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INTRODUCTION: Little reliable evidence has been reported regarding usefulness of liver stiffnessmeasurement (LSM) for

monitoring the hepatic fibrosis changes during treatment. We aimed to assess the association between

changes in LSM and histological outcomes in patients with chronic hepatitis B.

METHODS: In this prospectivemulticenter study, 727 treatment-naive patients receiving entecavir-based therapy,

who underwent paired biopsies at treatment baseline and week 72, were analyzed. Changes in LSM

were defined as ‡30% decrease, minor change, and ‡30% increase. Multivariate logistic regression

was used to estimate odds ratios (ORs) of changes in LSM on clinical outcomes accounting for

regression to themean. A new on-treatment LSM threshold was established by receiver operating curve.

RESULTS: Overall regression of fibrosis, improvement of inflammation, significant histological response,

virologic response, alanine aminotransferase normalization, and hepatitis B e antigen seroconversion

were 51.2%, 74.4%, 22.0%, 86.0%, 83.5%, and 13.3%, respectively. The association between

changes in LSM and improvement of inflammation was nonlinear (P5 0.012). LSM decrease ‡30%
was associated with regression of fibrosis (OR 1.501, 95% confidence interval [CI] 1.073–2.099,

P 5 0.018), significant histological response (OR 1.726, 95% CI 1.124–2.652, P 5 0.013), and

alanine aminotransferase normalization (OR 2.149, 95% CI 1.229–3.757, P 5 0.007). After

adjusting for regression to the mean, LSM increase ‡30% became negatively associated with the

above 3 outcomes. A new on-treatment LSM cutoff value of 5.4 kPa was established for indicating the

significant histological response.

DISCUSSION: Changes in LSM are unreliable to estimate regression of fibrosis during treatment; the established

cutoff value of on-treatment LSMcan optimizemonitoring strategy for histological outcomes in patients

with chronic hepatitis B.
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INTRODUCTION
Chronic infection of hepatitis B virus (HBV) has infected 350 to
400 million patients worldwide. Without treatment, it can cause
progressive liver fibrosis and even hepatocellular carcinoma (1).
To eliminate chronic hepatitis B (CHB) by 2030, both treating
and assessing hepatic fibrosis need to be further strengthened.

Antifibrotic therapy is important to effectively prevent pro-
gression to cirrhosis. Although it has been proven that nucleos(t)
ide analogs (NAs) treatment can lead to virologic, biochemical
and histological benefits (2–6), current chemical drugs, aiming to
eliminate the etiology, alleviate hepatocyte inflammation, inhibit
the activation or promote the apoptosis of hepatic stellate cells,
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etc., often result in poor antifibrosis efficacy because of their
single-targeted molecular mechanism (7,8). Over the past 2 de-
cades, tremendous progress has been made in treating fibrosis
with traditional Chinese medicine, which is more appealing and
will provide new opportunities for future treatment (9–12).

Regarding fibrosis assessment, liver biopsy is still considered
the gold standard; however, repeated biopsy is often unacceptable
(13,14). Currently, liver stiffness measurement (LSM) has been
recommended as the most accurate noninvasive method for this
purpose (15,16). However, the correlation of the regression of
fibrosis predicted by on-treatment LSM with histology has not
been determined, and some studies have presented controversial
results and even come to opposite conclusions (17–23).

Therefore, we reanalyzed the data from a prospective multi-
center study evaluating the synergistic effect of Biejia-Ruangan
(BJRG) on entecavir (ETV) therapy in treatment-naive CHB
patients, so as to determine the correlation of changes in LSM
with the histological outcomes and then to establish a new LSM
threshold to optimize monitoring strategy for patients with CHB.

METHODS
Study design and patients

The study protocol was approved by the institutional review board
of 14 participating hospitals (24). All participants provided written
informed consent. Data included in this study were obtained from
an ongoing randomized controlled clinical trial (NCT01965418)
(11). Briefly, treatment-naiveHBV-infected patientswho presented
to one of participating centers between October 2013 and October
2014 were recruited and randomly assigned in a 1:1 ratio to the
treatment group (ETV0.5mg/d plusBJRG2.0 g/time, 3 times daily)
or the control group (ETVplus placebo). The primary endpointwas
the regression of fibrosis. Liver biopsies were performed at both
baseline and week 72. Demographic data and clinical laboratory
tests were collected at baseline and every 12 weeks.

