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Abstract
AIM: To evaluate neutrophil gelatinase associated 
lipocalin (NGAL) in patients infected by hepatitis C virus 
(HCV) before and during treatment with directly acting 
antivirals (DAAs).

METHODS: NGAL was measured in a group of patients 
with chronic HCV infection ranked, at baseline, by 
age, gender, anti-hypertensive therapy, HCV viral 
load, liver fibrosis stage and, either at baseline or after 
1 year, estimated glomerular filtration rate (eGFR). 
Then, NGAL and eGFR evolutions were monitored in 
a subgroup of patients who started antiviral therapy 
with DAAs. Differences of median NGAL levels were 
evaluated through Wilcoxon-Mann-Whitney test for non-
parametric data. Differences in dichotomous variables 
were evaluated through χ 2 test. At baseline, a univariate 
regression analysis was conducted to verify if NGAL 
values correlated with other quantitative variables [age, 
fibrosis four (FIB-4), AST to platelet ratio index (APRI), 
and eGFR]. 

RESULTS: Overall, 48 patients were enrolled, 8 of 
them starting HCV treatment. At baseline, statistically 
significant differences were found in median NGAL 
values only between patients with eGFR < 60 ml/min 
vs  patients with eGFR ≥ 90 ml/min. Differences in 
NGAL were not significant among patients ranked by 
HCV viral load, FIB-4 score and APRI, when patients 
with NGAL > 118.11 ng/dl were compared with those 
of NGAL ≤ 118.11 ng/dl, not statistically significant 
differences were present for age, gender, chronic 
kidney disease classification and liver fibrosis (p  > 
0.05). Linear correlation was found between NGAL 
and both age (p  = 0.0475) and eGFR (p  = 0.0282) 
values. Not statistically significant predictions of NGAL 
at baseline were demonstrated for eGFR evolution 1 
year later. Interestingly, in the 8 patients treated with 
DAAs, median NGAL significantly increased at week 12 
compared to baseline (p  = 0.0239).

CONCLUSION: our results suggest that NGAL should 
be further evaluated as an adjunct marker of kidney 
function in these patients.

Key words: Directly acting antivirals; Hepatitis C virus; 
Inflammation; Neutrophil gelatinase lipocalin; Tubular 
impairment

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: For the first time, we evaluated the evolution 
of neutrophil gelatinase associated lipocalin (NGAL), 
a novel biomarker of renal impairment, in patients in
fected by hepatitis C virus before and during treatment 
with directly acting antivirals (DAAs). In our study, we 
documented a significant increase of NGAL during the 
first 12 wk of therapy with DAAs and a correlation of 
NGAL with both age and estimated glomerular filtration 

rate before starting treatment. In a context of paucity 
of information about safety of the new DAAs, we 
believe that these data are both informative and novel, 
provoking urgent investigations.
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INTRODUCTION
Estimated prevalence of renal insufficiency is increased 
by 40% in patients infected by hepatitis C virus (HCV) 
compared to the HCV negative population[1]. Renal 
disease, ranging from mild to end-stage renal disease 
(ESRD), often complicates prognosis and treatment 
of HCV infection with haemodialysis being required in 
some cases. Moreover, in the context of liver disease, 
kidney function is one of the key predictors of death and 
serum creatinine, is a component of both King’s college 
criteria and model for end-stage liver disease scoring 
systems that are used for prognostic stratification in 
patients with acute and chronic liver failure[2]. 

Virus related kidney diseases mainly show up as a 
glomerular impairment, predominantly a membrano-
proliferative glomerulonephritis with type 2 crioglo
bulinaemia and sub-endothelial or intra luminal deposits 
of IgG, IgM and complement components[3]. Moreover, 
HCV core proteins were isolated in both glomerular and 
tubular tissues, suggesting the presence of a parallel 
tubular-interstitial damage[4]. 

Treatment of HCV infection in patients with renal 
impairment has always been challenging due to the 
side effects of the past treatment used as standard, 
an association of pegylated-interferon (PEG-IFN) and 
ribavirin (RBV), which was more difficult to manage in 
patients with renal impairment than in patients with 
normal renal function. In 2014, with the advent of first 
generation directly acting antivirals (DAAs), efficacy of 
anti HCV treatment was substantially improved. How
ever, the first generation DAAs, boceprevir and telaprevir 
(TVR), were not recommended in patients with severe 
renal impairment or ESRD because these patients were 
excluded from registrational trials[5]. Moreover, in real-
life patients without renal impairment, an increase of 
serum creatinine was observed during treatment with 
TVR, even if it was not associated with more severe renal 
impairment[6]. In March 2015, second generation DAAs 
were available in Italy for the treatment of HCV. Even if 
second generation DAAs are better tolerated, there is a 
paucity of information about the possible impact of these 
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drugs on renal function[7]. Therefore, the evidence of 
kidney impairment may make clinicians less comfortable 
to begin an antiviral treatment.

