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Background: There is a sparsity of data evaluating outcomes of patients with Liver Imaging 

Reporting and Data System (LI-RADS)(LR)-M lesions. 

Purpose: To compare overall survival(OS) and progression free survival(PFS) between 

hepatocellular carcinoma(HCC) and intrahepatic cholangiocarcinoma(iCCA) meeting LR-M 

criteria, and to evaluate factors associated with prognosis. 

Study Type: Retrospective 

Subjects: Patients at risk for HCC with at least one LR-M lesion with histologic diagnosis, from 

8 academic centers, yielding 120 patients with 120 LR-M lesions(84 men[mean age 62 years] 

and 36 women[mean age 66 years]). 

Field Strength/Sequence: 

1.5 and 3.0T/3D T1- weighted gradient echo, T2-weighted fast spin-echo   
 
Assessment: The imaging categorization of each lesion as LR-M was made clinically by a single 

radiologist at each site and patient outcome measures were collected.  

Statistical Tests: OS, PFS, and potential independent predictors were evaluated by Kaplan-Meier 

method, log-rank test, and Cox proportional hazard model.  A p value of < 0.05 was considered 

significant. 

Results: A total of 120 patients with 120 LR-M lesions were included; on histology 65 were 

HCC and 55 were iCCA. There was similar median OS for patients with LR-M HCC compared 

to patients with iCCA(738 days vs.769 days,p=0.576). There were no significant differences 

between patients with HCC and iCCA in terms of sex(47:18 vs. 37:18,p=0.549), age(63.0 +/- 8.4 

vs. 63.4 +/- 7.8,p=0.847), etiology of liver disease(p=0.202), presence of cirrhosis(100% vs. 

100%,p=1.000), tumor size(4.73 +/- 3.28 vs. 4.75 +/- 2.58,p=0.980), method of lesion histologic 

diagnosis(p=0.646), and proportion of patients that underwent locoregional therapy(60.0% vs. 
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38.2%,p=0.100) or surgery(134.8 +/- 165.5 vs. 142.5 +/- 205.6,p=0.913). Using multivariable 

analysis, non-surgical compared to surgical management(HR,4.58), larger tumor size(HR,1.19), 

and higher MELD score(HR,1.12) were independently associated with worse OS. 

Data Conclusion:  There was similar OS in patients with LR-M HCC and LR-M iCCA, 

suggesting that LR-M imaging features may more closely reflect patient outcomes than 

histology.  
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Introduction 

 
The Liver Imaging Reporting and Data System (LI-RADS) was initially introduced in 

2011 and incorporated into the American Association for the Study of Liver Disease (AASLD) 

hepatocellular carcinoma (HCC) clinical practice guideline in 2018 (1). LI-RADS categorizes 

lesions on an ordinal scale to relay the likelihood of HCC in at risk patients. It also provides a 

unique category (LR-M) for lesions that are definitely or probably malignant, but are not specific 

for HCC (1). LR-M lesions are those with at least one targetoid feature, which includes rim 

arterial phase hyperenhancement, non-peripheral washout, delayed central enhancement, and 

targetoid diffusion restriction or transitional/hepatobiliary phase appearance. The LR-M category 

can also be assigned to lesions not meeting LR-5 or LR-Tumor-in-Vein (TIV) criteria and with 

any of the following non-targetoid features including infiltrative appearance, marked diffusion 

restriction, or necrosis/severe ischemia (1).  Prior meta-analyses have demonstrated that 26%–

48% of LR-M lesions are HCC while 32%–59% are intrahepatic cholangioarcinoma (iCCA)  

(2,3).   

There is a sparsity of published data evaluating outcomes of patients with LR-M lesions. 

