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2Department of Pathology and Laboratory Medicine, University of California, Davis, Sacramento,
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3Department of Radiology, University of California, Davis, Sacramento, California.

“Division of Biostatistics, Department of Public Health Sciences, University of California, Davis,
Sacramento, California.

Introduction:

Non-alcoholic steatohepatitis (NASH) is a severe form of non-alcoholic fatty liver disease
(NAFLD) characterized by lobular inflammation and hepatocyte injury and is a key
determinant of clinical outcomel. Liver biopsy remains the ‘gold standard’ for diagnosis
but is limited by risks of the procedure and inter-observer variability. Although magnetic
resonance imaging (MRI)-based technology may provide novel means to identify NASHZ,
there remains a significant need for other modalities to diagnose NASH non-invasively.
Glucose transport, an integral tissue process altered in NASH,3 is measurable with 18F-
fluoro-deoxyglucose positron emission tomography (FDG PET). As unenhanced computed
tomography (CT) scan can detect hepatic steatosis quite reliably*, and PET combines
unenhanced CT for attenuation correction, we hypothesized that measurement of the
combination of glucose transport by PET and steatosis by CT could yield a reliable
radiologic correlate of NASH.

Methods:

The study was approved by the institutional review board. Patients with NAFLD, age

=18 years, without risk factors of concomitant liver disease and who had undergone liver
biopsy, were enrolled. The biopsy was scored according to established NASH-CRN (Clinical
Research Network) criteria® by expert pathologists. Liver biopsies were assessed according
to NAFLD activity score (NAS), the sum of steatosis (0-3), lobular inflammation (0-3) and
ballooning degeneration (0-2). ‘Clinical NASH’ was defined as NAS >4, with a score of at

"Corresponding author: Souvik Sarkar, MD, PhD, Gastroenterology and Hepatology, University of California Davis, 4150 V St; PSSB
3500, Sacramento CA 95817, Phone: 916-734-3759; Fax: 916-734-7908, ssarkar@ucdavis.edu. “Co-corresponding author: Guobao
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least 1 in each of the NAS categories. ‘Fibrotic NASH’ was defined as those with clinical
NASH plus fibrosis stage =2 by NASH-CRN criteria. All patients underwent dynamic PET
scan on a GE Discovery 690 PET/CT scanner within 6 months of liver biopsy (mean 2+1.3
months). Diabetic patients were instructed to hold their short- and/or long-acting insulin
after midnight and fasting pre-PET blood glucose was measured with goal <200mg/dL
(mean 114+25mg/dL). Each patient received a bolus injection of 10 mCi 18F-FDG, and
dynamic images were acquired for 60-minutes. Regions-of-interest (ROI) were placed in the
liver to extract a time activity curve of the liver from the dynamic sequence®. Utilizing an
optimization-derived kinetic modeling that accounts for liver dual blood supply® 7, the liver
FDG blood-to-tissue transport rate (K1) was determined. At the end of PET scan, low dose
CT scan was performed for attenuation correction with tube voltage 140 kVp and current
100 mAs. Liver CT Hounsfield units (CTHU) were measured from the ROIs. Patients also
underwent MRI-proton density fat fraction (MRI-PDFF). Correlations were calculated using
the Spearman correlation. The PET-derived liver K4 value was linearly combined with
CTHU to form a multivariate logistic regression for receiver operating characteristics (ROC)
analysis.

Of 44 enrolled patients, 31 were female, age 55+13 years, BMI 34.1+5.8 kg/m?, 68%
Whites, 23% Hispanics and 14 with known diabetes. On liver biopsy, 82% of patients

had clinical NASH with mean NAS score of 52 with 59% having NAS =5 and 52%

with fibrotic NASH. As we showed previously, PET scan measurement of liver glucose
(FDG) transport rate K1 correlated with the sum of lobular inflammation and ballooning
degeneration®. Steatosis scored on biopsy or by MRI-PDFF correlated significantly with
CTHU (r=-0.805 and —0.8789, respectively; p<0.0001). The dual-variate model combining
K1 with CTHU (K1+CTHU or ‘PET-NAS’: 8.7732*K; +0.1759*CTHU) <18.72475 was
able to detect clinical NASH with sensitivity=0.92, specificity=1 and fibrotic NASH with
sensitivity=0.96, specificity=0.48 (Figure 1). PET-NAS correlated with total NAS score
(r=-0.78, p<0.001), while PET-NAS <17.389 predicted NAS =5 with sensitivity=80.8% and
specificity=83.3%.

