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Abstract
Background and Objectives  Direct-acting antivirals (DAAs) offer a high rate of hepatitis C virus (HCV) eradication. How-
ever, concerns on the risk of cancer after HCV eradication remain. Our study aimed at quantifying the incidence of cancer 
in patients treated with anti-HCV therapies in Catalonia (Spain) and their matched controls.
Methods  This was a population-based study using real-world data from the public healthcare system of Catalonia between 
2012 and 2016. Propensity score matching was performed in patients with HCV infection treated with interferon-based 
therapy (IFN), sequential IFN and DAA (IFN+DAA), and DAA only (DAA) with concurrent controls. We estimated the 
annual incidence of overall cancer, hepatocellular carcinoma, and non-liver cancer of HCV-treated patients and their cor-
responding rate ratios.
Results  The study included 11,656 HCV-treated patients and 49,545 controls. We found statistically significant increases 
in the rate of overall cancer for IFN+DAA-treated (rate ratio  [RR] 1.77, 95% confidence interval  [CI] 1.27–2.46) and 
DAA-treated patients (RR 1.90, 95% CI 1.66–2.19) and in the rate of HCC for IFN-treated (RR 1.50, 95% CI 1.02–2.22), 
IFN+DAA-treated (RR 3.89, 95% CI 2.26–6.69), and DAA-treated patients (RR 6.45, 95% CI 4.90–8.49) compared with 
their corresponding controls. Moreover, DAA-treated patients with cirrhosis showed an increased rate of overall cancer 
versus those without cirrhosis (RR 1.92, 95% CI 1.51–2.44).
Conclusions  Results showed that overall cancer and hepatocellular carcinoma incidence in Catalonia was significantly higher 
among HCV-treated patients compared with matched non-HCV-infected controls, and risks were higher in patients with 
cirrhosis. An increased awareness of the potential occurrence of uncommon malignant events and monitoring after HCV 
eradication therapy may benefit patients.

Plain Language Summary
Direct-acting antivirals (DAAs) are effective drugs for eradicating hepatitis C virus (HCV). However, concerns about the risk 
of cancer after HCV eradication remain. Therefore, this study aimed to compare the incidence of cancer between patients 
treated with anti-HCV therapies in Catalonia (Spain) and properly matched, non-HCV-infected individuals (controls).
This study was based on real-world data from the public healthcare system of Catalonia, specifically from patients with 
HCV infection treated with interferon-based therapy (IFN), sequential IFN and DAA (IFN+DAA), or DAA only (DAA). We 
calculated the incidence and rate ratios of overall cancer and hepatocellular carcinoma of HCV-treated patients.
We observed that the rate of overall cancer increased in patients receiving DAA or IFN+DAA, whereas the rate of hepato-
cellular carcinoma increased in all groups of HCV-treated patients. Of note, DAA-treated patients with cirrhosis showed an 
increased rate of overall cancer versus those without cirrhosis. Thus, a close monitoring for detection of cancer in patients 
after HCV eradication seems reasonable, especially in those with cirrhosis.
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CI	� Confidence interval
DAA	� Direct-acting antiviral
DAP	� Geographical codification of healthcare units 

(Direcció d’Atenció Primària)
eCAP	� Electronic health records in primary care
GDPR	� European Data Protection Regulation
HBV	� Hepatitis B virus
HCC	� Hepatocellular carcinoma
HCV	� Hepatitis C virus
HR	� Hazard ratio
ICD	� International Classification of Diseases
ICS	� Catalan Institute of Health
IDIAP	� Institute of Research in Primary Care (IDIAP 

Jordi Gol)
IFN	� Interferon
IQR	� Interquartile range
MEDEA	� Deprivation index (Spanich acronym 

for “Mortality in Small Spanish Areas 
and Socioenconomic and Environmental 
Inequalities”)

PADRIS	� Public Data Analysis for Health Research 
and Innovation Program

PC-MBDS	� Primary care minimum basic data set
PS	� Propensity score
RPT	� Registry of Patients and Treatments
RR	� Rate ratio
SAS	� Statistical Analysis Systems
SD	� Standard deviation
SIDIAP	� System for the Development of Research in 

Primary Care
STD	� Standardized difference
TSI	� Individual health card

Key Points 

Patients with hepatitis C virus infection undergoing 
treatment with direct antiviral agents after interferon 
treatment or as a single course showed a higher inci-
dence of overall cancer as compared with non-infected 
controls.

Having cirrhosis at the time of treatment was associated 
with a higher rate of cancer, while the human immuno-
deficiency virus co-infection was not.

After hepatitis C virus eradication, patients may still 
benefit from close monitoring for early detection of 
cancer.

1  Introduction

Hepatitis C virus (HCV) infection is a global health prob-
lem. According to World Health Organization estimates, 
in 2019, 58 million people were chronically infected by 
HCV, 1.5 million people had newly acquired HCV, and 
290,000 died of HCV infection worldwide  [1]. Hepatitis 
C virus can lead to cirrhosis, end-stage liver disease, and 
hepatocellular carcinoma (HCC), but also to extrahepatic 
manifestations, including non-liver cancer, such as non-
Hodgkin lymphomas  [2, 3].

