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Favourable outcome of pathologic 
downstaging by locoregional 
treatment for hepatocellular 
carcinoma in liver transplantation
Deok Gie Kim1, Jae Geun Lee  2, Dong Jin Joo  2,3, soon Il Kim2,3 & Myoung soo Kim2,3

No distinct guidelines are available regarding the effect of pretransplant locoregional treatment (LRT) in 
hepatocellular carcinoma (HCC) staging system. The aim of this study was to investigate the prognosis 
of pathologic downstaging (PDS) by the exclusion of total necrosis after liver transplantation. We 
conducted a study of 326 HCC patients who underwent liver transplantation between September 2005 
and December 2016. Two hundred twenty-two patients received pretransplant LRT and 102 patients 
did not. Among the former group, 74 (33.0%) achieved PDS while 150 (67.0%) showed unchanged T 
stage after the exclusion of total necrosis. Five-year HCC recurrent free survival (RFS) of PDS group 
(85.1%) was similar to that of the no LRT group (88.8%) but higher than that of the non-PDS group 
(68.9%; P < 0.001). Based on T stage adjusted with total necrosis and PDS status, RFS was similar in the 
PDS T1 (82.4%) and non-PDS T1 (86.5%) groups. Non-PDS T2 cancers had worse outcome regardless 
of the Milan (P = 0.982) or University of California San Francisco criteria (P = 0.466). On preoperative 
examination, parameters like less than 1 viable tumor, less than 1 cm of tumor size, and less than 20 ng/
mL of serum alpha fetoprotein were associated with PDS. This study showed that PDS by LRT was 
associated with favorable outcome in HCC patients after liver transplantation.

Liver transplantation (LT) has been a primary treatment option for unresectable hepatocellular carcinoma (HCC) 
since the Milan criteria was introduced1. There have been ongoing attempts to expand the indication of LT2,3. 
Moreover, locoregional treatment (LRT) was applied to patients with large tumour burden for achieving equiva-
lent outcome as those initially within the criteria for LT4,5. Several studies estimated the effectiveness of LRT based 
on the radiologic criteria6,7. However, discrepancy up to 25% was reported between radiologic assessment before 
LT and explant liver pathology8. Precise prediction and early detection of tumour recurrence after LT is desirable 
to achieve the best treatment outcome9. Heretofore, the method of consensus for determining the prognosis of 
HCC after LT was the American Joint Committee on Cancer staging system6, although other recurrence predic-
tion models based on explant pathology have been developed10. However, none of the models reflected the accu-
rate result of LRT, and there was no distinct guideline about considering each tumour necrosis on the explanted 
liver. Hence, the aim of this study was to investigate the consequence of pathologic downstaging (PDS; reduced T 
stage by the exclusion of totally necrotic mass) in terms of post-transplant outcomes for HCC.

Results
Of 326 recipients with HCC, 220 (67.5%) and 106 (32.5%) received living and deceased donor LTs, respectively. 
The underlying liver diseases were hepatitis B (n = 262, 80.4%), hepatitis C (n = 26, 8.0%), alcoholic liver disease 
(n = 22, 6.7%), and others (n = 16, 4.9%). Among the study population, 224 patients (68.7%) received pretrans-
plant LRT, whereas 102 (31.3%) did not. During a median follow-up of 54.5 (interquartile range [IQR] 28.0–84.5) 
months, 41 (12.6%) patients experienced HCC recurrence. At the last follow-up date, April 30th, 2018, 14 (4.3%) 
were alive with HCC recurrence, 27 (8.2%) died following HCC recurrence, and 29 (8.9%) died without HCC 
recurrence.

1Department of Surgery, Yonsei University Wonju college of Medicine, Wonju, Republic of Korea. 2Department of 
Surgery, Yonsei University college of Medicine, Seoul, Republic of Korea. 3the Research institute for transplantation, 
Yonsei University college of Medicine, Seoul, Republic of Korea. correspondence and requests for materials should 
be addressed to M.S.K. (email: YSMS91@yuhs.ac)

Received: 12 April 2019

Accepted: 27 June 2019

Published: xx xx xxxx

opeN

https://doi.org/10.1038/s41598-019-46871-9
http://orcid.org/0000-0002-6722-0257
http://orcid.org/0000-0001-8405-1531
mailto:YSMS91@yuhs.ac


