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Abstract
We encountered two cases of Hepatocellular Carcinoma (HCC) treated with molecular-targeted
therapy such as Lenvatinib (LEN), assessed as complete responders through radiological evaluation
with Contrast Enhanced Computer Tomography (CECT) and gadolinium Contrast Enhanced
Magnetic Resonance Imaging (CEMRI) according to modified Response Evaluation Criteria in Solid
Tumors (mRECIST). Nonetheless, the response was incompatible with histopathological analysis.
In both cases, more than 6 weeks of post-LEN treatment, CECT and CEMRI revealed complete
absence of intratumoral arterial contrast enhancement; however, ultrasound guided biopsy revealed
moderately differentiated HCC with or without coagulation necrosis.
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Subsequent to the total absence of intratumoral arterial contrast enhancement, MRI revealed hyper
intensity on Diffusion-Weighted Imaging (DWI) and hypointensity on the Apparent Diffusion
Coefficient (ADC) -map.
mRECIST depends on only complete absence of intratumoral arterial enhancement, and has
limitations in tumor response assessment of post-molecular-targeted therapy.
MRI on DWI and ADC-map may be useful and more effective when complemented with mRECIST
in order to improve the diagnostic accuracy and viability of HCC.
Keywords: Modified RECIST; Complete response; Coagulation necrosis; Molecular-targeted
therapy; Diffusion-weighted imaging

Introduction
In 2010, modified Response Evaluation Criteria in Solid Tumors (mRECIST) criteria were
recommended as a method of adapting the RECIST criteria to the particularities of Hepatocellular
Carcinoma (HCC) [1-7]. They were aimed at correcting some limitations of RECIST in measuring
tumor shrinkage with local and systemic treatments, and to refine the assessment of progression
that could be misconstrued under routine RECIST [1-4], due to clinical events related to the clinical
course of chronic liver disease (appearance of ascites, enlargement of lymph nodes, etc.) [8-11].
mRECIST has used well since being used or included in clinical practice guidelines (European,
American and Asian) for the management of HCC. With molecular-targeted therapy at advanced
stages of HCC, guidelines propose the use of both methods. mRECIST has been proven to capture
high Objective Response (OR) rates in tumors treated with molecular-targeted therapy and those
rates have been independently related to better prognosis [8-11].
According to mRECIST criteria used for the assessment of HCC treatment with moleculartargeted procedures, complete absence of intratumoral arterial contrast enhancement found
with the use of Contrast Enhanced Computed Tomography (CECT) or by gadolinium Contrast
Enhanced Magnetic Resonance Imaging (CEMRI) clarifies tumor necrosis and indicates Complete
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Response (CR) [8-11].

enhancement.

Lenvatinib (LEN) is a multikinase inhibitor of vascular endothelial
growth receptors 1-3, fibroblast growth factors 1-4, platelet-derived
growth factor receptor-α, RET, and KIT [12,13].
Data from the REFLECT study of LEN versus sorafenib was
statistically evidenced by non-inferiority Overall Survival (OS) [1416].

Eleven weeks post-LEN treatment, MRI on DWI (b value = 1200
s/mm2) revealed hyper intensity, and hypointensity on ADC-map
(ADC measurements = 0.873 × 10-3 mm2/sec) in all nodules (diffusion
restricted), and MRI on DWI revealed shrinkage of tumors in all
nodules: the nodule in S2 shrank from 4.5 cm to 3 cm, and that in S5
from 2.1 cm to 1.5 cm (Figure 1D).

We experienced two HCC patients administered moleculartargeted therapy LEN, evaluated as CR through radiological evaluation
with mRECIST, but incompatible with histological analysis.

Laboratory examination: Seven weeks post-oral administration
of LEN at 8 mg/day, Alpha-Fetoprotein (AFP) decreased from 30333
ng/ml to 13460 ng/ml.
Histopathological examination: At the start of LEN treatment,
Ultrasound (US) guided biopsy revealed moderately differentiated
HCC with trabecular structure and coagulation necrosis in specimens
obtained from Segment (S) 2 (4.5 cm) (Figure 2A), and moderately
differentiated HCC with trabecular structure without coagulation
necrosis in specimens obtained from S5 (2.1 cm) (Figure 2B).

