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Associated with Lenvatinib Treatment

Nozomu Muraishi"?, Yusuke Kawamura '?, Masahiro Kobayashi'?, Junichi Shindoh™’,
Yuta Kobayashi*?, Satoshi Okubo™’, Soichi Iritani'?, Shunichiro Fujiyama'?,
Tetsuya Hosaka ', Satoshi Saitoh'?, Hitomi Sezaki'?, Norio Akuta'’, Fumitaka Suzuki'’,
Yoshiyuki Suzuki'?, Kenji Ikeda'?, Yasuji Arase'?, Masaji Hashimoto*”, Ichiro Yasuda* and
Hiromitsu Kumada'*

Abstract:

Objective The relationship between the prognosis and magnitude of a decrease in tumor blood flow accord-
ing to estimated tumor differentiation remains unclear. This study investigated the relationship between reduc-
tions in the rate of mean computed tomography (CT) attenuation values and the clinical prognosis.

Methods We evaluated 63 consecutive patients who received lenvatinib treatment for unresectable hepato-
cellular carcinoma (HCC). The oncological aggressiveness of the tumors was estimated using classification by
dynamic CT enhancement patterns. The utility of changes in mean CT attenuation values of intra-hepatic tar-
gets during treatment to estimate the prognosis was investigated by calculating the progression-free survival
(PFS) and post-progression survival (PPS). A multivariate analysis was used to identify potential confounders
for the survival after progression during lenvatinib therapy.

Results The rate of decrease in the mean CT attenuation value gradually increased according to the degree
of deterioration in estimated tumor differentiation, and the rate of a decrease in attenuation >40% showed a
tendency to increase (p=0.064). This trend was reflected by a better objective response in oncological aggres-
siveness heterogeneous enhancement patterns (7ype-3 and Type-4) than a homogeneous enhancement pattern
(Type-2) (83% vs. 56% of modified Response Evaluation Criteria in Solid Tumors). This resulted in a similar
PFES between the groups (p=0.773), whereas the PPS was significantly worse when the rate of decrease in the
attenuation value was 240% (p=0.012). A multivariate analysis confirmed that a rate of decease in attenuation
value 240% was a poor prognostic factor for the PPS (hazard ratio, 2.993; 95% confidence interval, 1.196-
7.490; p=0.019).

Conclusion A rate of decrease in attenuation >40% may reflect a good response of a highly malignant tu-
mor to lenvatinib. Therefore, this value may have utility as a surrogate marker for estimating the oncological
aggressiveness of tumors and their associated prognosis.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
type of liver cancer and the third leading cause of can-
cer (1). The Barcelona Clinic Liver Cancer (BCLC) system
is currently the most widely used for staging HCC (2, 3).
BCLC intermediate-stage disease can be further subclassi-
fied based on the Up-to-7 criteria (4) and the liver function
by the Child-Pugh system (5). In patients with tumors that
meet the Up-to-7 criteria and who have a good liver func-
tion, transarterial chemoembolization (TACE) is recom-
mended, whereas in general, patients who fall outside the
Up-to-7 criteria are considered a “TACE unsuitable popula-
tion”.

Recently, Kudo et al. reported the potential efficacy of up-
front lenvatinib-TACE sequential therapy in patients with in-
termediate stage HCC that fell outside the Up-to-7 crite-
ria (6, 7). We also reported the utility of lenvatinib-TACE
sequential therapy on tumor progression during lenvatinib
therapy (8). Lenvatinib is thus considered one of the best
molecular-targeted agents for use in combination with
TACE.

In contrast, several other treatment algorithms (2, 3) are
recommend to be used only in the presence or absence of
tumor hypervascularity on contrast enhancement studies in
order to optimize the selection of treatment for HCC, with-
out evaluating the malignant potential of the target nodules.
We previously reported that a “heterogeneous enhancement
pattern” in the arterial phase of dynamic computed tomogra-
phy (CT) accurately predicted the oncological aggressive-
ness of HCC (e.g., non-simple nodular type and poorly-
differentiation) (9). These unique enhancement patterns also
correlate with the oncological aggressiveness of HCC (10),
and we recently reported the efficacy of lenvatinib for such
aggressive types of HCC (11, 12). However, these classifica-
tion systems have potential issues with objectiveness, and in
some cases, it may be difficult to classify the enhancement
pattern.