The current literature has focused on outcomes after surgical resection, with one prior study 

demonstrating an overall survival (OS) and recurrence free survival (RFS) of 37.5 and 16.5 

months respectively, for patients after resection of a LR-M lesion (4). However, many iCCAs are 

unresectable due to advanced disease at the time of diagnosis, and therefore, studies of patients 

with resected lesions may be biased towards less aggressive iCCAs than those encountered in 

clinical practice  (5). Furthermore, while it is well-established that the prognosis for iCCA is 

dismal, there are few studies that evaluate outcomes of iCCAs in patients with cirrhosis (6-8).   
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Even less is known about outcomes in patients with HCCs meeting LR-M criteria. A few 

prior studies have demonstrated more aggressive biologic behavior in HCCs with rim arterial 

phase rim hyper-enhancement thought to be due to the presence of microvascular invasion, early 

lymph node metastases, and rapid growth (4,9,10). Furthermore, patients with LR-M HCCs have 

been demonstrated to have worse prognosis than those with HCCs meeting criteria for LR-5 and 

LR-4 after surgical resection in a prior study involving a small cohort of LR-M HCCs (10). This 

suggests prognostic heterogeneity in HCCs that may be more accurately captured by imaging 

features than standard histologic assessment. Given these findings, we hypothesize that the 

biologic behavior and resultant outcomes of LR-M HCCs are similar to LR-M iCCAs. 

Knowledge of the outcomes of these lesions may be useful for determining optimal management.  

Therefore, the aim of our study is to compare the OS and PFS between HCC and iCCA 

meeting LR M criteria, and to evaluate factors associated with prognosis. 

 

Material and Methods   
 
Patients 

This multi-center retrospective Health Insurance Portability and Accountability Act–

compliant study was approved by the institutional review boards at all institutions with waiver of 

informed consent.  

The institutional databases from 8 academic centers were searched to identify patients ≥ 

18 years-old that 1) met criteria for application of LI-RADS (1); 2) had at least one LR-M lesion 

on dynamic contrast enhanced CT or MRI; and 3) had histologic diagnosis of the LR-M lesion 

through biopsy, resection, or explant. Exclusion criteria were as follows, 1) the presence of LR-

4, LR-5, LR-TIV or other malignancy within 5 years prior to baseline imaging, as this could 
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confound outcome measures, (2) locoregional or systemic treatment of the LR-M lesion prior to 

the baseline imaging study, and (3) absence of at least one of the following tumor markers within 

4 weeks of baseline imaging (alpha fetoprotein, carbohydrate antigen 19-9, or carcinoembryonic 

antigen. Patients were further excluded for 1) LR-M lesions that were not HCC or iCCA on 

histology (including exclusion of combined cHCC-CCA), and 2) without imaging or clinical 

follow-up after the baseline CT or MRI examination. Patients who had no available imaging 

after the baseline study to evaluate for the presence of progression were not included in the PFS 

analysis, however those with clinical follow-up were still included in the final cohort for OS 

analysis. The eight institutions that contributed data included Montefiore Medical Center (n=6), 

University of Ottawa (n=6), University of California San Diego (n=8), Weill Cornell Medical 

Center (n=11), University of North Carolina (n=19), Duke University Medical Center (n = 23), 

Washington University School of Medicine (n=23), and University of Michigan (n= 24).  The 

final cohort included 120 lesions in 120 patients (84 men [mean age 62 years; range, 31-87 

years] and 36 women [mean age 66 years; range, 52-82 years]). Patient selection is summarized 

in Figure 1. 

The categorization of each lesion as LR-M was made by a single radiologist at each 

respective site, with 2-30 years of post-abdominal imaging fellowship experience at the time of 

clinical interpretation of imaging, using v2018 LR-M criteria (1). The following data were 

gathered from the electronic medical records; patient demographics, lesion histology, method of 

histologic diagnosis (biopsy, resection, explant), initial lesion treatment (including locoregional 

and/or systemic therapy), surgical resection or liver transplantation, time from lesion diagnosis to 

treatment initiation or surgery, presence of radiologic progression as per the modified Response 
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Evaluation Criteria in Solid Tumors (mRECIST) on follow-up imaging, time from diagnosis to 

radiologic progression, time from diagnosis to death or last living follow-up, and cause of death. 

