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ABSTRACT

Background & Aims: Fat in MR inside the HCC limits its non-invasive diagnosis and biopsy is

often necessary. The aim of this study was to describe the characteristics of these HCCs with
fat in MR. The second aim was to define new MR criteria for the non-invasive diagnosis of fat-

HCC and to propose a related diagnosis algorithm.

Approach & Results: 84 patients with 77 fat-HCCs and 11 non-HCC fat nodules in cirrhosis

were retrospectively included as an ancillary study of a prospective multi-centric study. All MR
were reviewed with nodules characteristics on each sequence, as well as EASL and LiRADS
classification. The follow-up was at least 3 years.

Fat-HCCs presented arterial phase hyperenhancement in 54 patients (70.1%), arterial phase
vascularization (enhancement in the arterial phase compared to the nodule itself on T1 with
unenhancement) in 62 (80.5%), wash-out in 43 (55.8%) and capsule in 20 (26.0%). For the
diagnosis of fat-HCC, EASL and LIRADS have a sensitivity of 37.7% and 36.4% respectively
and a specificity of 100%. A new suggested fat-LIRADS algorithm increased sensitivity to
50.6%, with a specificity of 100%. Overall survival was at 1 year and at 3 years 87.2% and

67.2% respectively, recurrence-free survival was 83.9% and 48.9%.

Conclusion: We suggest a slight change from the classic LIRADS, dedicated to HCC with fat
content on imaging, which improves sensitivity without degrading specificity and thus could

reduce the need for biopsies for fatty HCCs.



INTRODUCTION

HCC is one of the main complications of liver cirrhosis with one-third of cirrhotic patients
developing HCC during their life (1,2). HCC with steatosis, including steatohepatitic HCC (SH-
HCC) as defined by Chan et al. (3), is an histologic subgroup of HCC representing 14-36% of
HCC (3-9). It is defined by the histological presence of fat in the tumor. These HCCs with
steatosis haves been reported to be associated with metabolic syndrome and NAFLD (3,4,8,10-
12), with a growing incidence worldwide (prevalence of NAFLD increased from 15% to 25%
between 2005 and 2010 (11,13)). In some studies, HCC with steatosis has been presented as

having a better prognosis than conventional HCC (14,15).

In imaging, a fat component is seen in 9-14% of all HCCs (16,17). Because a small amount of
tumoral fat is undetectable in imaging it is important to distinguish the imaging feature (we
will call it fat-HCC) from the histologic feature (HCC with steatosis). Although it has been shown
that the presence of fat in a nodule in cirrhosis leads to a strong suspicion of HCC (18,19), only

a few studies with a low number of patients have analyzed imaging of fat-HCCs in cirrhosis.

Non-invasive diagnosis of HCC can be made in cirrhotic patients by MR based on defined
hallmarks. Two of the main guidelines are edited by the European Association for the Study of
the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD, LiRADS)
(19,20). In both guidelines the main features for HCC diagnosis are similar for a nodule > 1 cm:
an arterial phase hyper enhancement (APHE) and a wash-out (WO) in portal and/or delayed
phases. However, the presence of fat in HCC may hide the typical APHE. Indeed, the MR image
formation process is based on an average signal intensity of each voxel. As the enhanced

sequences are based on fat-saturated sequences, the presence of fat in a lesion causes the



signal to drop out and can hide the enhancement, according to the predominant component in
the voxel. Thus, the non-invasive diagnosis of fat-HCC is challenging. Some previous studies
tried to define radiological discriminant findings for benignant and malignant fatty liver nodules
(21,22), but to our knowledge, reliable criteria have still not been defined as of yet. Biopsy

therefore remains necessary for most suspected fat-HCCs.

The aim of our study was to describe the characteristics of fat-HCCs. The second aim was to
define MR criteria for the non-invasive diagnosis of small fat-HCCs (<30mm) and to propose a
related diagnostic algorithm.

Finally, we paid attention to the follow-up of these small fatty HCCs, especially those treated

curatively (surgical resection, percutaneous ablation).



MATERIALS AND METHODS

This study is an ancillary study of a large prospective multicentric study (16 centers) registered
under NCT00848952 (23,24). Inclusions took place prospectively from 2010 to 2018. All patients
gave written informed consent. A complementary local ethics committee was required for this

ancillary study (registered under 2021-004).

Patients

Inclusion criteria were: patients with Child-Pugh A or B cirrhosis; up to three focal liver
lesion(s) with suspicion of HCC between 10 and 30 mm. Non-inclusion criteria were: patients
with a history of chemoembolization; contraindication to contrast-enhanced MR, patients with
more than 3 lesions or with lesions larger than 3 c¢cm. Patients with a history of treated HCC

were not excluded unless the recurrence was within 2 cm of the initially treated HCC.