The inclusion criteria were as follows: (i) treatment-naive
patients with chronic HBV infection; (ii) eligible for NA treat-
ment (25); (iii) agreement to receive ETV treatment rather than
any other anti-HBV agent; (iv) eligibility for LSM assessment
(alanine aminotransferase [ALT],53ULN, note:ULN5upper
limit of normal; 40 U/L for ALT) and liver biopsy; and (v) Ishak
fibrosis score $3 points. The exclusion criteria included (i)
coinfection with other viruses; (ii) other liver diseases; (iii)
decompensated cirrhosis or any cancer; or (iv) pregnancy or
breastfeeding (see Supplementary Figure S1, Supplementary
Digital Content 1, http://links.lww.com/AJG/B954).

Clinical and laboratory variables

Serum HBV DNA levels were measured by the COBAS TaqMan
HBV Test (Roche, Branchburg, NJ). HBV serological markers
were measured by chemiluminescent immunoassay (Abbott,
Wiesbaden, Germany). LSM was performed by experienced op-
erators using FibroScan (Echosens, Paris, France). The appro-
priate probe was selected according to bodymass index (BMI) (M
probe for BMI # 30 kg/m2, or XL probe for BMI .30 kg/m2).
Reliable measurement was defined as median values of 10 valid
shots, with interquartile range (IQR) #30% and success rate
$60% (26,27).

Histological assessment

Ultrasound-guided liver biopsy was performed according to the
standard protocol (28). A minimum of 2.0 cm in length per liver

specimen and at least 2 pieces were collected to ensure that there
was an adequate specimen of at least 11 portal tracts for histo-
logical assessment. Biopsy specimens were examined in-
dependently by 2 pathologists who were blinded to the timing of
biopsy and clinical data. When inconsistencies occurred, the
samples were rereviewed by both pathologists together to reach a
consensus. Hepatic inflammation was graded using the Ishak
modified histologic activity index (HAI), and fibrosis was staged
using the Ishak fibrosis (F) score (29,30).

Definitions of clinical outcomes

Regression of fibrosis was defined as a$1-point decrease in the F
score; improvement of inflammation was defined as a $2-point
decrease in the HAI score; significant histological response was
defined as an F score #2 points plus HAI #4 points during
antiviral treatment; virologic response was defined as a serum
HBV DNA level ,20 IU/mL after antiviral treatment initiation;
ALTnormalizationwas defined as the proportion of patients with
ALT restored to normal in the subset with elevated ALT at
baseline; hepatitis B e antigen (HBeAg) seroconversion was de-
fined as a change in detectable anti-HBe from negative at baseline
to positive during treatment in the subset with positive HBeAg at
baseline. The clinically meaningful changes in LSM were defined
as a decrease $30%, minor changes (decrease,30% to increase
,30%) and an increase $30% compared with the baseline (31).
This is also because an IQR less than 30% of the median LSM is
one of the key factors in regard to a valid LSM,whichmeans that a
more than 30% change in LSM cannot be considered a variation.

Statistical analyses

Data are expressed as the mean6 SD, median (IQR), or n (%), as
appropriate. The diagnostic performance of LSMwas determined
with receiver operating curve (ROC) and evaluated by the sen-
sitivity, specificity, positive predictive value, and negative pre-
dictive value. Factors significantly associated with the clinical
outcomes in the univariate analysis were entered into a multi-
variate logistic model. Odds ratios (ORs) with 95% confidence
intervals (CIs) were estimated from the model. Linear trends
across categories were tested by logistic regression. A possible
nonlinear relationship between the continuous changes in LSM
and clinical outcomes was examined by a restricted cubic spline
regression model (32). Statistically, it is a fact that someone who
has a high value at baseline will tend to have a lower value on a
subsequent measurement and vice versa: so-called regression to
the mean (RtM) (33,34). The grouping diagram of participants
was according to baseline and percent changes in LSM to account
for RtM (see Supplementary Figure S2, Supplementary Digital
Content 2, http://links.lww.com/AJG/B955). We conducted
sensitivity analyses in which the assessment of association be-
tween quartile of changes in LSM and the clinical outcomes was
performed. P, 0.05 was considered to be statistically significant.
All statistical analyses were performed using R software, version
3.6.1 (Vienna, Austria; http://www.r-project.org/). An experi-
enced statistician verified all analyses independently.

