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Abstract: Bariatric surgery has emerged as an effective treatment option in morbidly obese patients
with non-alcoholic fatty liver disease (NAFLD). However, worsening or new onset of non-alcoholic
steatohepatitis (NASH) and fibrosis have been observed. Caspase-cleaved keratin 18 (ccK18) has been
established as a marker of hepatocyte apoptosis, a key event in NASH development. Thus, ccK18
measurements might be feasible to monitor bariatric surgery patients. Clinical data and laboratory
parameters were collected from 39 patients undergoing laparoscopic Roux-en-Y gastric bypass at
six timepoints, prior to surgery until one year after the procedure. ccK18 levels were measured
and a high-throughput analysis of serum adipokines and cytokines was carried out. Half of the
cohort’s patients (20/39) presented with ccK18 levels indicative of progressed liver disease. 21% had
a NAFLD-fibrosis score greater than 0.676, suggesting significant fibrosis. One year after surgery, a
mean weight loss of 36.87% was achieved. Six and twelve months after surgery, ccK18 fragments
were significantly reduced compared to preoperative levels (p < 0.001). Yet nine patients did not show
a decline in ccK18 levels ≥ 10% within one year postoperatively, which was considered a response
to treatment. While no significant differences in laboratory parameters or ccK18 could be observed,
they presented with a greater expression of leptin and fibrinogen before surgery. Consecutive
ccK18 measurements monitored the resolution of NAFLD and identified non-responders to bariatric
surgery with ongoing liver injury. Further studies are needed to elicit the pathological mechanisms
in non-responders and study the potential of adipokines as prognostic markers.

Keywords: non-alcoholic fatty liver disease; NAFLD; NASH; keratin 18; cytokeratin 18; M30; gastric
bypass; non-invasive biomarkers

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is considered the hepatic manifestation of
metabolic syndrome. It comprises a spectrum of diseases from simple steatosis to nonalco-
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holic steatohepatitis (NASH), cirrhosis of the liver and complications such as hepatocellular
carcinoma (HCC) [1,2]. NAFLD is extremely prevalent and its importance in the etiology of
liver failure, HCC, and liver transplantation is increasing rapidly [3,4]. Although numerous
studies have delineated the complex pathophysiological mechanisms of NAFLD in past
decades, no approved drug treatment is available yet [5]. Established therapeutic concepts
remain limited to the treatment of underlying metabolic dysregulations. Herein, bariatric
surgery has emerged as an effective intervention in morbidly obese patients [6–8]. Inter-
national guidelines and guidance statements recommend considering bariatric surgery, if
lifestyle interventions fail [9–12].

Conversely, NAFLD is particularly common among patients undergoing bariatric
surgery [13–15]. Thus, hepatologic counseling is needed for timely diagnosis, patient
monitoring, and treatment optimization. This seems especially important in the context of
the worsening or new onset of NAFLD, which has been observed in bariatric surgery trials.
A recent meta-analysis found such a response in 5%–20% of patients [8]. Yet the concepts of
these clinical trials rely on repeated liver biopsies. Although currently considered the gold
standard in the diagnosis of NAFLD, risks and cost of the procedure and shortcomings
of the technique itself (e.g., sampling error and interrater variability) forbid a widespread
application in everyday clinical practice. Therefore, non-invasive biomarkers are needed to
enable hepatologic surveillance, especially in bariatric surgery patients.

Among many potential candidates, caspase-cleaved keratin 18 (ccK18) is deemed
a promising novel biomarker. During hepatocyte apoptosis, ccK18 fragments enter the
bloodstream, allowing their detection by the M30 enzyme-linked immunosorbent assay
(ELISA) [16,17]. Thus, elevated ccK18 levels were linked to chronic liver disease [18,19]
and–as it became evident that apoptotic hepatocytes are a major pathophysiological feature
of NAFLD–ccK18 was studied extensively as a non-invasive biomarker for NAFLD [20–27].
Thus far, a fair diagnostic accuracy has been demonstrated and ccK18, alone or in combined
biomarker panels, is expected to enter clinical practice soon [28,29]. The marker’s respon-
siveness following an intervention has been shown both after pharmacologic interventions
and diet-induced weight loss [30–32]. In conclusion, ccK18 measurements might be a
feasible way to monitor the disease progression in bariatric surgery patients.

