Second harmonic generation microscopy can quantify and
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Table 2. Quantitative fibrosis measurements by SHG/TPEF in lobular regions based on staging by
INTROD U CTION R ESU LTS SHG/TPEF microscopy and NASH CRN. Periportal and pericentral areas were set at 100 um from the CONC LUSIONS
. : : : Y portal tract and central vein, respectively : : :
e Non-alcoholic fatty liver disease (NAFLD) is the most common chronic Atotal of 138 patients with NARED were Includediin this study e SHG/TPEF microscopy with computer-assisted e
0501 categorical [r = 0.58]) Lobular regions qF1, mean (n = 25) qF2, mean (n = 42) b value that allows quantitation and categorisation of changes % q¢$+
| N - - - e The main difference in staging between SHG/TPEF microscopy and NASH CRN was in patients in liver fibrosis that might not be identified using the R
e NAFLD comprises a spectrum of liver injury which can vary in severity, . ging Py P Portal 1.490 5 879 0.004 NASH CRN staqing svstem A R
. : e . : with gF1/F1 (gF1 [n = 25] vs F1 [n = 61]), gF2/F2 (gF2 [n = 42] vs F2 [n = 7]) and gF3/F3 : : : staging syste
with non-alcoholic steatohepatitis (NASH) representing the progressive . — : : : : : : : : , , _
subtype of NAFLD? (QF3 [n =29] vs F3 [n = 12]) fibrosis, while smaller differences were observed in patients with Periportal 0.659 1.242 <0.001 e SHG/TPEF microscopy can assess an increase in
: . ; _ _ gFO/F0 (g0 [n = 30] vs FO [n = 36]) and gF4/F4 (gF4 [n = 12] vs F4 [n = 10]) fibrosis (Table 1) Perisinusoidal (zone 1) 0.080 0.161 0.005 collagen fibres in perisinusoidal zone 1 fibrosis areas
e Assessment of liver biopsies with the grading and staging systems e SHG/TPEF staging classified 60.1% of patients with qF2—qF4 fibrosis while this proportion was Perisinusoidal (zone 2) 1199 1309 0340 between stages qF1/F1 and gF2/F2 compared with
proposed by the non-alcoholic steatohepatitis (NASH) clinical research markedly lower (23.0%) based on CRN staging of the same cohort, highlighting that SHG/TPEF A ' ' ' NASH CRN, which is a key feature of differentiating
network (CRN)3 is widely used in clinical trials due to regulatory staging may identify patients with more advanced fibrosis in NAFLD compared to CRN staging Perisinusoidal (zone 3) 0.093 0.096 0.881 between these fibrosis stages
authority guidance? - - - - - : Pericentral 0.292 0.312 0.688
y. 9 | o . | | e The proportlotn of pa_tlenr;[s in e_aclg_ flbros1|s stage based on NASH CRN staging and SHG/TPEF . e Eurther research is needed to determine the clinical
« Conventional microscopy with histopathologist scoring using the NASH [HCle=COPR=tITNGNSESIORIMIRGIGURC Central vein 0.339 0.448 0.209 significance of such changes and select the
CRI\_I criteria is the most common method which provides a Table 1. Fibrosis staging based on SHG/TPEF microscopy (qF0—-gF4) and NASH CRN Portgl+peripor%l+perisin 2 208 4 289 0.001 parameters to be used when evaluating clinical trial
semiquantitative assessment of NASH severity (FO-F4). usoidal’(zohe ' ' ' inclusion and efficacy of therapeutic interventions,
 More recently, digital quantification of liver histology features with NASH CRN staging Including investigational medicines
artificial mtelllgence anal_yses 1S befé)mlng mcreasmglly recognised as a Lobular regions F1, mean (n = 61) F2, mean (h = 7) p value e SHG/TPEF microscopy and digital pathology is a useful
key approach in quantifying NASH®>, as these techniques have the qFO/FO 30 (22) 36 (29) tool, in parallel with the NASH CRN scoring system, in
potential to provide novel analyses of liver histology, aiding our F1/F 25 (18) 61 (48) Portal 2.082 5.185 <0.001 gaining additional and detailed information and
understanding of natural history and therapeutic response qF2/F2 5 (30 — Periportal 0.974 1.473 0.030 assessing liver fibrosis
e The use of second harmonic generation/two-photon excitation qF3/F3 = (21) T (12) Perisinusoidal (zone 1) 0.119 0.170 0.211
fluorescence (SHG/TPEF) microscopy with computer-assisted analyses 9 (1) (10) Perisinusoidal (zone 2) 1.287 1.121 0.658
may provide a standardised and reproducible approach for precise qF4/F4 12 (9) 10 (8) Perisinusoidal (zone 3) 0.096 0.082 0678
guantitative assessment of NASH histology Total 138 126* Pericentral 0318 0370 0549
*Note that NASH CRN staging was not available for 12 biopsies. :
CRN, clinical research network; F, fibrosis stage; gF, gFibrosis stage; n, number of patients in group; NASH, non- il EEn Lot Dates LUe R E FE R E NC ES
alcoholic steatohepatitis; SHG, second harmonic generation; TPEF, two-photon excitation fluorescence. Portal+peri or% l+perisin 3176 6.828 0.001
AI M usoidal (zohe % : : SV 1y - : :
. Younossi et al. Hepatol. 2016;64(1):73—-84.
The a . : CRN, clinical research network; F, fibrosis stage; gF, %Fibrosis stage; n, number of patients in group; NASH, non-alcoholic 2 EASL. EASD & EASO. J. H tol
 The aim of this exploratory study was to apply SHG/TPEF microscopy steatohepatitis; SHG, second harmonic generation; TPEF, two-photon excitation fluorescence. : ) cwh Pl pislial

with computer-assisted analyses for precise quantification of liver qF0: 23% 2016;64(6):1388—1402.
FO: 29%

fiorosis in patients with NAFLD, and determine its added benefit when
used in parallel to conventional liver histology assessment in evaluating
liver biopsies

e Figure 2 details the microscopic imaging produced by SHG/TPEF microscopy of key features of liver 3. Kleiner et al. Hepatol. 2005;41(6):1313-1321.
histology; gFibrosis is the overall output from assessment of fibrosis in the liver specimen comprising _ _
the quantitative readouts in different areas of the liver lobule (Figure 2A) 4. Brunt et al. J. Hepatol. 2022;76(5):1030-1041.