Estimated glomerular filtration rate (eGFR) can be 
calculated by creatinine values, however in circum
stances such as toxic drug dosage, kidney disease 
improving global outcome (KDIGO) guidelines suggest to 
add at least another biomarker. In fact, GFR estimating 
equation alone is biased in many situations, such 
as acute kidney disease (AKI), high GFR, non-GFR 
determinants of serum creatinine and interferences 
with creatinine assays[8]. Additionally, creatinine-based 
measures are even more limited in cirrhotic patients due 
to a decrease in hepatic synthesis of creatinine, reduced 
skeletal muscle mass and increased tubular secretion[9].

Among novel kidney biomarkers, one of the most 
promising is neutrophil gelatinase associated lipocalin 
(NGAL) either in urine and serum (or plasma)[10]. This is 
a small glycoprotein in three different forms: A monomer 
(25 kDa), a homodimer (45 kDa) and a heterodimer 
(135 kDa). It is secreted by many human cells, such 
as epithelial cells (liver, kidney, lungs) and blood cells 
(neutrophils, monocytes and macrophages), filtered in the 
glomerulus and reabsorbed by the proximal tubules[11,12]. 
It is removed by hemodyalisis[13]. In general, NGAL 
urinary levels increase after a tubular injury and reveal 
a kidney damage earlier than the increased levels of 
creatinine[14]. On the other hand, plasmatic or serum 
NGAL are more extensively adopted in AKI contexts, 
because their measurement is less limited by availability 
of samples when patients are anuric[15]. Remarkably, an 
increase of plasmatic NGAL is considered to be an early 
predictor of AKI in various critical settings such as cardiac 
surgery, septic shock, contrast induced nephropathy, 
renal and liver transplantation[16-22]. However, NGAL is 
increased also in case of epithelial damage or inflam
mation outside the kidney[10].

In cirrhotic patients, NGAL is a marker of AKI and 
urinary NGAL that can help distinguish among different 
causes of renal impairment[10]. Recently, a significant 
difference in plasmatic NGAL levels amongst HCV posi
tive patients with cirrhosis and eGFR < 60 ml/min vs ≥ 
60 ml/min has been demonstrated[23]. Also, recent data 
showed that NGAL is a good marker of renal damage 
due to drug toxicity. For example, urinary NGAL is a 
good predictor of tacrolimus induced AKI in liver trans
planted patients and nonsteroidal anti-inflammatory drug 
(NSAID) associated AKI in cirrhotic patients[24,25]. To our 
best knowledge, no published data on NGAL during HCV 
treatment with DAAs are available so far.

The objectives of this study were to explore: (1) 
whether there is a difference in plasmatic NGAL between 
HCV positive patients and HCV negative people; (2) 
whether there is a difference in plasmatic NGAL among 
HCV positive patients ranked by age, gender, viral load, 
eGFR and liver fibrosis stage; (3) whether NGAL levels 
at baseline correlate with modification of eGFR after 1 
year; and (4) the evolution of renal function in patients 

treated with DAA including regimens.

MATERIALS AND METHODS
Recruitment of patients and data collection
A prospective study was conducted. Patients with 
chronic hepatitis C who attended the Outpatient Service 
of the Infectious Diseases Unit and the Hepatology Unit 
of the “Mater Domini” Teaching Hospital in Catanzaro 
(Italy) from February 1, 2014 to April 30, 2014 were 
included in this study. Exclusion criteria included: Leuko
cytosis (leukocyte count higher than 12000 cells/μl), 
variceal bleeding, primary kidney diseases (glomerular 
nephropathy), KDIGO classification of chronic kidney 
disease (CKD) ≥ G4 (eGFR < 30 ml/min), ongoing HCV 
therapy (with or without interferon or DAA). Approval 
from local ethical committee was obtained. All enrolled 
patients signed an informed consent.