127 fat nodules with suspected HCC were identified in the data base. A fat-component nodule
was defined by a signal intensity drop on the out-of-phase image compared to the in-phase
image for all or part of the tumor. There were 97 cases of HCC and 30 cases of non-HCC.
Twenty nodules had to be excluded for different reason detailed in Figure 1. The final study
population included 77 fat-HCCs in 73 patients (Figure 1). This corresponds to 7.5% of fat-

HCCs of the 1020 HCCs in the database.



Figure 1 - Flow chart of the recruitment process

| 1294 nodules suspected of HCC |

4//'\.

| Cohort: 1020 HCC | | Cohort: 274 non-HCC nodules |
v v
I 97 fat-HCC (92 patients) | | 30 non-HCC fat-component nodules (29 patients) |
3 excluded (3 patients); imaging findings were
—>

> 6 excluded (6 patients): imaging findings were uninterpretable or unrecoverable
uninterpretable or unrecoverable

7 excluded (6 patients); absence of fat component
14 excluded (13 patients): absence of fat when we analyzed images
component when we analyzed images

v

9 excluded (9 patients): absence of HCC diagnosis
— following the gold standard algorithm

v v

77 fat-HCC (73 patients) | | 11 non-HCC fat-component nodules (11 patients)

Imaging analysis and interpretation

MR was performed on a 1.5-T or 3-T MR system using a phased-array coil for signal detection.
All patients underwent fat-suppressed fast spin echo T2-weighted imaging, diffusion-weighted
(DW) imaging using at least one b-value (>600 s/mms2), in- and out-of phase T1-weighted
gradient-echo sequence, fat-suppressed imaging T1-weighted gradient-echo sequence without
enhancement, and arterial phase, portal venous phase and delayed phase after injection of
extracellular gadolinium chelates.

All imaging data were reviewed by two radiologists (with 3 and 30 years of experience) and
the following features were recorded: lesion location, lesion size, signal intensity on each
sequence, capsule and rim sign. The proportion of the fat component in each nodule was also

evaluated through visual assessment (<75%, >75%).



Specific terms are defined as:

- APHE: non-rim-like enhancement in arterial phase unequivocally greater in whole or in part
than surrounding liver. Enhancing part must be higher in intensity than surrounding liver in
arterial phase.

- APV (arterial phase vascularization): enhancement in the arterial phase compared to the
nodule itself in T1 without enhancement. This included nodules with APHE and nodules with
hypointensity in the unenhanced phase then isointensity in the arterial phase.

- WO: temporal reduction in enhancement in whole or in part relative to composite liver tissue
from earlier to late phase resulting in hypoenhancement in the portal or delayed phase. It can
apply to any enhancing observation, even if there is no APHE.

- Capsule: smooth, uniform, sharp border around most or all of an observation, unequivocally
thicker or more conspicuous than fibrotic tissue around background nodules, and visible as
enhancing rim in portal or delayed phase.

- Rim sign: spatially defined subtype of APHE in which arterial phase enhancement is most

pronounced in observation periphery.

Algorithm evaluation

EASL and LiRADS algorithms were assessed on each nodule. Then, we modified the APHE
criteria of the classical LIRADS algorithm to define a new classification called fat-LiRADS (Table
I), applicable in the case of fat content in the nodule. In this one, the APHE criterion was
replaced by a criterion including APV (which includes APHE) and rim signs, called arterial

enhancement (AE).



Table I - Fat-LiRADS

Observation size 10-19 mm - 20-30 mm
Count additional major features : one LR4/LR5* LR5
-enhancing capsule two LR5 LR5
-wash-out

*LR5 if wash-out, LR4 if capsule

Diagnosis reference

The algorithm built to reach the final diagnosis used a step-by-step algorithm described in
previous publications (23,24) combining surgery, biopsy, typical imaging, serum alpha-

fetoprotein, and follow-up. 56 of the 77 fat-HCCs were histologically proven.

Follow-up and management

Clinical and laboratory data were retrieved from patient medical records.

Treatments were detailed: surgical excision, liver transplantation, percutaneous ablation
methods, transarterial percutaneous chemoembolization (TACE), systemic therapies
(Sorafenib). For curative therapies, occurrence of recurrence was reported. Data on the

survival and death of patients with fat-HCC were collected until March 2020.

Statistics

Quantitative variables were described as means (standard error) or median (interquartile
range). Categorical variables were described as total numbers (percentages).

The performances of the diagnostic algorithms with respect to nodules were assessed through

sensitivity, specificity, Predictive Positive Value (PPV), Negative Predictive Value (NPV), and



diagnostic accuracy. Cochran’s Q tests were performed to compare them and then McNemar's
tests were employed for post hoc pairwise comparison with a Bonferroni correction.

Logistic regressions were used to identify factors predictive of overall, or 1-year and 3-year
recurrence respectively. Candidate variables were etiology, Child Pugh, history of HCC,
presence of multifocal HCC, alpha-fetoprotein, size, fat proportion, capsule, rim sign, treatment
and WO. The variables identified by the univariate analysis (p<0.20) were then introduced in
a multivariate analysis (stepwise backward logistic regression using AIC for model selection)
whose regression formula allowed for the identification of factors independently associated
with recurrence (p<0.05). Furthermore, survival curves were determined using the Kaplan-
Meier method.