RESULTS
Baseline characteristics

Totally, 727 treatment-naive CHB patients with paired liver bi-
opsies were enrolled, the mean age was 42.2 years, 68.4% were
male, and 57.1%wereHBeAg-positive. Patients’medianALTwas
51 U/L, median HBV DNA was 6.1 Log10 IU/mL, and median
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LSM value was 9.7 kPa. Histologically, 25.9% of the patients had
significant fibrosis (F3), 18.4% had severe fibrosis (F4) and 55.7%
had cirrhosis (F5-6). We compared baseline characteristics
according to whether the regression of fibrosis was achieved after
72 weeks of treatment, and results showed that treatment, platelet
(PLT), HBV DNA level, and LSM were significantly different
between the groups, and these would be used as adjusting factors
for following analyses (Table 1). Moreover, for 272 patients with
normal ALT, 27.6% had no or mild hepatic necroinflammation
(HAI 0–4), 61.8% had significant necroinflammation (HAI 5–8),
and 10.6% had severe necroinflammation (HAI 9–18).

Clinical outcomes

After 72 weeks of treatment, the overall regression of fibrosis,
improvement of inflammation, significant histological response,
virologic response, ALT normalization, and HBeAg seroconver-
sion were 51.2%, 74.4%, 22.0%, 86.0%, 83.5%, and 13.3%, re-
spectively. The improvement of inflammation was significantly
higher in patients who achieved regression of fibrosis than in
those who did not achieve regression of fibrosis (83.6% vs 64.8%,

P, 0.001). ALT normalization showed the same trend (87.8% vs
78.6%, P 5 0.012). Virologic response and HBeAg seroconver-
sion showed no difference between the regression and non-
regression patients. The overall absolute decrease in LSM was 5.0
kPa; the percent changes in LSM showed no difference between
the regression and nonregression patients (P5 0.073) (Table 2).

Moreover, for patients who achieved regression of fibrosis, the
distribution of HAI scores showed a significant improvement of
inflammation (P , 0.001), consistently, the median LSM value
significantly decreased from 8.8 kPa at baseline to 5.4 kPa at week
72 (P , 0.001). Interestingly, for patients who did not achieve
regression of fibrosis (actually, progression of fibrosis, P5 0.013),
a significant improvement of inflammation was still achieved at
week 72 (P , 0.001), and median LSM value significantly de-
creased from11.0 kPa at baseline to 6.8 kPa atweek 72 (P, 0.001)
(Figure 1). In addition, for those who had an increase LSM of
$30%, percentage of patients receiving ETV plus BJRG therapy
was 40.9%, which was numerically lower than 50.9% of overall
data (P 5 0.198). The situation was similar with respect to the
composition of cirrhosis. Other parameters (e.g., age, sex,

Table 1. Baseline characteristics of study participants

Overall

(n5 727)

Nonregression

(n 5 355)

Regression

(n5 372) P value

Age (yr) 42.2 6 9.8 42.9 6 9.2 41.6 6 10.4 0.060

Male sex 497 (68.4) 236 (66.5) 261 (70.2) 0.323

Drinker 90 (12.4) 51 (14.4) 39 (10.5) 0.143

BMI (kg/m2) 23.5 6 3.4 23.7 6 3.7 23.3 6 3.2 0.102

ETV plus BJRG 370 (50.9) 163 (45.9) 207 (55.6) 0.011

ALT (U/L) 51 (32–97) 48 (31–85) 55 (32–105) 0.130

AST(U/L) 43 (29–74) 44 (29–70) 42 (29–75) 0.968

TBIL (mmol/L) 14.0 (10.8–18.6) 14.0 (11.0–18.4) 13.9 (10.6–18.9) 0.711

PLT (3109/L) 157 (119–198) 153 (112–189) 164 (128–205) 0.001

HBeAg positive 415 (57.1) 194 (54.6) 221 (59.4) 0.222

HBV DNA level (Log10 IU/mL) 6.1 6 1.6 5.9 6 1.6 6.36 1.6 0.003

High HBV DNAa 375 (51.6) 166 (46.8) 209 (56.2) 0.014

LSM (kPa) 9.7 (6.8–16.1) 11.0 (7.3–17.6) 8.8 (6.5–14.3) 0.001

HAI score 0.512

1–4 129 (17.7) 70 (19.7) 59 (15.9)