Case Presentation
Case 1
History of past illness: An 82-year-old woman who had been
treated with Pegylated interferon for hepatitis C virus infection had
achieved sustained virological response 10 years earlier, demonstrated
Child-Pugh class A Liver Cirrhosis (LC).

Eleven weeks post-treatment, US guided biopsy revealed
moderately differentiated HCC and coagulation necrosis in specimens
obtained from S2 and S5 (Figure 2C).

Imaging examination: In 2019 CEMRI revealed several HCC
nodules up to 4.5 cm in both lobes (Figure 1A). Pre-LEN treatment,
MRI on DWI (b value = 200 s/mm2) revealed hyper intensity (Figure
1B) and hypointensity on ADC-map (ADC measurements = 0.995 ×
10-3 mm2/sec) in both lobes (diffusion restricted).

Outcome: LEN was interrupted at 12 weeks of administration due
to adverse events. CECT revealed several recurrent hyper vascular
HCC nodules in both lobes 2 weeks post-LEN discontinuation
(Figure 1E).

CECT 7 week’s post-LEN treatment and CEMRI 11 weeks posttreatment revealed complete absence of intratumoral arterial contrast
enhancement in all nodules (Figure 1C). Additionally, 11 weeks
post-LEN treatment, subtraction imaging by CEMRI revealed no

Case 2
History of past illness: Hepatitis B virus related LC in a 59-year-

Figure 1: Case 1: (A) Pre-LEN treatment: CEMRI reveals several hyper vascular HCC nodules in both lobes. (B) Pre-LEN treatment: MRI on DWI reveals hyper
intensity (diffusion restricted). Arrows indicate a 4.5 nodule in S2 and a 2.1 cm nodule in S5. (C) Eleven weeks post-LEN treatment: CEMRI reveals total absence
of intratumoral arterial contrast enhancement. (D) Eleven weeks post-LEN treatment: MRI on DWI reveals hyper intensity (diffusion restricted) and tumor shrinkage.
Arrows indicate a 3 cm nodule in S2 and a 1.5 cm nodule in S5. (E) CECT reveals several recurrent hyper vascular HCC nodules in both lobes (2 weeks post-LEN
discontinuation). Case 2: (F) Pre-LEN treatment: CECT reveals several hyper vascular HCC nodules in S4 and S5. (G) Ten weeks post-LEN treatment: CECT
reveals complete absence of intratumoral arterial contrast enhancement. (H) Ten weeks post-LEN treatment: CECT including subtraction imaging reveals no
enhancement. (I) Ten weeks post-LEN treatment: MRI on DWI reveals hyper intensity (diffusion restricted).
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Figure 2: Case 1: (A) Pre-LEN treatment: Specimen obtained from S2 reveals moderately differentiated HCC with trabecular structure and coagulation necrosis
(HE staining). (B) Pre-LEN treatment: Specimen obtained from S5 reveals moderately differentiated HCC with trabecular structure and without coagulation necrosis
(HE staining). (C) Eleven weeks post-LEN treatment: Specimen obtained from S5 reveals moderately differentiated HCC and coagulation necrosis (HE staining).
Case 2: (D) Ten weeks post-LEN treatment: Specimen obtained from S5 reveals moderately differentiated HCC with fibrous stroma. No coagulation necrosis is
observed (HE staining).

old man had been controlled with nucleotide analogue such as
tenofovir, and he remained in Child-Pugh class A LC state.

response assessment in clinical settings. Specifically, they obtain the
impact on survival outcome in patients with solid tumors [5-7].

Imaging examination: In 2019 CECT (Figure 1F) and CEMRI
disclosed several HCC nodules up to 1 cm in S4 and S5. Pre-LEN
treatment MRI on DWI (b value = 800 s/mm2) revealed hyper
intensity and hypointensity on ADC-map (ADC measurements =
1.017 × 10-3 mm2/sec) in all nodules in S4 and S5 (diffusion restricted).