Statistical analyses were performed using R version 3.6.2 software.


https://www.scalestatistics.com/mcnemars.html

RESULTS

1. Patients and nodules

Patients’ characteristics were summarized in Table II.

Of the 88 nodules, there were 77 fat-HCC (88%) and 11 non-HCC fat-component nodules
(12%).

In pathology, fat-HCC were classified as well differentiated in 34/48 (71%) nodules,

moderately differentiated in 13/48 (27%) and poorly differentiated in 1/48 (2%).
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Table II - Patients’ characteristics

Patients with fat-HCC

Patients with non HCC fat

(n=73) component nodules
(n=11)

Age at diagnosis (years)

- Mean (sd) 65.1(9.0) 56.8(9.2)
Sex :

- Male 63 (86.3%) 8 (72.8%)

- Female 10 (13.7%) 3(27.2%)
Etiology of cirrhosis :

- alcohol 19 (26.0%) 3 (27.2%)

- NAFLD 5 (6.8%) 1(9.2%)

- alcohol + NAFLD 15 (20.6%) 3(27.2%)

- VHB 3 (4.1%) 1(9.2%)

- VHC 18 (24.7%) -

- alcohol + VHC 1(1.4%) -

- other 12 (16.4%) 3(27.2%)
Child-Pugh score :

- A 56 (83.6%) 10 (90.9%)

- B 9 (13.4%) 1(9.1%)

- C 2 (3%) -

- missing data 6 -
History of HCC :

- No 59 (80.8%) 10(90.9%)

- Yes 14 (19.2%) 1(9.1%)
Multiple HCC :

- No 45 (61.6%) 9 (81.8%)

- Yes 28 (38.4%) 2(18.2%)
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2. MR characteristics of fat-HCC nodules

The mean size of the fat-HCCs was 20.8 (+/-6.9) mm.

Of the fat-HCCs, 30 contained <75% fat and 47 275% (Table III). 54/77 (70.1%) had APHE
and 62/77 (80.5%) had APV (Table III). WO was observed in 43/77 (55.8%) nodules, 28
(36.4%) in the portal phase and 42 (54.5%) in the delayed phase. A capsule was present in
20/77 (26.0%) and a rim sign in 6/77 (7.8%) (Table III, Figure 2).

For nodules containing more than 75% fat, the signal was so low that the T2 and DW signal
could not be analyzed. Of the 30 nodules with less than 75% fat, 24/30 (80.0%) were
hyperintense on T2-weighted and 15/21 (71.4%) hyperintense on DW. The DWI sequence was
missing for 9 nodules.

The presence of APHE, WO, capsule and rim sign with respect to the amount of fat (< or 275%)
in fat-HCCs are reported in the Table III.

Of the non-HCC fat nodules (n=11), 1 contained <75% fat and 10 >75% (Table III).
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Table IIT - MR characteristics

HCC (n =77) Non HCC (n =11)
Fatasa % <75% 275% <75% >75%
N=30 (39.0%) N=47 (61.0%) N=1(9.1%) N=10 (90.9%)

APHE 25 (83.3%) 29 (61.7%) 0(0.0%) 2 (20.0%)
APV 28 (93.3%) 34 (72.3%) 0(0.0%) 2 (20.0%)
Global WO 14 (46.7%) 29 (61.7%) 1(100.0%) 4 (40.0%)
Portal WO 6 (20.0%) 22 (46.8%) 1(100.0%) 4 (40.0%)
Delayed WO 14 (46.7%) 28 (59.6%) 1 (100.0%) 4 (40.0%)
Capsule 12 (40.0%) 8(17.0%) 0(0.0%) 0(0.0%)
Rim sign 3 (10.0%) 3 (6.4%) 0(0.0%) 1(10.0%)

Figure 2 - Imaging features of fat-HCC

Fat-HCC containing 275% fat on in- and out-of phase T1-weighted gradient-echo sequence
(a, b). Rim sign on arterial phase on fat-suppressed imaging T1-weighted gradient-echo
sequence (c). APV on arterial phase (e) and delayed phase (f) of fat-suppressed imaging T1-

weighted gradient-echo sequence.
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3. Algorithm evaluation

Performances of EASL, LIRADS and fat-LiRADS are presented in Table IV. For the diagnosis of

fat-HCC EASL and LiRADS have a sensitivity of 37.7% and 36.4% respectively and a specificity

of 100%. The new fat-LiRADS algorithm increased sensitivity to 50.6%.

The sensitivity of LIRADS is 40% for HCCs containing <75% fat and 34% for those containing

>75% fat, and the sensitivity of fat-LIRADS is 56.7% for <75% and 46.8% for >75%.