Currently, there is no vaccine to prevent HCV infec-
tion, but it can be cured with antiviral treatment. In the 
1990s, interferon (IFN)-based regimens were the only 
therapies against HCV, but they entailed many side effects 
and required close monitoring of patients  [4]. In the last 
decade, direct-acting antivirals (DAAs) emerged as alter-
natives for treating patients with HCV infection, with 
improved efficacy and tolerability  [5]. All of these anti-
HCV approaches aim to cure the infection in order to avoid 
possible transmission to other persons but also to prevent 
HCV-related complications  [6].

The development and recurrence of HCC after cur-
ing HCV infection has been a focus of increasing interest  
[7–12]. In a previous study, we reported that the risk of 
HCC was associated with the imaging detection of non-
characterized nodules before HCV treatment initiation  
[13]. This association was also observed by Sangiovanni 
et al.  [14], and both studies pointed out that HCC could 
appear in a different location from that of non-character-
ized lesions  [13, 14]. However, meta-analyses on the risk 
of HCC recurrence have been hampered by the heterogene-
ity of data, and definite conclusions are lacking  [15, 16].

Regarding non-liver cancer, it is well known that B-cell 
non-Hodgkin lymphoma is associated with HCV infec-
tion and may regress after HCV eradication  [17–20]. 
Additionally, HCV infection of non-hepatic cells and the 
subsequent alteration of the immune surveillance system 
seem to increase the risk of non-hematological neoplasms  
[3]. Moreover, a French multicenter study reported that 
non-liver cancer was the most frequent cause of death in 
patients with sustained viral response or HCV eradication  
[21].

The perception of the benefit of antiviral treatment, 
potentially normalizing cancer risk, may lead to less inten-
sive monitoring of patients after eradication therapy. It is 
thus important to determine whether an increased cancer 
risk remains in HCV-treated patients compared with unin-
fected people in order to ensure appropriate screening and 
early detection. The objective of our study was to assess 
the incidence of cancer—specifically, overall cancer, HCC, 
and non-liver cancer—in patients treated with anti-HCV 
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therapies (with IFN-based regimens, DAAs, or both) in 
the public healthcare system of Catalonia, compared with 
appropriately matched controls.

2 � Methods

2.1 � Study Design and Patients

This was a retrospective population-based cohort study of 
patients treated for HCV in Catalonia (North-East of Spain) 
from 1 January, 2012, to 31 December, 2016, compared 
with their matched controls. Patients aged 18 years or older, 
diagnosed with HCV infection during the study period and 
without any record of cancer diagnosis or treatment on 1 
January, 2012, were included in the study and classified into 
three cohorts: (1) patients treated with interferon with or 
without ribavirin (IFN-based regimens, IFN); (2) patients 
who received an IFN-based regimen and subsequent or 
concomitant DAAs (IFN+DAA); and (3) patients treated 
with DAAs only (DAA). Matched controls for these cohorts 
were individuals without evidence of HCV diagnosis prior 
to or during the study period and without cancer diagnosis 
or cancer treatment on 1 January, 2012. As DAAs became 
available in Catalonia in 2014, 1 January, 2012 was chosen 
as the starting date for selecting participants. This way, IFN-
treated patients, DAA-treated patients, and their matched 
controls were closer in time. Data were extracted in 2018 
for a period ensuring a minimum of 18 months of follow-up 
since the last treated patient was included in 2016.

The study protocol was approved by the Ethics Commit-
tee for Clinical Research of the Institute of Research in Pri-
mary Care (IDIAP Jordi Gol, code CEI P17/061). Patients’ 
informed consent was waived because of the retrospective 
design and the pseudo-anonymization of the data collected 
from electronic databases.

2.2 � Data Sources

Data sources were clinical and administrative databases 
from Catalonia, a Spanish region with approximately 7.9 
million inhabitants  [22] with a universal, public, and free-
of-charge healthcare system, which citizens access using an 
individual health card (TSI). Electronic clinical records from 
primary care, hospital administrative invoicing, pharmacy 
dispensations, and a specific registry, including drug-related 
clinical outcomes for particular drugs, are linkable through 
the TSI code of each citizen.

We used linked data from four different registries of the 
public healthcare system of Catalonia (CatSalut) through the 
Public Data Analysis for Health Research and Innovation 
Programme (PADRIS): the Registry of Patients and Treat-
ments (RPT), the Information System for the Development 

