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Abstract:

Objective The aim of this study was to determine the long-term effects of a sodium-glucose cotransporter 2
inhibitor (SGLT2i) in nonalcoholic fatty liver disease (NAFLD) patients with type 2 diabetes mellitus (T2
DM) on the clinical features and liver histopathology.

Methods In this retrospective study, the long-term histological impacts of SGLT2i in NAFLD patients with
T2DM were investigated.

Patients Seven patients with NAFLD and T2DM were treated for the long term with 100 mg/day canagli-
flozin, an SGLT2i, and liver biopsies were obtained at the 3 points of pretreatment, 24 weeks, and 21 year
(third liver biopsy) after the start of treatment. Six of seven patients were evaluated with third liver biopsy at
the point of three or more years. The primary outcome was liver histopathological changes (defined as a de-
crease in the NAFLD activity score of one point or more without worsening of the fibrosis stage, compared
to pretreatment).

Results All 7 patients showed worsening of body mass index and waist circumference at the third liver bi-
opsy compared to 24 weeks. However, the scores of steatosis, lobular inflammation, ballooning, and fibrosis
stage improved at the third liver biopsy in 57%, 43%, 14%, and 29% of the patients, respectively, compared
to pretreatment. One of the seven patients showed histopathological worsening at the third liver biopsy com-
pared to pretreatment, but the improvement was maintained in the other six patients.

Conclusion The long-term treatment of NAFLD complicated by T2DM using an SGLT2i is associated with
long-term improvement in liver histopathology despite the worsening of clinical features.
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holic fatty liver to nonalcoholic steatohepatitis (NASH).
Introduction Thus, NAFLD can progress to liver cirrhosis, hepatocellular
carcinoma (HCC), or liver failure, even in the absence of

Nonalcoholic fatty liver disease (NAFLD) is the most excessive alcohol intake (5).
common liver disease worldwide (1-4) and encompasses a Sodium-glucose cotransporter 2 inhibitor (SGLT2i) im-
wide spectrum of pathologies, ranging from benign nonalco- proves the outcome of patients with type 2 diabetes mellitus
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(T2DM) by enhancing urinary glucose excretion, and reduc-
ing the risk of cardiovascular and renal complications (6, 7).
We also reported recently that an SGLT2i improved the
histopathological findings in NAFLD complicated by T2DM
by reducing the scores of steatosis, lobular inflammation,
ballooning, and fibrosis stage at 24 weeks compared to pre-
treatment scores [with histopathological improvement taken
as a >1-point reduction in the NAFLD activity score (NAS)
without worsening of the fibrosis stage] (8, 9). Similar re-
sults using other SGLT2is were also reported by another
group (significant improvements at 24 weeks in steatosis,
ballooning and fibrosis] (10), highlighting the therapeutic
potential of SGLT2is as effective agents against NAFLD
complicated with T2DM.

The aim of the present retrospective study was to deter-
mine the long-term impact of 100 mg/day canagliflozin, an
SGLT?2i, on the clinical features and liver histopathology of
NAFLD patients complicated with T2DM.

Materials and Methods

Study design and participants

In this retrospective study, 7 Japanese patients with
NAFLD and T2DM received long-term treatment with 100
mg canagliflozin/day at our hospital between November
2015 and December 2019, and the clinical and histopa-
thological effects (e.g., steatosis, lobular inflammation, bal-
looning, and fibrosis stage) of such long-term treatment
were assessed at 3 points: pretreatment (baseline, first liver
biopsy), 24 weeks (second liver biopsy), and 21 year (third
liver biopsy) after the start of treatment. Six of the seven pa-
tients were evaluated with a third liver biopsy at three or
more years. The results of the first and second liver biopsies
were based on our previous prospective clinical trial UMIN
000018166 (https://upload.umin.ac.jp/cgi-open-bin/ctr/index.
cgi) (8, 9). Patients with histopathological changes of steato-
sis in at least 5% of hepatocytes and those with a history of
alcohol intake of <20 g/day were included in the analysis.
None of the selected patients had other underlying liver dis-
ease (e.g., viral hepatitis, autoimmune hepatitis, drug-
induced liver disease, or primary biliary cholangitis), sys-
temic autoimmune diseases (e.g., systemic lupus erythemato-
sus or rheumatoid arthritis), or metabolic diseases known to
affect the liver (e.g., hemochromatosis, o-1-antitrypsin defi-
ciency, or Wilson’s disease).

The study protocol was approved by the Toranomon Hos-
pital institutional review board (#953). The study was con-
ducted in compliance with the International Conference on
Harmonisation Guideline for Good Clinical Practice (E6)
and the 2013 Declaration of Helsinki. Written informed con-
sent for the liver biopsy was provided by all patients.