5–8 424 (58.3) 203 (57.2) 221 (59.4)

9–12 161 (22.2) 77 (21.7) 84 (22.5)

13–18 13 (1.8) 5 (1.4) 8 (2.2)

F score 0.450

3 188 (25.9) 87 (24.5) 101 (27.1)

4 134 (18.4) 60 (16.9) 74 (19.9)

5 157 (21.6) 83 (23.4) 74 (19.9)

6 248 (34.1) 125 (35.2) 123 (33.1)

Mean 6 SD is presented for normally distributed continuous variables.
Categorical variables are presented as numbers and percentages (n [%]). Median values (IQR) are presented for skewed distributed continuous variables.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BJRG, Biejia-Ruangan; BMI, body mass index; ETV, entecavir; HAI, histology activity index; HBeAg,
hepatitis B e antigen; LSM, liver stiffness measurement; PLT, platelet; F, Ishak fibrosis; TBIL, total bilirubin.
aHBV DNA $ 6.0 Log10 IU/mL.
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drinking history, and BMI) showed no differences between pa-
tients with LSM increased $30% and overall patients (see Sup-
plementary Table S1, Supplementary Digital Content 4, http://
links.lww.com/AJG/B957).

Consistency of LSM and histology

To evaluate whether a decrease in LSM might be useful in
assessing the regression of fibrosis, we performed a consistency
test. The results showed that 53.4% (388/727) were identified as
having regression of fibrosis by a decrease in LSM $30%; how-
ever, among them, only 54.6% (212/388) were confirmed by
histology, 45.4% (176/388) were false positive, and the kappa
value was 0.074, indicating that the decrease in LSM $30%
seemed to have poor consistency with the Ishak fibrosis assess-
ment. Moreover, the percent changes in LSM by changes in the
Ishak fibrosis score from baseline to week 72 were plotted and the
Spearman rank correlation coefficient (rho) was 0.094, repre-
senting the percent changes in LSM had correlation with fibrosis
change (1% of the change in LSM was associated with 0.094
change in the fibrosis score), but the correlation was extremely
low (less than 10%) (Figure 2).

Restricted cubic spline regression analysis

The association between fold changes in LSM and clinical out-
comes was modeled with restricted cubic spline regression after

adjustment for important baseline confounders (treatment, PLT,
HBV DNA level, and LSM). Linear associations between fold
changes in LSM and regression of fibrosis (P, 0.001), significant
histological response (P 5 0.005), and ALT normalization (P 5
0.001) were observed; however, the association between fold
changes in LSM and improvement of inflammation was non-
linear (P for nonlinearity 5 0.012). There was no relationship
between fold changes in LSM and virologic response (P5 0.817)
or HBeAg seroconversion (P 5 0.181) (Figure 3).

Adjusted logistic regression analysis

As expected, there was strong evidence of RtM, which showed
that the extremely higher or lower LSM on its first measurement
tended to be closer to the average on its secondmeasurement (see
Supplementary Figure S3, Supplementary Digital Content 3,
http://links.lww.com/AJG/B956).

Before adjustment for RtM, compared with patients who expe-
rienced a minor change in LSM, the likelihood for regression of
fibrosis (OR 1.501, 95% CI 1.073–2.099, P5 0.018), improvement
of inflammation (OR 2.107, 95% CI 1.440–3.083, P 5 0.001), sig-
nificant histological response (OR 1.726, 95% CI 1.124–3.083, P5
0.013), andALTnormalization (OR2,149, 95%CI1.229–3.757,P5
0.007) was significantly higher in those with a decrease in LSM of
$30%, whereas LSM increase $30% was not significantly associ-
atedwith a lowprobability of these outcomes (P.0.05) (Figure 4a).