of Research in Primary Care (SIDIAP), the database cor-
responding to the Primary Care Minimum Basic Data Set 
(PC-MBDS), and the general registry of insured citizens in 
Catalonia (RCA). PADRIS allows the linking of RCA demo-
graphic information for all insured patients, diagnostic data 
for each episode of hospitalization, and pharmacy invoicing 
data for outpatient medications dispensed either in commu-
nity or hospital pharmacies  [23]. The RPT is a therapeutic 
registry created for a longitudinal follow-up and assess-
ment of clinical outcomes of specific treatments, such as 
those for HCV  [24], and was used to identify HCV-treated 
patients (i.e., individuals with de novo billing data on anti-
HCV treatments from hospital pharmacies within the study 
period and without previous cancer diagnosis or billing for 
cancer drugs). The SIDIAP registry contains longitudinal 
medical records from primary care managed by the Catalan 
Institute of Health (ICS), which has been using electronic 
health records in primary care (eCAP) since 2006, covering 
approximately 80% of the total Catalan population. SIDIAP 
includes sociodemographic characteristics, health conditions 
registered as International Classification of Diseases, Tenth 
Revision codes, clinical parameters, laboratory data, and out-
patient prescriptions. The corresponding pharmacy invoice 
data have been available since 2005 and include informa-
tion on all pharmaceutical products dispensed by community 
pharmacies for ICS prescriptions using the Anatomic Thera-
peutic Chemical Classification System codes [25]. SIDIAP 
was used to select control patients (i.e., individuals without 
evidence of HCV diagnosis, cancer diagnosis, or billing of 
cancer drugs before 1 January, 2012). Finally, the PC-MBDS 
includes diagnoses made in the primary care setting and 
recorded as International Classification of Diseases, Ninth 
Revision codes. All datasets were pseudo-anonymized in 
compliance with Regulation (EU) 2016/679 of the European 
Parliament and of the Council of 27 April, 2016 on General 
Data Protection Regulation and Organic Law 3/2018, of 5 
December, on Protection of Personal Data and Guarantee of 
Digital Rights, prior to the transfer to final data management 
system and statistical analyses.

2.3 � Control Matching Procedure

Matching criteria included age, gender, smoking habit, and 
geographical region according to the 36 codes grouping 
all primary healthcare districts (DAPs) in Catalonia. The 
DAPs are characterized by sociocultural aspects and access 
to healthcare services, and are primarily used for healthcare 
budgeting adjustment processes, so that they are often used 
as a proxy for socioeconomic status in combination with the 
MEDEA index  [27]. MEDEA is a deprivation index based 
on urban census data that were used to aggregate DAPs with 
similar socioeconomic conditions and categorize them into 
quintiles, allowing clustering of DAPs with low population 
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density in order to match subjects from areas where there 
were few eligible subjects or even none.

Hepatitis C virus-treated patients were matched to con-
trols in a maximum ratio of 1:5. Matching was conducted 
following a two-step sequential procedure: first, using an 
exact restriction for gender and DAP, and then, using a pro-
pensity score procedure, which was based on the logit from 
a logistic regression model that included gender, age (esti-
mated from the year of birth to index date), smoking habit, 
alcohol consumption, and geographical code from DAP  
[26], and evaluated with MEDEA index quintiles. This sec-
ond step used greedy nearest neighbor matching  [27] with 
a caliper of <0.06 distance. The matching was performed 
by two independent technicians who were unaware of the 
characteristics of the project and had no access to clinical 
information.

2.4 � Variables and Endpoints

Sociodemographic characteristics included age, gender, and 
MEDEA index and were collected from the RCA. Clinical 
characteristics included height, weight, body mass index, 
smoking habit, alcohol consumption, presence of comor-
bidities (diabetes mellitus, HIV infection, and cirrhosis), and 
glomerular filtration rate as per the Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equation, all 
of which were obtained from the SIDIAP registry; in addi-
tion, the type of treatment for HCV, degree of liver fibrosis 
(0–4) according to transient elastography, HCV genotype, 
HCV viral load, immunoglobulin G levels to HCV and hep-
atitis B virus, serum levels of albumin, bilirubin, alanine 
aminotransferase, aspartate aminotransferase, and gamma-
glutamyl transferase, platelet count, prothrombin time, and 
International Normalized Ratio, all of which were collected 
from the RPT.

The incident events related to cancer diagnosis in all 
study participants were identified using the International 
Classification of Diseases, Tenth Revision codes from 
eCAP within the SIDIAP registry and the International Clas-
sification of Diseases, Ninth Revision codes from the PC-
MBDR (Table S1 of the Electronic Supplementary Material  
[ESM]). We also reviewed Anatomic Therapeutic Chemical 
codes related to oncology drugs from hospital pharmacy 
billing registries to identify potentially missed incident can-
cer cases. The length of follow-up for HCV-treated patients 
was defined as the period between the index date (i.e., the 
first date of the billing prescription of HCV treatment) and 
the date of event or last available record, with a minimum 
follow-up of 18 months in patients without events. For 
patients in the control group, the index date was that of the 
case they were paired with, while the last follow-up date was 
the date of the event or the last date available in the registry.

2.5 � Statistical Analysis

Categorical data were expressed as frequencies and percent-
ages, whereas quantitative data were described as the median 
and interquartile range (25th–75th percentiles). Homoge-
neity for baseline characteristics was assessed using stand-
ardized differences (STDs), i.e., differences divided by the 
pooled standard deviation between each HCV-treated cohort 
and its matched control cohort. Proper balance of all match-
ing covariates was pursued by using a 20% cut-off point 
for STDs  [28]. No inferential analysis was performed to 
compare groups.