2Scientific RepoRts |         (2019) 9:10386  | https://doi.org/10.1038/s41598-019-46871-9

www.nature.com/scientificreportswww.nature.com/scientificreports/

Changes in T stage by the exclusion of total necrosis. Figure 1 shows changes in T stage including 
and excluding total necrosis (TN; tumour mass without viable cancer cell) based on the explanted liver pathology. 
Of 224 patients who received LRT, 44 patients achieved complete pathologic response (CPR; all tumour masses 
were TN) in whom the original stage was T1 (n = 31) or T2 (n = 13). The number of PDS T1 was 28, with original 
stage T2 (n = 27) and T3a (n = 1). Only 2 of the PDS T2 showed downstaging from the original T3a. Overall, 74 
(33.0%) patients showed PDS, while 150 (67.0%) had unchanged T stage after the exclusion of TN (non-PDS).

Clinical characteristics. Comparison of the clinical characteristics is shown in Table 1. Age, sex, body mass 
index, LT from living donor, and ABO incompatibility were similar. History of liver resection for HCC was more 
frequent in the PDS and non-PDS groups than in the no LRT group (P = 0.024). AFP at the time of LT was sig-
nificantly lower in the PDS group than that in the non-PDS, and further lower than that in the no LRT group 
(P = 0.005). On radiologic evaluation at transplantation, the non-PDS group had more frequent multiple viable 
tumours and was more frequently beyond the Milan criteria than the other two groups (P = 0.001).

Figure 1. T stage changes before and after exclusion of totally necrotic mass in patients receiving pretransplant 
locoregional treatment; shadow denotes pathologic downstaging CPR, complete pathologic response; TN total 
necrosis.

Variables No LRT (n = 102) PDS (n = 74)
Non-PDS 
(n = 150) P

Age, years 54 (50–61) 55 (49–61) 55 (51–59) 0.953

Sex, male 83 (81.4%) 55 (74.3%) 129 (86.0%) 0.101

BMI 23.5 (21.9–25.9) 24.1 (22.3–25.4) 24.2 (22.5–26.2) 0.698

History of liver resection for HCC 9 (8.8%) 18 (24.3%) 27 (18.0%) 0.020

Donor type, living 71 (69.6%) 45 (60.8%) 104 (69.3%) 0.378

ABO incompatible 8 (7.8%) 3 (4.1%) 18 (12.0%) 0.131

MELD score at transplantation 12 (8–17) 9 (7–17) 10 (7–12) 0.016

AFP, at transplantation 7 (4–26) 6 (3–14) 9 (4–39) 0.005

Radiologic finding at LT

Beyond the Milan criteria 12 (11.8%) 4 (5.4%) 35 (23.3%) 0.001

Number of viable tumors <0.001

  0 27 (26.5%) 29 (39.2%) 19 (12.7%)

  1 52 (51.0%) 33 (44.6%) 66 (44.0%)

  2 or 3 20 (19.6%) 11 (14.6%) 48 (32.0%)

  ≥4 3 (2.9%) 1 (1.4%) 17 (11.3%)

Maximum tumor diameter, cm 2.0 (0–2.7) 1.0 (0–1.8) 1.8 (1.0–2.8) <0.001

Total number of pretransplant LRT — 2 (1–4) 2 (1–4) 0.590

Modality of LRT 0.277

  TACE, only — 44 (59.5%) 108 (72.0%)

  RFA, only — 11 (14.9%) 13 (8.7%)

  TACE plus RFA — 17 (23.0%) 26 (17.3%)

  Miscellaneous — 2 (2.7%) 3 (2.00%)

Table 1. Clinical characteristics. AFP alpha fetoprotein; BMI, body mass index; HCC hepatocellular carcinoma; 
MELD, model for end-stage liver disease; LRT, locoregional treatment; RFA, radiofrequency ablation; PDS, 
pathologic downstaging; TACE, trans arterial chemoembolization.
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In both PDS and non-PDS groups, transarterial chemoembolization (TACE) only was the most frequent 
modality followed by TACE plus radiofrequency ablation (RFA). There was no difference in the type (P = 0.277) 
and the number (P = 0.590) of LRT between the two groups.

