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Limited data exist regarding the use of direct-acting antivirals 
(DAAs) for hepatitis C virus (HCV) in patients who are unable 
to swallow tablets. This case series describes HCV treatment in 
patients requiring tablet manipulation, providing evidence for 
safety and effectiveness of HCV DAA tablet manipulation.
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KEY POINTS

This report comprises the largest and most comprehensive 
case series for hepatitis C virus (HCV) treatment with direct 
acting antiviral (DAA) tablet manipulation. The results suggest 
safety and effectiveness of HCV treatment requiring DAA tablet 
manipulation.
Chronic hepatitis C virus (HCV) affects >70 million people 
worldwide [1] and is an ongoing epidemic within the United 
States where approximately 2.4 million people are living with 
HCV [2]. Many benefits are observed among people treated 
for HCV who achieve a sustained virologic response (SVR), 
or virologic cure, such as reductions in liver-related morbidity 
and mortality, extrahepatic manifestations, and all-cause mor-
tality [3–6]. The introduction of direct-acting antivirals (DAAs) 
has changed the HCV treatment landscape and offers safe 
and highly effective all-oral regimens over previous regimens 

with extended durations and numerous adverse drug effects. 
The evolution in HCV pharmacotherapy is recognized by the 
American Association for the Study of Liver Diseases and the 
Infectious Diseases Society of America, which recommend 
treating almost all patients infected with HCV with oral DAAs 
and highlight SVR rates >90% for most patient populations [7]. 
Nonetheless, HCV treatment options for patients with difficul-
ties swallowing whole tablets have largely remained unclear.

DAAs have been evaluated in many patient populations, yet 
limited data exist regarding use in patients unable to swallow 
whole tablets. Despite this paucity of data, clinical scenarios 
may require tablet manipulation (ie, crushing or splitting) due 
to dysphagia, physiological changes, concurrent medications, 
or disease states [8]. While it is often accepted that taking oral 
medications can be troublesome for children and adolescents 
due to medication taste and swallowing difficulties [9], adult 
populations also report a swallowing difficulty prevalence as 
high as 60% [8, 10].

With the increasing use of DAAs, including among niche 
populations such as pediatric patients and HCV-positive organ 
transplant recipients, and the potential impact splitting or 
crushing may have on tablet integrity [11], there is an unmet 
need for outcomes data in cases that require DAA tablet manip-
ulation. The aim of this case series is to describe the safety and 
effectiveness of HCV treatment requiring DAA tablet manipu-
lation in real-world scenarios. Additional literature is reviewed 
here to present an inclusive resource to practitioners.

CASE SERIES

We conducted a retrospective case series of patients prescribed 
DAA therapy requiring tablet manipulation from January 2013 
to December 2019 at 3 academic tertiary medical centers in the 
United States. This study was approved by the institutional re-
view board (IRB) at Vanderbilt University Medical Center as an 
exempt study. Review was not required by the IRB of Temple 
University or the University of South Carolina. Baseline dem-
ographics, comorbidities, HCV characteristics, reasons for and 
methods of DAA administration, DAA treatment informa-
tion, and outcomes were collected (Table 1). Among 10 pa-
tients identified, most were male (60%), treatment naive (70%), 
with HCV genotype 1a infection (60%) and had a median 
age of 61 years (interquartile range [IQR], 56–68 years). Half 
were Black, and half were White. DAAs included sofosbuvir/
velpatasvir (50%), ledipasvir/sofosbuvir (30%), and glecaprevir/
pibrentasvir (20%). Patients either crushed (70%) or split (30%) 
tablets. Reasons for tablet manipulation included inability 
to swallow tablets due to history of cancer (60%); difficulty 
swallowing large tablets (10%); short gut syndrome requiring 
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enteral feeding (10%); and inpatient intubation after multiorgan 
transplant (20%). All patients were prescribed 12 weeks of DAA 
therapy and had undetectable HCV viral loads by day 56 on 
treatment. The median time to on-treatment viral load assess-
ment was 33 days (IQR, 27–44 days). All patients with available 
data (n = 7) achieved SVR at 12 weeks (SVR12). Three patients 
achieved undetectable viral loads at end of treatment but were 
lost to follow-up prior to SVR12 assessments. No patients ex-
perienced severe adverse events, but unpleasant taste was re-
ported (n = 4). Eight patients (80%) completed treatment with 
≤4 missed doses. One patient reported missing “several” doses; 
another completed treatment 31 days after the anticipated end 
of treatment date and still achieved SVR12.