We aimed to evaluate the use of ccK18 as a biomarker for NAFLD in the follow-up of
a cohort undergoing bariatric surgery. We aimed to elucidate (1) the prevalence of NAFLD,
based on ccK18 levels and established fibrosis scores, before and after surgery, (2) the
natural history of ccK18 levels after bariatric surgery, and (3) whether inconsistencies in
the response to bariatric surgery occur and if the addition of ccK18 to a standard follow-up
laboratory panel might enable the prediction thereof.

2. Materials and Methods
2.1. Patients

Clinical data and serum samples were collected from consecutive patients undergoing
laparoscopic Roux-en-Y gastric bypass (RYGB) at the Obesity Center at the University
of Giessen, Germany. The decision for bariatric surgery was made in accordance with
current guidelines, requiring a body mass index (BMI) > 40 kg/m2 (or 35 kg/m2 and type
2 diabetes mellitus), the failure of conservative weight loss efforts, and the absence of
contraindications. Prior bariatric surgery led to the exclusion of patients from the current
study. A medical history was obtained and patients were examined. Informed consent
was obtained from all patients. The study was approved by the local ethics committee at
the Justus Liebig University (AZ 60/16) and conducted in accordance with the declaration
of Helsinki.
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2.2. Surgery

The RYGB procedure was carried out by a single experienced surgeon at a single
tertiary care center, embedded in a multidisciplinary treatment regimen. Gastric bypass
and simultaneous fundectomy followed by a circular gastrojejunostomy were performed.
An 8–10 cm pouch was created, and lengths of the biliopancreatic and alimentary limb
were set to 70–90 cm and 140–160 cm, respectively.

2.3. Data Acquisition

Data were collected at six time points: several days prior to the surgery, 1–3 days after
the surgery, 1, 3, 6 and 12 months postoperatively. Each time, anthropometric measure-
ments and a routine laboratory panel were performed. Additional serum samples for the
quantification of ccK18 levels were either drawn in clinic visits or provided by the Institute
of Laboratory Medicine. At two timepoints, prior to the surgical procedure and six months
after, blood samples were collected after a standard meal in addition to fasting samples.

2.4. Quantification of Serum ccK18 Levels

ccK18 levels were measured utilizing the Peviva® M30 Apoptosense® ELISA Kit
(TECOmedical, Sissach, Switzerland). All measurements were performed in duplicate,
according to the manufacturer’s instructions. Concentrations were determined using
an Infinite® 200 Pro microplate reader with Magellan™ data analysis software (TECAN,
Männedorf, Switzerland), applying a four-parameter logistic regression.

2.5. Definition of Responders and Non-Responders to Bariatric Surgery

A reduction of ccK18 levels ≥10% one year after the RYGB procedure when compared
to preoperative levels was defined as response to bariatric surgery. Responders and non-
responders were compared during data analysis after the allocation was performed based
on serum ccK18 levels.

2.6. Proteome Profiling

Human Adipokine and Cytokine Array Kits (ARY024 and ARY005B, R&D Systems,
Minneapolis, MN, USA) were used to test pooled serum samples of responders and
non-responders to bariatric surgery (n = 9 per group) before and one year after surgery.
Experiments were performed and mean grey values retrieved as described earlier [33]. For
each analyte, the expression relative to positive control dots as well as the difference of
relative expressions preoperatively and one year postoperatively were calculated.

2.7. Statistical Analysis

Data collection, calculation of scores, and descriptive statistics were performed using
SPSS Statistics, version 25 (IBM Corp., Armonk, NY, USA). Further statistical analysis
was performed using Prism 8 for macOS, version 8.4.3 (GraphPad software, La Jolla, CA,
USA). A fitted mixed effect model, accounting for the repeated measures design, using the
Geisser-Greenhouse correction, was applied to evaluate the changes in readout parameters
in all patients over time. For the comparison of responders and non-responders to bariatric
surgery, two-way ANOVA was used for each individual timepoint. Sidak’s multiple
comparisons test was applied in all cases. The significance level α was set to 0.05.