Liver histopathology

Liver biopsy specimens were obtained using a 14-gauge
modified Vim Silverman needle (Tohoku University style;

Kakinuma Factory, Tokyo, Japan), a 16-gauge core tissue bi-
opsy needle (Bard Peripheral Vascular, Tempe, USA), or
surgical resection. The minimum acceptable size of the liver
biopsy specimen was set at >1.5 cm and/or containing more
than 11 portal tracts. The specimen was fixed in 10% forma-
lin and cut into sections, which were then stained with
hematoxylin-eosin, Masson trichrome, silver impregnation,
or periodic acid-Schiff after diastase digestion. Four patholo-
gists (K.K., EK., TF,, and T.F) who were blinded to the
clinical findings evaluated each of the specimens, and the fi-
nal assessment was reached by consensus.

Steatosis grades 0, 1, 2, and 3 corresponded to steatosis
of hepatocytes of <5%, 25% to <33%, >33% to <66%, and
>66% of the total, respectively. Lobular inflammation scores
of 0, 1, 2, and 3 represented no inflammatory foci, <2 foci,
2-4 foci, and 24 foci per 200x field, respectively. Hepato-
cyte ballooning of none, few, and many cells was scored as
0, 1, and 2, respectively. NAS represented the sum of scores
of steatosis, lobular inflammation, and hepatocyte ballooning
(range, 0-8 points) (11). The fibrosis stage was classified as
0, 1, 2, 3, and 4 wusing the criteria defined previ-
ously (11, 12). NASH was defined according to the Fatty
Liver: Inhibition of Progression (FLIP) algorithm (13).

Outcomes

The primary outcome measure included histopathological
changes in the individual histological components of NASH
from baseline (first liver biopsy) to 24 weeks (second liver
biopsy) and 21 year (third liver biopsy) after the start of
treatment. Histopathological improvement was defined as a
decrease in the NAS of one point or more without worsen-
ing of the fibrosis stage. The secondary outcomes included
changes in clinical parameters (including clinical features,
laboratory test results, and imaging findings) from baseline
to 24 weeks and 21 year after the start of treatment. We
analyzed the clinicopathological parameters that could affect
the NAFLD prognosis using the Fib-4 index with the fol-
lowing formula: [age (year)xAST (aspartate aminotrans-
ferase) (U/L)]/[platelet count (109/L)x«/_ alanine aminotrans-
ferase (ALT) (U/L)], which has been used previously to as-
sess the progression of liver fibrosis (14).

Statistical analyses

Wilcoxon’s test was used to compare paired samples. All
p values less than 0.05 by the two-tailed test were consid-
ered significant. Statistical analyses were performed using
the SPSS software program (SPSS, Chicago, USA).

Results

Histopathological changes

Table and Fig. 1 summarize the changes in histopa-
thological scores at the time of the three liver biopsies. The
results of the first two liver biopsies have already been re-
ported in our previous prospective study (8, 9). Case 2 dis-
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Table. Histological Findings at the Time of Liver Biopsies.
p p p p p b
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 val-
value value value value value value ue
Age at first 64 44 60 63 60 53 55
biopsy (yrs)
Sex M M F M M M
Biopsy number 1 2 3 1 2 3 1 2 3 1 3 1 2 3 1 2 3 1 2 3
Time of 3rd 3.8 3.5 ** 3.5 k% 35 ** 3.5 ¥k 1.7 ** 3.5 #*
biopsy (yrs)
Steatosis (%) 2 1 2 2 1 1 |, 1 1 2 301 1 ] 2 1 2 2 1 1 | 3 2 2 |
(50) (30) (40) 40) (20) (5) (30) (5-10) (50) (80) (30) (20) (60) (30) (40) (60) (20) (20) (70) (40) (50)
Lobular 2 2 1 1 2 2 2 1 1 1 2 2 2 2 1 1 1 3 2 2 | 1 1 1
inflammation
Ballooning 1 1 1 1 1 1 1 0 1 1 1 | 1 1 1 1 1 1 1 1 1
Stage 1 1 1 2 2 1 1 1 1 1 4 3 3 1 2 1 2 3 3 3 3 3 3

NAFLDactivity 5 4 4 | 5 4 4 | 3 2 4
score

Histological Yes Yes Yes Yes Yes No

improvement***

Diagnosis was based on the FLIP algorithm.

The first and second biopsies were conducted before treatment and at 24 weeks, respectively in all patients.

The diagnosis was confirmed to be NASH in all patients and all biopsies, except as non-NASH in biopsy 2 of Case 3.

*Results of 1st and 2nd liver biopsies, are based on the previous prospective study (Reference 8,9).