The present study therefore estimated the tumor aggres-
siveness based on an evaluation of the treatment responses
and changes observed on dynamic CT. We also evaluated
the relationship between the post-progression survival (PPS)
and treatment response stratified according to changes in the
mean CT attenuation value of the target nodule.

Materials and Methods

Study population

From April 2018 to December 2020, 114 patients received
systemic anticancer treatment using lenvatinib for unre-
sectable HCC at the Department of Hepatology, Toranomon
Hospital, Tokyo, Japan.

The following inclusion criteria were used in the study: 1)
triple-phase dynamic CT performed within 1 month prior to

initiation of lenvatinib, 2) tumor with hyperenhancement in
the arterial phase on dynamic CT, 3) performance of triple-
phase dynamic CT to evaluate the treatment response 2-12
weeks after the initiation of lenvatinib, 4) a Child-Pugh class
A liver function at the time of lenvatinib initiation, 5) BCLC
stage A to C tumor(s), 6) unresectable HCC with the patient
not wanting to undergo local ablation or chemoembolization
therapy for various reasons (i.e. tumor size, number and lo-
cation, extrahepatic metastasis, TACE refractoriness, and
various complications), 7) no treatment history of lenvatinib,
8) at least 1 measurable target nodule in the liver, 9) treat-
ment interval of 228 days since the previous therapy with a
tyrosine kinase inhibitor (TKI; sorafenib or regorafenib), and
10) an observation period of >4 weeks. A total of 63 pa-
tients met these inclusion criteria.

All procedures in the study were in accordance with the
ethical standards of the responsible committees on human
experimentation (institutional and national) and complied
with the 1975 Declaration of Helsinki. The study was ap-
proved by the Institutional Review Board of our hospital
(protocol number; 1438-H/B).

The HCC diagnosis

The diagnosis of HCC was based predominantly on the
imaging findings using dynamic CT. All patients underwent
unenhanced and four-phase dynamic CT using a 64-row
multidetector CT (MDCT) scanner (Aquilion 64; Canon
Medical Systems, Ohtawara, Japan) or an 80-row MDCT
scanner (Aquilion one; Canon Medical Systems) according
to a protocol reported elsewhere (12). A liver nodule was di-
agnosed as HCC when a dynamic study showed hyperat-
tenuation in the arterial phase and washout in the portal or
delayed phase.

Imaging findings for HCC and definitions of dy-
namic CT enhancement patterns

Before treatment, the enhancement pattern of HCC was
classified into the following three types according to our CT
enhancement classification system (Supplementary material),
taking into account their strong relationship to macroscopic
classification and histopathological differentiation in non-
treated HCC (9): Type-2, a homogeneous enhancement pat-
tern with increased arterial blood flow; Type-3, a heteroge-
neous enhancement pattern with a septum-like structure; and
Type-4, a heterogeneous enhancement pattern with irregu-
larly shaped ring structures. These unique enhancement pat-
terns were established originally in a surgically resected
population that confirmed their ability to predict the on-
cological aggressiveness of HCC. The patterns were vali-
dated later using a medical population treated with radiofre-
quency ablation (RFA) (10).

The enhancement patterns were assessed independently by
an expert hepatologist (Y. Kawamura), expert hepatobiliary
surgeon (J. Shindoh), and expert radiation oncologist (L.
Tominaga) who were blinded to the clinical data. Discrepan-
cies between any two of these examiners were resolved by a
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consensus review that included input from an additional re-
viewer (K. Ikeda). All target HCC nodules appeared to be
hypervascular in the study, so they were all classified into
three enhancement patterns (Type-2 to Type-4). The enhance-
ment pattern that accounted for 70% of the nodules was de-
fined as the predominant pattern, with slightly mixed tumors
with a higher malignancy pattern considered less likely to be
relevant to the prognosis.