3. Results
3.1. Preoperative Assessment of the Study Population

39 patients were included in the present study. Table 1 summarizes the baseline
patient characteristics. The majority of participants was female, ranging from age 23 to
60. All of them were morbidly obese (BMI > 40 kg/m2) with a mean BMI of 51.94 kg/m2

before surgery. None of the patients had an established diagnosis of chronic liver disease.
However, considering the additional moderate to high prevalence of diabetes mellitus or
preconditions of impaired glucose tolerance, hyperlipidemia, and elevated liver transami-
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nases (Table 1), our study population comprises major risk factors, especially for NAFLD.
In fact, about half of the patients (20/39) presented with ccK18 levels that have been
proposed indicative of progressed liver disease (>200 U/l) [18,24,25]. In order to further
characterize our study population and evaluate the likelihood of advanced fibrosis, we
applied established non-invasive biomarkers of liver fibrosis. While few or no patients
exceeded the cutoff for the APRI or FIB-4 index [34,35], about 21% of the participants
had a NAFLD-fibrosis score (NFS) greater than 0.676, suggesting significant (stage 3–4)
fibrosis [36].

Table 1. Baseline parameters of the full cohort before and one year after surgery.

Preoperative
(n = 39)

1 Year
(n = 39)

p
(Adjusted)

Demographic
Age (year) 39.44 (23 to 60)
Female sex 35 (90%)

Anthropometric
BMI (kg/m2) 51.94 (41.56 to 61.85) 32.64 (17.88 to 54.37) <0.001

Body weight (kg) 146.54 (111.7 to 190.5) 91.84 (61.3 to 125) <0.001
Total Body Weight Loss (%) 36.87 (17.88 to 54.37)

Excess Weight Loss † (%) 71.89 (38.64 to 105.29)

Metabolism
HbA1c (%) 6.19 (4.7 to 9.6) 5.29 (4.5 to 6.7) <0.001

Diabetes mellitus 10 (31%) 2 (5%)
LDL cholesterol (mg/dl) 129.65 (53 to 233) 91.92 (20 to 153) <0.001
HDL cholesterol (mg/dl) 46.32 (27 to 87) 50.79 (17 to 95) 0.021

Serum triglycerides (mg/dl) 173.12 (58 to 751) 88.1 (44 to 253) <0.001
CRP (mg/l) 17.72 (2.09 to 146.61) 1.87 (0.5 to 14.6) 0.004

Liver-related
Log ccK18 (U/l) 2.37 (2.01 to 3.17) 2.09 (1.64 to 2.62) <0.001
ccK18 > 200 U/l 20 (51%) 5 (13%)

ALT (U/l) 41.03 (11 to 126) 36.15 (10 to 186) 0.914
AST (U/l) 31.15 (10 to 136) 23.44 (8 to 137) 0.285

Alkaline Phosphatase (U/l) 77.44 (48 to 114) 82.74 (43 to 270) 0.836
GGT (U/l) 41 (9 to 162) 23.26 (6 to 279) 0.280

Bilirubin (mg/dl) 0.49 (0.3 to 1) 0.58 (0.2 to 1.5) 0.024
Albumine (g/dl) 4.29 (3.61 to 5.1) 4.41 (3.92 to 5) 0.213

Significant fibrosis?
NFS −0.24 (−3.01 to 2.78) −2.36 (−5.44 to 0.4) <0.001

NFS > 0.676 8 (21%) 0
APRI 0.29 (0.06 to 0.99) 0.24 (0.05 to 1.25) 0.576

APRI > 0.7 2 (5%) 1 (3%)
FIB-4 0.71 (0.23 to 1.67) 0.63 (0.21 to 1.51) 0.311

FIB-4 > 3.25 0 0

Data are presented as Mean (range) or n (%) † Excess weight was calculated relative to BMI = 25. BMI, Body Mass Index; LDL, Low
Density Lipoprotein; HDL, High Density Lipoprotein; CRP, C-reactive protein; ccK18, caspase-cleaved keratin 18 (M30); ALT, alanine-
aminotransferase; AST, aspartate-aminotransferase; GGT, gamma-glutamyl-transferase; NFS, NAFLD fibrosis score; APRI, aspartate-
aminotransferase to platelet ratio index.