The cumulative incidences of cancer (overall, HCC, 
and non-liver cancer) and their corresponding 95% confi-
dence intervals (CIs) were estimated using Poisson models 
with the natural logarithmic transformation of follow-up as 
offset and presented as new cancer diagnoses per 100,000 
person-years of follow-up. Incidence rate ratios (RRs) 
and their corresponding 95% CIs in HCV-treated cohorts 
were calculated using the incidence of their matched con-
trol cohort as a reference. A complementary time-to-event 
analysis for sensitivity purposes was performed using the 
Kaplan–Meier method to describe the instantaneous hazard 
up to 36 months of follow-up. Additionally, risk increases in 
HCV-treated cohorts with respect to their matched controls 
were estimated through hazard ratios (HRs) and their 95% 
CIs using Cox proportional regression models. Direct com-
parisons between different cohorts were not planned because 
of inherent differences in the prevalence of cirrhosis and 
HIV infection, which are well-established risk factors for 
the development of neoplasms  [29] and clinical limitations 
for prescribing IFN-based treatments. However, the rates of 
overall cancer according to the presence or absence of HIV 
coinfection and cirrhosis were analyzed within each HCV-
treated cohort. The threshold for statistical significance was 
established at a two-sided alpha value of 0.05. All statisti-
cal analyses were conducted using the Statistical Analysis 
Systems (SAS) version 9.4 (SAS Institute, Cary, NC, USA).

3 � Results

3.1 � Characteristics of Study Patients

A total of 11,656 HCV-treated patients were included in the 
study and classified into one of the three treatment cohorts: 
IFN (n = 4329, 37.1%), IFN+DAA (n = 794, 6.8%), and 
DAA (n = 6533, 56.0%). The screened population for con-
trol sampling included 572,381 patients, of which 11,786 
were excluded because of insufficient data for matching. Of 
the remaining potentially eligible 560,595 patients, 19,376, 
3507, and 26,662 paired controls were selected for matching 
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the IFN, IFN+DAA, and DAA cohorts, respectively, with an 
average of 4.25 controls per patient (Fig. 1).

Table 1 shows the main demographic and clinical char-
acteristics of study patients. All cohorts of HCV-treated 
patients were evenly balanced with their matched controls 
regarding all matching covariates (age, gender, smok-
ing habit, and MEDEA index). In contrast, STDs >20% 
were found for HIV coinfection (all cohorts) and cirrhosis 
(IFN+DAA and DAA cohorts). This observation accounts 
for the higher prevalence of HIV coinfection and cirrhosis 
in the HCV-treated patients of such cohorts, respectively. 
In addition, all cohorts showed STDs >20% regarding the 
body mass index, which was approximately 1 kg/m2 lower 
in HCV-treated patients. Moreover, IFN+DAA and DAA 
cohorts showed STDs >15% for diabetes, the prevalence of 
which was slightly higher in HCV-treated patients. Of note, 
HCV-treated patients in the IFN+DAA and DAA cohorts 
were older than those in the IFN cohort and showed a higher 
prevalence of diabetes, HIV, and particularly cirrhosis. Data 
on additional clinical variables can be found in Table S2 of 
the ESM.

3.2 � Cancer Incidence

Table 2 shows the estimated incidence and incidence RRs 
of overall cancer, HCC, and non-liver cancer in all study 

cohorts. The highest incidences of cancer (overall, HCC, and 
non-liver) were found in DAA-treated patients, followed by 
IFN+DAA-treated patients. The overall cancer rate was 77% 
and 90% higher in HCV-treated patients of the IFN+DAA 
and DAA cohorts than in their respective controls, but did 
not change for patients in the IFN cohort. Regarding HCC, 
HCV-treated patients of the IFN, IFN+DAA, and DAA 
cohorts showed 50%, 289%, and 545% higher rates than 
their matched controls. However, the rate of non-liver can-
cer did not show statistically significant differences between 
HCV-treated patients and their matched controls in any of 
the study cohorts; it only showed a trend toward an increase 
in DAA-treated patients.

The estimated incidence and incidence RRs of overall 
cancer according to the presence or absence of HIV coinfec-
tion and cirrhosis are shown in Table 3. The highest inci-
dences of overall cancer in HCV-treated patients with HIV 
coinfection and cirrhosis were found in the DAA cohort, 
followed by the IFN cohort. However, the only statistically 
significant difference regarding the presence of HIV coinfec-
tion was found in the IFN+DAA cohort, where HCV-treated 
patients showed a lower rate of overall cancer than their 
matched controls. The DAA cohort, where HCV-treated 
patients showed the highest prevalence of HIV coinfection, 
exhibited a similar trend, but it did not reach statistical sig-
nificance. Concerning cirrhosis, its presence was associated 

Fig. 1   Flow chart of study patients. Cohorts are defined according to the treatment of interest in hepatitis C virus-infected patients, with controls 
representing matched non-hepatitis C virus-infected patients
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Table 1   Characteristics of hepatitis C virus-treated patients and their matching controls according to the three study treatment cohorts

Characteristics IFN IFN + DAA DAA

Controls (n = 
19,376)

IFN treated (n 
= 4329)

STD (%) Controls (n = 
3507)

IFN+DAA 
treated (n = 
794)

STD (%) Controls (n = 
26,662)

DAA treated
(n = 6533)

STD (%)

Age (years), 
median 
(IQR)

36.8 (29.6–
44.1)

36.5 (29.1–
43.8)

3 43.9 (39.2–
49.3)

43.8 
(39–48.9)