Discussion:

Utilizing dynamic FDG-PET, we have derived a novel radiologic tool that demonstrates high
sensitivity and specificity for identification of NASH. While our previous study focused

on understanding the linkage between FDG K kinetics and distribution in the context of
liver inflammation, the current study brings forth novel PET/CT correlate of histologic
NASH. The negative correlation of K; with NASH may reflect decreased glucose transport
with increased liver inflammation and injury in NASH (secondary to inherent apoptotic
processes)3. While this is a small, single center study with a predominance of patients with
advanced NASH, it provides essential preliminary data for a larger study that includes a
more diverse cohort of patients. Although radiation exposure is a research risk, effective
dose remains low and comparable to abdominal CT8. Our FDG PET/CT imaging cannot
detect fibrotic NASH reliably due to lack of marker for fibrosis but remains of future
interest.
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To summarize, in this proof-of-concept study, we demonstrate that dynamic FDG-PET/CT
scan is a potential tool for detection of NASH, a rising epidemic with few non-invasive tools
for assessment.

Disclosures:

SS: Advisory board for Genfit, Eisai; Grant (to UC Davis) from Gilead Sciences; None of the other authors has
relevant conflicts of interest (financial or personal)

References

1. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management of nonalcoholic fatty
liver disease: Practice guidance from the American Association for the Study of Liver Diseases.
Hepatology. 2017. Epub 2017/07/18.

2. Allen AM, Shah VH, Therneau TM, et al. Multiparametric Magnetic Resonance Elastography
Improves the Detection of NASH Regression Following Bariatric Surgery. Hepatol Commun.
2020;4(2):185-92. Epub 2020/02/07. [PubMed: 32025604]

3. Feldstein AE, Canbay A, Angulo P, et al. Hepatocyte apoptosis and fas expression are prominent
features of human nonalcoholic steatohepatitis. Gastroenterology. 2003;125(2):437-43. Epub
2003/08/02. [PubMed: 12891546]

4. Hahn L, Reeder SB, Munoz del Rio A, et al. Longitudinal Changes in Liver Fat Content in
Asymptomatic Adults: Hepatic Attenuation on Unenhanced CT as an Imaging Biomarker for
Steatosis. AJR Am J Roentgenol. 2015;205(6):1167-72. Epub 2015/11/21. [PubMed: 26587921]

5. Kleiner DE, Brunt EM. Nonalcoholic fatty liver disease: pathologic patterns and biopsy evaluation
in clinical research. Semin Liver Dis. 2012;32(1):3-13. [PubMed: 22418883]

6. Sarkar S, Corwin MT, Olson KA, et al. Pilot Study to Diagnose Nonalcoholic Steatohepatitis
With Dynamic (18)F-FDG PET. AJR Am J Roentgenol. 2019;212(3):529-37. Epub 2019/01/24.
[PubMed: 30673340]

7. Wang G, Corwin MT, Olson KA, et al. Dynamic PET of human liver inflammation: impact of
kinetic modeling with optimization-derived dual-blood input function. Phys Med Biol. 2018.

8. RSNA. Radiological Society of North America Inc (RSNA): Radiation Dose in X-Ray and CT
Exams. 2020 [08/06/2020]; Available from: http://www.radiologyinfo.org/en/info.cfm?pg=safety-
xray.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 April 12.


http://www.radiologyinfo.org/en/info.cfm?pg=safety-xray
http://www.radiologyinfo.org/en/info.cfm?pg=safety-xray

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Sarkar et al.

Sensitivity

PET-NAS

08

06

04

02

00

22

20

18

16

14

12

10

1

Clinical

Page 4

B.
NASH ., Fibrotic NASH

L

08

Sensitivity

04

AUC =0.944

AUC =0.623

00

00

T T T T I T

02 04 06 08 1.0 0.0 02 04 06

1-Specificity 1-Specificity

"NAS>=5

08 10

Spearman p =-0.78

p<0.001

10

Sensitivity
06

04

02

AUC =0.908

.
00

T T T T ! ! !
2 4 . s 00 02 04 06

Total NAS score 1-Specificity

Figure 1:
A. Area under the Receiver operating characteristics (AUROC) curve of K; and combined

K1+CTHU (‘PET-NAS) to detect Clinical NASH, B. Fibrotic NASH, C. correlation of
PET-NAS with NAS or NASH severity and D. for NAS=5
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