All patients underwent physical examination and 
history taking at baseline. The following blood tests 
were collected: AST, ALT, total and fractioned bilirubin, 
albumin, γGT, alkaline phosphatase, prothrombin time, 
total blood cell count (including neutrophil and platelet 
count) and urea. Serum creatinine levels were measured 
at baseline and after 1 year. For patients who started 
anti-viral therapy, serum creatinine levels and GFR were 
studied at week 4 and week 12 after baseline.

Glomerular filtration rate was estimated through 
Chronic Kidney Disease Epidemiology Collaboration 
formula (CKD-EPI, 2009) since CKD-EPI is less biased 
and more accurate for eGFR ≥ 60 ml/min than MDRD 
(Modification of Diet in Renal Disease) and Cockcroft-
Gault formulas[7]. The following formula was used: 141 
× min (SCr/k, 1)α × max (SCr/k, 1)-1.209 × 0.993Age × 
(1.018 if female or 1.159 if black), where SCr is serum 
creatinine (in mg/dl), k is 0.7 for females and 0.9 for 
males, a is 0.329 for females and 0.411 for males, min 
is the minimum of SCr/k or 1, and max is the maximum 
of SCr/k or 1.

Liver fibrosis was estimated at baseline by either 
fibrosis four (FIB-4) score or AST to platelet ratio 
index (APRI) which are the most used formulas for es
timating stage of liver disease. FIB-4 has a negative 
predictive value of 94.7% to exclude severe fibrosis 
with a sensitivity of 74.3% when < 1.45 and a positive 
predictive value to confirm the existence of a significant 
fibrosis (F3-F4) of 82.1% with a specificity of 98.2% 
when ≥ 3.25. The following formula was used: Age 
× AST/(platelets × √ALT) where AST and ALT were 
measured as IU/l, platelets were measured as number 
× 106/µl and age was measured in years[26]. An APRI 
value ≤ 0.5 rules out significant fibrosis and cirrhosis 
while values ≥ 1.5 indicates significant fibrosis[27]. More 
specifically, when APRI score is greater than 1.0 it has a 
sensitivity of 76% and a specificity of 72% for predicting 
cirrhosis[28]. The following formula was used: [(AST/AST 
upper normal limit)/platelets] × 100 where AST was 
measured as IU/l, platelets were measured as number 
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× 106/µl and AST upper normal limit was fixed at 35 IU/l.

NGAL measurement
Peripheral venous blood samples were taken from 
each patient at baseline and then processed for NGAL 
measurement. Plasmatic NGAL was measured in all 
patients at baseline. For patients who started anti-viral 
therapy, NGAL was measured at different endpoints 
(baseline, week 4 and 12). NGAL assay was performed 
using human NGAL Rapid Elisa Kit (BioPorto Diagnostic). 
A 96-well microtiter plate coated with purified anti-human 
NGAL monoclonal antibody was used. In each well 50 µL 
of each sample, diluted 1:100 with sample diluting buffer, 
undiluted calibrators and controls were added; then 50 µL 
of horseradish peroxidase -conjugated NGAL antibodies 
were added. During this first step of incubation at room 
temperature for 30 min, NGAL bind either the specific 
antibody adsorbed to microwells or the second antibody; 
an aspiration-washing step (3 times with 300 µL of 
wash solution) was performed to remove excess and 
unbounded reagents; 100 µL of tetramethyl-benzidine 
solution were added to each well and a second step of 
incubation performed at room temperature for 15 min; at 
end of incubation 100 µL of stop solution was added and 
the color developed in each well was measured at 450 
nm. The values of samples were determined on the basis 
of a standard curve. The methodology was performed 
using a Triturus automatic analyzer. The commercial 
kit, that is validated by Pedersen et al[29] is used in our 
study. The reference range (41.19-118.11 ng/ml) had 
been previously validated in our laboratory on a group of 
healthy volunteers.

Groups of patients
Differences of NGAL values were evaluated in patients 
ranked by age (< 65 years vs ≥ 65 years), gender 
(female vs male), anti-hypertensive therapy (present 
vs absent), HCV viral load (< 1000000 copies/ml vs ≥ 
1000000 copies/ml), FIB-4 score (≤ 1.45 vs 1.45 to 3.25 
vs ≥ 3.25), APRI (≤ 0.5 vs 0.5 to 1.5 vs ≥ 1.5), and 
eGFR (≥ 90 ml/min vs ≥ 60 ml/min to < 90 ml/min vs 
< 60 ml/min). Patients were ranked by eGFR worsening 
vs stable/improved with respect to baseline values 
after 1 year. Any reduction of eGFR was considered 
as worsening. Viral load cut-off was set at 1000000 
HCV RNA copies/ml because this value is commonly 
considered to be high[30]. Cut-off for age was set at 
65 years because that is the threshold discriminating 
adulthood and elderly life in many western countries[31]. 
We analyzed eGFR as a continuous measure and did not 
consider any specific-cut off for change of eGFR.