We also calculated the mean CT attenuation value (mean
Hounsfield units; mean HU) of the intrahepatic target tu-
mors. A circular or elliptical region of interest (ROI) was
drawn on the axial plane to include the largest surface of the
target lesion and set to cover the most tumor area without
the normal liver parenchyma. The mean HU of each tumor
then calculated at a workstation (SYNAPS; Fuji Film Medi-
cal, Tokyo, Japan) (13).

Lenvatinib treatment and assessment of adverse
events

Lenvatinib (Levima@’; Eisai, Tokyo, Japan) was adminis-
tered orally to the majority of patients at either 8 mg/day for
patients <60 kg or 12 mg/day for patients >60 kg. Treatment
was discontinued when any unacceptable or serious adverse
event (AEs) or significantly clinical progression of the tu-
mor were observed. According to the guidelines for the ad-
ministration of lenvatinib, the dose should be reduced or the
treatment interrupted when a patient develops grade >3 se-
vere AEs or any unacceptable grade 2 drug-related AE. AEs
were assessed using the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0 (14). In accordance with the guidelines provided by the
manufacturer, if a drug-related AE occurred, dose reduction
or temporary interruption was maintained until the symptom
was resolved to Grade 1 or 2.

The treatment response evaluation

Treatment response was evaluated in accordance with the
modified Response Evaluation Criteria in Solid Tumors
(mRECIST) (15). We assessed the best tumor response over
2-12 weeks. The liver was examined by dynamic CT. Tumor
assessments were generally performed every four to eight
weeks.

The treatment response was assessed independently by an
expert hepatologist (Y. Kawamura) and an expert hepatobili-
ary surgeon (J. Shindoh) who were blinded to the clinical
data. Discrepancies between these two examiners were re-
solved by a consensus review including an additional re-
viewer (K. Ikeda).

Definition of TACE failure/refractoriness

TACE failure was defined as an insufficient response after
at least two consecutive TACE procedures, based on the re-
sponse evaluation CT or magnetic resonance imaging (MRI)
performed after one to three months, even after the che-
motherapeutic agent was changed and/or the feeding artery
was reanalyzed. In addition, the identification of a greater

number of lesions in the liver than that recorded at the pre-
vious TACE procedure (other than the nodule being treated)
was included in the classification of TACE failure/refractori-
ness (16).

The assessment of the hepatic functional reserve

The Child-Pugh classification (5) and albumin-bilirubin
(ALBI) grade (17) were used to assess the hepatic func-
tional reserve. The modified ALBI (mALBI) grade was
based on the ALBI score, calculated from the serum albu-
min and total bilirubin concentrations using the following
formula: [ALBI score = (logio bilirubin (umol/L)x0.66)+(al-
bumin (g/L)x-0.085)], and defined by the following cut-off
values: <-2.60= Grade 1; >-2.60 to -2.27= Grade 2a; >-2.27
to -1.39= Grade 2b; and >-1.39= Grade 3 (18).

Follow-up protocol

Physicians examined the patients every one to two weeks
after the initiation of lenvatinib, and biochemical laboratory
and urine tests were also performed. After the initiation of
lenvatinib, the patients underwent dynamic CT to evaluate
their early treatment response during the 2- to 12-week pe-
riod. Dynamic CT or MRI was performed every one to three
months after the first evaluation of the best treatment re-
sponse.

Statistical analyses

Statistical analyses were performed using the IBM SPSS
software program (ver. 27.0; SPSS, USA). Data were ex-
pressed as the median and range. The des-y-carboxy
prothrombin (DCP) value and tumor number were analyzed
as continuous variables, with the DCP value analyzed in
100-AU/L intervals because of its wide range. Differences in
background features between each parameter were analyzed
by the chi-squared test, Fisher’s exact test, and Kruskal-
Wallis test. The Cochran-Armitage trend test was used to in-
vestigate the significance of trends in the rate of decrease in
the mean CT attenuation value >40% after the initiation of
lenvatinib, stratified according to the dynamic CT enhance-
ment pattern.

p values <0.05 were considered to indicate statistical sig-
nificance. The progression-free survival (PFS), PPS, and
over-all survival (OS) after the introduction of lenvatinib
were estimated by the Kaplan-Meier method, with the val-
ues compared using the log-rank test.