**Factors that tended to decrease at 3rd biopsy relative to 1st biopsy, are indicated by black arrow.

***Histological improvement; a decrease in NAS of one point or more without worsening in fibrosis stage, relative to the baseline (pretreatment).
NAFLD: nonalcoholic fatty liver disease, M: male, F: female, FLIP: Fatty Liver Inhibition of Progossion , NASH: nonalcoholic steatohepatitis, NAS: NAFLD activity score

continued medication of SGLT2i by self-judgment for one
year between second and third liver biopsies, but the other
six patients continued SGLT2i treatment until the third liver
biopsy. The scores of steatosis, lobular inflammation, bal-
looning, and fibrosis stage improved in 86% (Cases 1, 2, 4,
5, 6, 7), 29% (Cases 5, 6), 29% (Cases 3, 4), and 29%
(Cases 4, 5) at the second liver biopsy, compared to pre-
treatment, respectively. The results showed that in all 7 pa-
tients, treatment with 100 mg canagliflozin/day for 24 weeks
was associated with histopathological improvement.

Analyses of the tissue samples obtained from the 7 pa-
tients at 21 year after starting treatment (third liver biopsy)
showed improvements in the scores of steatosis, lobular in-
flammation, ballooning, and fibrosis stage in 57% (Cases 2,
4, 6, 7), 43% (Cases 1, 5, 6), 14% (Cases 4), and 29%
(Cases 2, 4), compared to pretreatment, respectively. One
(Case 3) of seven patients showed histopathological worsen-
ing at the third liver biopsy compared to pretreatment, but
the improvement was maintained at the third biopsy in the
other six patients. Representative pathological images of a
worsening case (Case 3) and improved case (Case 4) at the
third liver biopsy, compared to pretreatment, are shown in
Figs. 2 and 3, respectively.

Changes in clinical parameters

Supplementary materials 1 and 2 summarize the changes
in clinical parameters at the time of the three liver biopsies.
The results of the first two liver biopsies have already been
reported in our previous prospective study (8, 9). In all 7
patients, 24-week treatment with SGLT2i was associated
with significant improvement in the clinical features, body

mass index, waist circumference, serum  aspartate
aminotransferase, serum alanine aminotransferase, estimate
glomerular filtration rate, fasting plasma glucose, HbAlc,
HOMA-IR, type IV collagen 7S, serum ferritin, and imaging
findings (transient elastography and magnetic resonance
spectroscopy) compared to pretreatment values.

Surprisingly, all 7 patients showed worsening of secon-
dary outcome measures, including the body mass index and
waist circumference, after >3 years of treatment, compared
to 24 weeks (body mass index, p=0.018; and waist circum-
ference, p=0.018) (Fig. 4). Parameters of glucose metabo-
lism were also deteriorated compared with the values after
24-week treatment (fasting plasma glucose, p=0.018; and

HbAlc, p=0.018) (Fig. 4).
Discussion

We reported recently a favorable outcome following 24-
week treatment with SGLT2i with respect to the histopa-
thological features of NAFLD complicated by T2DM (8-10).
The present study was an extension of the above studies,
and the results showed that long-term treatment with SGLT2
i was associated with long-term liver histopathological im-
provement (at >3 years in 6 of 7 patients), despite worsen-
ing of clinical features. The difference between the primary
and secondary outcomes might be due, at least in part, to
differences in the effects of SGLT2i on visceral adipose tis-
sue and subcutaneous adipose tissue. Previous studies have
shown that weight loss associated with SGLT2i treatment
was mainly due to the loss of fat mass rather than lean
mass, and a computed tomography analysis of abdominal fat
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[:I Changes in second liver biopsy, compared to the first.*

100% 100%
100 . Changes in third liver biopsy, compared to the first. ] [ |
(%)
86% 86% 86%
80
60 57%
43%
40
29% 29% 29% 29%
20
14%
0 I
Steatosis Lobularinflammation  Ballooning = NAFLD activity score  Fibrosis stage Histopathological
reduction reduction reduction reduction reduction improvement
(n=7) (n=7) (n=7) (n=7) (n=7) (n=7)

*Results of 1st and 2nd liver biopsies, are based on the previous prospective study (Refs #8,9).

Figure 1.

Changes from baseline (first liver biopsy) to 24 weeks (second liver biopsy) and 21 year

(third liver biopsy) after the start of treatment with SGLT2 inhibitor in individual histopathological

components of NASH. Six of 7 patients were evaluated by a third liver biopsy at 23 years. Histopath-

ological improvement was defined as a decrease in the NAFLD activity score of one point or more

without worsening of the fibrosis stage.

in patients treated with SGLT2i showed a slightly greater re-
duction in visceral adipose tissue than in subcutaneous adi-
pose tissue (15).

The study of Ferrannini et al. (16) in patients with
chronic glycosuria demonstrated that long-term treatment
with SGLT2i (90 weeks) elicited an adaptive increase in en-
ergy intake, and the combination of SGLT2i with calorie re-
striction resulted, in at least some patients, in major weight
loss (16). Thus, calorie restriction should be applied to pre-
vent worsening of clinical features and glucose metabolism
and possibly to prevent histopathological worsening (e.g.,
Case 3).

