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Unusual clinical course

Chronic hepatitis C virus (HCV) infection is associated with increased insulin resistance and risk of type 2 di-
abetes. Successful antiviral treatment can improve insulin resistance and allow a reduction in blood glucose-
lowering treatment. There have been case reports of a reduced insulin requirement in this situation, although
1 case in which insulin was stopped exhibited a subsequent deterioration in glycemic control.

A 55-year-old Italian man was diagnosed with HCV infection in 2000 at the age of 39 years and with type 2
diabetes 6 years later. He was started on metformin but progressed to multiple daily insulin injections after
3 years. He was treated with pegylated interferon, ribavirin, and telaprevir over 12 months from early 2013,
and achieved a sustained virologic response and normalization of hepatic function within 6 months of start-
ing therapy. He was subsequently able to reduce his insulin doses from 0.56 to 0.44 U/kg/day over the next 2
years and, based on a random serum C-peptide of 1.73 nmol/L (fasting reference range 0.37-1.47 nmol/L) in
the presence of serum glucose 7.9 mmol/L (143 mg/dL) and negative glutamic acid decarboxylase antibodies,
he accelerated withdrawal and stopped insulin 6 months later. He is currently taking linagliptin 5 mg daily with
good glycemic control. His body mass index and HbA, have remained <25 kg/m* and <6.0% (<42 mmol/mol),
respectively, throughout.

This case shows that complete withdrawal of long-term insulin therapy may be possible after HCV treatment
has induced a sustained virologic response.

Antiviral Agents ¢ Diabetes Mellitus, Type 2 ¢ Hepatitis C, Chronic ¢ Insulin
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Background

There is evidence of a relationship between type 2 diabetes
and chronic hepatitis C virus (HCV) infection, which appears
to be largely mediated by viremia-associated increased in-
sulin resistance (IR) [1]. Individuals infected with HCV geno-
type 1 or 4 exhibit the greatest IR [2] and IR is a positive pre-
dictor of the response to antiviral therapy [3]. In addition to
these observations, it is well established that treatment with
conventional interferon-based regimens [4] as well as novel
direct-acting antiviral (DAA) therapies [5] improves glycemic
control in people with HCV infections and diabetes, especially
those involving genotype 1. Reports of individual cases have
shown that some people taking oral agents, including met-
formin, sulfonylureas, and dipeptidyl peptidase 4 (DPP4) in-
hibitors, can withdraw from these therapies completely [6,7],
while insulin-treated individuals can reduce their doses [8] or
stop treatment [9] after antiviral therapy. Unfortunately, gly-
cemic control worsened within 6 months after completion of
HCV treatment in 2 of these cases, with a consequent need
for therapeutic intensification whether there was [7] or was
not [9] a sustained virologic response (SVR).

We report the case of an insulin-treated man with HCV who
has successfully withdrawn from long-term insulin treatment
over a 2-year period subsequent to achieving an SVR during
DAA-based therapy.

Case Report

A 55-year-old Italian man without a family history of diabetes
was found to have HCV infection in the year 2000 when he
was age 39 years. He was treated with interferon-ribavirin in
2006 but did not respond. He was diagnosed with type 2 dia-
betes at that time and was started on metformin monotherapy.
In 2009, he was admitted with severe abdominal pain, acute
hepatic decompensation, and marked hyperglycemia with ke-
tosis. He was changed from metformin to multiple daily injec-
tions (MDI) of insulin and had a second unsuccessful interfer-
on-ribavirin treatment course. His diabetes was subsequently
well managed. He performed self-monitoring of blood glucose
(SMBG) at least 4 times per day and experienced non-severe
hypoglycemia only occasionally.

He was referred for further hepatologic assessment in 2012.
At that time, infection with HCV genotype 1 was confirmed
(viral load 5.84 log IU/mL), and imaging and biopsy showed
evidence of cirrhosis. He was treated with pegylated interfer-
on, ribavirin, and telaprevir over a period of 12 months from
early in 2013, and achieved an SVR and normalization of he-
patic function within 6 months of starting therapy. A surveil-
lance liver ultrasound at 6 months showed a probable small
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Figure 1. Insulin dose in U/kg/day (A- - -A) on the left axis and
HbA, (®—®) on the right axis before, during and
after successful HCV treatment in a 55-year-old man.

17-mm hepatocellular carcinoma (HCC), which was success-
fully treated with microwave ablation. He has remained avire-
mic with no recurrence of HCC or new lesions on further sur-
veillance imaging.

When he started his third course of HCV treatment, he had a
body mass index (BMI) of 24.2 kg/m? and was taking glargine
at night and pre-meal soluble human insulin 3 times a day
at a total insulin dose of 0.56 U/kg/day (Figure 1). Although
he did not experience an increase in the frequency or sever-
ity of hypoglycemic episodes during HCV treatment and did
not change his diet or exercise program, his HbA, decreased
from 5.6% (38 mmol/mol) to 4.9% (30 mmol/mol) in the pres-
ence of a normal total hemoglobin concentration and no he-
moglobinopathy. It had increased to 5.4% (36 mmol/mol) at 6
months after treatment but he had started to reduce his pre-
meal insulin doses by 2 units on each occasion without a no-
ticeable deterioration in his SMBG results. He viewed MDI in-
sulin as essential but flexible treatment, and he was able to
reduce the doses further over the next 2 years. Because of
declining insulin requirements, he attended early in 2016 for
measurement of a random serum C-peptide, which showed an
increased concentration (1.73 nmol/L versus a fasting refer-
ence range of 0.37 to 1.47 nmol/L) in the presence of a serum
glucose of 7.9 mmol/L (143 mg/dL) [10]. His glutamic acid de-
carboxylase (GAD) antibodies were negative. The rapidity with
which he reduced his insulin treatment accelerated after this
and he was able to withdraw from insulin completely with-
out a deterioration in his HbA, _results by early August 2016
(Figure 1). His body weight fell from a peak of 75 kg during
HCV treatment to 71 kg 3 months after complete withdraw-
al of insulin therapy.