To identify the factors associated with the PPS after the
initiation of lenvatinib, a multivariate analysis was per-
formed using a Cox proportional hazards model. In this
multivariate analysis, the integrated score was excluded in
order to detect the true factors. All factors that were at least
marginally associated with the PPS (p<0.15) in the univari-
ate analysis were entered into a stepwise Cox regression
analysis. Significant variables were selected by the stepwise
method. A two-tailed p value <0.05 was considered statisti-
cally significant.
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Table 1.
Lenvatinib.*

Clinical Profiles and Laboratory Data of Patients with HCC Treated with

Patient characteristics and laboratory data
Number of patients
Gender, males: females, n
Age, yr (range)*
Body weight <60 kg:>60 kg
HCV:HBV:NonB,NonC
Platelet count, x103/uL (range)*
Albumin, g/dL (range)*
Total bilirubin, mg/dL (range)*
Prothrombin activity, % (range)*
AST, TU/L (range)*
AFP, pg/L (range)”
DCP, AU/L (range)’
Child-Pugh score 5:6, n (%)
mALBI score (1:2a:2b:3), n (%)

Initial dose of lenvatinib, 4 mg:8 mg:12 mg [n (%)]

Reduced starting dose of lenvatinib [n (%)]
History of TKI treatment, n (%)

Tumor characteristics
Largest tumor diameter, mm (range)"
Number of tumors, n (range)
Macrovascular invasion, n (%)
Extrahepatic metastasis, n (%)
BCLC stage A:B:C, n (%)
TACE failure/refractoriness, n (%)

63
46:17
72 (45-91)
33:30
35:5:23
130 (48-292)
3.7(2.9-4.5)
1.0 (0.3-2.8)
86.3 (64.9-124.8)
37 (15-351)

87.8 (0.8-61,040.7)
164.0 (13.0-63,347.0)
42 (67%):21 (33%)

17 (27%):24 (38%):22 (35%):0 (0%)
2 (3%):30 (48%):31 (49%)
5 (8%)

6 (10%)

31.0 (11.0-175.0)
4 (1->200)
13 (21%)
21 (33%)

11 (17%):23 (37%):29 (46%)
43 (71%)

Pretreatment dynamic CT study enhancement pattern (number and ratio)

Type -2: -3: -4, n (%)

16 (25%): 33 (52%): 14 (22%)

*AFP: alpha-fetoprotein, BCLC: Barcelona clinic liver cancer, AST: aspartate aminotransferase, DCP: des-

Y-carboxyprothrombin, HBV: hepatitis B virus, HCC: hepatocellular carcinoma, HCV: hepatitis C virus,
IU: international units, mALBI: modified albumin-bilirubin, NonB, NonC: neither HBV nor HCV infec-
tion present, TACE: transarterial chemoembolization, and TKI: tyrosine kinase inhibitor

Data expressed as median (range).

The composition ratio is rounded off to the first decimal place and therefore the total will not necessarily

be 100.

Results

Overview

Table 1 summarizes the clinical profile and laboratory
data of the 63 HCC patients treated with lenvatinib. The
man:woman ratio was 2.71:1. Hepatitis C virus (HCV) anti-
body was detected in 55.6% of patients. Overall, 58 patients
(92%) received an initial dose of lenvatinib according to
body weight, while 5 patients (8%) received a reduced start-
ing dose for the following reasons: age >80 years old, plate-
let count <50x10°/uL, and body mass index (BMI) <19
kg/m’. In addition, 4 patients (6%) received an elevated
starting dose of lenvatinib according to their body weight, as
they were enrolled in a Global Phase II study with fixed
dosing (12 mg). Regarding the liver function, 42 (67%) pa-
tients had a Child-Pugh score of 5, and 17 patients (27%)
had a mALBI grade of 1. Based on the pretreatment image
analysis, the median tumor diameter was 31.0 mm, with 29

of 63 patients (46%) presenting with BCLC stage C disease,
13 (45%) of whom had macrovascular invasion and 21
(72%) extrahepatic metastasis. In addition, 6 patients (10%)
had a history of treatment with other TKIs, and 43 patients
(71%) had TACE failure/refractoriness. The median levels of
alfa-fetoprotein (AFP) and des-gamma carboxyprothrombin
(DCP) were 87.8 ug/L and 164.0 AU/L, respectively.

