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Background. People with HIV are disproportionately coinfected with hepatitis C virus (HCV) and experience accelerated liver-
related mortality. Direct-acting antivirals (DA As) yield high sustained virologic response (SVR) rates, but uptake is suboptimal. This
study characterizes the DAA-era HCV treatment cascade and barriers among US men and women with or at risk for HIV.

Methods. We constructed HCV treatment cascades using the Women’s Interagency HIV Study (women, 6 visits, 2015-2018,
n = 2447) and Multicenter AIDS Cohort Study (men, 1 visit, 2015-2018, n = 2221). Cascades included treatment-eligible individuals
(ie, HCV RNA-positive or reported DA As). Surveys captured self-reported clinical (eg, CD4), patient (eg, missed visits), system (eg,
appointment access), and financial/insurance barriers.

Results.  Of 323/92 (women/men) treatment eligible, most had HIV (77%/70%); 69%/63% were black. HIV-positive women
were more likely to attain cascade outcomes than HIV-negative women (39% vs 23% initiated, 21% vs 12% SVR); similar discrepan-
cies were noted for men. Black men and substance users were treated less often. Women initiating treatment (vs not) reported fewer

patient barriers (14%/33%). Among men not treated, clinical barriers were prevalent (53%).

Conclusions.
substance users may need additional support.
Clinical trials registration:
Keywords.

Approximately 3.5 million people in the United States are chron-
ically infected with hepatitis C virus (HCV), making it the most
common chronic bloodborne infection and the leading cause
of liver cirrhosis, hepatocellular carcinoma, and liver disease-
related mortality in the United States [1-4]. Less than 2% of the
general, noninstitutionalized population is living with HCV [1,
3]. In contrast, among people with human immunodeficiency
virus (HIV), an estimated 8% of women and heterosexual
men, 16% of men who have sex with men (MSM), and 83% of
people who inject drugs are coinfected with HCV [5]. HCV is
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HIV care may facilitate HCV treatment linkage and barrier navigation. HIV-negative individuals, black men, and
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independently associated with an increase in liver-related and
all-cause mortality among people with HIV [6].

The introduction of direct-acting antivirals (DAAs) in 2011
transformed treatment of chronic HCV in the United States.
DAA-based regimens have demonstrated sustained virologic
response (SVR) rates greater than 95% in clinical trials and are
shorter in duration, more effective, and easier to tolerate than
earlier interferon-based regimens [7-9]. HCV cure rates for
DAA-based regimens are similar for people with and without
HIV [10, 11]. The American Association for the Study of Liver
Diseases (AASLD)/Infectious Diseases Society of America
(IDSA) HCV guidance strongly recommends treatment for all
people with chronic HCV, except for those with short life ex-
pectancy that cannot be remediated by HCV treatment, liver
transplantation, or another directed therapy [12].

Successful HCV treatment requires that an individual is not
only aware of their HCV infection, but also interested in HCV
treatment and effectively engaged in the health care continuum
(eg, referral, initiation). The vast majority of literature charac-
terizing engagement in HCV care captures the period prior to
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widespread availability of DAAs [13]. A systematic review by
Yehia and colleagues characterizing the HCV treatment cascade
in the interferon-based regimen era found that among 3.5 mil-
lion people with chronic HCV, 16% were prescribed treatment
and 9% achieved SVR [13]. Although emerging work charac-
terizing HCV treatment uptake early (pre-2015) in the DAA-
era suggests the initiation of DAA-based HCV regimens among
persons with HCV/HIV coinfection has increased, uptake re-
mains suboptimal [10, 11, 14]. Notably, the majority of this
literature is based on single clinic or health systems, and thus
may not be generalizable to broader US contexts. This study
characterizes the DAA-era HCV treatment cascade through the
contemporary treatment era (2015-2018) among 2 multisite US
cohorts of men and women with and without HIV and identi-
fies clinical (eg, poor health, detectable HIV load), patient (eg,
missed visits), system (eg, appointment access), and financial
(eg, insurance) barriers to HCV treatment.