3.2. Roux-en-Y Gastric Bypass Induced Severe Weight Loss and Improved the Patient’s
Metabolic State

Following bariatric surgery, all patients showed a steady loss of body weight
(Figure 1A,B). One year after surgery, a mean total body weight loss (TBWL) of 36.87%
(95% CI: 34.16%–39.57%) and an excessive weight loss (EWL) of 71.89% (66.87%–76.91%)
were achieved (Table 1). The mean BMI was 32.64 (95% CI 31.38–34.1). The success of
bariatric surgery was consistent throughout the entire patient collective, and the minimum
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TBWL was 17.88%. Metabolic parameters, such as HbA1c, LDL-cholesterol, and serum
triglycerides significantly improved as consequence of the intervention (Table 1).

Figure 1. Roux-en-Y gastric bypass led to decreased body weight and caspase-cleaved keratin
18 levels. (A) Following the bariatric surgery, patients consistently lost weight with a mean total body
weight loss (TBWL) of 37% after one year. Mean (line) and 95% confidence interval (colored area)
are shown. (B) The reduction in body weight, affecting all included patients, was highly significant
12 months postoperatively when compared to preoperative levels (p < 0.001). (C) Caspase-cleaved
keratin 18 (ccK18) fragments were measured utilizing a M30 enzyme-linked immunosorbent assay.
Serum levels decreased significantly within 6 months after the procedure. Mean (line) and 95%
confidence interval (colored area) are shown. (D) The individual course of ccK18 levels was, however,
heterogenous among our cohort. A fitted mixed effect model was applied.

3.3. ccK18 Levels Decreased within Six Months after Surgery

To monitor the development of ccK18 levels after RYGB, we collected additional blood
samples at six time points–several days before until one year after the surgery. Fasting
blood samples were not required to obtain reliable ccK18 results. The coefficient of variation,
comparing fasting and non-fasting blood samples at two time points (8.15% and 8.68%),
undercut the inter-assay variability given by the manufacturer (<10%, see Supplementary
Figure S1). Interestingly, the ccK18 levels we obtained followed a lognormal distribution,
thus their respective logarithms were used for further analysis. During the first month
after bariatric surgery, no alterations in mean ccK18 levels could be observed (Figure 1C).
At both six and twelve months, ccK18 fragments were significantly reduced compared to
preoperative levels (p < 0.001). Thereby, the natural history of ccK18 after bariatric surgery
was distinct from other parameters of liver cell damage, such as alanine-aminotransferase,
aspartate-aminotransferase, or gamma-glutamyl-transferase (GGT), which showed an
initial increase subsequent to surgery, followed by a quick decline (Figure S2). One year
after RYGB, only five out of the 39 patients had ccK18 levels greater than 200 U/l (Table 1).
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3.4. The Response to Bariatric Surgery Was Inconsistent among Patients

Evaluating the individual courses of serum ccK18 levels, not all patients responded
to the procedure with a reduction of ccK18 levels (Figure 1D). This observation falls in
line with previous biopsy-controlled studies, which reported a worsening or new onset of
NAFLD in 5%–20% of patients following bariatric surgery [8]. In our cohort, the reduction
of ccK18 was not associated with total body- (r = 0.32, p = 0.05, Figure 2A) or excessive
weight loss (r = 0.12, p = 0.462, Figure 2B). On the contrary, a rather modest weight
loss of 20% was sufficient to induce the regression of ccK18 levels in some patients. To
further investigate this issue, we categorized patients into two groups: A decrease in ccK18
levels by 10% or more one year after surgery when compared to preoperative values was
considered a response to treatment. Out of the 39 patients analyzed, 30 met this criterium
(Figure 2C). We compared those to the remaining nine patients, which were considered
non-responders, to investigate whether the addition of ccK18 levels to a clinical follow-up
including routine laboratory parameters could predict the eventual outcome. The results
are summarized in Table 2. Preoperative serum triglyceride levels were greater in patients
showing a response to bariatric surgery (+42.33 mg/dl, 95% CI 1.4–83.25 mg/dl, p = 0.036).
In the one-year follow-up, non-responders presented with significantly higher mean GGT
(+44.3 U/l, 95% CI 21.21–67.39 U/l, p < 0.001).