Table 2. Clinical outcomes at week 72

Overall

(n5 727)

Nonregression

(n5 355)

Regression

(n5 372) P value

ALT (U/L) 24 (17–33) 25 (18–35) 23 (17–32) 0.015

AST(U/L) 25 (20–30) 26 (21–32) 24 (20–29) 0.001

TBIL (mmol/L) 13.2 (10.2–17.5) 13.4 (10.6–17.2) 13.0 (10.0–17.9) 0.636

PLT (3109/L) 176 (133–216) 168 (123–206) 186 (144–223) ,0.001

LSM (kPa) 6.1 (4.6–9.3) 6.8 (4.9–11.8) 5.4 (4.4–7.8) ,0.001

Decrease in LSM (kPa) 5.0 6 7.4 5.06 8.0 4.96 6.8 0.965

Changes in LSM (percent) 0.073

Increased $30% 44 (6.0) 27 (7.6) 17 (4.6)

Minor change 292 (40.2) 150 (42.3) 142 (38.2)

Decreased $30% 391 (53.8) 178 (50.1) 213 (57.2)

Histological liver fibrosis status ,0.001

Fibrosis progressed 77 (10.6) 77 (21.7) 0 (0.0)

Fibrosis stable 278 (38.2) 278 (78.3) 0 (0.0)

Fibrosis regressed 372 (51.2) 0 (0.0) 372 (100.0)

Improvement of inflammation 541 (74.4) 230 (64.8) 311 (83.6) ,0.001

Significant histological response 160 (22.0) 0 160 (43.0) ,0.001

Virologic response 625 (86.0) 306 (86.2) 319 (85.8) 0.948

ALT normalizationa 380 (83.5) 165 (78.6) 215 (87.8) 0.012

HBeAg seroconversionb 55 (13.3) 27 (13.9) 28 (12.7) 0.708

Mean 6 SD is presented for normally distributed continuous variables. Categorical variables are presented as numbers and percentages (n [%]).
Median values (IQR) are presented for skewed distributed continuous variables.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBeAg, hepatitis B e antigen; LSM, liver stiffness measurement; PLT, platelet; TBIL, total bilirubin.
aThe denominator is the number of patients who had elevated ALT at baseline.
bThe denominator is the number of patients who had a positive HBeAg at baseline.
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After adjustment for RtM, the tendency became even more pro-
nounced because both LSM of $30% decrease and increase had
significant linear association with the abovementioned outcomes

except for improvementof inflammation.Beconsistentwith restricted
cubic spline regression analysis, changes in LSM could not indicate
virologic response and HBeAg seroconversion, neither (Figure 4b).

Figure 1. Histological assessment and LSM changes over 72-week treatment. (a and d) Distribution of the F score in patients with (without) regression of
fibrosis. (b and e) Distribution of the HAI score in patients with (without) regression of fibrosis. (c and f) Changes in LSM values in patients with (without)
regression of fibrosis. HAI, histology activity index; LSM, liver stiffness measurement; F, Ishak fibrosis.

Figure 2. Changes in LSM against the changes in the Ishak fibrosis score in HBV-infected patients from baseline to week 72 of treatment. (a) The
consistency test for estimationof regressionof fibrosis betweenLSMdecrease$30%and the Ishak fibrosis scoredecrease$1point. (b) The correlation test
for percent changes in LSM and the changes in the Ishak fibrosis score. HBV, hepatitis B virus; LSM, liver stiffness measurement.

The American Journal of GASTROENTEROLOGY VOLUME 116 | AUGUST 2021 www.amjgastro.com

LI
VE

R
Ji et al.1680

http://www.amjgastro.com


In sensitivity analyses, patients were divided to 4 groups
according to quartile of changes in LSM, and results showed the
similar associations across the clinical outcomes assessed (Figure 4c).