Endpoints 

The primary end point was OS, defined as the time from imaging diagnosis of LR-M 

lesion to death, where all deaths were counted as events. Disease-specific survival was also 

evaluated, where only deaths attributable to tumor progression were considered events. Patients 

known to be alive or with unknown status at the end of the study period were censored at the last 

date of living clinical or radiologic follow-up before 03/01/2022. The secondary end point was 

progression free survival (PFS), defined as the time from diagnosis of LR-M lesion to radiologic 

progression as defined by mRECIST. Patients without radiologic progression during the study 

period were censored at the last available contrast enhanced CT, MRI, or PET/CT examination 

before 03/01/2022. 

As per mRECIST, complete response was defined as the absence of enhancing tumor in all target 

lesions; partial response (PR) and progressive disease (PD) was greater than a 30% decrease or 

greater than 20% increase, respectively, in the sum of the longest diameters of the enhancing 

lesions; and stable disease as neither PR or PD (11). mRECIST category was determined by a 

single radiologist at each respective site based on lesion size and description from the clinically 

rendered reports on follow-up imaging compared to the baseline imaging. The development of a 

new LR-4, LR-5, LR-TIV, or LR-M lesion in a patient was considered progression (12) (13).  

Imaging 

All patients underwent MRI (n = 110) or CT (n = 10) with a dynamic contrast enhanced liver 

protocol per LI-RADS 2018 technical requirements (Supplemental Material). MRI examinations 
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were performed with 1.5T (n = 82) or 3.0T (n = 28) systems. Ninety-seven MR examinations 

were performed with an extracellular contrast agent (gadobenate dimeglumine, n = 63; 

gadoterate meglumine, n = 16; gadobutrol, n = 14; gadopentetate dimeglumine, n = 1; or 

unknown agent, n = 1) and 13 examinations were performed with a hepatobiliary agent 

(gadoxetate disodium). Hepatobiliary phase imaging was not performed for any examinations 

utilizing gadobenate dimeglumine.    

Statistical analysis: 

To compare features between patients with HCC and iCCA, we used two-sample t-tests for 

continuous variables and chi-square tests for categorical variables. Median follow up times were 

calculated based on the reverse Kaplan-Meier method. Cox proportional hazard models with 

backward selection were utilized for univariable and multivariable analyses of factors related to 

OS and PFS of LR-M lesions. Potential factors included histologic type of tumor (HCC vs 

iCCA), surgical versus non-surgical treatment, patient age, tumor size, and Model for End-Stage 

Liver Disease score (MELD) score at the time of LR-M classification. Variables with P < 0.10 at 

univariable analyses were included in the multivariable analysis. OS and PFS were estimated by 

using Kaplan-Meier survival curves and the log-rank test used to compare OS and PFS between 

LR-M HCC and iCCA and between lesions that underwent surgical and non-surgical 

management. For comparisons, a p value of < 0.05 was considered significant.  

Results 
 
Study Sample 

The clinical and treatment characteristics of the patient cohort are summarized in Table 1. The 

study cohort consisted of 65 patients with HCC and 55 patients with iCCA. There was no 

significant difference in the prevalence of hepatitis C (50.7% vs 34.5% p = 0.202) or hepatitis B 
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(7.7% vs 5.5%, p = 0.202) between the two groups. There was no significant difference between 

patients with HCC and iCCA in terms of sex (47:18 vs. 37:18, p = 0.549), age (63.0 +/- 8.4 vs. 

63.4 +/- 7.8, P = 0.847), etiology of liver disease (p = 0.202), presence of cirrhosis (100% vs. 