Differences in dichotomous variables (gender, FIB-4 
≥ 3.25, APRI ≥ 1.5, KDIGO CKD classification ≥ G3a, 
KDIGO CKD classification ≥ G2, age ≥ 65 year) were 
evaluated in patients ranked at baseline by NGAL values 
(> 118.11 ng/dl vs ≤ 118.11 ng/dl).

Evolution of NGAL at different time points (baseline, 
week 4 and week 12) was evaluated separately in 

patients who started antiviral treatment with DAA 
containing regimens during the first twelve weeks of 
therapy.

Statistical analysis
Differences of distribution NGAL levels from baseline 
to one year in the overall population and differences of 
NGAL and eGFR distribution in patients prescribed HCV 
therapy (evaluated at baseline, week 4 and week 12) 
were evaluated through Wilcoxon-Mann-Whitney test 
for non parametric data. Also, at baseline, a Spearman 
correlation analysis was conducted to verify if NGAL 
values correlated with other quantitative variables (age, 
FIB-4, APRI, and eGFR). Differences in dichotomous 
variables (age, gender, CKD classification and liver 
fibrosis) in patients with NGAL > 118.11 ng/dl or NGAL ≤ 
118.11 ng/dl were evaluated through χ2 test. Statistical 
analysis was performed using Graphpad Prism 6.01 
(GraphPad Software, La Jolla, Ca, United States). 
Nominal statistical significance was set at p < 0.05.

RESULTS
Patient characteristics at baseline
Forty-eight HCV RNA positive patients were enrolled 
with median NGAL of 68.5 ng/dl (range: 136-27). 
Main characteristics of the population are summarized 
in Table 1. Seventeen (35%) patients were < 65 years 
old, 25 (52%) patients were females, 10 (21%) patients 
suffered from blood hypertension. Median NGAL was: 63 
ng/dl (111-27) for patients < 65 years old and 77 ng/dl 
(136-28) for patients ≥ 65 years old (p = 0.1353); 70 
ng/dl (132-27) for males and 63 ng/dl (111-27) for 
females (p = 0.7822); 72.5 ng/dl (102-28) for patients 
with hypertension and 66.5 ng/dl (136-27) for patients 
with normal blood pressure (p = 0.7756). 

Differences in NGAL were not significant among 
patients ranked by HCV viral load, FIB-4 score and APRI. 
Quantitative HCV RNA was available in 36 patients, 19 
(53%) of them having HCV RNA < 1000000 copies/ml 
(i.e., low HCV RNA group). Median NGAL at baseline 
was 70 ng/dL (range: 132-27) vs 63 ng/dl (121-28), 
respectively. For FIB-4, 8 (17%) patients with FIB-4 ≤ 
1.45 had median NGAL of 60.5 ng/dl (111-27), 16 (33%) 
with FIB-4 from 1.45 to 3.25 had median NGAL of 82 
ng/dl (136-36) and 24 (50%) with FIB-4 ≥ 3.25 had 
median NGAL of 74.5 ng/dl (132-28). Regarding APRI, 
10 (21%) patients were ≤ 0.5, 22 (46%) were between 
0.5 and 1.5, and 16 (33%) were ≥ 1.5. Median NGAL 
values were 60.5 ng/dl (range: 136-27), 74.5 ng/dl 
(124-36) ng/dl and 80 ng/dl (132-28) in the three APRI 
groups, respectively. 

According to eGFR ranking, 25 (52%) patients had 
eGFR ≥ 90 ml/min, 19 (40%) had Egfr ≥ 60 but less 
than 90 ml/min and 4 (8%) had eGFR < 60 ml/min. 
Median NGAL was 63 ng/dl (range: 136-36), 70 ng/dl 
(124-27) and 102.5 ng/dl (132-88) in the three groups, 
respectively. Statistical analysis showed significant 
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differences in median NGAL values only in patients with 
eGFR < 60 ml/min vs patients with eGFR ≥ 90 ml/min 
(Figure 1; p = 0.0288).