Table IV - Performances of diagnostic algorithms

EASL LIRADS fat-LiIRADS p* px* prokx
Sensitivity 37.7% 36.4% 50.6% <0.001 |0.02 |0.02
[27.6; 47.8] [26.3; 46.5] [40.2; 61.0]
Specificity 100.0% 100.0% 100.0%
PPV 100.0% 100.0% 100.0%
NPV 18.6% 18.3% 22.4%
[10.5; 26.7] [10.2; 26.4] [13.7; 31.1]
Accuracy 45.5% 44.3% 56.8%
diagnosis [35.1; 55.9] [33.9; 54.7] [46.5; 67.1]

*p-value resulting from global comparison

**adjusted p-value resulting from the comparison between sensitivity of EASL vs fat-LIRADS

*** adjusted p-value resulting from the comparison between sensitivity of LIRADS vs fat-

LiRADS
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4. Follow-up

Of 73 patients, 67 patients (71/77 fat-HCC) were treated, 5 patients (5 fat-HCC) were not
treated (three had acute decompensation of cirrhosis and two died before treatment), and
contact was lost with 1 between the point of diagnosis and intended treatment.

Of 67 patients (71 nodules), 10 (14.9%) underwent surgical excision, 2 (3.0%)
transplantation, 38 (56.7%) percutaneous ablation and 17 (25.4%) TACE.

Contact was lost with 8 patients during the follow-up.

Using the Kaplan-Meier method, overall survival rates were 80.0% at 1 year after surgical
excision and 97.5% after percutaneous ablation. Recurrence-free survival rates were 87.5%
at 1 year and 72.9% at 3 years after surgical excision, 80.5% at 1 year and 41.9% at 3 years
after percutaneous ablation. Table V and Figure 3 summarize overall survival and recurrence-
free survival.

There was no significant difference in overall survival (p=0.65) and recurrence-free survival

(p=0.31) between HCCs containing <75% fat and HCCs containing >275% fat.
We examined clinical, biological and radiological data to determine any factors predicative of

recurrence. After multivariate logistic regression, a history of HCC was the only prognostic

factor associated with recurrence at 1 year (p=0.045).
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Table V - Survivals rates

All treatment

(n=73 patients)

Surgical

excision (n=10)

Percutaneous
ablation (n=38)

Overall survival at 1 year

87.2%

80.0%

97.1%

at 3 years 67.2% 60.0% 80.8%
Recurrence-free survival at 1 year | 83.9% 87.5% 80.5%
at 3 years | 48.9% 72.9% 41.9%

16



(a)
Strata Recurrence-free sunvival =+ Owverall survival
1.007 =%
““!—.‘_q.l
. -
£ 0751 *.
ﬁ g T
0
o W._ .
o 0.501 B T T T T -
© I
S - %
g
a 0.251
0.00 A
0 25 5 75 10
Years
Number at risk
(]
© 67 24 11 6 2
5 Overall survival{ 72 44 18 13 3
0 25 5 7.5 10
Years
(b) (c)
strat gical ~++ Pwccitarenis Al trat. Surgical exzision + Percutanesus ablatisn
Wl e, w{ —g
Y \“
%‘ 07 T %‘ 075 .
% ML S it -5 lLL
= o 5 o \_~_V~ﬁ_\~‘ﬁ—
£ s
2 2
a 025 5 035
000 0.00
0 25 3 5 1 0 25 5 10
Years Yeers
Number at risk Number 2t risk
. | : = .
v 25 s 7 W ? 0 25 3 75 10
Years Years

Figure 3 - Survival

(a) Recurrence-free survival (light grey) and overall survival (dark grey); (b) Overall survival

stratified on treatment: percutaneous ablation (dark grey) and surgical excision (light grey);

(c) Recurrence-free survival according to treatment: percutaneous ablation (dark grey) and

surgical excision (light grey).
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DISCUSSION AND CONCLUSION

Our study confirms the poor sensitivity of the classical algorithm for the non-invasive diagnosis

of HCC. But we have shown that adapted algorithms could improve this algorithm.

The features of fat-HCC reported in this study are mainly consistent with the literature. Fat-
HCC represents 7.5% of HCC in our cohort and 9-14% in previous studies (16,17). Again, it is
important to distinguish between the epidemiology of fat-HCC on imaging with signal drop-out
in out-of-phase and the histological presence of fat (4-9). NAFLD and metabolic syndrome are
more frequent in patients with HCC with steatosis than in conventional HCC (3,4,8,10-12), but
we did not find a predominance of NAFLD in the etiologies of the liver disease underlying the

fat-HCC. This introduces the possibility of meeting fat-HCC in all liver disease etiologies.