100%, p = 1.000), tumor size (4.73 +/- 3.28 vs. 4.75 +/- 2.58, p =.980), method of lesion 

histologic diagnosis (p = 0.646), and proportion of patients that underwent locoregional therapy 

(60.0% vs. 38.2%, p = 0.100). HCCs were diagnosed by biopsy (n = 51), resection (n = 12), or 

explant (n = 2). iCCAs were diagnosed by either biopsy (n = 43), resection (n = 8), explant (n = 

1), bile duct brushing (n = 2), or cytology of ascites (n = 1). 

There was no significant difference in proportion of patients that underwent surgery of 

the baseline lesion between the two groups (23.1 vs. 23.6, p = 0.948). Interval from diagnosis to 

surgery also did not significantly differ between the two groups (134.8 +/- 165.5 vs. 142.5 +/- 

205.6 days, p = 0.95). Significantly fewer patients with HCC underwent systemic therapy than 

those with iCCA (12% vs. 19%), and there was a longer interval between diagnosis and initiation 

of systemic therapy for those with HCC compared to those with iCCA (350.3 +/- 379.7 days vs. 

115.1 +/- 90.5 days).  Extrahepatic metastases, based on imaging findings in all cases, were 

present on baseline imaging in 2/65 (3%) patients with HCC and 16/55 (29%) patients with 

iCCA.  

Overall Survival 

There was no significant difference in median follow-up between HCC and iCCA (1087 days vs. 

744 days, p = 0.220) (Table 2).  The median OS was similar for patients with HCC compared to 

patients with iCCA (738 days vs. 769 days, p = 0.576) (Figures 2 and 3). Disease-specific 

survival was also similar for patients with HCC compared to iCCA (1585 vs. 1060 days, p = 
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0.349). For the 34 patients with HCC that died, the cause of death was tumor progression (with 

or without hepatic failure) in 58.8% (20/34), hepatic failure without tumor progression in 17.6% 

(6/34), and other causes in 23.5% (8/34) patients [unknown cause (n=3), sepsis (n=2), 

hemorrhagic shock (n=2), and pulmonary embolism (n=1)]. For the 29 patients with iCCA that 

died, the cause of death was tumor progression (with or without hepatic failure) in 69% (20/29), 

hepatic failure without tumor progression in 10.3% (3/29), and other causes in 20.7% (6/29) 

[unknown cause (n=2), gastrointestinal bleed (n=2), arrythmia (n=1), and renal failure (n=1)]. 

Table 3 summarizes the results of univariable and multivariable analyses for potential factors 

associated with OS. At univariable analysis, nonsurgical compared to surgical management (HR 

4.23), larger tumor size (1.12), and higher MELD score (HR 1.12), were significantly associated 

with shorter OS. Similarly, at multivariable analysis, nonsurgical compared to surgical 

management (HR, 4.58), larger tumor size (HR, 1.19), and higher MELD score (HR, 1.12) 

showed significant independent associations with OS. Median OS of patients that underwent 

nonsurgical compared to surgical management of the LR-M lesion is presented in the 

Supplementary Material. 

Progression Free Survival 

The median PFS for patients with HCC was 533 days and for iCCA was 310 days (Figure 4). 

Table 3 summarizes the results of univariable and multivariable analyses for the factors affecting 

PFS. Using multivariable analysis, nonsurgical compared to surgical management (HR, 2.15) 

and higher MELD score (HR, 1.05) showed an independent association with worse PFS. Median 

PFS of patients that underwent surgery versus non-surgical management of the LR-M lesion is 

presented in the Supplementary Material. 
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Of the 53 patients with HCC and imaging follow-up, disease progression occurred in 54.7% 

(29/53), which was confirmed with biopsy (n = 2) or imaging as per mRECIST (n = 27). Disease 

progression occurred as: progression of the baseline lesion alone in 17.2% (5/29) patients, new 

disease elsewhere in the liver alone in 34.5% (10/29) patients, both progression of baseline lesion 

and new disease elsewhere in the liver in 10.3% (3/29) patients, and extrahepatic metastases with 

or without intrahepatic tumor progression in 37.9% (11/29) patients. Of the 10 patients with new 

intrahepatic lesions elsewhere in the liver, the new lesions were categorized as LR-M in 30% 