Spearman correlation analysis showed statistically 
significant positive correlation between NGAL and age 
(Spearman r = 0.341; 95%CI: 0.05450-0.5759; two-
tailed p = 0.0088) and a negative correlation between 
NGAL and eGFR values (Spearman r = -0.257; 95%CI: 
-0.5164 to 0.04421; two-tailed p = 0.0419) (Figure 2). 
Not statistically significant results were obtained when 
NGAL was correlated FIB-4 score (p = 0.413) or APRI (p 
= 0.7430).

In 6 (12.5%) patients, NGAL exceeded the upper 
limit of the reference interval (NGAL > 118.11 ng/ml). 
When patients with NGAL > 118.11 ng/dl were com
pared with patients with NGAL ≤ 118.11 ng/dl, no 
statistically significant differences were present for age, 

gender, CKD classification and liver fibrosis (p > 0.05). 
In fact: 6/6 (100%) patients with NGAL > 118.11 
ng/ml vs 25/42 (60%) patients with NGAL ≤ 118.11 
ng/ml were ≥ 65 years old; 3/6 (50%) patients with 
NGAL > 118.11 ng/ml vs 20/42 (48%) patients with 
NGAL ≤ 118.11 ng/ml were males; 1/6 (17%) patients 
with NGAL > 118.11 ng/ml vs 7/42 (17%) patients 
with NGAL ≤ 118.11 ng/ml had a KDIGO CKD ≥ G3a; 
4/6 (67%) patients with NGAL > 118.11 ng/ml vs 
26/42 (62%) patients with NGAL ≤ 118.11 ng/ml had 
a KDIGO CKD classification ≥ G2; 4/6 (67%) patients 
with NGAL > 118.11 ng/ml vs 19/42 (45%) patients 
with NGAL ≤ 118.11 ng/ml had a FIB-4 ≥ 3.25; 3/6 
(50%) patients with NGAL > 118.11 ng/ml vs 13/42 
(31%) patients with NGAL ≤ 118.11 ng/ml had an 
APRI ≥ 1.5. 

Evaluation of renal parameters after one year
Serum creatinine and eGFR were collected after 1 year 
for 40 patients, while the remaining 8 were analyzed 
separately because they started HCV treatment in 
the meanwhile. No statistically significant differences 
were demonstrated in median NGAL values at baseline 
between patients with worsening eGFR vs patients with 
stable/improved eGFR at year 1. Indeed, median NGAL 
at baseline was 71.5 ng/dl (range: 136-36) in patients 
with worsening eGFR after 1 year, while it was 73.5 ng/dl 
(132-27) in patients with stable/improved eGFR after 1 
year (p = 0.4898).

Evolution of renal parameters during HCV treatment
A separate prospective analysis was conducted in the 
8 patients who started with antiviral therapy. Baseline 

Patients’ characteristics Overall population (n  = 48) Patients treated with DAAs (n  = 8)

Qualitative variables
   Gender
      Female 25 (52)   1 (12)
      Male 23 (48)   7 (88)
HCV RNA genotype
   1a 3 (6) 0 (0)
   1b 29 (61)     8 (100)
   2a/2c 4 (8) 0 (0)
   3 1 (2) 0 (0)
   4 2 (4) 0 (0)
   Not available   9 (19) 0 (0)
Quantitative variables, median (range)
   Age (yr)          67.0 (36.0-84.0)         63.5 (51.0-69.0)
   eGFR (mL/min)            90.0 (30.0-111.7)           93.0 (77.0-109.0)
   FIB-4          3.0 (0.5-18.3)       3.7 (1.5-9.0)
   AST (IU/L)            44.0 (17.0-180.0)           70.0 (28.0-103.0)
   ALT (IU/L)            45.0 (12.0-268.0)           53.5 (35.0-171.0)
   Albumin (mg/dL)        4.2 (3.0-4.8)       4.3 (3.3-4.6)
   Total bilirubin (mg/dL)        0.8 (0.3-2.2)       0.6 (0.3-1.0)
   PLT (n/μL)             141000 (13500-312000)            132000 (71000-229000)
   WBC (cells/μL)             5560 (2220-11500)          6245 (2790-9200)
   HCV-RNA (copies/mL)                 776500 (90100-19500000)              2330000 (793000-3250000)