DISCUSSION

The need to manipulate HCV DAAs reflects a real-world clin-
ical challenge in delivering HCV care. Although pellets of 
commonly prescribed HCV DAAs are now approved for pedi-
atric use, these are unlikely to be used in the real-world adult 
population as multiple packets (ranging from 2 to 6) would be 
needed to constitute an adult dose, which may exceed the costs 
of standard tablets and prove a barrier during the insurance au-
thorization process. Current DAA tablet formulations are not 
enteric-coated or sustained-release, so tablets can be split or 
crushed without concerns for degrading the drug release mech-
anism. However, stability and pharmacokinetic data of crushed 
or split tablets are not readily available. Reports of DAA tablet 
manipulation are limited to 2 small phase 1 pharmacokinetic 
studies [12, 13] and case reports (Table 2) [14–23]. Pijnenburg 
et al [12] conducted a phase 1, single-dose trial evaluating phar-
macokinetic data of elbasvir/grazoprevir in 11 healthy adult 
volunteers. Pharmacokinetic similarities were demonstrated 
between crushed and suspended elbasvir/grazoprevir tablets 
compared with whole tablets; thus, crushed tablets can be an 
administration option for patients with swallowing disorders. 
Oberoi et al [13] evaluated pharmacokinetic data for a single 
dose of glecaprevir/pibrentasvir in 25 healthy adults. Among 
5 different administration mode groups evaluated (ie, whole 
tablets, halved tablets, crushed tablets, tablets ground into a 
powder, and ground powder mixed in Jell-O), all manipulation 
strategies had clinically significant impact on drug exposure ex-
cept halving tablets, which did not affect exposure levels. These 
data comprise all publicly available pharmacokinetic results on 
this issue.

To date, 11 individual case reports of DAA tablet manipulation 
have been published (Table 2) [14–24]. Five cases describe treat-
ment with sofosbuvir/velpatasvir in patients with HCV geno-
types 1a, 1b, 2b, and 4 [19–23]. In these cases, patients crushed 
tablets and either administered by mouth [19, 22, 23] or via per-
cutaneous endoscopic gastrostomy (PEG) tube [20, 21]. SVR12 
was achieved in 4 patients [19, 20, 22, 23] and was not reported 

in the remaining case [21]. The addition of the case series de-
scribed here doubles the number of sofosbuvir/velpatasvir 
reported tablet manipulation cases and expands to previ-
ously unreported patient populations treated with sofosbuvir/
velpatasvir. These newly reported patients include 4 with HCV 
genotype 3 infection, 1 patient with decompensated cirrhosis, 
and 2 patients who split tablets. Ledipasvir/sofosbuvir tablet 
manipulation was previously reported in 3 cases, all achieving 
SVR12 [16–18]. All patients had HCV genotype 1, and tablets 
were crushed, dissolved, and administered by PEG tube [16, 17] 
or gastrostomy button [18]. Three additional cases of treatment 
with ledipasvir/sofosbuvir in HCV genotype 1 patients with oral 
administration after crushing and splitting tablets are newly re-
ported here. Additional published case reports include 2 patients 
with genotype 1a HCV treated with elbasvir/grazoprevir [14, 24] 
and a genotype 1b patient treated with glecaprevir/pibrentasvir 
[15]; all patients achieved SVR12 [14, 15, 24].

Recently Waldman et al described treatment of 25 patients 
with glecaprevir/pibrentasvir after receiving heart or heart/
kidney transplants from HCV nucleic acid test–positive (NAT+) 
donors, 8 of whom crushed GLE/PIB a median of 6 days during 
the course of HCV treatment [25]. There was no difference in 
SVR rates between the 2 groups. Our data add to this report and 
include 2 additional cases of crushed glecaprevir/pibrentasvir 
following organ transplant from HCV NAT+ donors who re-
ceived crushed tablets through the entire course of DAA treat-
ment and achieved SVR12.

These data comprise the largest and most comprehensive case 
series of safety and efficacy data for HCV DAA tablet manipula-
tion and fill important data gaps related to DAA tablet manipu-
lation. This series describes the first cases of tablet manipulation 
in patients with genotype 3 infection and a patient with decom-
pensated cirrhosis. The definition of tablet manipulation in 
this case series expands on previous literature to include split-
ting in addition to crushing, thus reflecting a wider variety of 
real-world practice. These data additionally build on previous 
reports of HCV NAT+ donor organ transplants with longer du-
ration of tablet manipulation during treatment. The presence 
of patients lost to follow-up reflect the real-world challenges of 
HCV treatment despite high efficacy. As there were no severe 
adverse effects reported in this series or in any of the cases from 
the literature, these data suggest safety of DAA manipulation.

The safety and efficacy of HCV treatment despite DAA tablet 
manipulation seen in our case series align with existing litera-
ture to support use of tablet manipulation of HCV DAAs when 
needed; however, further study remains warranted to examine 
tablet stability and effects on pharmacokinetic and safety pro-
files. In summary, this real-world case series of 10 cases of HCV 
DAA manipulation and review of the published literature dem-
onstrate the safety and efficacy of tablet manipulation and pro-
vide a resource for clinicians treating HCV amid challenging 
clinical circumstances.
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