2 45 (39.5–
55.8)

45.5 
(39.5–57)

4

Gender, n (%) 1 0 0
 Men 9092 (46.9) 2024 (46.8) 2339 (66.7) 531 (66.9) 16,131 (60.5) 3948 (60.4)
 Women 10,284 (53.1) 2305 (53.2) 1168 (33.3) 263 (33.1) 10,531 (39.5) 2585 (39.6)

Height (cm), 
median 
(IQR)

165 (159–
172)

166 (159.5–
173)

5 167.7 
(160–174)

168 (160–
174)

6 166 (158–
173)

166 (158–
172.3)

3

 Missing, n 5648 1,072 903 159 5744 1194
Weight, kg, 

median 
(IQR)

72 (62–83.5) 69.7 (60.9–80) 17 77 (66.6–
87.8)

73.8 (65.3–
83.3)

17 76 (66.1–
86.6)

72.5 
(63.2–82)

25

 Missing, n 5132 905 804 127 4858 930
BMI (kg/

m2), median 
(IQR)

26.1 (23.2–
29.5)

25 (22.4–28.2) 22 27.3 (24.5–
30.6)

26.2 (23.9–
29.1)

22 27.5 (24.7–
30.8)

26.4 (23.6–
29.4)

26

 Missing, n 5411 984 849 146 5202 1057
BMI, kg/

m2, WHO 
categories, 
n (%)

21 21 24

 Underweight 
(<18.5)

269 (1.9) 85 (2.5) 29 (1.1) 1 (0.2) 170 (0.8) 74 (1.4)

 Normal 
weight 
(18.5–24.9)

5401 (38.7) 1590 (47.5) 745 (28) 240 (37) 5742 (26.8) 1960 (35.8)

 Pre-obesity 
(25.0–29.9)

5141 (36.8) 1147 (34.3) 1121 (42.2) 273 (42.1) 9092 (42.4) 2258 (41.2)

 Obesity class 
I (30.0–
34.9)

2223 (15.9) 374 (11.2) 538 (20.2) 98 (15.1) 4657 (21.7) 904 (16.5)

 Obesity 
class II 
(35.0–39.9)

666 (4.8) 113 (3.4) 161 (6.1) 30 (4.6) 1343 (6.3) 223 (4.1)

 Obesity class 
III (>40)

265 (1.9) 36 (1.1) 64 (2.4) 6 (0.9) 456 (2.1) 57 (1)

 Missing, n 5411 984 849 146 5202 1057
Smoking 

habit, n (%)
5 5 5

Non-smoker 8779 (45.3) 2060 (47.6) 1249 (35.6) 301 (37.9) 10,269 (38.5) 2686 (41.1)
Smoker or ex-

smoker
10,597 (54.7) 2269 (52.4) 2258 (64.4) 493 (62.1) 16,393 (61.5) 3847 (58.9)

Alcohol con-
sumption, n 
(%)

4 5 8

No 13,203 (68.1) 3038 (70.2) 2426 (69.2) 568 (71.5) 17,177 (64.4) 4457 (68.2)
Yes 6173 (31.9) 1291 (29.8) 1081 (30.8) 226 (28.5) 9485 (35.6) 2076 (31.8)
MEDEA 

index quin-
tiles, n (%)

3 8 7

 Q1 2890 (20.5) 617 (19.5) 437 (16.8) 94 (16.2) 3782 (18.8) 849 (17.8)
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with a higher rate of overall cancer in HCV-treated patients, 
but only in the DAA cohort.

3.3 � Risk of Overall Cancer at the Follow‑Up

As can be seen in Fig. 2, at the follow-up, all HCV-treated 
patients had a higher probability of cancer than their 
matched controls, although statistically significant differ-
ences were found only in the IFN+DAA and DAA cohorts, 
with risk increases of 75% (HR, 1.75; 95% CI 1.26–2.44; p = 
0.0009) and 89% (HR, 1.89; 95% CI 1.64–2.17; p < 0.0001), 
respectively (see Fig. 1 of the ESM for stratified figures for 
liver and non-liver cancers). The lowest proportion of overall 
cancer events amongst HCV-treated patients was observed in 
the IFN cohort, where less than 1% of patients had advanced 
liver disease.

4 � Discussion

In this population-based study, the overall cancer rate 
was significantly higher in HCV-treated patients of the 
IFN+DAA and DAA cohorts than in their respective con-
trols. The highest incidences of cancer (overall, HCC, and 
non-liver) were found in DAA-treated patients, followed by 
IFN+DAA and IFN-treated patients. In addition, patients 
with HCV treated with IFN, IFN+DAA, and DAA showed 
higher HCC rates than their matched controls. However, no 
statistically significant differences with matched controls 
were observed in the rate of non-liver cancer in any of the 
study cohorts. The DAA cohort showed the highest esti-
mated incidences of overall cancer in HCV-treated patients 

with HIV coinfection or cirrhosis, followed by those in the 
IFN cohort, but statistically significant differences were 
only found in the IFN+DAA cohort and the DAA cohort, 
respectively. In the IFN+DAA cohort, patients with HIV 
coinfection showed a lower rate of overall cancer than those 
without HIV coinfection. Conversely, in the DAA cohort, 
patients with cirrhosis showed a higher rate of overall cancer 
compared with patients without cirrhosis.