oF 1: 20% e The periportal and pericentral areas are set at 100 um from the portal tract and central vein, 5. Taylor-Weiner et al. Hepatol. 2021;74(1):133-147
respectively, and the region in between is the perinisinusoidal area (Figure 2B). The 100 pm is an : ; ; _
approximation, based on a tenth of the average distance between the portal tract and central vein in a & Hirettel, [izpeisl, AR (o=
normal liver. Further expansion of the “peri” region to 200 um and 400 um were also considered and are
shown below (Figure 2C-D)

Flania e The demarcation of 100/200/400 um for the peri region is, however, not part of the NASH CRN staging
| system, and different interpretations of this region would have an impact on the evaluation of F1/F2

(sj’gﬁgreeshcl—éesnggéé?\?eguirr?%elu)ef gatients being staged F1 or F2 may vary, which may explain the AC KN OWLEDG EM ENTS
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METHOD

e This study analysed liver biopsies from patients with NAFLD who failed
screening for a Phase 2, randomised, double blind, placebo-controlled
trial, which assessed the combination of tropifexor and cenicriviroc in
patients with NASH (TANDEM, NCT03517540)

o SHG/TPEF microscopy was used to assess liver fibrosis on a o | =
continuous scale (gFibrosis); these scores were also converted into . — —— qF3: 19%
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IS an obje_ct|ve and reprpdumb!e Imaging technlgue \_Nhlch can quantify NASH CRN staging SHEITPEF nicigecony Periportal B G B oidal with the Good Publication Practice (GPP3) guidelines
collagen fibres present in multiple areas of th.e liver mclugllng the overall (PP) (http://www.ismpp.org/app3).
area, central vein, portal tract and perisinusoidal regions Figure 1. Classification of fibrosis based on NASH CRN staging and SHG/TPEF microscopy  (C) Peri - 200 um i, CV (D) Peri - 400 pm This investigation was sponsored by Novartis Pharma AG,
e Collagen parameters for gFibrosis were measured in portal tract, staging. ; R Basel, Switzerland.
peripora, percentral, central vein and perisinuseidal regions in zones | | A arkey dagren showing e propen o patenis 1 exch ot stage e con NASH SN S0 210 cach ,- et » |
1, 2 and 3, where zones 1 and 3 are defined as 100 um away from the system. Percentages detail the proportion of the total cohort?n each fibrosis stage. PT o8 | e . PT G \ ¥ @ )
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. . _ . . second harmonic generation; TPEF, two-photon excitation fluorescence. o | - 20N TR e 20N
* Independently, all biopsies were assigned a NASH GRN fibrosis stage SHG/TPEF microscopy identified significant differences in portal (p = 0.004), periportal (p < (L Rt s e haL Ry pa
_ 3 I - . : g = V. 3 oA | e = . Vi . . o
(FO—F4)" by an expert central pathologist 0.001) and portal+periportal+zone 1 (p = 0.001) fibrosis areas between qF1 and gF2 stages, as "< Peri-PT Perisinusoidal <+ Peri-PT Perisinusoidal CO NTACT IN FORMATION
e Two-sample t-tests were performed to assess the statistical differences well as differences between qF1 and gF2 stages in zone 1 fibrosis areas alone (p = 0.005) = 2t - —
in the zonal fibrosis quantification when comparing the F1 and F2 (Table _2) | | | | | Figure 2. Key histologic areas of NASH liver biopsies using SHG/TPEF microscopy. Professor Quentin Anstee, Translational & Clinical ——
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: : - _ a 1alC) , Y), 1 SU , L I ) " . . . . ewcastle University, Newcastle upon Tyne, United ——
Further, Spearman’s correlation coefficient was used to assess the system identified significant differences in the localization of fibrosis in portal (p < 0.001), pericentral areas set at 100 um from the portal tract and central vein; (C) SHG/TPEF image with periportal and pericentral Kinadom —
correlation between NASH CRN fibrosis and gFibrosis. Significance eriportal (p = 0_038) and portal+periportal+zone 1 (p < 0.001) fibrosis areas, but not in'zone 1 areas set at 200 um from the portal tract and central vein; and (D) SHG/TPEF image with periportal and pericentral areas set at | g. Om. | —
was set at p < 0.05 ﬁbrosis areas alone (p = 0.211), between F1 and F2 stages (Table 2) 400 um from the portal tract and central vein. Email: quentin.anstee@newcastle.ac.uk ——
e However, there were no significant differences in the mean fibrosis quantification in other acinar ~ CV, central vein; PC, pericentral; PP, periportal; PT, portal tract; SHG, second harmonic generation; TPEF, two-photon Phone: +44 (0) 191 208 7012 —
zones for both SHG/TPEF microscopy staging and NASH CRN staging excitation fluorescence. —