METHODS

Study Population and Data Collection

Our data sources included the Women’s Interagency HIV Study
(WIHS) and the Multicenter AIDS Cohort Study (MACS),
2 longstanding US observational cohorts of persons with or
at risk for HIV infection. The WIHS enrolled women at sites
in Bronx and Brooklyn, NY; Washington, DC; Los Angeles
and San Francisco, CA; and Chicago, IL in 1994-1995, 2001-
2002, and 2011-2012, with additional women enrolled in
2013-2015 at sites in Chapel Hill, NC; Atlanta, GA; Miami,
FL; Birmingham, AL; and Jackson, MS. The MACS enrolled
MSM at sites in Baltimore, MD; Pittsburgh, PA; Chicago, IL;
and Los Angeles, CA in 3 periods: pre-2001 (starting in 1984),
2001-2003, and 2010. In both cohorts, visits were conducted
semiannually and included: (1) a structured interview to ob-
tain self-reported information including medical history, med-
ication use, and sociodemographic descriptors; (2) a physical
examination; and (3) laboratory specimen collection. All par-
ticipants provided written informed consent to participate and
contribute their data to research studies. Detailed participant
recruitment, retention, and characteristics have been previously
described [15-17].

Eligibility
For the analyses described herein, all women enrolled in the
WIHS and men enrolled in the MACS, whether living with
or at risk for HIV, were eligible if (1) their most recent study-
indicated HCV testing was antibody positive and RNA positive
(ie, active infection) or they stated having ever taken DAA med-
ication for HCV and (2) they attended and reported on their
HCV treatment experiences between April 2015 and March
2018 for women and October 2015 and March 2018 for men.
Self-report of DAA medication use included all classes (NS3/4A
protease inhibitors, NS5B nucleoside polymerase inhibitors,

NS5B nonnucleoside polymerase inhibitors, and NS5A protein
inhibitors) [9].

Hepatitis C Treatment Cascade and Barriers to HCV Treatment

Study questionnaires captured participant experiences with
HCV treatment, specifically, whether they: (1) were inter-
ested, (2) talked to a provider, (3) were referred, (4) were re-
commended, (5) initiated, (6) completed, or (7) were told that
treatment was successful (cure/SVR). Participants who re-
ported “no” to items 2-6 (eg, did not talk to a provider) were
asked to select all that applied from a prespecified list of reasons
regarding why they had not achieved this step, including an
open-ended “other” write-in option. Participants responding
“no” to a question were not asked subsequent cascade ques-
tions (eg, a participant responding he/she had not talked to a
provider was not asked about treatment referral). Reasons, in-
cluding “other” write-ins, were categorized into 4 mutually ex-
clusive domains: (1) clinical (eg, competing health issues, HIV
viral load or CD4 count did not meet treatment criteria due to
clinical indicators [eg, genotype or laboratory abnormalities]),
(2) system (eg, waiting for appointments or prescriptions, labo-
ratory testing, no health care provider), (3) patient (eg, missed
visits, side effect or efficacy concerns, perception that treatment
was not necessary, substance use, nonadherent to other medica-
tions), and (4) financial (eg, insurance denials or delays).

Women enrolled in the WIHS could complete the staff-
administered survey at each of 6 study visits, allowing the pro-
gression of women through the HCV treatment cascade to be
tracked longitudinally. Men enrolled in the MACS were asked
about their experiences once during the study period using a
staff-administered survey. Questionnaires are publicly available
through the MACS/WIHS Combined Cohort Study website
(https://statepi.jhsph.edu/mwccs/data-collection-forms/).

We constructed a cross-sectional HCV cascade utilizing
data from each woman’s first semiannual visit during the
study period (per study eligibility criteria) and longitudinal
cascades reflecting women’s HCV treatment experiences over
time. Repeated data collection in the WIHS resulted in poten-
tially discrepant information between visits (eg, a woman may
have reported having been cured at 1 visit and report having
not completed treatment at the next visit). In such cases, data
were individually reviewed by A. E. (author and analyst) and
assigned the most likely true value(s). Progression in the cas-
cade was assigned conservatively (eg, a woman who may have
either been cured or did not complete treatment was assigned
the latter). We evaluated the robustness of findings by com-
paring available data sources (reported DAA medication use,
SVR confirmatory testing).