Previous reports suggested that SGLT2i might improve fi-
brosis stage in NAFLD patients (8-10), but the mechanism
underlying the improvement in the fibrosis stage is still un-
clear. Higher levels of HOMA-IR, as a surrogate marker of
insulin resistance, are a risk factor for severe fibrosis of
NAFLD (17, 18). The present study indicated that the levels
of HOMA-IR were significantly improved at the second and
third liver biopsies compared to the pretreatment levels, and
the improvement was maintained at the third biopsy (Sup-
plementary material 1 and 2). However, we must be careful
when interpreting the present findings, as only two patients
showed improvement in the fibrosis stage. Hence, further
studies based on a large number of patients should be per-
formed to investigate the association between insulin resis-
tance and fibrosis stage.

The long-term effects of SGLT2i on liver-related events in
NAFLD patients with T2DM remain unknown. In two clini-

cal trials involving patients with T2DM at high risk of car-
diovascular disease (the CANVAS Program and EMPA-REG
OUTCOME), patients treated with SGLT2i showed a lower
risk of cardiovascular events than those who received pla-
cebo (6, 7). The results also showed the possible benefits of
SGLT2i with respect to the progression of albuminuria and
the composite outcome of a sustained 40% reduction in the
estimated glomerular filtration rate, the need for renal-
replacement therapy, or death from renal causes (7). Fibrosis
stage was reported to be an independent and significant pre-
dictor of the overall mortality and liver-related events in
NAFLD patients (19). The present study indicated that the
scores of fibrosis stage improved in 29% of cases at the sec-
ond and third liver biopsy, compared to pretreatment. Im-
provement in the fibrosis stage with SGLT2i might therefore
lead to a good prognosis of NAFLD. Further large-scale
long-term follow-up studies are needed to investigate the ef-
fects of SGLT2i on liver-related events.

In conclusion, we demonstrated in the present study the
potential long-term effectiveness of SGLT2i in NAFLD pa-
tients complicated with T2DM. This retrospective study has
several limitations. First, the study design was an uncon-
trolled, before-after study based on a small number of pa-
tients. Second, there were two patients (Case 3 and 5) who
had other additional antidiabetic drugs introduced between
the second and third liver biopsies, although no other addi-
tional antidiabetic drugs with a high evidence level for
NAFLD [e.g., Pioglitazone (20) and Glucagon-like peptide-1
receptor agonists (21)] were introduced. Further prospective
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(A) Hematoxylin-eosin staining, 100 X
First biopsy Second biopsy

(B) Masson trichrome staining, 100 X

First biopsy Second biopsy

Figure 2. Representative pathological images of a worsening case (Case 3) at the third liver biopsy

compared to pretreatment are shown. Histological changes at the three points of pretreatment (first
liver biopsy), 24 weeks (second liver biopsy), and 3.5 years (third liver biopsy) after the start of SGLT2
inhibitor. (A) Hematoxylin-eosin staining, 100x. (B) Masson trichrome staining, 100x.

(A) Hematoxylin-eosin staining, 100 X

First biopsy

Third biopsy

Second biopsy

(B) Masson trichrome staining, 100 X

First biopsy Second biopsy

Figure 3. Representative pathological images of an improved case (Case 4) at the third liver biopsy
compared to pretreatment are shown. Histological changes at the three points of pretreatment (first
liver biopsy), 24 weeks (second liver biopsy), and 3.5 years (third liver biopsy) after the start of SGLT2
inhibitor. (A) Hematoxylin and Eosin staining, 100x. (B) Masson trichrome staining, 100x.
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(median) % 1stvs. 3rd. P=0.176
6.0 110 =
1st biopsy 2nd biopsy 3rd biopsy
(n=7) (n=7) (n=7)

*Results at the time of first and second liver biopsies, are based on our previous prospective study (references 8,9).

Figure 4. Serial changes in the median values of clinical parameters during the study. Note the
significant worsening at the third liver biopsy (body mass index, second vs. third, p=0.018; waist cir-

cumference, second vs. third, p=0.018). Significant worsening of glucose metabolism was noted at the
third liver biopsy (fasting plasma glucose, second vs. third, p=0.018; HbA1c, second vs. third, p=0.018).

studies in large population samples are needed to confirm
the long-term effects of SGLT2i on the histopathological
features of NAFLD.

The study protocol was approved by the Human Ethics Re-
view Committee at Toranomon Hospital, and each patient gave
their signed informed consent at the time of the liver histological
diagnosis. The study was conducted in compliance with the In-
ternational Conference on Harmonization Guideline for Good
Clinical Practice (E6) and the 2013 Declaration of Helsinki.
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