Table 1  Characteristics of the population at baseline n  (%)

HCV: Hepatitis C virus; eGFR: Estimated glomerular filtration rate; FIB-4: Fibrosis four index; AST: Aspartate aminotransferase; 
ALT: Alanine aminotransferase; PLT: Platelet; WBC: White blood cell; DAAs: Directly acting antivirals.
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Figure 1  Plasmatic neutrophil gelatinase associated lipocalin at baseline 
according to estimated glomerular filtration rate ranking. eGFR: Estimated 
glomerular filtration rate; NGAL: Neutrophil gelatinase associated lipocalin.
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characteristics of these patients are summarized in Table 
1. Two patients started simeprevir (SMV) + daclatasvir 
(DCV) for 24 wk, while 6 patients started PEG-IFN 
+ RBV + TVR for 12 wk followed by PEG-IFN + RBV 
for other 24 wk (36 wk overall). Three patients were 
relapser to previous treatments with PEG-IFN + RBV, 
while 5 were partial responders. At week 4, 2 patients 
had negative but detectable HCV RNA (≤ 15 UI/ml) 
while 6 had undetectable HCV RNA. At week 12, HCV 
RNA was undetectable in all patients. Median NGAL was 
53 ng/dl (range: 92-28) at baseline, 69 ng/dl (125-43) at 
week 4, and 93 ng/dl (186-56) at week 12 (p = 0.0239 
compared with baseline value) (Figures 3a and 4a). 

Median eGFR was 93 mg/dl (109-77) at baseline, 86.5 
mg/dl (108-72) at week 4, and 82.5 mg/dl (103-72) 
at week 12; no statistically significant differences were 
found for eGFR along the time points of the study (Figures 
3b and 4b). 

DISCUSSION
This is the first study which investigated NGAL, both 
before and during the first twelve weeks of therapy with 
DAA including regimens. Until now, other investigators 
evaluated NGAL but only in HCV positive patients with 
cirrhosis and before treatment with DAA containing 
regimens[23].

We found that, in patients not exposed to DAA, eGFR 
was below normality around 50%, while NGAL was in the 
range of normality in most individuals. Moreover, among 
the six patients with increased NGAL, two cases had 
eGFR normal. These results suggest that a discordance 
between the two methods exists when interpretation 
is “categorical”. Despite these findings, in the overall 
population plasmatic NGAL was statistically correlated 
with eGFR. Particularly, NGAL was significantly higher 
in patients with eGFR < 60 ml/min than those with 
eGFR ≥ 90 ml/min. It is difficult to explain apparent 
discrepancies with the current literature data because 
Alhaddad et al[23] previously demonstrated that HCV 
positive cirrhotic patients with eGFR < 60 ml/min had 
a significantly lower plasmatic NGAL than HCV positive 
cirrhotic patients with eGFR ≥ 60 ml/min. Inclusion 
of both cirrhotic and non-cirrhotic patients in our study 
could be an explanation. In conclusion, we think that 
further studies should evaluate the rate of concordance 
between the two methods in diverse stages of liver 
disease. Also, it has to be seen whether these markers 
provide useful insights on the glomerular (especially 
detected by e-GFR) or tubular (especially detected by 
NGAL) damage in these conditions.

We were not able to find any correlations explaining 
the variability in NGAL values apart from age and 
incontrast with Bolignano et al[11] who, however, selected 
patients with non-terminal CKD of various etiologies. 
The correlation found in our study (increasing NGAL 
with increase in age) was consistent with the inverse 
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and expected correlation between eGFR and age. 
Importantly, NGAL was not correlated with stage of liver 
disease or burden of HCV RNA, suggesting that further 
mechanisms are implicated. Similarly, in their study, 
Gungor et al[22] did not find differences between cirrhotic 
patients and healthy controls but, at the same time, 
they found that a high plasmatic NGAL was associated 
with a higher risk of mortality in cirrhotic patients. Our 
data support the fact that NGAL is not influenced by HCV 
RNA, suggesting that glomerular and tubular damages 
have different pathogenic and clinical significances.