The mRECIST guideline clarifies response as complete absence
of any intratumoral arterial enhancement [1-4]. A change from
hypervascularity to hypovascularity does not denote tumor necrosis.
Reduced arterial perfusion, either involving the whole tumor mass or
circumscribed to intratumoral areas, must be carefully differentiated
from necrosis [8-11].

Laboratory examination: Pre-LEN treatment, the AFP level
which stood at 53.2 ng/ml decreased to 9.2 ng/ml 6 weeks posttreatment with LEN administered orally at 12 mg/day.

As in clinical radiological practice, subtraction imaging
or quantitative determinations of contrast uptake obtained by
comparing related regions of interest measurements on pre-contrast
and post-contrast scans can serve, whenever considered appropriate,
to support the assessment.

Further diagnostic work-up: CECT 10 weeks post-LEN
treatment (Figure 1G), and CEMRI 7 weeks post-LEN treatment
revealed complete absence of intratumoral arterial contrast
enhancement in all nodules in S4 and S5. Additionally, CECT
including subtraction imaging 10 weeks post-LEN treatment, and
CEMRI including subtraction imaging 7 weeks post-LEN treatment
revealed no enhancement (Figure 1H).

In the present study, biopsy samples of all the nodules assessed
radiologically as “CR” in cases 1 and 2 were found to include viable
HCC cells by histopathological evaluation.
Ten (case 2) and 11 weeks (case 1) post-LEN treatment, viable HCC
cells were detected through histopathological analysis, irrespective of
the complete absence of intratumoral arterial contrast enhancement
as ascertained through imaging studies with CECT and CEMRI
including subtraction imaging. In the assessment of HCC treatment,
any discrepancy between radiological and histopathological findings
should be noted.

Histopathological examination: Nonetheless, US guided biopsy
10 weeks post-LEN treatment, revealed moderately differentiated
HCC with fibrous stroma in specimens obtained from S5. No necrosis
was observed in these specimens (Figure 2D).
Outcome: Ten weeks post-LEN treatment, MRI on DWI (b value
= 1200 s/mm2) revealed hyper intensity (Figure 1I) and hypointensity
on ADC-map (ADC measurements = 1.052 × 10-3 mm2/sec) in all
nodules (diffusion restricted).

In case 1, histopathological analysis disclosed necrosis, to some
extent, 11 weeks post-LEN treatment. Indeed, MRI on DWI displayed
shrinkage of HCC in S2 (from 4.5 cm to 3 cm) and in S5 (from 2.1
cm to 1.5 cm). In case 2, however, despite precise histopathological

Discussion
The RECIST criteria are evaluated the standard method for tumor
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analysis, no necrosis was observed 10 weeks post-LEN treatment,
which might be attributed to the limitations of the biopsy sample.

malignant character according to LI-RADS (Liver Imaging Reporting
and Data System) [27-30].

In case 1 pre-LEN treatment, necrosis in S2 indicated spontaneous
necrosis attributed to ischemia by the large (4.5 cm) HCC. Post-LEN
treatment, the necrosis evinced spontaneous or treatment-induced
necrosis, or both. The necrosis in S5 post-LEN treatment indicated
treatment-induced necrosis, because no necrosis was observed preLEN treatment.

Conclusion
mRECIST depends on only complete absence of intratumoral
arterial enhancement, as assessed by CECT and CEMRI, and has
limitations in tumor response assessment of post-molecular-targeted
therapy.
MRI on DWI and ADC-map may be important and more
effective when complemented with mRECIST in order to improve
the diagnostic accuracy and viability of HCC.

Based on the radiological and histopathological findings of case
1, two hypotheses regarding the outcome of HCC viability and
treatment efficacy need to be considered. First, if treatment continues
for a long time beyond 7 to 11 weeks, total necrosis could occur.
Second, radiological assessment with mRECIST is useful to some
extent; however, it does not necessarily reflect the real efficacy of the
treatment.
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