Analysis
We stratified HCV treatment cascades within each cohort by
HIV status. The x* and Fisher exact test were used to compare
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proportions, with continuous variables compared using the
nonparametric Wilcoxon rank sum test. Nonparametric esti-
mates of the survival function were obtained using the product-
limit (Kaplan-Meier) method in order to quantify the median
progression time through HCV treatment cascade steps, with
95% confidence intervals for median survival times calcu-
lated using the log-log transformation of the survival function.
Analyses were conducted using SAS version 9.4 (SAS Institute).

RESULTS

Of the 2447 women attending a WIHS visit in 2015 or later,
323 (13%) met the inclusion criteria: 30 who self-reported DAA
medication use, plus 293 who were HCV RNA positive at their
most recent HCV test (Figure 1A). Among 2221 men attending
a visit 2016 forward, 92 (4%) met the inclusion criteria; half of
men (n = 46, 50%) were HCV antibody positive/RNA positive
at MACS enrollment with the other 46 RNA positive at their
most recent HCV test. None of the RNA-negative men reported
pre-2015 DAA medication use (Figure 1B). Women and men
were comparable with respect to advanced liver fibrosis, de-
fined as an aspartate aminotransferase to platelet ratio index
(APRI) of at least 1.5 or a Fibrosis-4 (FIB-4) of at least 3.25 (18%
vs 12%).

The median age in eligible women and men were 56 (inter-
quartile range [IQR], 51-60) and 58 (IQR, 55-63) years, re-
spectively. The majority were living with HIV (77% women,
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70% men; Table 1). Most women (69%) and men (63%) were
black non-Hispanic. Both groups were low income, with 78% of
women having annual household earnings <$18 000 and 63%
of men earning <$20 000 per year. Men were almost universally
insured (99%); 90% of women reported having insurance.

HCV Treatment Cascade Among Women Enrolled in the WIHS

Using data from women’s first RNA-positive semiannual visit
during the study period, women with HIV more successfully
attained cascade outcomes than women without HIV, despite
similar treatment interest: (1) 52% versus 31% were recom-
mended for treatment (P = .001), (2) 39% versus 23% initiated
treatment (P =.011), and (3) 21% versus 12% achieved SVR
(P=.08) (Figure 2A). Cascades reflecting progression lon-
gitudinally revealed similar trends among women with and
without HIV: (1) 82% versus 61% recommended for treatment
(P <.001), (2) 69% versus 43% initiated treatment (P < .001),
and (3) 63% versus 37% achieved SVR (P < .001).

Regardless of HIV status, women with annual incomes
<$18 000 (P = .001) and women who injected drugs (P = .033)
or used other illicit substances (P < .001) in the past 6 months
were less likely to initiate treatment. Employed women were
more likely to initiate treatment (P = .009). There were no dif-
ferences (P > .05) in treatment initiation by age, race/ethnicity,
education, health insurance, alcohol use, or advanced liver
fibrosis.
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Active Hepatitis C infection among (A) Women's Interagency HIV Study (n = 323) and (B) Multicenter AIDS Cohort Study (n = 92) participants, 2015-2018.

Abbreviations: AB, antibody; DAA, directly acting antiviral; HIV, human immunodeficiency virus.



Table 1. Characteristics of 415 US Women and Men (at First Visit 2015-2018) Who Were HCV RNA Positive or Had Initiated a Direct-Acting Antiviral for
HCV
Characteristic WIHS (n = 323) MACS (n = 92)
Demographics
Living with HIV 248 (77) 64 (70)
Age, y, median (IQR) 56 (51-60) 58 (55-63)
Race/ethnicity
Black, non-Hispanic 223 (69) 58 (63)
Hispanic white, black, other 55 (17) 11 (12)
White non-Hispanic, Asian/Pacific islander, native American/Alaskan, other 45 (14) 23 (25)
Less than high school education 128 (40) 18 (20)
Low annual income® 252 (78) 58 (67)
Employed 55 (17) 22 (24)
Health insurance 292 (90) 91 (99)
Medicaid 245 (84) 46 (51)
Private 32 (1) 17 (19)
Medicare 8(3) 20 (22)
Other 7(2) 8(9)
Behavioral
Injection drug use, past 6 mo 12 (4) 9 (10)
Noninjection substance use, past 6 mo® 102 (32) 54 (59)
Alcohol use, past 6 mo®
Abstainer 192 (59) 38 (41)
Low/moderate 87 (27) 31 (34)
Moderate/heavy 12 (4) 13 (14)
Heavy/binge 32 (10) 10 (11)
Advanced liver fibrosis, APRI of at least 1.5 or FIB-4 of at least 3.25 57 (18) 1 (12)

Data are n (%) unless otherwise noted.