The core finding of the study is the higher incidence rate 
of overall cancer in IFN+DAA and DAA-treated patients 
compared with their matched controls. There may be a 
number of explanations for this observation. Some authors 
have proposed that the development or reactivation of HCC 
may occur after treatment. They argue that reactivation of 
the hepatitis B or herpes virus related to DAAs  [30, 31] 
suggests a disruption of immune surveillance, which may 
allow malignant clones to emerge  [32]. This may be con-
sistent with the fact that, despite the relatively short length 
of follow-up, our Kaplan–Meier curves show increases in 
overall cancer incidence close to DAA or IFN+DAA treat-
ment courses. In this regard, if the oncogenic hit leading to 
hepatic malignant transformation had already taken place 
at the time of the DAA therapy,  [32, 33] the incidence of 
liver cancer cannot be reduced despite clearing of the virus, 
at least during the first years after eradication.

However, because of the observational design of our 
study, we should also consider that residual confounding 
and some biases may also be potential explanations for our 
findings  [34]. First, detection bias may explain the apparent 
increase in the incidence rate of overall cancer in patients 
receiving DAAs through a more intense follow-up after 
initiating their therapy and increased early diagnosis of 

BMI body mass index, DAA direct-acting antivirals only, HIV human immunodeficiency virus, IFN interferon-based regimen only, IFN+DAA 
sequential/concomitant IFN and DAA regimens, IQR interquartile range (25th–75th percentile), Q quarter, STD absolute standardized difference, 
WHO World Health Organization

Table 1   (continued)

Characteristics IFN IFN + DAA DAA

Controls (n = 
19,376)

IFN treated (n 
= 4329)

STD (%) Controls (n = 
3507)

IFN+DAA 
treated (n = 
794)

STD (%) Controls (n = 
26,662)

DAA treated
(n = 6533)

STD (%)

 Q2 2783 (19.7) 632 (20) 473 (18.2) 96 (16.6) 3894 (19.4) 867 (18.1)
 Q3 2837 (20.1) 634 (20) 514 (19.8) 121 (20.9) 3975 (19.8) 978 (20.5)
 Q4 2768 (19.6) 659 (20.8) 584 (22.5) 118 (20.3) 4150 (20.6) 964 (20.2)
 Q5 2847 (20.2) 622 (19.7) 592 (22.8) 151 (26) 4318 (21.5) 1119 (23.4)
 Missing, n 5251 1165 907 214 6,543 1,756

Diabetes mel-
litus, n (%)

1213 (6.3) 285 (6.6) 1 379 (10.8) 132 (16.6) 17 3579 (13.4) 1251 (19.1) 16

HIV infection, 
n (%)

94 (0.5) 287 (6.6) 33 20 (0.6) 207 (26.1) 81 102 (0.4) 2775 (42.5) 100

Cirrhosis, n 
(%)

47 (0.2) 12 (0.3) 1 17 (0.5) 367 (46.2) 100 115 (0.4) 2824 (43.2) 100
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cancer. Against this idea, we should consider that the public 
healthcare system in Catalonia conducts population-based 
screening programs for breast and colon cancer  [35], and 
also that symptom-related diagnoses of cancer are unlikely 
to be affected by a follow-up after HCV eradication. Moreo-
ver, the opposite might also be argued, that is, as patients 
cured of HCV may be assumed to be already healthy, they 
may be less prone to be concerned about minor symptoms 
and medical visits. In addition, as DAA therapies involve a 
shorter duration and fewer complications than IFN-based 
regimens, less intensive clinical care requirements would 
lead to less frequent visits and testing. Yet, detection bias is 
difficult to discard.

Second, an indication bias, determining differences in 
eligibility for antiviral treatment throughout the years and 

between treatments, may also explain part of the results. On 
the one hand, early IFN-based treatments had poor tolerabil-
ity and were limited to subjects with poor hepatic prognosis 
but a good general condition. This means that those diffi-
cult-to-treat and most severe HCV-infected cirrhotic patients 
were not even considered for IFN therapy because of safety 
concerns and low efficacy rates. On the other hand, DAA 
treatment had better safety profiles, so that it allowed the 
consideration of treatment of patients in a poorer condition, 
including those that had already not responded to a previ-
ous treatment, and patients with cirrhosis, previous hepatic 
decompensation, or comorbidities. Especially when first 
introduced in therapeutics, DAAs were indicated in patients 
who already had advanced fibrosis, and thus a higher risk 
of complications such as cirrhosis and cancer. Actually, we 

Table 2   Incidence and incidence rate ratios of all types of cancer, hepatocellular carcinoma, and non-liver cancer in hepatitis C virus-treated 
patients with respect to their matched controls

CI confidence interval, DAA direct-acting antivirals only, IFN interferon-based regimen only, IFN+DAA sequential/concomitant IFN and DAA 
regimens, Ref. reference group for risk calculation

Events Patients at risk Follow-up 
(person-years)

Incidence per 100,000 
person-years (95% CI)