Figure 2. Consecutive ccK18 measurements identified non-responders to bariatric surgery. The
individual changes in ccK18 levels during the one-year follow up (∆ccK18) were neither associated
with (A) total body weight loss (r = 0.32), nor with (B) excessive weight loss (r = 0.12). Excessive
weight loss was calculated relative to a body mass index of 25. Spearman’s correlation coefficient
was applied. Panel (C) shows a waterfall plot, depicting the individual change in ccK18 levels
12 months after surgery, compared to preoperative values, for each patient. While most patients
experienced a decline, some presented unaltered or even increased ccK18 levels. For further analysis,
we categorized patients into “Responders” and “Non-Responders”, defining response as a decline in
ccK18 levels ≥ 10% one year postoperatively.
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Table 2. Comparison of responders and non-responders before and one year after surgery.

Preoperative 1 Year

Responders
(n = 30)

Non-Responders
(n = 9)

p
(Adjusted)

Responders
(n = 30)

Non-Responders
(n = 9)

p
(Adjusted)

Demographic
Age (year) 39.1 (23 to 60) 40.56 (27 to 51) >0.999
Female sex 27 (90%) 8 (89%)

Anthropometric

BMI (kg/m2) 51.4 (41.56 to 61.85) 53.72 (44.92 to 59.88) >0.999 32.89
(25.4 to 42.52)

31.81
(23.95 to 40.15) >0.999

Body weight (kg) 145.51 (111.7 to 190.5) 149.98 (115 to 183) >0.999 92.79 (73.4 to 125) 88.68 (61.3 to 108) >0.999

Metabolism
Diabetes mellitus 8 (33%) 2 (25%) 1 (3%) 1 (11%)

LDL cholesterol (mg/dl) 128.15 (53 to 233) 134.5 (90 to 165) >0.999 90.63 (20 to 145) 96.22 (65 to 153) >0.999
HDL cholesterol (mg/dl) 44.5 (27 to 71) 52.25 (31 to 87) >0.999 49.3 (17 to 83) 55.78 (38 to 95) >0.999

Serum triglycerides (mg/dl) 183.08 (58 to 751) 140.75 (98 to 189) 0.036 90.53 (44 to 253) 80 (44 to 120) 0.962
CRP (mg/l) 15.25 (2.09 to 146.61) 25.94 (8.12 to 110.89) >0.999 1.26 (0.5 to 7.91) 3.9 (0.5 to 14.6) >0.999

Liver-related
Log ccK18 (U/l) 2.4 (2.01 to 3.17) 2.27 (2.13 to 2.53) >0.999 2.02 (1.64 to 2.28) 2.34 (2.21 to 2.62) >0.999
ccK18 > 200 U/l 17 (57%) 3 (33%) 0 5 (56%)

ALT (U/l) 45.5 (11 to 126) 26.11 (13 to 43) 0.921 34.47 (10 to 186) 41.78 (10 to 102) >0.999
AST (U/l) 34.13 (10 to 136) 21.22 (12 to 30) >0.999 22.87 (8 to 137) 25.33 (12 to 42) >0.999

Alkaline Phosphatase (U/l) 76.87 (48 to 114) 79.33 (50 to 114) >0.999 78.27 (43 to 122) 97.67 (60 to 270) 0.194
GGT (U/l) 45.33 (9 to 162) 26.56 (11 to 56) 0.939 13.03 (6 to 40) 57.33 (10 to 279) < 0.001

Bilirubin (mg/dl) 0.49 (0.3 to 1) 0.5 (0.3 to 0.7) >0.999 0.59 (0.2 to 1.5) 0.54 (0.3 to 0.9) >0.999
Albumine (g/dl) 4.35 (3.8 to 5.1) 4.09 (3.6 to 4.6) >0.999 4.47 (4.03 to 5) 4.24 (3.92 to 4.5) >0.999