Compared to conventional HCCs, fat-HCCs have the same epidemiologic characteristics (18,23),
but the fat-HCCs are reported to be mostly well differentiated (14,15,25,26) and our results are
comparable for these data. The main differences between the two can be found in the imaging
features. Our study confirms these differences: the APHE, WO and capsule are less frequent
in fat-HCCs than in conventional HCCs (70% versus 88%; 56% versus 78% and 26% versus
55% respectively HCC (18)). This explains the poor performances of classic non-invasive
diagnostic algorithms. With a sensitivity of 37.7% and 36.4% respectively for the EASL and
LiIRADS algorithms, they appear to be insufficient for applying to the diagnosis of fat-HCCs in
clinical practice. Caution must be applied in regard to the very high specificity reported in our
study due to the small number of non-HCC fat nodules in the cohort. Logically, APHE is more

frequent in HCCs containing <75% fat than those containing 275% and therefore slightly affect
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the diagnosis, as in LIRADS the sensitivity is 34% for HCCs containing >275% fat and 40% for
HCCs containing <75% fat.

Several studies agree with these characteristics of fat-HCCs (22,27,28), with the exception of
one study that describes a high rate of APHE in fat-HCCs (95%) (25). Nevertheless, to our
knowledge this study is the first one to report the performance of the EASL and LIRADS

algorithms specifically in regard to fat-HCC.

Even if it is commonly accepted that the presence of fat inside a nodule in cirrhosis leads to a
strong suspicion of HCC (18), we confirmed that specificity is not 100% and the presence of
fat is not sufficient to diagnose HCC. No previous study has proposed a new algorithm thus
far. Because of the low signal due to use of a fat-sat technique and lower arterial density in
HCC with steatosis (27) at the voxel scale, the fat contained in the nodule tends to hide the
hyper enhancement on the arterial phase. But even if it is hidden, it exists and even if there is
not a hyper enhancement, there is an enhancement that we have expressed through the APV.
In the same way, in the case of fat-HCC the nodule can display a particular kind of organization,
with a central fat portion and peripheral non-fat enhanced portion, mimicking a rim sign. We
therefore consider these two signs to reflect arterial hypervascularization of HCC and to be
associated with the classical APHE, the APV and arterial ring enhancement. The new algorithm
is based on the LIRADS CT/MR 2018 with a broadening of the APHE definition. Using this new
algorithm when a nodule in cirrhosis displays fat content, the sensitivity improves significantly
from 36.4% to 50.6%, without decreasing the specificity; even this data must be noted with
caution due to the poor number of non-HCC fat nodules in our population. . This does not
match the performance of the LIRADS when applied without distinction between fat- and non-
fat-HCC, but it makes it suitable for use in clinical practice in cases of fat-HCC and could

prevent the need for numerous biopsies. We could make reference to the risk of misdiagnosis
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with metastasis or cholangiocarcinoma, which can display rim enhancement, but these two
lesions are exceptionally fatty and are therefore not affected by the application of this “fat-

LIRADS".

Only a few studies have specifically evaluated survival and recurrence of HCC with fat
component. Our study is not a comparative study, but the survival rates (87.2% at 1 year and
67.2% at 3 years) are in line with the usual survival rates achieved through surgery or
percutaneous ablation for small HCCs. This is supported by 4 studies which do not demonstrate
any difference concerning overall or recurrence-free survival between HCC with steatosis and
conventional HCC (3,4,8,12). One study reports a longer time to progression (15% tumor
recurrence at 1 year and 33% at 3 years for fat-HCC, 37% and 59% for conventional HCC)
(15). But the overall survival rate did not differ: 92% at 1 year and 50% at 3 years for fat-HCC,
82% and 59% for conventional HCC (15). Furthermore, another study reported late tumor
relapse but always without an overall and recurrence-free survival rate difference (3).

There is no difference in survival rate for fat-HCC depending on the treatment (surgical
resection versus percutaneous ablation).

Our study has some limitations. Firstly, even if it is the largest described series in the literature,
the number of patients included in our study remains low. Secondly, we focused on small HCCs
of 10 to 30mm in size. However, we can assume that for larger HCCs, the classical algorithm
for the non-invasive diagnosis could have better performances, since it has been show that
the number of small arteries increases with the size of the HCC with steatosis; the APHE should
be more frequent. Our proposal should therefore be validated in a larger population, including
larger HCCs. However, the focus on small HCCs reflects a daily concern in ensuring that a

curative treatment can be offered.

20



Conclusion

Due to fat content, the features of fat-HCC differ from those of non-fat-HCC and the algorithm
for the non-invasive diagnosis of HCC is poorly adapted to these fat-HCCs. We suggest a slight
change from the classic LiRADS, dedicated to HCC with fat content on imaging, which improves
sensitivity without degrading specificity and thus could prevent the need for biopsies for fat-

HCCs.

21



BIBLIOGRAPHY

1. Ioannou GN, Splan MF, Weiss NS, McDonald GB, Beretta L, Lee SP. Incidence and
predictors of hepatocellular carcinoma in patients with cirrhosis. Clin. Gastroenterol. Hepatol.
Off. Clin. Pract. J. Am. Gastroenterol. Assoc. 2007;5:938-945, 945.e1-4.