Rate ratio (95% CI) P-value

Cancer (all types)
 IFN
  Controls 555 19,376 107,207 514.9 (472.3–561.3) 1 (Ref.)
  IFN treated 141 4329 24,774 569.1 (482.5–671.4) 1.11 (0.92–1.32) 0.2771

 IFN+DAA
  Controls 123 3507 17,163 710.8 (590.7–855.4) 1 (Ref.)
  IFN+DAA treated 49 794 3904 1255.3 (947.9–1662.2) 1.77 (1.27–2.46) 0.0008

 DAA
  Controls 633 26,662 77,271 815.3 (752.9–882.9) 1 (Ref.)
  DAA treated 283 6533 18,170 1552.0 (1380.1–1745.3) 1.90 (1.66–2.19) < 0.0001

Hepatocellular carcinoma
 IFN
  Controls 100 19,376 107,207 91.4 (75.0–111.5) 1 (Ref.)
  IFN treated 34 4329 24,774 137.2 (98.1–192.1) 1.50 (1.02–2.22) 0.0409

 IFN+DAA
  Controls 26 3507 17,163 151.5 (102.3–224.3) 1 (Ref.)
  IFN+DAA treated 23 794 3904 589.2 (391.3–887.1) 3.89 (2.26–6.69) < 0.0001
  DAA
  Controls 88 26,662 77,271 112.6 (90.9–139.4) 1 (Ref.)
  DAA treated 132 6533 18,170 726.5 (612.2–862.0) 6.45 (4.90–8.49) < 0.0001

Non-liver cancer
 IFN
  Controls 455 19,376 107,207 423.5 (385.1–465.7) 1 (Ref.)
  IFN treated 107 4329 24,774 431.9 (357.3–522.1) 1.02 (0.83–1.25) 0.8521

 IFN+DAA
  Controls 97 3507 17,163 559.3 (453.6–689.8) 1 (Ref.)
  IFN+DAA treated 26 794 3904 666.1 (453.2–978.9) 1.19 (0.77–1.84) 0.4325

 DAA
  Controls 545 26,662 77,271 702.7 (645.4–765.1) 1 (Ref.)
  DAA treated 151 6533 18,170 825.5 (703.1–969.2) 1.17 (0.98–1.41) 0.0793
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saw substantial differences between treated patients, which 
prevented direct comparisons between HCV-treated cohorts. 
This was already anticipated in the design of the study, and 
because of that, we compared each HCV-treated cohort 
with their corresponding controls, rather than comparing 
treated cohorts between them. This way, we aimed to com-
pare the incidence rate in the cohorts with that of the gen-
eral population without known HCV infection. The external 
validity of our control population is supported by the fact 

that the overall cancer incidence in the control population 
agrees with that of the Spanish Association Against Cancer 
(AECC) registry.  [36] According to this registry, 39,237 
new cancer cases were diagnosed in Catalonia in 2012, cor-
responding to an incidence of 614 cases per 100,000 person-
years, and our study shows incidences of 514.9, 710.8, and 
815.3 cases per 100,000 person-years in the controls for IFN, 
IFN+DAA, and DAA cohorts, respectively. In addition, the 
selection of controls in our study took into account that 

Table 3   Incidence and incidence rate ratios of all types of cancer in hepatitis C virus-treated patients according to the presence or absence of 
HIV coinfection and cirrhosis

CI confidence interval, DAA direct-acting antivirals only, HIV human immunodeficiency virus, IFN interferon-based regimen only, IFN+DAA 
sequential/concomitant IFN and DAA regimens, Ref. reference group for risk calculation

Events Patients at risk Follow-up 
(person-years)

Incidence per 100,000 
person-years (95% CI)

Rate ratio (95% CI) P-value

HIV coinfection
 IFN
  No HIV 130 4042 23,336 557.1 (469.1–661.6) 1 (Ref.)
  HIV 11 287 1439 764.6 (423.4–1380.6) 1.37 (0.74–2.54) 0.3133

 IFN+DAA
  No HIV 43 587 2855 1506.4 (1117.2–2031.1) 1 (Ref.)
  HIV 6 207 1049 572.0 (257.0–1273.1) 0.38 (0.16–0.89) 0.0263

 DAA
  No HIV 180 3758 10,582 1701.1 (1469.9–1968.2) 1 (Ref.)
  HIV 103 2775 7589 1344.1(1170.0–1632.0) 0.79 (0.62–1.01) 0.0574

Cirrhosis
 IFN
  No cirrhosis 140 4317 24,713 566.5 (480.0–668.6) 1 (Ref.)
  Cirrhosis 1 12 62 1620.4 (228.3–11,503.2) 2.86 (0.4–20.4) 0.2950

 IFN+DAA
  No cirrhosis 24 427 2106 1139.6 (763.8–1700.1) 1 (Ref.)
  Cirrhosis 25 367 1798 1390.8 (939.8–2058) 1.22 (0.7–2.14) 0.4856

 DAA
  No cirrhosis 112 3709 10,078 1101.3 (914.4–1326.5) 1 (Ref.)
  Cirrhosis 171 2824 8092 2113.3 (1819.2–2455) 1.92 (1.51–2.44) <0.0001

Fig. 2   Kaplan–Meier survival curves and hazard ratio  [HR] (95% confidence interval  [CI]) estimates for cancer for the three study cohorts: A 
Interferon only (IFN), B IFN and subsequent direct-acting antivirals (IFN+DAA), and C DAA only (DAA)
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oncogenic factors such as specific dietary habits or environ-
mental conditions may vary across socioeconomic condi-
tions and geography, so that control matching was performed 
considering the socioeconomic condition and geographical 
region using DAPs.