(3/10) patients, LR-5 in 40% (4/10) patients, and LR-4 in 30% (3/10) patients. Of the 11 patients 

with extrahepatic metastases, the location of extrahepatic metastases was lymph node metastases 

alone in 45.5% (5/11) patients and combinations of lymph node, bone, and lung metastases in the 

remaining 54.5% (6/11) patients.   

Of the 44 patients with iCCA and follow-up imaging, disease progression occurred in 72.7% 

(32/44) patients, which were diagnosed on imaging in all cases. Disease progression occurred as: 

progression of the baseline lesion alone in 15.6% (5/32) patients, new disease elsewhere in the 

liver alone in 25% (8/32) patients, progression of baseline lesion and new disease elsewhere in 

the liver in 6.3% (2/32) patients, and extrahepatic metastases with or without hepatic tumor 

progression in 53.1% (17/32) patients. Of the 8 patients with new intrahepatic lesions, these 

lesions were categorized as LR-M in 37.5% (3/8) patients, LR-5 in 37.5% (3/8) patients, and LR-

4 in 25% (2/8) patients. Of the 17 patients with extrahepatic metastases, the location of 

extrahepatic metastases was lymph node metastases alone in 11.8% (2/17) patients, peritoneal 

metastases with or without metastases elsewhere in 35.3% (6/17) patients, and a combination of 

lung, lymph node, pulmonary, and osseous metastases in the remaining 52.9% (9/17) patients. 
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Discussion 

Based on a few prior studies demonstrating aggressive behavior in LR-M HCCs (10,14), 

we hypothesized that patients with LR-M HCCs would have similar outcomes to those with LR-

M iCCAs. Our results demonstrated no significant difference in median OS in patients with LR-

M HCC compared to iCCA. Furthermore, we found that non-surgical compared to surgical 

management, larger tumor size at the time of diagnosis, and higher MELD score were 

independently associated with shorter OS for LR-M lesions. While PFS was significantly longer 

for patients with HCC than iCCA, tumor histology (HCC versus iCCA) was not independently 

associated with PFS at multi-variable analysis. 

 The prognosis of intrahepatic cholangiocarcinoma is known to be dismal due to advanced 

stage at the time of diagnosis as well as close proximity of tumors to central hepatic structures 

(15). As a result, patients with iCCA are reported to have a median OS of only 12-59 months 

(5,8,16-18). However, reports of iCCA outcomes in cirrhosis are conflicting (6,19-21), with 

some demonstrating worse prognosis in cirrhotic than non-cirrhotic patients and others without 

survival differences (22).  The median OS for cirrhotic patients with LR-M iCCA in our cohort 

was 26 months, which is comparable to survival reported in noncirrhotic patients (5,6,16). iCCA 

has been shown to develop in the background of cirrhosis in 10-36% of patients (23-25), 

hypothesized to be due to the presence of common precursors cells that that proliferate into 

predominantly bile duct cells (24) leading to iCCA.  

Little is known about prognosis in patients with LR-M HCCs as prior studies involved up 

to only 7 LR-M HCCs, making it difficult to draw meaningful conclusions (4,10). The median 

OS of patients with LR-M HCCs in our study was approximately 25 months. The literature 
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demonstrates a wide range of median survival times for patients with HCC ranging from 8 to 95 

months that varies according to stage, etiology of HCC, region, and varying clinical practices 

over time (26-28). We demonstrated similar OS and similar disease-specific survival in patients 

with LR-M HCC compared to iCCA. This suggests that LR-M imaging appearance may be 

representative of tumor behavior and patient prognosis, regardless of histology. Furthermore, 

only 5% of patients with LR-M HCC in our cohort underwent liver transplant, suggesting in part, 

that advanced disease stage at diagnosis may have precluded transplant candidacy.  