2. Sangiovanni A, Prati GM, Fasani P, Ronchi G, Romeo R, Manini M, et al. The natural
history of compensated cirrhosis due to hepatitis C virus: A 17-year cohort study of 214
patients. Hepatol. Baltim. Md. 2006;43:1303-1310.

3. Chan AWH, Yu S, Yu Y-H, Tong JHM, Wang L, Tin EKY, et al. Steatotic hepatocellular
carcinoma: a variant associated with metabolic factors and late tumour relapse.
Histopathology. 2016;69:971-984.

4, Salomao M, Remotti H, Vaughan R, Siegel AB, Lefkowitch JH, Moreira RK. The
steatohepatitic variant of hepatocellular carcinoma and its association with underlying
steatohepatitis. Hum. Pathol. 2012;43:737-746.

5. Jain D, Nayak NC, Kumaran V, Saigal S. Steatohepatitic Hepatocellular Carcinoma, a
Morphologic Indicator of Associated Metabolic Risk Factors: A Study From India. Arch. Pathol.
Lab. Med. 2013;137:961-966.

6. Kutami R, Nakashima Y, Nakashima O, Shiota K, Kojiro M. Pathomorphologic study on
the mechanism of fatty change in small hepatocellular carcinoma of humans. J. Hepatol.
2000;33:282-289.

7. Yeh MM, Liu Y, Torbenson M. Steatohepatitic variant of hepatocellular carcinoma in
the absence of metabolic syndrome or background steatosis: a clinical, pathological, and
genetic study. Hum. Pathol. 2015;46:1769-1775.

8. Shibahara J, Ando S, Sakamoto Y, Kokudo N, Fukayama M. Hepatocellular carcinoma
with steatohepatitic features: a clinicopathological study of Japanese patients.
Histopathology. 2014;64:951-962.

9. Salomao M, Yu WM, Brown RS, Emond JC, Lefkowitch JH. Steatohepatitic
Hepatocellular Carcinoma (SH-HCC): A Distinctive Histological Variant of HCC in Hepatitis C
Virus-related Cirrhosis With Associated NAFLD/NASH. Am. J. Surg. Pathol. 2010;34:1630-
1636.

10.  Taniai M, Hashimoto E, Tobari M, Kodama K, Tokushige K, Yamamoto M, et al.
Clinicopathological investigation of steatohepatitic hepatocellular carcinoma: A multicenter
study using immunohistochemical analysis of adenoma-related markers: Clinicopathological
investigation of steatohepatitic hepatocellular carcinoma. Hepatol. Res. 2018;48:947-955.

11.  Olofson AM, Gonzalo DH, Chang M, Liu X. Steatohepatitic Variant of Hepatocellular
Carcinoma: A Focused Review. Gastroenterol. Res. 2018;11:391-396.

12. Lee ]S, Yoo JE, Kim H, Rhee H, Koh MJ, Nahm JH, et al. Tumor stroma with
senescence-associated secretory phenotype in steatohepatitic hepatocellular carcinoma.
PLOS ONE. 2017;12:e0171922.

22



13.  Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology
of nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence, incidence, and
outcomes. Hepatol. Baltim. Md. 2016;64:73-84.

14.  Min JH, Kim YK, Lim S, Jeong WK, Choi D, Lee WJ. Prediction of microvascular
invasion of hepatocellular carcinomas with gadoxetic acid-enhanced MR imaging: Impact of
intra-tumoral fat detected on chemical-shift images. Eur. J. Radiol. 2015;84:1036-1043.

15.  Siripongsakun S, Lee JK, Raman SS, Tong MJ, Sayre J, Lu DS. MRI Detection of
Intratumoral Fat in Hepatocellular Carcinoma: Potential Biomarker for a More Favorable
Prognosis. Am. J. Roentgenol. 2012;199:1018-1025.

16.  Kadoya M, Matsui O, Takashima T, Nonomura A. Hepatocellular carcinoma: correlation
of MR imaging and histopathologic findings. Radiology. 1992;183:819-825.

17.  Martin J, Sentis M, Zidan A, Donoso L, Puig J, Falcé J, et al. Fatty metamorphosis of
hepatocellular carcinoma: detection with chemical shift gradient-echo MR imaging.
Radiology. 1995;195:125-130.

18.  Coty J-B, Paisant A, Esvan M, Lonjon J, Seror O, Rode A, et al. A proposal for a useful
algorithm to diagnose small hepatocellular carcinoma on MRI. Eur. J. Gastroenterol. Hepatol.
2020;32:74-79.

19.  Chernyak V, Fowler KJ, Kamaya A, Kielar AZ, Elsayes KM, Bashir MR, et al. Liver
Imaging Reporting and Data System (LI-RADS) Version 2018: Imaging of Hepatocellular
Carcinoma in At-Risk Patients. Radiology. 2018;289:816-830.

20.  Galle PR, Forner A, Llovet JM, Mazzaferro V, Piscaglia F, Raoul J-L, et al. EASL Clinical
Practice Guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018;69:182-236.