Regarding the pretreatment dynamic CT enhancement pat-
terns, 16 patients (25%) had the Type-2 pattern, 33 (52%)
the Type-3 pattern, and 14 (22%) had the Type-4 pattern.
Fifteen patients had died at the time of database lock (De-
cember 13, 2020). The median duration of lenvatinib ad-
ministration was 7.6 months, and the median observation pe-
riod was 12.8 months. The median 2-week relative dose in-
tensities (Type-2, Type-3, and Type-4), defined as the actual
dose divided by the standard dose (8 mg/day or 12 mg/day
depending on body weight), were 71.4%, 100%, and 100%,
respectively.
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Figure 1.

Rate of change in mean Hounsfield units (HU) before and after lenvatinib administration,

evaluated according to dynamic CT enhancement patterns and early treatment responses.
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Figure 2. Survival outcomes according to the change in mean Hounsfield units (HU) during lenva-
tinib treatment. (a) Progression-free survival rate, (b) Post-progression survival rate, and (c) overall

survival rate.

Rate of decrease in the mean HU after the initiation
of lenvatinib

We compared the rate of decrease in the mean CT attenu-
ation value of the target tumors after the initiation of len-
vatinib. The therapeutic effect was determined using mRE-
CIST. Mean HU after the initiation of lenvatinib was meas-
ured at the time of image evaluation.

In the early treatment response evaluation based on the
dynamic CT enhancement pattern determined by mRECIST,
the overall response rates (ORRs) of each enhancement pat-
tern (Type-2, Type-3, Type-4) were 56%, 79%, and 93%, re-
spectively. The ORR for the heterogeneous enhancement
pattern was significantly higher than that for the homogene-
ous enhancement pattern (83% vs. 56%, respectively) (p=
0.030).

Fig. la, b show the mean HU of tumors before and after
treatment, respectively, with the data grouped according to

the tumor enhancement pattern (7Type-2 to Type-4). The het-
erogeneous enhancement pattern had a significantly lower
mean HU than the homogeneous enhancement patterns, both
before and after treatment.

Fig. 1c shows the rate of decrease in the mean HU ac-
cording to the tumor enhancement pattern (Type-2 to Type-
4). The rate of decrease in the mean HU value gradually in-
creased according to the degree of deterioration in estimated
tumor differentiation. The rate of decrease in mean HU
240% also tended to increase with the degree of deteriora-
tion in estimated tumor differentiation (p=0.064).

The PPS in lenvatinib-treated patients according to
the rate of decrease in the mean HU after the initia-
tion of lenvatinib

Fig. 2 shows the survival according to the rate of decrease
in the mean HU after the initiation of lenvatinib. There was
no marked difference in the PFS between the groups
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Figure 3. The overall survival rate of PD and non-PD subgroups stratified by the change in the
mean Hounsfield units (HU) during lenvatinib treatment.

Table 2. Predictive Factors for Post-progression Survival.

p* Coefficientst SE Wald 2 HR 95% CI

Mean rate of decrease >40% in HU 0.019 1.096 0.468 5.488 2993  1.196-7.490
Subsequent treatment after PD state

No subsequent treatment

Other subsequent treatment 0.001 -1.867 0.584 10.219  0.155  0.049-0.486

Lenvatinib-TACE sequential therapy ~ <0.001 -2.470 0.627 15523  0.085 0.025-0.289
DCP +100 AU/L 0.053 0.004 0.002 3.758 1.005  1.000-1.009
Tumor number +1 nodule 0.060 0.007 0.004 3.543 1.007  1.000-1.015

*Based on the likelihood test adjusted for the other factors in the final model.

TEstimated coefficient for the variable and the associated standard error.

AFP: alpha-fetoprotein, 95% CI: 95% confidence interval, CT: computed tomography, HR: hazard ratio, HU: Hounsfield units,
DCP: des-y-carboxyprothrombin, PD: progressive disease, SE: standard error, TACE: transarterial chemoembolization
Multivariate Cox regression was applied using stepwise backward selection. Of the potential predictors, factors showing a mar-
ginal association (p<0.15) with post-progression survival after the introduction of lenvatinib in the univariate analysis were in-
cluded in the initial model. Factors that showed no or limited statistically significant association (p>0.1) adjusted for the re-
maining factors in the model were then deleted from the model in a stepwise fashion.