Significant fibrosis?
NFS −0.27 −0.164 >0.999 −2.21 (−4.68 to 0.4) −2.87 (−5.44 to −0.44) >0.999

NFS > 0.676 6 (20%) 2 (22%) 0 0
APRI 0.318 0.187 >0.999 0.24 (0.05 to 1.25) 0.23 (0.09 to 0.48) >0.999

APRI > 0.7 2 (7%) 0 1 (3%) 0
FIB-4 0.74 0.594 >0.999 0.64 (0.21 to 1.51) 0.59 (0.36 to 1.33) >0.999

FIB-4 > 3.25 0 0 0 0

Data are given as Mean or Median (range) or n (%) LDL, Low Density Lipoprotein; HDL, High Density Lipoprotein; CRP, C-reactive
protein; ccK18, caspase-cleaved Keratin 18 (M30); ALT, alanine-aminotransferase; AST, aspartate-aminotransferase; GGT, gamma-glutamyl-
transferase; NFS, NAFLD fibrosis score; APRI, aspartate-aminotransferase to platelet ratio index.

3.5. The Expression of Adipokines and Cytokines Distinguished Responders and Non-Responders

Next, we aimed to evaluate possible differences in the molecular signatures of adipokines
and cytokines between responders and non-responders. Before surgery, non-responders
showed a strong expression of fibrinogen, while it was hardly detectable in the response
group (Figure 3A,B). Non-responders, furthermore, presented with a 14% higher leptin
expression and a reduced level of nidogen-1 (−25.6%). Repeated adipokine arrays demon-
strated a distinct course of fibrinogen and insulin-like growth factor binding protein 6
(IGFBP-6) expression in responders and non-responders (Figure 3C): both increased in the
response group one year after surgery but decreased in non-responders.

Leptin showed a greater decrease in non-responders, leading to a comparable expres-
sion one year after surgery. Adiponectin was unchanged in its expression in the response
group. In non-responders, however, the expression decreased by 23.9% in the one-year fol-
low up. Finally, cytokine arrays indicated a decreased preoperative expression of CXCL12,
plasminogen activator inhibitor 1 (PAI-1), and macrophage migration inhibitory factor
(MIF) in non-responders (Figure S3).
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Figure 3. Distinct adipokine expression in responders and non-responders. (A) High resolution scans
of the original arrays. Pooled serum samples of nine patients per group were subjected to adipokine
arrays before and one year after surgery. (B) The analysis of the expression relative to positive
control dots revealed a greater expression of fibrinogen and leptin in non-responders; nidogen-1
was less abundant in this group. (C) One year after surgery, fibrinogen and insulin-like growth
factor binding protein 6 (IGFBP-6) expression increased in the response group but decreased in non-
responders. Leptin also showed a greater decrease in non-responders. Adiponectin–unchanged in its
expression in the response group–decreased by 23.9% in non-responders during the one-year follow
up. Contrarily, CCL5 remained stable in non-responders but decreased in patients responding to the
bariatric surgery. Correspondingly colored boxes in (A) label the protein’s positions on the arrays.

4. Discussion

The present study elucidates the natural history of ccK18 levels and demonstrates
its feasibility in the hepatic follow-up of a cohort undergoing Roux-en-Y gastric bypass.
To our knowledge, this is the largest single-center study published to date in which all
bariatric procedures were performed by the same surgeon. A significant decline in ccK18
levels was observed six months after surgery, falling in line with a previous report [23].

The high baseline levels of ccK18 and their marked decrease, following the surgery
emphasize the extent of liver disease in our bariatric surgery cohort. Although no patient
had been diagnosed with a chronic liver disease, the presence of NAFLD was likely in
most subjects. According to the NALFD fibrosis score, advanced fibrosis was present in
approximately 21% of patients preoperatively. The extent of ccK18 fragments and the high
levels of established scores, such as the NFS, indicated progressed disease in some patients.
The vigorous examination and thoughtful application of non-invasive biomarkers will be
crucial to improve diagnosis, surveillance, and timely therapy of NAFLD in these patients.