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; IQR, interquartile range; MACS, Multicenter AIDS Cohort Study; WIHS, Women's Interagency Cohort Study.

#<$18 000 for household in women, and <$20 000 in men. Income data missing for 8 men.

®In women, noninjection substance use included crack, cocaine, heroin, marijuana, hallucinogens, club drugs, and methamphetamines. In men, noninjection substance use included hash/
marijuana, poppers, crack, other street drugs, or snorted or swallowed or put in anus (“booty bumped”) speed/ methamphetamines/ ice/ heroin/ speedball/ other cocaine.

°In women, low/moderate drinking was defined as 1-7 drinks/week, moderate/heavy as 7-12 drinks/week, and heavy/binge as 13 or more drinks/week. In men, low/moderate drinking was
defined as 1-2 drinks/day or 3-4 drinks/day no more than once a month, moderate/heavy as 3—-4 drinks/day more than once a month or 5 or more drinks/day less than once a month. Binge

drinking was defined as 5 or more drinks/day at least once a month.

Women attended a median of 5 visits (IQR, 5-6) during the
study period. Nearly 25% (n = 305) reported having already
been cured and another 20% had either initiated or completed
treatment at the first data collection time point (Figure 3).
Increasing proportions of women attained later cascade out-
comes over time, with over three-quarters of women having
attained SVR approximately 3 years after first expressing in-
terest in treatment. Substantial proportions of women who
were interested in treatment but had not yet started (n = 176)
failed to initiate treatment in the subsequent 1 year (n = 129,
73%), 2 years (n = 79, 45%), and 3 years (n = 36, 20%). Failure
to progress along the treatment cascade is also reflected by the
median number of semiannual visits needed to progress from a
given step in the cascade to a later step (Supplementary Figure
1). It took roughly 18 months from reporting having talked with
a provider to reporting having attained a later step in the cas-
cade (ie, treatment referral, recommendation, initiation, com-
pletion, or cure) (Supplementary Figure 1B). Similarly, it took
roughly 1 year to report having been cured following treatment
completion (Supplementary Figure 1F), indicating delays in

seeing a provider and obtaining confirmatory testing following
treatment completion.

Various structural and personal factors were stated as reasons
for not achieving cascade steps. At the initial (baseline) visit,
10% of women reported clinical, 7% of women reported patient,
4% of women reported system, and 6% of women reported fi-
nancial barriers. Over time, women who ultimately initiated
treatment, as compared to women who did not initiate treat-
ment were: (1) less likely to report patient barriers (14% vs 33%,
P =.002) and (2) more likely to report systems barriers (34% vs
17%, P = .005). There were no differences in reporting of clin-
ical (32% vs 35%, P = .60) or financial (26% vs 24%, P =.73)
barriers for women who initiated treatment, compared to those
who did not.

HCV Treatment Cascade Among Men Enrolled in the MACS

Despite similar treatment interest, men with HIV more suc-
cessfully attained cascade outcomes than men without HIV: (1)
77% versus 54% were recommended for treatment (P = .027),
(2) 63% versus 43% initiated treatment (P = .08), and (3) 53%
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Figure 2. Hepatitis C treatment cascade, ranging from HCV treatment interest to cure, among women and men with and without HIV infection enrolled in (4) the Women's
Interagency HIV Study (n = 323) and (B) men enrolled in the Multicenter AIDS Cohort Study (n = 92), 2015-2018.

versus 39% achieved SVR (P = .22) (Figure 2B). Regardless of
HIV status, black men (P = .04) and men using illicit substances
in the past 6 months (P = .05) were less likely to initiate treat-
ment. There were no differences (P > .05) in treatment initia-
tion by age, education, employment, health insurance, injection
drug use, alcohol use, or advanced liver fibrosis.

Among men who reported not initiating treatment, clinical
barriers were reported more commonly (53%) than patient
(1%), system (2%), and financial (2%) barriers. Cross-sectional
data collection precluded the comparison of barriers between
men who did and did not initiate treatment.

