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several of which differed based on outcome in this pa-
tient cohort (Table 1), did not identify clear clustering
based on these factors (Supplemental Fig. 1).
We next analyzed differences by treatment outcome

and identified 84 genes pre-treatment and 43 genes
post-treatment with differential expression (Fig. 3b-c,
Supplemental Excel File Tabs 2–3). Significant genes
with the highest fold differential expression between
SVR and relapse patients pre- and post-treatment are
displayed as heatmaps (Fig. 4).
Pre-treatment, prior to DAA exposure, a number of

genes related to TLR-mediated pathogen recognition
(TLR8, TLR2, TLR5, IRAK4, TOLLIP), IL1 signaling,
complement activation, and TNF signaling had lower ex-
pression in patients who later experienced treatment re-
lapse. Multiple genes related to neutrophils (FCGR3A/B,

FCGR2A, FCGR2A/C) were lower in relapsers, consist-
ent with observations derived by flow cytometry. Inter-
estingly, pre-treatment expression of IFNAR1, IFNAR2,
and SOCS3 was lower in relapsers, while pre-treatment
expression of SOCS1 was higher (Fig. 4a and Supple-
mental Excel File Tab. 2). SOCS3 and SOCS1 are known
negative regulators of interferon signaling. Several genes
associated with T-cell dysfunction/tolerance (CTLA4-
TM, CD244, IDO1) had higher pre-treatment in patients
who subsequently relapsed.
Post-treatment, several consistent changes distin-

guished the groups by outcome. First, patients who re-
lapsed had higher expression of genes related to NK-cell
frequency and function (KLRK1, KLRD1, KLRG1, NCR1,
KLRC3, KLRC4, PRF1, GZMB), which includes both ac-
tivating and inhibitory receptors, consistent with data

Fig. 3 Volcano plot for genes that change over time in the entire patient cohort (a), or that have differential expression pre- (b) or post-
treatment (c) based on treatment response. For A, genes in green with a negative log fold change had decreased expression during treatment,
while genes in red with a positive fold change had increased expression. For B-C, genes with a negative fold change (in green) had lower
expression in relapsers compared to patients achieving SVR, while genes with a positive fold change (in red) had higher expression in relapsers.
Genes with labels have a p-value < 0.05 and a fold change of 1.5 or greater
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derived by flow cytometry. In addition, patients who re-
lapsed had higher expression of genes associated with T-
cell dysfunction (HAVCR2, KLRG1, CD244).
Finally, we asked whether expression of any gene or

combination of genes pre-or post-treatment could
have sufficient capacity to robustly predict clinical
outcome. Using a machine learning algorithm, we
identified a 12-gene pre-treatment and an 5-gene
post-treatment set with high predictive capacity in
training sets with AUCs of 0.95 and 0.86, respectively
(Supplemental Figs. 2–3). As we lacked data from an
independent cohort to validate these gene signatures,
we performed an internal validation analysis and
found neither signature had a consistently high AUC
on cross-validation runs, both with mean AUCs of
0.66 (Supplemental Figs. 2–3).

Discussion
This study asked whether analysis of routinely available
clinical samples could distinguish HCV patients who re-
lapse or achieve SVR after treatment with sofosbuvir and
ribavirin and provide insight into mechanisms of relapse.
While the antiviral regimen of sofosbuvir and ribavirin is
no longer in routine clinical use, the high rates of relapse
that occurred in the study offered an opportunity to
identify biologic correlates of relapse that likely remain
relevant when trying to understand mechanisms of re-
lapse that occur with currently approved DAA regimens.
We identified differences in neutrophil count pre-
treatment and NK cell count post-treatment that distin-
guish patients by outcome. In addition, whole blood ex-
pression of transcripts related to interferon signaling, T-
cell dysfunction, and NK-cells distinguished patients by
treatment outcome. These data provide evidence that
heightened IFN signaling and dysregulated adaptive

Fig. 4 Genes with the highest differential expression between SVR and relapse in whole blood either pre- (a-b) or post- treatment (c). Delta log2
gene expression was determined for each patient in relation the mean expression for the cohort and all displayed genes achieved significance. P-
values for (b) were determined by unpaired t-test
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