Third, survival bias cannot be discarded either, which 
could also be differential across the cohorts. On the one 
hand, early IFN-based treatments had poor effectivity and 
reached poor rates of eradication compared with DAA treat-
ments, which not only could be offered to patients in a poor 
condition, but also had high effectiveness, theoretically 
halting the course of fibrosis to end-stage liver disease. By 
improving liver disease, these subjects had increasing sur-
vival that kept them at cancer risk instead of dying of liver 
complications or other related causes. Finally, we cannot 
discard that observations may be due to residual confound-
ing or unmeasured unknown factors.

The analysis of the influence of HIV coinfection and cir-
rhosis on cancer risk in HCV-treated patients did not suggest 
an adverse effect of the former, but it identified high-risk 
patients in the latter. Yet, the inherent high prevalence of 
cirrhosis in IFN+DAA and DAA-treated patients may be 
an alternative explanation for the high incidence of overall 
cancer in these cohorts. In this regard, the prevalence of cir-
rhosis in patients treated with DAA or IFN+DAA regimens 
in our study (43.2% and 46.2%, respectively) is comparable 
to that observed for patients treated with DAAs in our coun-
try (40.8%)  [37]. As for HIV, DAA and IFN+DAA-treated 
patients showed a prevalence for HIV coinfection of 42.5% 
and 26.1%, respectively. In 2013, in Catalonia, the percent-
age of patients with active HCV and a diagnosis of HIV was 
69%  [38]. As explained above, the indication criteria for 
antiviral treatment evolved over the years and may be related 
to the observed prevalences and risks. As IFN-based regi-
mens had plenty of contraindications and interactions that 
DAA treatments did not have, the profile of patients treated 
with each had likely been different. However, detailed data 
to describe and eventually be adjusted by potential differ-
ences are not available, and the low counts of patients with-
out HCV infection but with HIV infection or cirrhosis in 
control individuals did not allow a robust estimate of the 
stratified cancer incidence, nor was it possible to assess the 
incidence by cancer type.

This study has several limitations. First, it has the inher-
ent limitations of the analyses of population registries, 
such as missing data and paucity of variables, to adjust 
for potential differences in risk factors between treated 
cohorts. For instance, environmental contaminants were 
controlled by geographical matching, and smoking habits 
and alcohol consumption were adjusted in the propen-
sity model, but no reliable data for other toxics exposure 
were available for adjustments. Second, from a meth-
odological standpoint, ideal control groups may consist 

of HCV-untreated patients. However, such patients were 
not identified in administrative databases, and once DAAs 
became available, the health authorities actively sought 
HCV carriers to treat them. Therefore, a very early cross-
over between cohorts would have occurred. Neverthe-
less, the chosen approach of selecting non-HCV-infected 
individuals provides pragmatic information for identify-
ing patients at high risk of cancer, who may benefit from 
active surveillance. Finally, this study describes the esti-
mated incidence of cancer in patients receiving different 
treatments for HCV, but the data are not contemporary 
across cohorts. Interferon-based treatments were used 
up to 2015, and DAA treatments were used thereafter. 
Because we cannot exclude that cancer risk or detection 
has changed along the study period, incidences across 
treatment cohorts should be interpreted with caution. In 
fact, while cancer incidence in controls is consistent with 
epidemiological data, we observed differences in cancer 
incidence between the controls of IFN and DAA cohorts. 
This variability may be attributed to differences in age and 
unknown external factors, as well as to a selection bias 
because the tolerability profile of the drugs differs sub-
stantially, and DAAs can be given to older patients with 
more known risk factors for cancer (e.g., obesity, diabetes, 
or HIV infection). Therefore, despite the propensity score 
matching, considering the paucity of data to adjust for 
indication bias or other confounders, we cannot exclude 
that a residual confusion remains, limiting the comparabil-
ity between HCV-treated and control cohorts and across 
HCV-treated cohorts for subgroup analyses.

Nevertheless, despite all these limitations, the large sam-
ple of patients in our study allowed us to assess the incidence 
of cancer in HCV-treated patients in Catalonia, to observe 
that the risk is higher than that of the uninfected population, 
and to identify those subjects with cirrhosis as being at a 
particular higher risk of cancer (mainly HCC), even after 
receiving antiviral treatment.

5 � Conclusions

In summary, this population-based study in patients with 
HCV showed that the incidence rate of overall cancer and 
HCC in Catalonia was higher in patients treated with DAA 
and IFN+DAA than in their matched non-HCV-infected 
controls, although the different prevalence of key risk fac-
tors between cohorts prevents causal conclusions. While 
the absolute risk remains low and the benefits of treating 
HCV are not questioned, increased awareness of the poten-
tial occurrence of uncommon malignant events (especially 
HCC) after therapy with DAAs may benefit patients receiv-
ing these drugs.
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