On-treatment LSM threshold for histological outcomes

We further conducted univariate (Table 2 and see Supplementary
Table S2, Supplementary Digital Content 5, http://links.lww.com/
AJG/B958) and multivariate analyses to identify the predictors for
histological outcomes. The results showed that ETV plus BJRG
treatment and LSM at week 72 were independent predictors for
regression offibrosis, andbaseline parameters (age, PLT, and LSM)
and 72-week parameters (ALT and LSM) were predictors for sig-
nificant histological response. Among them, the ORs of on-
treatment LSM for indicating histological outcomes were the most
meaningful, so we performed ROC analyses to establish the new
cutoff values of on-treatmentLSM,which showed that the accuracy
to indicate regression of fibrosis was unsatisfactory (area under the
ROC curve 0.625, 95% CI 0.585–0.666); however, the accuracy to
indicate significant histological response was acceptable (area un-
der the ROC curve 0.735, 95% CI 0.694–0.776), and of clinical
significance, the cutoff value was 5.4 kPa (sensitivity 72.5%, spec-
ificity 69.1%, positive predictive value 39.9%, negative predictive
value 89.9%), which might be further optimized when combined
with other predictors (Figure 5).

DISCUSSION
This prospective multicenter study with large sample and paired
biopsies provides direct histological evidence, rather than indirect

deduction from a retrospective cross-sectional study, that a de-
crease in LSM to estimate the regression of fibrosis did not per-
form well in HBV-infected patients during treatment. In
addition, we established a new on-treatment LSM threshold to
assess whether significant histological response was achieved af-
ter therapy.

With regard to treating hepatic fibrosis, antiviral therapy is the
most important, and the strategy for starting antiviral therapy is
becoming increasingly progressive. The EASL and Chinese
guidelines recommend that patients with elevated HBV DNA and
elevated ALT should receive antiviral therapy (35,36). However,
some studies have shown that 22.5%–49.4% of patients with per-
sistently normal ALT have significant histological liver injury, and
8.4%of themhave cirrhosis (37–39), whichwas consistentwith our
findings. The severity of disease in HBV-infected patients with
normal ALT might be underrepresented by assessing ALT levels.
Therefore, normal ALT should not be considered a rule-out in-
dicator for anti-HBV treatment. On the other hand, it is widely
accepted that drugs addressing multiple pathogenic pathways are
usually more efficient than single specific pathway modulators in
the treatment of liver fibrosis (40). From a clinical perspective, this
study found that adding BJRG can increase the regression of fi-
brosis in HBV-infected patients receiving NA treatments.

In terms of assessing hepatic fibrosis, we demonstrated that a
decrease in LSMdoes not clearly indicate the regression offibrosis
during treatment. Some investigations suggested that LSM could
be applied for longitudinal monitoring of fibrosis status (15–19),
which is the opposite of our findings; nevertheless, their sample

Figure 3. Predicted spline curves for the associations between fold changes in LSM and clinical outcomes. (a) Regression of fibrosis. (b) Improvement of
inflammation. (c) Significant histological response. (d) Virologic response. (e) ALT normalization. (f) HBeAg seroconversion. Themiddle line shows theORs
adjusted for treatment, PLT, HBVDNA level, and LSMat baseline. The outer lines show the 95%CIs. ALT, alanine aminotransferase; CI, confidence interval;
HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; LSM, liver stiffness measurement; OR, odds ratio; PLT, platelet.
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sizes were small. Although other researches draw the similar
conclusions like ours. Wang et al. (41) observed 1,417 biopsy-
proven HBV-infected patients with an unknown second biopsy
rate and implicated the diagnostic potential of LSM to evaluate the
severity of liver necroinflammation. Liang et al. (42) included 164
patients with paired liver biopsies and indicated that an LSM de-
cline may reflect both regression of fibrosis and improvement of
inflammation. Wong et al. (31) studied 71 patients and concluded
that an LSM decrease could be related to ALT normalization.

