having at least advanced fibro-
sis will have been higher. In contrast, regression or normalisation of
Fibroscan values post-SVR can be seen despite biopsy showing per-
sistent cirrhosis.?®?1 Thus, we chose this definition to reduce the
chance of missing individuals with at least advanced fibrosis post-SVR.
Liver biopsies were not performed for staging of extent of fibrosis in
in our cohort of people with inherited bleeding disorders, related to
the assumed risk of post-procedural bleeding and early availability of
Fibroscan measurements. Furthermore, NASH data were not system-
atically collected, as controlled attenuation parameter measurements
during Fibroscan have only recently become available in our centre.

Also, individuals who deceased before 1992 were not retrospectively

WILEY-£

tested for HCV antibodies. Therefore, some early mortality in HCV-
infected persons from our centre might have been missed. However,
this effect was likely small, as liver-related mortality was uncommon
among people with haemophilia in these days2? Furthermore, post-
SVR follow-up of DAA-cured individuals was still relatively limited,
preciuding definitive conclusions on liver-related complications during
long-term post-DAA follow-up. Finally, in comparison to the previous
follow-up studies >* the cohort in the current analysis was smaller as
two centres from the UK {included in our previous report) were not
able to participate in the current work due to Brexit and Covid-19
unforeseen circumstances. Due to the smaller cohort and the limited
number of post-SVR liver-related complications, we were unable to

reliably assess predictors of post-SVR liver-related complications.

5 | CONCLUSION

Nearly all HCV-infected persons with inherited bleeding disorders in
aur centre have achieved HCV clearance. Nonetheless, our data show
that a residual risk of liver-related complications remains following
SVR. Presumably due to higher baseline risk, incidence of liver-related
complications following DAA is higher than following Interferon-based
treatment. Therefore, we strongly advise continuing bi-annual HCC
surveillance in all persons with advanced fibrosis or cirrhosis prior to
successful DAA treatment.
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