We did not find any signals pointing to a predictive role 
of NGAL for eGFR evolution during the follow-up. Indeed, 
contrary to this hypothesis, patients with a reduction of 
eGFR at 1 year had lower NGAL than patients with an 
improvement of eGFR at 1 year. Bolignano et al[11] found 
that patients with non-advanced CKD who progressed in 
their kidney disease during the follow-up period (median 
18.5 mo, range 1-20) had a significantly higher urinary 
and serum NGAL levels at baseline than patients with 
non-advanced CKD who did not progress. Our patients 
did not suffer from significant CKD and renal function 
did not decrease significantly during the follow-up. 
These considerations, together with the small sample 
size and limited length of follow-up may have limited 
our possibility to demonstrate a significant prediction in 
this study. 

We measured NGAL for the first time during therapy 
with DAA. Importantly, NGAL increased significantly 
from baseline to week 12, whereas eGFR did not change 
significantly, suggesting that tubular damage induced 
by drugs is not accompanied by glomerular impairment. 
An alternative hypothesis could be that NGAL increase is 
induced by a pro-inflammatory status, so this increase 
in NGAL would be a consequence, at least in part, 
of inflammation due to activity of antiviral drugs and 
consequent reduction of HCV RNA. Until now, data 
about relationship of HCV RNA and inflammation have 
been controversial. Indeed, some studies pointed to 
a pro-inflammatory role of HCV RNA, highlighting the 
enhanced activity of tumor necrosis factor-alpha and 
the consequent increase of some pro-inflammatory inter
leukins (ILs), such as IL-10, in presence of detectable 
HCV RNA[32,33]. Instead, other studies showed that a 
higher HCV RNA load was correlated with a lower value 
of C-reactive protein (CRP) and that levels of other ILs, 
such as IL-6, were correlated with liver fibrosis rather 
than with HCV RNA load[34]. Lastly, successful IFN-free 
regimens resulted in improved functional responses by 
natural killer cells (such as degranulation and TRAIL 
expression) to in vitro stimulation with IFNα[35]. Further 
studies are necessary to understand evolutions of 
immunologic or inflammatory markers (including NGAL) 
after DAA treatment and the underlying mechanisms. 
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According to this hypothesis that increase of NGAL 
during HCV treatment is due to drug toxicity, it is likely 
that our results were scarcely affected by the use of 
PEG-IFN and RBV. In fact, these two molecules did not 
demonstrate significant nephrotoxicity, while the reverse 
may be true because renal impairment reduces excretion 
of both PEG-IFN and RBV, leading to an increased risk 
of side effects, such as hemolytic anaemia due to intra-
erythrocyte accumulation of RBV[5,36].

All regimens analyzed in our study included a NS3/
4A protease inhibitor (i.e., TVR or SMV). Currently, far 
more data are available about renal safety of TVR than 
renal safety of SMV or other DAAs. The available data 
showed that TVR causes a significant but reversible 
reduction of eGFR which may be associated with an 
increase of side effect related to the drug[37,38]. Our study 
showed that, aside reduction of eGFR, there was also 
an increase of NGAL which could be a consequence of 
tubular damage. Currently, there is a paucity of data 
about renal safety of interferon free regimens including 
DAAs different from TVR. Particularly, it is unknown if 
second or third generation DAAs have a direct nephro
toxic effect. In our study, both patients treated with 
SMV + DCV experienced an increase of NGAL with a 
concomitant eGFR decrease during the first 12 week of 
treatment. Our results need to be confirmed by further 
and larger studies, however.

Several limitations may affect the study conclusions: 
(1) sample size was small and length of follow-up was 
limited; (2) correlations of NGAL with other factors 
which could have impaired renal function, such as dia
betes, cryoglobulinaemia, treatment with non NSAIDs 
or diuretics were not evaluated; and (3) we did not 
measure urinary NGAL or inflammatory molecules such 
as CRP and ILs which could confirm or disprove the hypo
theses above. Notwithstanding these limitations, we feel 
that our results are important and should provoke further 
investigations. In particular, we hypothesize that NGAL 
reveals kidney damage earlier than eGFR during DAA 
containing regimens. 

However, many questions still remain to be an
swered. Indeed, it has to be established whether a 
clinical cut-off of NGAL may guide clinical decisions (e.g., 
dosage modification or stopping of the offending drug). 
Also, it has to be evaluated whether NGAL could predict 
AKI during HCV treatment, especially in most-at-risk 
patients such as those with advanced cirrhosis and 
a high risk of renal complications (e.g., hepato-renal 
syndrome). Lastly, cost-effectiveness studies need to be 
conducted to verify the hypothesis that NGAL should be 
routinely used to monitor kidney function during HCV 
treatment instead of (or in addition to) creatinine.
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