 As might be expected, larger tumor size was independently associated with worse OS for 

all LR-M lesions, independent of histology. Tumor size has been shown to be associated with 

worse prognosis for both HCCs and iCCAs in prior investigations (29,30). Similarly, MELD 

score was independently associated with OS and PFS in our investigation, with prior studies also 

demonstrating functional impairment of the underlying liver having a significant impact on 

prognosis, regardless of the tumor stage (31). It is likely that for patients with resectable lesions 

or multifocal tumors that are treatable with locoregional modalities, the presence of liver 

decompensation complicates these treatments, in turn affecting survival.   

Surgical management was independently associated with prognosis and was more 

strongly associated with OS and PFS than was histology. The significant differences in median 

OS and PFS between patients with LR-M lesions that underwent surgery versus non-surgical 

management also persisted in subgroup analyses of patients with LR-M HCC and LR-M iCCA. 

The ability to undergo surgical resection of the primary LR-M lesion may at least in part be a 

surrogate for early (and therefore resectable) disease stage at presentation, and surgical 

candidacy may be more indicative of prognosis than lesion histology.  Given the similar 
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behaviors and prognoses of LR-M iCCA and HCC, a unified clinical approach in the 

management of these lesions may be beneficial, although further prospective studies to 

investigate optimal treatment paradigms for LR-M HCCs and iCCAs are needed. 

Limitations  

Given the inherent infrequency of LR-M observations in clinical practice, we had a modest 

patient cohort size, and therefore our study may have been under-powered to detect a difference 

in OS. However, we included patients with LR-M observations from 8 academic medical centers 

(7 of which are liver transplant centers) to maximize our study cohort numbers. We did not 1:1 

match HCC and iCCAs according to prognostic factors such as tumor size, patient age, or MELD 

score. Matching would likely have limited the number of eligible patients further given the size 

of our cohort, and we therefore chose to instead attempt to account for differences with 

multivariable analyses. The diagnosis of LR-M for every lesion was confirmed by a single 

radiologist at each respective institution, based on the clinical report, which may not account for 

inter-reader variability in LR-M category assignment. However, we chose to include lesions 

categorized as LR-M in real life clinical practice, as opposed expert research reads. There were 

insufficient follow-up studies to establish an mRECIST category to determine PFS for 23 

patients, an inherent limitation of retrospective outcome studies. However, patients without 

imaging follow-up but with clinical follow-up were still included for the evaluation of OS and 

those without either imaging or clinical follow-up were excluded. The presence of disease 

progression was diagnosed on imaging in the majority of cases without histological proof. 

However, this reflects standard clinical practice where hepatic and extrahepatic metastases are 

often diagnosed and treated based on imaging without the need for biopsy. Lastly, we did not 
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evaluate detailed morphologic and immunohistochemical tumor characteristics. Therefore, we 

could not assess the pathogenetic mechanism of the prognosis of LR-M HCCs and iCCAs; 

further studies assessing progenitor cell markers in LR-M lesions are needed.  

Conclusion 

This study found similar OS in patients with LR-M HCC and LR-M iCCA, suggesting 

that LR-M imaging appearance may more closely reflect patient outcomes than histology.    
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Tables 

Table 1: Demographics and Treatment of Patients with LR-M HCC and iCCA. 