The 18 variables tested were as follows (p values in univariate analysis): age (0.209), gender (0.527), etiology (HCV vs. others)
(0.995), serum albumin (0.424), serum total bilirubin (0.715), prothrombin activity (0.839), platelet count (0.477), serum aspar-
tate aminotransferase (0.731), serum alfa-fetoprotein (0.017), plasma des-y-carboxyprothrombin (0.019), tumor diameter
(0.002), tumor number (<0.001), macrovascular invasion (0.016), extrahepatic metastasis (0.003), ROI decreasing rate 240%
(0.015), TACE failure/refractoriness (0.277), reduced starting dose of lenvatinib (0.456), and subsequent treatment after diag-

nosis of PD state (other subsequent treatment <0.001 and lenvatinib-TACE sequential therapy <0.001).

(Fig. 2a). The survival after progression was markedly worse
when a patient presented with a rate of decrease in mean
HU 2>40% after the initiation of lenvatinib (p=0.012)
(Fig. 2b).

As shown in Fig. 2c, there was no marked difference in
the OS between the groups. Patients who presented with
non-progressive disease showed no marked difference in the
OS between groups (Fig. 3a). However, in patients with pro-
gressive disease (PD), there was a significant difference in
the OS between the groups (p=0.019) (Fig. 3b).

Predictors of the PPS after the introduction of len-
vatinib

Table 2 summarizes the results of the multivariate analysis
for the PPS during lenvatinib therapy, which included pre-
treatment variables, the rate of decrease in the mean CT at-
tenuation value evaluated at the time of the best treatment
response, and the presence of subsequent treatment after
judgement of PD. Of the 18 variables tested, a rate of de-
crease in mean HU of >40% at the time of the evaluation
of the best treatment response was significantly associated
with a poor PPS [hazard ratio (HR), 2.993; 95% confidence
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interval (CI), 1.196-7.490; p=0.019]. Subsequent treatment
after reaching the PD state was also associated with a better
PPS (other subsequent treatment: HR, 0.155; 95% CI,
0.049-0.486; p=0.001 and lenvatinib-TACE sequential ther-
apy: HR, 0.085; 95% CI, 0.025-0.289); p<0.001).

Discussion

We previously reported that the Type-3 dynamic CT en-
hancement pattern was a macroscopic classification that ac-
curately predicted the nodular type of single nodular with
extranodular growth (SNEG) and confluent multinodular
(CMN) types of HCC and that a Type-4 enhancement pat-
tern accurately predicted the histopathological grade of
poorly-differentiated HCC (9). We also confirmed in another
study that the heterogeneous enhancement pattern (i.e. Type-
3 and Type-4) correlated with a higher response to lenvatinib
than the homogeneous pattern (i.e. Type-2) (12).

However, experience and training on reading images is re-
quired to maximize the usefulness of these dynamic CT en-
hancement criteria. In this regard, the current study investi-
gated the utility of estimating the response of tumor aggres-
siveness and the prognosis. We found that the rate of de-
crease in mean HU according to the tumor enhancement
patterns (Type-2 to Type-4) gradually increased with the de-
terioration of the estimated tumor differentiation and also
that the rate of decrease in mean HU 240% tended to in-
crease according to the degree of deterioration in estimated
tumor differentiation (p=0.064).

Initially, it was thought that a greater reduction in mean
HU suggested a decrease in tumor blood flow and better
disease control. In fact, some criteria for tumor control only
use a blood flow evaluation. According to the Choi crite-
ria (19) a reduction in tumor diameter of >10% or a de-
crease in the mean HU rate of >15% is defined as partial re-
sponse (PR). In fact, it has been suggested that the Choi cri-
teria are more effective for use in treating gastrointestinal
stromal tumors (GISTs) than the RECIST in that they reflect
the time to progression and the prognosis. As shown in an-
other research report (20), the evaluation of the rate of de-
crease in mean HU of HCC was considered useful for deter-
mining the therapeutic effect and long-term disease control.
Based on the initial response, tumors with a large decrease
in mean HU are considered to be well controlled and have a
marked reduction in tumor blood flow.