21.  YuJ-S, Chung J-], Kim JH, Kim KW. Fat-Containing Nodules in the Cirrhotic Liver:
Chemical Shift MRI Features and Clinical Implications. Am. J. Roentgenol. 2007;188:1009-
1016.

22.  Costa AF, Thipphavong S, Arnason T, Stueck AE, Clarke SE. Fat-Containing Liver
Lesions on Imaging: Detection and Differential Diagnosis. Am. J. Roentgenol. 2018;210:68-
77.

23.  Aubé C, Oberti F, Lonjon ], Pageaux G, Seror O, N'’Kontchou G, et al. EASL and AASLD
recommendations for the diagnosis of HCC to the test of daily practice. Liver Int.
2017;37:1515-1525.

24.  Paisant A, Vilgrain V, Riou J, Oberti F, Sutter O, Laurent V, et al. Comparison of
extracellular and hepatobiliary MR contrast agents for the diagnosis of small HCCs. J.
Hepatol. 2020;72:937-945.

25. Inui S, Kondo H, Tanahashi Y, Fukukura Y, Sano K, Morisaka H, et al. Steatohepatitic
hepatocellular carcinoma: imaging findings with clinicopathological correlation. Clin. Radiol.
2021;76:160.e15-160.e25.

23



26.  Prasad SR, Wang H, Rosas H, Menias CO, Narra VR, Middleton WD, et al. Fat-
containing Lesions of the Liver: Radiologic-Pathologic Correlation. RadioGraphics.
2005;25:321-331.

27. Asayama Y, Nishie A, Ishigami K, Ushijima Y, Takayama Y, Okamoto D, et al. Fatty
change in moderately and poorly differentiated hepatocellular carcinoma on MRI: a possible
mechanism related to decreased arterial flow. Clin. Radiol. 2016;71:1277-1283.

28.  Balci NC, Befeler AS, Bieneman BK, Fattahi R, Saglam S, Havlioglu N. Fat containing
HCC: findings on CT and MRI including serial contrast-enhanced imaging. Acad. Radiol.
2009;16:963-968.

24



LIST OF FIGURES

Figure 1 - Flow chart of the recruitment proCess .........ccoiiiiiiiiiiiiiiiii e, 6

Figure 2 - Imaging features of fat-HCC

Figure 3 - Survival .....cooovviiiiiiinicinnnn,

25



LIST OF TABLES

Tableau I - Fat-LIRADS .. .ccu i r e e e e e e e e e e e ernas 8
Tableau IT - Patients' characteristics ........coovviviiiiiiiiii 11
Tableau IIT - MR CharaCteriStiCs .....uvuiiiiiiiiiii i e 13
Tableau IV - Performances of diagnostic algorithms...........covvviiiiiiiiii s 14
Tableau V = SUNVIVALS ... 16

26



TABLE OF CONTENTS

LIST OF ABBREVIATIONS ....iitteasssnmmmmnssssnmmmnssssssmnssssssssnsnnssssnsssnnsssssssnnssssssnsnnssssnens VIII
ABSTRACT 1titttussssrrrnsssssersnsssssssssssssssrssss s eessssssssmemssssssemeessss s .. 2
INTRODUCTION .uuuiiimeasssnimmnnssssmmmmsssssmmmmssssmmmssssssmnmsssssmmmsssssmmmsssssmmmssssmmmmm 3
MATERIALS & METHODS ....coiittuuiinmmmmsssnimmmssssnnssssssmnsssssss s nssssssnnsssssssnnnsssss s nnnnnssas 5
RESULT S i ittuuuuuiirmnasssssnnnssssssssssssssssnsssssssssnssssssssssssssssssnsssssssssnnsssssssnssssssssmmessssssennnnns 10
1. Patients and nodules........coummminmmmmmnm g 10
2. MR characteristics of fat-HCC nodules.........ccccsiimmmmmnnnnnmmmssimmesms 12
3. Algorithm evaluation.......ccomnimmnnm 14
4. FOHOW=UP «uiiiniiieniinanimmssines s s snsssnnss nnss nsssnnsssnnssnnsssnnsssnnssnnnssnnsssnnss 15
DISCUSSION AND CONCLUSION ....iotteusssmmmmmssssssmmmnsssssmmmsssssssnnnnssssssnsnsssssssnnnssssssnnnnns 18
BIBLIOGRAPHY ..iiieuuiiiimnnnssssmmmmnsssnnmmmnsssssmmmmssssssmnmmsssssnmmmssssssmmmnsssssnmmmssssssnmmmssssssmnnnnns 22
LIST OF FIGURES .....covimmeanssnmmmmnnssssmnmnnsssssmmmnnssssssmssssssssnmsssssssmnnsssssssnsnnssssssnsnnsssssnnnnns 25
LIST OF TABLE ...ccceuuiiiimnmassinmnnnsssisinnsssssssnsnssssssnsssssssssnnsssssssnnnsssssssnnnssssssssnnnsssssnnnnns 26
TABLE OF CONTENTS ...uuiimttmussinimmnnsssnmmnnssssmmmmnsssssmmmmssssssmmmssssssmnnsssssssnnssssssssnnnnssssnens 27
APPENDIX 1uiittusssssrnnnsssssmnnnssssssssnsssssssnssssssssnnssssssssnnsssssssmmsssssssenmssssssmmmmssssmmmmnsssmn. I