Variable HCC (n = 65) iCCA (n = 55) P Value 
Mean age (years)       
All patients 63.0 +/- 8.4 63.4 +/- 7.8 P = 0.847 

Men 61.7 +/- 8.2 62.6 +/- 8.5 P = 0.630 
Woman 66.7 +/- 7.8 65.0 +/- 6.2 P = 0.468 

M:F ratio 47:18 37:18 P = 0.549 

Tumor size +/- SD (cm) 4.73 +/- 3.28 4.75 +/- 2.58 P = 0.980 

Cirrhosis 65/65 (100%) 55/55 (100%) P = 1.000 

Etiology of liver disease     

P = 0.202 

Hepatitis C 33/65 (50.8%) 19/55 (34.5%) 
Hepatitis B 5/65 (7.7%) 3/55 (5.5%) 
Alcohol 4/65 (6.2%) 7/55 (12.7%) 
Nonalcoholic steatohepatitis 12/65 (18.5%) 18/55 (32.7%) 
Other 11/65 (16.9%) 8/55 (14.5%) 
Modality of Initial Diagnosis     

P = 0.646 
Biopsy 51/65 (78.4%) 43/55 (78.1%) 
Surgical specimen 12/65 (18.5%) 8/55 (14.5%) 
Explant 1/65 (1.5%) 1/55 (1.8%) 
Other 1/65 (1.5%) 3/55 (5.5%) 
Surgical procedures  15/65 (23.1%) 13/55 (23.6) 

P = 0.948 Liver Transplantation 3/15 (20.0%) 2/13 (15.4%) 
Resection 12/15 (80.0%) 11/13 (84.6%) 
Interval between diagnosis and surgery (days) 134.8 +/- 165.5 142.5 +/- 205.6 P = 0.913 

Initial locoregional therapy of baseline lesion 39/65 (60.0%) 21/55 (38.2%) 

P = 0.100 

TACE 14/39 (35.9%) 2/21 (9.5%) 
Microwave ablation 6/39 (15.3%) 5/21 (23.8%) 
RF ablation 2/39 (5.1%) 1/21 (4.8%) 
Cryoablation 0/39 (0%) 1/21 (4.8%) 
Radioembolization 9/39 (23.1%) 6/21 (28.6%) 
Bland embolization 4/39 (10.3%) 2/21 (9.5%) 
SBRT 4/39 (10.3%) 4/21 (19.0%) 
Underwent LRT of initial lesion > 1x 13/65 (20.0%) 5/55 (9.1%) P = 0.095 

Interval between diagnosis and 1st LRT (days) 108.1 +/- 89.0 84.4 +/- 64.9 P = 0.290 

Underwent Systemic therapy 12 (18.5%) 19 (34.5%) P = 0.045 

Interval between diagnosis and systemic therapy (days) 350.3 +/- 379.7 115.1 +/- 90.5 P = 0.014 
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*HCC=hepatocellular carcinoma, iCCA=intrahepatic cholangiocarcinoma, TACE=trans-arterial 
chemoembolization, RF=radiofrequency, SBRT=stereotactic body radiation therapy, 
LRT=locoregional therapy 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 21 

Table 2: Outcomes of Patients with LR-M HCC and iCCA. 
 

Variable HCC (n = 65) iCCA (n = 55) P Value 

Median Follow-up period (to death or censorship) (days) 1087 744 0.220 

Median OS (days) 738 769 0.576 

Median DSS (days) 1585 1060 0.349 

Median PFS (days) 533 310 0.038 

Overall Survival     

0.960 Deceased 34/65 (52.3%) 29/55 (52.7%) 

Alive/censored 31/65 (47.7%) 26/55 (47.3%) 

Cause of death     

0.400 Cancer progression with or without hepatic failure or other 
cause 20/34 (58.8%) 20/29 (69.0%) 

Hepatic failure or other cause without cancer progression 14/34 (41.2%) 9/29 (31.0%) 

Progression free survival as per mRECIST     

0.280 

Complete response 20/65 (30.8%) 8/55 (14.5%) 

Partial response or stable disease 3/65 (4.6%) 2/55 (3.6%) 

Stable disease 1/65 (1.5%) 2/55 (3.6%) 

Progressive disease 29/65 (44.6%) 32/55 (58.2%) 

Insufficient follow-up to establish RECIST category 12/65 (18.5%) 11/55 (20.0%) 