Validation of Cascades
To validate the self-reported cascade outcomes and evaluate
their robustness vis-a-vis other data sources, we first examined
overlap with medication use separately ascertained at visits. Of
the 202 women reporting HCV treatment, all but 18% (n = 37)
reported DAA medication use. Approximately two-thirds of
initiators who did not report DAA medication use reported
having attained SVR (n = 25).

Among men, 25% (n = 13) of the 52 who reported having ini-
tiated treatment did not report DA A medication use. Eleven of 13
initiators without documented DA A medication reported SVR.
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Figure 3. Hepatitis C treatment cascade progression over time among 305 women with confirmed hepatitis C virus infection enrolled in the Women's Interagency HIV Study
expressing interest in treatment, 2015-2018. Abbreviations: SVR, sustained virological response.

In the WIHS only, we compared self-reported cascade out-
comes to HCV RNA results. Of 184 women reporting SVR,
151 (82%) had follow-up RNA testing. Of these, 147 (97%) had
virologic evidence of cure, defined as an RNA-negative result at
their most recent test.

DISCUSSION

In our cohorts, people with HIV were more likely than HIV-
seronegative individuals to receive treatment for HCV and
attain SVR. It is possible that having HIV infection facilitates
connection to HCV treatment through one or more pathways.
First, engagement in HIV care may facilitate linkage both to
health care systems and providers. Linkage to HCV care pro-
viders has been identified as a major barrier to HCV treat-
ment initiation [14, 18]. Infectious disease providers may have
greater knowledge of and willingness to treat HCV or refer to
HCV care, in part due to the higher prevalence and greater
morbidity of HCV among people with HIV [19, 20]. This ap-
proach would streamline timely connection to HCV-specific
care and enhance the likelihood of treatment initiation [21, 22].
In contrast, people with HCV monoinfection may need to iden-
tify and link to another provider in order to access HCV-related
care. Secondly, HIV accelerates the progression of liver disease,
liver failure, and liver-related mortality [23, 24]. Although cur-
rent AASLD/IDSA HCV guidance strongly recommends treat-
ment for all people with chronic HCV, it is likely that the more
aggressive progression of liver disease among people with HIV/
HCV coinfection promotes greater urgency for HCV treatment
initiation and may facilitate eligibility for reimbursement of
treatment costs [23-25].

Regardless of HIV status, participants cited multiple barriers
to cascade progression. Although DAA treatment regimens
during the study period were typically 12 weeks in duration,
one-fifth of women had not progressed through the cascade
3 years after expressing interest in HCV treatment. Women
who initiated treatment, as compared to women who did not,
were more likely to report system-level barriers (eg, waiting
for available appointments, laboratory results). Given that it
took women a median of 18 months from reporting having
talked with a provider to reporting having attained a later
step in the cascade, the additional burden of system barriers
among women initiating treatment likely reflects: (1) admin-
istrative challenges associated with cascade progression and (2)
these women’s persistence and ability to effectively navigate the
health care system. Participants with HIV may be more adept at
navigating these barriers or have access to additional case man-
agement support as a function of their HIV [14]. These find-
ings highlight the substantial administrative burden associated
with cascade progression and support calls for streamlined, in-
tegrated approaches as a way to optimize treatment and related
outcomes.

Comparing the cohorts descriptively, we found that HCV
treatment initiation and barriers to treatment varied by sex,
regardless of HIV status. Men were nearly twice as likely to
have initiated treatment for HCV as women, when comparing
baseline progression through the cascade at a single baseline
visit. Data collection spanned the same time period for both
men and women, so it is unlikely that temporal changes in the
availability of DA As explains this disparity. In addition, women
and men did not vary with respect to advanced fibrosis. Men



overwhelmingly reported clinical barriers to treatment (but
few participant, system, or financial barriers), whereas women
tended to report barriers across all domains. Past work has
not revealed differences in HCV treatment uptake between
men and women [26, 27]. Men enrolled in the MACS reported
higher incomes and more formal education than women en-
rolled in WIHS. It is likely that the observed difference in treat-
ment initiation reflects socioeconomic disparities in access to
HCV treatment, rather than sex differences [24, 27]. Cost has
been identified as a major barrier to HCV treatment [24, 25,
27-31]. Insurance coverage is a primary facilitator of treatment
access, although findings of research exploring relationships
between insurance type and HCV treatment uptake have been
mixed [25, 29-31].