However, against expectations, the results of the current
study showed that there was no marked difference in the
PFS and that the group with a decreased rate of mean HU
240% had a significantly worse PPS than with a decreased
rate of mean HU <40%. Unfortunately, tumors that were
judged to be very responsive, with a markedly reduced mean
HU, may be subsequently defined as having a poor progno-
sis. Based on these results we consider that the oncological
aggressive predisposition becomes clearer after PD. The pre-
sent findings suggest that even when a marked decrease in
the tumor blood flow is observed, this does not reflect tu-

mor necrosis in the majority of cases.

Tumors with high biological malignancy are expected to
have a marked decrease in blood flow as a result of the
early treatment effect of lenvatinib. This is a unique and
strong effect of lenvatinib that other TKIs lack. However,
such tumors may be able to survive by shifting their meta-
bolic mechanism from aerobic to anaerobic, even under
strong ischemic conditions. Many tumors also show positive
findings on "F-fluorodeoxyglucose positron emission to-
mography (“*F-FDG-PET)/CT, indicating increased anaerobic
metabolism due to enhanced glycolytic pathways. Further-
more, as we reported previously, lenvatinib treatment in-
creases the uptake of "F-FDG in aggressive oncological tu-
mors, resulting in the survival in many cases (21). Such
clinical backgrounds may have contributed to the poor PPS
observed in the group with a reduction in the mean HU of
240%.

Our analysis showed that a reduction in the mean HU of
240% significantly reduced the PPS, although there was no
marked difference in the OS. This was because 21 of the 63
(33%) cases were non-PD. Among these cases, there was no
marked difference in the OS according to the rate of de-
crease in mean HU (p=0.948). In contrast, the OS deterio-
rated in PD cases when the mean HU decreased at a rate
240% (p=0.019). These differing clinical backgrounds may
account for the non-significant findings we observed for the
OS in the case analysis stratified according to the rate of de-
crease in mean HU.

Finally, a multivariate analysis revealed that a rate of de-
crease in mean HU 240% was a predictive factor for a poor
PPS. Subsequent treatment, especially lenvatinib-TACE se-
quential therapy, was a predictor of a favorable PPS, a find-
ing similar to that described in our previous report (8).

Several limitations associated with the present study war-
rant mention. First, it was a retrospective, single-center, co-
hort study that evaluated a small number of patients. Sec-
ond, the follow-up period of the trial was shorter than that
of the global Phase III REFLECT trial (22) (median follow-
up period of 12.8 vs. 27.7 months, respectively). It was
therefore not possible to perform a high-quality prognostic
analysis. Furthermore, the imaging analysis revealed no tu-
mors with unclear margins in this study, but there may be
cases where it is difficult to position an ROI. In such cases,
it may be wise to consider including imaging procedures
along with other modalities. Finally, the diagnosis of HCC
was based essentially on the image analysis findings. A
large-scale study is required to evaluate the utility of hetero-
geneous dynamic study enhancement patterns as biomarkers
in the treatment of HCC by lenvatinib.

Conclusion

A rate of decrease in attenuation value of >40% may indi-
cate a good response of highly malignant tumors to len-
vatinib. Therefore, this value may have utility as a surrogate
marker for estimating the oncological aggressiveness of tu-
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mors and the associated prognosis.

This retrospective, non-intervention study was approved by the
Institutional Review Board, Toranomon Hospital (protocol num-
ber; 1438-H/B). The study was performed in accordance with the
Declaration of Helsinki. Because of the anonymous nature of the
data and the opt-out option disclosed on our institution’s homep-
age (https://www.crc-toranomonhosp.jp/wp-content/uploads/2020/
O1/rinken_1438HB_2.pdf), the requirement for additional in-
formed consent to participate in this study was deemed unneces-
sary according to the Japanese national regulation “Ethical
Guidelines for Medical and Health Research Involving Human
Subjects”  (https://www.mhlw.go.jp/file/06-Seisakujouhou-106000
00-Daijinkanboukouseikagakuka/0000080278.pdf).
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