He has been treated with linagliptin 5 mg daily during the 6
months since withdrawing from insulin. On this well-tolerated




therapy, he maintains a pre-breakfast blood glucose concen-
tration that is typically 6 mmol/L (110 mg/dL) or with post-
prandial levels that range up to 11 mmol/L (200 mg/dL). He is
currently undergoing periodic review with a view to stopping
linagliptin should his near-normoglycemia persist. He remains
a non-smoker, and in August 2016 was normotensive (supine
blood pressure 101/77 mmHg) with a satisfactory serum lip-
id profile (serum LDL cholesterol 1.7 mmol/L or 66 mg/dL and
serum triglycerides 0.7 mmol/L or 62 mg/dL). He has no micro-
vascular or macrovascular complications as assessed through
Fremantle Diabetes Study screening protocols [11].

Discussion

The present case is the first reported in the literature in which,
following HCV therapy that produced an SVR, MDI insulin treat-
ment was withdrawn completely without a subsequent deteri-
oration in glycemic control. In other similar cases, a reduction
but not cessation of insulin has been possible [8] or insulin
was stopped acutely but glycemic control then worsened sig-
nificantly within 6 months [9]. Although our patient coped
well with MDI insulin treatment guided by regular SMBG over
a 10-year period without any episodes of severe hypoglyce-
mia, he has been pleased that he has been able to stop in-
jections and to reduce the frequency of SMBG. He has consis-
tently maintained a BMI in the normal range (<25 kg/m?) but
the mild degree of weight loss since stopping insulin is also
something he has valued.

Although the exact mechanisms through which HCV infection
may perturb glucose tolerance are unclear, HCV is known to
interact with proteins that modulate insulin signaling and to
alter cytokine profiles that influence insulin secretion and ac-
tion [12-14]. Abrogation of these effects through successful
HCV treatment should improve IR and glycemia [4,5]. Indeed,
hepatic transplantation also improves glucose tolerance in
chronic HCV infection with reports of successful withdrawal
of insulin [15] as in the present case. The protease inhibitor
telaprevir is, as in our patient, effective against genotype 1 in-
fections. It has been hypothesized that this drug has an inde-
pendent blood glucose-lowering effect, perhaps through inhi-
bition of the serine protease activity of DPP4, thus mimicking
the action of drugs such as linagliptin [7]. The evidence for
this comes from a single case report in which there was post-
telaprevir treatment deterioration in glycemic control despite
an SVR [7]. However, there was weight gain during treatment
and no tests relevant to pancreatic beta cell function (such as
islet autoantibodies and serum C-peptide) were performed,
which complicates interpretation of the clinical course. By the
same token, there have been reports of autoimmune diabe-
tes presenting during interferon-based HCV treatment [16].
Although our case was diagnosed with diabetes at the time
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of his first unsuccessful interferon-ribavirin therapy, his pro-
gression to insulin took 3 years, he was GAD antibody-nega-
tive and he had an appropriate ‘stressed’ C-peptide response
10 years after diagnosis. There was, therefore, no suggestion
that he had autoimmune diabetes even though he was lean
and had no family history of type 2 diabetes.

Insulin requirements in the 2 years before successful HCV
treatment in our case ranged between 0.52 and 0.58 U/kg/day,
which is more than the 0.2-0.5 U/kg/day considered suitable
for lean individuals (BMI <25 kg/m?) with type 2 diabetes [17].
This and his relative lack of hypoglycemia suggest that insu-
lin was an appropriate form of treatment at that time. He was
reluctant to initiate a more than modest reduction in insulin
doses in the aftermath of antiviral treatment as he wished to
continue with very tight glycemic control to prevent the long-
term complications of diabetes. However, he was persuaded
to follow a planned progressive dose reduction once the sig-
nificance of the random serum C-peptide result was explained.
Whether he will be able to come off all therapy for diabetes
and maintain acceptable levels of glycemia even during peri-
ods of stress, such as due to infections, remains to be seen.
At present, he is aware that his post-prandial blood glucose
concentrations can be high relative to those he was record-
ing on MDI insulin, so oral monotherapy appears appropriate.

Conclusions

The clinical implications of this and similar cases that have
been published in the literature [6-9] are several. First, HCV
infection should be considered as a potential factor, albeit in-
frequent [18], underlying newly presenting type 2 diabetes or
an unexpected worsening of glycemic control in established
diabetes. Second, successful treatment of HCV (the expected
outcome in the era of DAA-based regimens [19]) may improve
glycemic control and lead to a reduction in blood glucose-low-
ering therapy including insulin. The present case suggests that
even longstanding insulin therapy may not be required if there
is an SVR. Third, unless warranted by frequency and severi-
ty of hypoglycemia, we recommend that insulin dose reduc-
tion is done in a staged manner based on the results of tests
such as ‘stressed’ serum C-peptide and islet autoantibodies,
as well as increased SBMG and periodic HbA, measurement.
As was the case in our patient, people with diabetes are usu-
ally told that starting insulin is an irreversible therapeutic de-
cision with potentially dire consequences if the injections are
stopped. A slow withdrawal allows reassurance that this is
the correct strategy with serial substitution of oral agents if
required. As in our case, the improvements in psychological
and physical wellbeing resulting from successful HCV treat-
ment are likely to be augmented by simplification of diabe-
tes self-management.
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