Meanwhile, we wondered whether improvement of in-
flammation partially accounted for the decrease in LSM. After
analysis of the HAI score distribution and association between
changes in LSM and clinical outcomes, we concluded that the
abovementioned assumption was reasonable. A reduction in ALT
occurred early in the course of treatment, which was accompanied
by a commensurate reduction in LSM values. These values change
rapidly, presumably as a result of a reduction in hepatic in-
flammation rather than regression of fibrosis. Liver fibrosis results
from excessive accumulation of extracellular matrix, which goes
hand in hand with altered angiogenesis and the architectural
changes of cirrhosis. Above all, the core driving factor for fibrosis

progression lies in the context of inflammation. Therefore, im-
provement of inflammation is an essential precondition for the
regression of fibrosis (43,44). The decrease in LSM observed in our
studymust be partly caused byALTnormalization and subsequent
improvement of inflammation regardless of whether regression of
fibrosis was achieved. This could partially explain why some CHB
patients with other concurrent underlying liver diseases always
have persistent or even progressive fibrosis after both virologic
response and LSM value decline.

Furthermore, we also noticed that changes in LSM were not
associated with either the regression of fibrosis or ALT normal-
ization in many patients. What was the reason for their LSM
decline? RtM, resulting from randommeasurement error, always
occurs when unusually large or small measurement values are
followed by values that are closer to the population mean. With
regard to pre-post intervention studies that target high-risk fac-
tors, RtM should be given special consideration because it often
makes the changes in repeated measures look like more mean-
ingful because of the treatment (overestimation) (45). This study
design and inherent characteristics of LSM meet the description
of above setting. Therefore, taking RtM into account, our results

Figure 4. Adjusted ORs and 95% CIs for clinical outcomes according to changes in LSM. (a) Logistic regression analysis before accounting for RtM. (b)
Logistic regression analysis after accounting for RtM. (c) Sensitivity analyses on quartile of changes in LSM. Adjustments were for treatment, PLT, HBVDNA
level, and LSM at baseline. ORs are shown (red solid boxes) with 95% CIs (black line segments). ALT, alanine aminotransferase; CI, confidence interval;
HBeAg, hepatitis B e antigen; LSM, liver stiffness measurement; OR, odds ratio; RtM, regression to the mean. Q1: first quartile (245.2 to27.0 kPa); Q2:
second quartile (27.0 to23.0 kPa); Q3: third quartile (23.0 to20.8 kPa); Q4: fourth quartile (20.8 to 16.3 kPa).
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indicated that the unreliable estimation of the regression of fi-
brosis during treatment by a decrease in LSM partially resulted
from random measurement error. To the best of our knowledge,
no previous study has comprehensively accounted for RtM, and
this may explain some situations in which a decrease in LSM did
not lead to regression of fibrosis.

Finally, the limitations of LSM for gauging histological out-
comes after therapy may also be due to the proposed cutoff values
being derived from treatment-naive studies. Hence, our study
established a new LSM cutoff value derived from on-treatment
CHB patients, and strongly recommended this threshold for
assessing whether the significant histological response is achieved,
so as to avoid discontinuationofNA treatment or loss of follow-up.

The strengths of our study include (i) the assessment of the
relationship between changes in LSM and clinical outcomes in a
large sample with 100% paired biopsy data, derived from a
multicenter randomized trial, and (ii) analyses from multiple
perspectives, biochemical and histological, clinical and statistical,
which can provide high-quality evidence for an increased un-
derstanding of LSM limitations in themonitoring process of anti-
HBV treatment.

However, our study has several limitations. First, sampling
errors of biopsies may exist. However, some other favorable

factors in the current study decreased this potential influence to
the lowest level; e.g., 2 pieces of specimens were collected to assure
histological evaluation, and 2 experienced pathologists involving
in the evaluation were independent and blinded to the clinical
data, so as to decrease the interobserver and intraobserver vari-
ation. Second, the enrolled patients lacked non-Asian patients,
and patients with mild fibrosis were excluded, which might limit
the conclusion’s generalizability to broader populations.

In summary, a decrease in LSM during antiviral treatment can
be caused by regression of fibrosis, ALT normalization, im-
provement of inflammation, or random measurement error,
which results in unreliable or even overestimation of the re-
gression of fibrosis. However, a newly established cutoff value of
on-treatment LSM can identify the significant histological re-
sponse. This new understanding can help to correctly interpret
LSM assessments and optimize monitoring strategies for histo-
logical outcomes in patients with chronic HBV infection.
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