Location of Progressive disease     

0.23 Hepatic progression only (progression of baseline lesion 
and/or progression elsewhere in the liver) 18/29 (62.1%) 15/32 (46.9%) 

Extrahepatic metastases with or without hepatic progression 11/29 (37.9%) 17/32 (53.1%) 
*OS=overall survival, DSS=disease-specific survival, PFS=progression-free survival, 
mRECIST= modified response evaluation criteria in solid tumors 
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Table 3: Univariable and Multivariable Analysis of Factor Affecting Overall Survival and 
Progression Free Survival in Patient with LR-M HCC and LR-M iCCA. 

  Overall Survival Progression Free Survival 

Variable Univariable 
Analysis 

Multivariable 
Analysis 

Univariable 
Analysis 

Multivariable 
Analysis 

Non-Surgical vs. Surgical 
Management 

4.23 (1.92, 9.35) 
p=0.0004 

4.58 (1.88, 11.17) 
p<0.0001 

2.40 (1.24, 4.62) 
p=0.0093 

2.15 (1.10, 4.19) 
p=0.024 

Age 0.99 (0.96, 1.03) 
p=0.910 NA 0.99 (0.96, 1.03) 

p=0.780 NA 

Histology (iCCA 
compared to HCC) 

1.15 (0.70, 1.89) 
p=0.576 NA 1.70 (1.02, 2.84) 

p=0.041 NA 

MELD Score 1.12 (1.08, 1.16) 
p<0.0001 

1.12 (1.07, 1.15) 
p<0.0001 

1.06 (1.02, 1.11) 
p=0.0078 

1.05 (1.00, 1.10) 
p=0.032 

Tumor Size 1.12 (10.6, 1.18) 
p<0.0001 

1.19 (1.11, 1.29) 
p<0.0001 

1.05 (0.97, 1.14) 
p=0.213 NA 

 
*Data are hazard ratios. Numbers in parentheses are 95% confidence intervals. 
HCC=hepatocellular carcinoma, iCCA=intrahepatic cholangiocarcinoma, MELD=Model for 
End-Stage Liver Disease. 
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Figure Legend 
 
Figure 1. Study Flowchart. LR=LI-RADS, TIV=tumor in vein, HCC=hepatocellular carcinoma, 

iCCA=intrahepatic cholangiocarcinoma  

Figure 2. Kaplan-Meier Curves Demonstrating Overall Survival in Patients with LR-M 

Hepatocellular Carcinoma Compared to LR-M Intrahepatic Cholangiocarcinoma. 

Figure 3. LR-M Hepatocellular Carcinoma and LR-M Intrahepatic Cholangiocarcinoma. Arterial 

(a) and portal venous (b) phase T1-weighted fat suppressed 3D GRE images after the 

administration of gadobenate dimeglumine in a 60-year-old female with hepatitis C cirrhosis 

demonstrates a 6.0 cm observation (arrows) in segment 2 with arterial-phase rim 

hyperenhancement persisting in the portal venous phase, categorized as LR-M. At biopsy, this 

lesion was hepatocellular carcinoma. Arterial (c) and portal venous (b) phase images after the 

administration of gadobenate dimeglumine in a 72-year-old male with non-alcoholic 

steatohepatitis (NASH) cirrhosis demonstrates an 8.5 cm observation (arrows) in segments 8, 4a, 

and 1 with arterial-phase rim hyperenhancement persisting in the portal venous phase, 

categorized as LR-M. At biopsy, this lesion was intrahepatic cholangiocarcinoma.   The patient 

with LR-M HCC died 90 days after diagnosis and the patient with LR-M iCCA died 72 days 

after diagnosis due to tumor progression.  

Figure 4. Kaplan-Meier Curves Demonstrating Progression-Free Survival in Patients with LR-M 

Hepatocellular Carcinoma Compared to LR-M Intrahepatic Cholangiocarcinoma. 

a. b. 
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