Several authors stressed the imperfections of ccK18 as a biomarker for NAFLD. While
combinations of liver stiffness measurements and other biomarkers seem promising [25,37],
the inherent diagnostic accuracy of ccK18 has often been considered modest at best [38,39].
Furthermore, ideal ccK18 cut-offs are yet to be identified, as Kwok et al. accurately
pointed out [28]. On the one hand, the approach presented herein addressed this issue
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by assessing the individual changes in ccK18 levels over time. Since the release of ccK18
reflects hepatocellular apoptosis as one of the underlying disease mechanisms, it seems
especially well-suited to represent the spectrum of metabolism-associated liver disease,
rather than imitating histological classifications [23–25]. In view of the multiple, short term,
and close-knit checks before and after surgery, histological confirmation of the steatosis and
fibrosis was not considered. Vuppalanchi et al., moreover, demonstrated that the decrease
in ccK18 was correlated with histologic improvement of NAFLD [31]. On the other hand,
in an unfiltered cohort without prior evaluation of NAFLD, this approach bears the risk of
misinterpreting the lack of response in patients without serious liver disease in the first
place. To this end, six out of our nine patients considered non-responders in this study
presented with baseline ccK18 levels <200 U/l. In contrast, 13/30 patients, who responded
to the intervention, also exhibited such ccK18 levels, and there was no significant difference
in the preoperative ccK18 levels between the groups.

Consecutive ccK18 measurements revealed non-responders to bariatric surgery, which
showed a decline <10% in ccK18 one year postoperatively when compared to baseline
levels, in a similar magnitude as reported previously [8]. Great efforts have been made
to reduce heterogeneity in our cohort: all patients were included in a structured, single
center treatment regimen including a Roux-en-Y gastric bypass procedure performed by a
single experienced surgeon. Yet responses were highly inconsistent. Lacking reduction in
waist circumference, higher glucose levels, and insulin resistance have been postulated as
possible modes of action [40–42]. However, neither the extent of weight loss nor HbA1c
values significantly differed between responders and non-responders in our cohort. Further
studies are needed to gain a comprehensive understanding of the underlying mechanisms.
While the addition of ccK18 to a standard laboratory panel enabled the monitoring of
the response to bariatric surgery, it did not increase its performance in predicting the
eventual outcome.

However, the differences seen in the expression of adipokines imply promising per-
spectives. Fibrinogen, for instance, showed a greater expression in non-responders. In
these, C-reactive protein was also increased in tendency, indicating a possible role of sys-
temic inflammation. On the contrary, fibrinogen expression increased in responders, while
it decreased in non-responders. The use of fibrinogen as a marker of systemic inflammation
might also be confounded by the various changes in hemostasis, occurring post bariatric
surgery [43]. Leptin was also overexpressed in non-responders. Although there have
been conflicting results, a recent meta-analysis found higher circulating leptin levels to be
associated with the severity of NAFLD, providing a possible explanation for the distinct
course of disease in non-responders [44]. While the expression of adiponectin is comparable
among the groups preoperatively, it decreased in non-responders. Adiponectin has been
reported to negatively correlate with insulin resistance, visceral fat, advanced fibrosis, and
the development of NASH [45–48]. Shorter intervals of adiponectin measurements might
elucidate its potential to predict the response to bariatric surgery in future studies.

In summary, we demonstrated the successful clinical application of a ccK18-based
follow-up to monitor the progression of liver disease in a bariatric surgery cohort. The
use of non-invasive measures will be inevitable to establish a widespread application of
NAFLD surveillance. We renounced histology in favor of close-knit non-invasive controls,
as ccK18 has often been correlated with histological findings. The present study facilitates
this development by clarifying the natural course of ccK18 in the first year post-bariatric
surgery. To fully implement ccK18 in clinical practice, future studies investigating the
influence of comorbidities and medication use will be necessary. Furthermore, a focus
on the capability of biomarkers to predict outcomes in a subset of patients, rather than
predicting the results of the imperfect gold standard liver biopsy, could provide new
insights in this rapidly evolving field.
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