27



APPENDIX

73 patients (77 fat-HCC)

——— Snot treated (S nodules)

|———— 1lost of view

A
67 patients (71 fat-HCC) treated

|——————» -Surgical excision: 10 patients (10)
-Percutaneous ablation: 38 patients (40)
-Transplantation: 2 patients (2)

-TACE: 17 patients (19)

4

59 patients (61 fat-HCC) follow-up

Supplementary material - Flow chart of the follow-up process







DELAGNES Anais

LE CARCINOME HEPATOCELLULAIRE A COMPOSANTE GRAISSEUSE EN IRM
CHEZ LES PATIENTS CIRRHOTIQUES : PROPOSITION D'UN NOUVEL
ALGORITHME DE DIAGNOSTIC

Contexte et objectifs : La présence de graisse en IRM dans le CHC limite son diagnostic non invasif et rend ainsi

la biopsie souvent nécessaire. Le but de cette étude était de décrire les caractéristiques des CHC contenant de la
graisse en IRM (CHC gras). Le second objectif était de définir de nouveaux critéres d'imagerie pour le diagnostic
non invasif des CHC gras et de proposer un algorithme diagnostique correspondant.

Approche et résultats : 84 patients cirrhotiques avec 77 CHC gras et 11 nodules gras non-CHC ont été inclus
rétrospectivement dans cette étude ancillaire d'une étude prospective multicentrique. Toutes les IRM ont été relues,
évaluant les caractéristiques des nodules sur chaque séquence ainsi que les performances des algorithmes EASL
et LiIRADS. Les patients ont été suivis pendant au moins 3 ans.

Le CHC gras présentait une hypervascularisation a la phase artérielle dans 54 cas (70,1 %), une vascularisation a
la phase artérielle (rehaussement a la phase artérielle par rapport au nodule lui-méme sur le T1 non injectée) dans
62 cas (80,5 %), un lavage dans 43 cas (55,8 %) et une capsule dans 20 cas (26,0 %). Les algorithmes EASL et
LIRADS présentaient respectivement pour le diagnostic du CHC gras une sensibilité de 37,7% et 36,4% et une
spécificité de 100%. Un nouvel algorithme suggéré et dénommé fat-LIRADS augmentait la sensibilité a 50,6%,
avec une spécificité de 100%. La survie globale était respectivement a 1 an et a 3 ans de 87,2% et 67,2%, la
survie sans récidive de 83,9% et 48,9%.

Conclusion : Nous suggérons une modification du LiRADS classique, dédiée aux CHC contenant de la graisse en
imagerie, qui améliore la sensibilité du diagnostic sans dégrader la spécificité et qui pourrait ainsi diminuer le

recours a la biopsie pour les CHC gras.

Mots-clés : cancer du foie, IRM, diagnostic, graisse, cirrhose

FAT HEPATOCELLULAR CARCINOMA IN PATIENTS WITH CIRRHOSIS: A NEW
DIAGNOSTIC ALGORITHM PROPOSAL

Background & Aims: Fat in MR inside the HCC limits its non-invasive diagnosis and biopsy is often necessary.

The aim of this study was to describe the characteristics of these HCCs with fat in MR. The second aim was to
define new MR criteria for the non-invasive diagnosis of fat-HCC and to propose a related diagnosis algorithm.
Approach & Results: 84 patients with 77 fat-HCCs and 11 non-HCC fat nodules in cirrhosis were retrospectively
included as an ancillary study of a prospective multi-centric study. All MR were reviewed with nodules
characteristics on each sequence, as well as EASL and LiRADS classification. The follow-up was at least 3 years.
Fat-HCCs presented arterial phase hyperenhancement in 54 patients (70.1%), arterial phase vascularization
(enhancement in the arterial phase compared to the nodule itself on T1 with unenhancement) in 62 (80.5%),
wash-out in 43 (55.8%) and capsule in 20 (26.0%). For the diagnosis of fat-HCC, EASL and LiRADS have a
sensitivity of 37.7% and 36.4% respectively and a specificity of 100%. A new suggested fat-LiRADS algorithm
increased sensitivity to 50.6%, with a specificity of 100%. Overall survival was at 1 year and at 3 years 87.2%
and 67.2% respectively, recurrence-free survival was 83.9% and 48.9%.

Conclusion: We suggest a slight change from the classic LiRADS, dedicated to HCC with fat content on imaging,

which improves sensitivity without degrading specificity and thus could reduce the need for biopsies for fatty HCCs.
Keywords : liver cancer, MRI, diagnosis, fat, cirrhosis
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