Past work has consistently found that people of color are
less likely to initiate HCV treatment [11, 31]. Women in our
sample were almost universally insured, which may explain why
we did not detect differences by race [28]. However, black men
were less likely to initiate HCV treatment than other men in the
MACS, despite high rates of health insurance. A defining fea-
ture of the MACS is that all of the participants are MSM. Black
MSM experience notable disparities in access to health care at-
tributable to structural inequities and experiences of stigma,
medical mistrust, and racism [32]. Layered HCV-related stigma
may further hinder engagement in care [33]. The rise in HCV
infections among MSM has received attention in recent years
[34]. Addressing added barriers that black MSM face engaging
in HCV care may increase initiation of HCV treatment and pre-
vention of new HCV infections in this key population.

Similar to past research, we found that people reporting
substance use were less likely to initiate treatment [19, 20].
Substance use may act as a multilevel barrier to HCV treatment
initiation. On a patient level, individuals using substances may
face challenges effectively linking to and engaging in care [10].
On a financial level, lack of insurance or coverage exclusions
prohibiting the approval of HCV therapies for individuals using
substances may delay or prevent treatment initiation. Barua
and colleagues found that 88% of state Medicaid plans had cov-
erage restrictions for people who use drugs, with 50% requiring
a period of abstinence prior to treatment approval [25]. On a
system level, providers may be reluctant to initiate treatment
among individuals whom they perceive unlikely to adhere to
and complete treatment [19, 20]. However, this perception is
counter to systematic reviews supporting high HCV treatment
adherence, low discontinuation, and low rates of HCV reinfec-
tion among people who inject drugs [35]. There is a substan-
tial burden of HCV among people using substances, especially
those who inject drugs [5]. DAA-based treatment of HCV is
both cost-effective and successful among people who use drugs
[35]. Removing insurance barriers and engaging drug users in
HCV treatment should remain a priority area, to mitigate HCV
transmission and HCV-related morbidity and mortality.

Our findings are subject to limitations. Cascades reflect
participant-reported data and may be subject to recall or social
desirability bias. However, our sensitivity analyses suggest that
self-reported measures correspond well with laboratory indi-
cators. Many participants did not progress through the HCV
treatment cascade. It is possible that among those that were not
treated, there were clinical indications against treatment. The
broad AASLD/IDSA treatment guidelines, however, make it un-
likely that a large proportion of the cohort was contraindicated
for DAAs [12]. Unfortunately, the nature of the data does not
allow us to assess these distinctions. Although our data include
both women and men, participants were enrolled in distinct co-
horts, precluding comparisons by sex. Despite these limitations,
our study has several strengths. This study utilized high-quality
data from 2 long-standing US multisite cohorts; cohorts were
designed to reflect sociodemographics of people with HIV in
the United States [15, 16]. Participants agree to long-term fol-
low-up and as a result may not be representative of all people
with HCV or HIV. The availability of only cross-sectional
MACS data precluded our ability to assess cascade progression
among men longitudinally. However, the cross-sectional and
longitudinal nature of analyses among the WIHS participants
demonstrate that cascade progression and related barriers shift
over time, highlighting the importance of assessing HCV treat-
ment experiences longitudinally. In addition, our study allowed
us to examine within-cohort differences by HIV status.

Collectively, our findings support past work demonstrating
higher levels of HCV treatment initiation in the DAA era [10,
11, 13, 14]. This work also highlights the substantial time and
challenge associated with progressing from being interested
in receiving HCV treatment to treatment initiation and, ulti-
mately, SVR. In our cohorts, people with HIV were more likely
than seronegative individuals to receive HCV treatment and at-
tain SVR. HIV-related care may facilitate treatment linkage and
navigation of barriers. Subpopulations of individuals with HCV
may require additional supports to successfully achieve treat-
ment outcomes, including black MSM, people of lower socio-
economic status, and substance users. Effective linkage to care
and initiation of HCV treatment is critical to reaching AASLD/
IDSA HCV treatment guidelines, preventing new HCV infec-
tions, and reducing HCV-related morbidity and mortality.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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