Explanted liver pathology. As shown in Table 2, the PDS group showed single TN in 66.2% and multiple 
TN in 33.8%. In contrast, the non-PDS group showed no TN in 58.7%. The rates of single TN and multiple TN 
were 44.7% and 30.0%, respectively. Among the PDS group, 59.5% had no viable cancer, whereas 39.2% had 
solitary viable cancer. Only one case showed more than 4 viable tumours, and it was downstaged from T3a to 
T2. In contrast, the non-PDS group had multiple HCC in 74.7% and more than 4 viable tumours in 30.0%. The 
maximum tumour diameter was lower in the PDS group than that in the non-PDS and even lower than that in the 
no LRT group (P < 0.001). Microvascular invasion (MVI) and poor differentiation were lower in the PDS group 
than those in the other two groups (P < 0.001 for both variables).

Pretransplant predictive factors for pathologic downstaging. To define the factors associated 
with PDS, we performed regression analysis with patient, serologic, and radiologic factors (Table 3). In the uni-
variable and multivariable analysis, the number of radiologic viable tumour ≤ 1, maximum diameter of viable 
tumour ≤ 1 cm, and AFP ≤ 20 ng/mL were independently predictive of PDS. The MELD score, history of liver 
resection, and the number and modality of LRT were not associated with PDS.

Posttransplant outcomes. Five-year recurrence free survival (RFS) of entire cohort was 78.9%. PDS group 
showed similar RFS with no LRT group but non-PDS group showed worse prognosis (88.8% vs. 85.1% vs. 68.9% 
for no LRT, PDS, and non-PDS respectively, P < 0.001) (Fig. 2a). We compared outcomes according to each T 
stage both in the patients who received LRT and who did not. In no LRT group, post-transplant outcomes were 
similar between T1 and T2 cancer (88.5% vs. 89.0% for T1 and T2 respectively, P = 0.938) (Fig. 2b). Patient with 
T3 cancer was only 1 and did not experience recurrence or death. In contrast, RFS and HCC recurrence were well 
stratified according to T stage adjusted by the exclusion of TN in the patients received LRT (90.7% vs. 83.1% vs. 
67.3% vs. 50.0% for CPR, T1, T2 and T3a respectively, P < 0.001).

Figure 2c shows the comparison of outcomes according to the adjusted T stage and PDS status. As expected, 
CPR showed the best RFS (90.7%). PDS T1 (82.4%) showed higher RFS than non-PDS T2 (67.5%), and similar 
RFS with non-PDS T1(86.5%). T3a cancers showed much worse prognosis (44.4%) than the formers. However, 
patients with PDS T2 HCC were only 2 and both of them experienced HCC recurrence.

For subgroup survival analysis, patients with non-PDS T2 HCC were divided into two groups according to 
Milan criteria by radiology or University of California San Francisco criteria (UCSF) criteria by explant pathol-
ogy, respectively. However, RFS was similar in non-PDS T2 cancers regardless of Milan criteria (P = 0.982) or 
UCSF criteria (P = 0.466) (Fig. 3).

Discussion
LRT has been widely performed as a bridging therapy before LT in HCC patients because the majority of LT 
candidates present with more advanced stages than the Milan criteria11. However, post-LT outcomes after LRT 
were not concordant among studies because the study populations and criteria for LRT were heterogenous12. 
Although two prospective studies showed that LRT for properly selected patients resulted in comparable outcome 
to conventional criteria5,7, the exact prediction of HCC recurrence based on liver pathology is still necessary. In 
addition to the global consensus in which there is no consideration for the effect of LRT6, the current study tried 

Variables
No LRT 
(n = 102) PDS (n = 74)

Non-PDS 
(n = 150) P

Number of TN <0.001

  0 — 0 88 (58.7%)

  1 — 49 (66.2%) 30 (20.0%)

  ≥2 — 25 (33.8%) 32 (21.3%)

Number of viable tumors <0.001

  0 0 44 (59.5%) 0

  1 55 (53.9%) 29 (39.2%) 38 (25.3%)

  2 or 3 36 (35.3%) 0 67 (44.7%)

  ≥4 11 (10.8%) 1 (1.4%) 45 (30.0%)

Maximum tumor diameter, cm 2.0 (1.3–3.0) 1.0 (0–1.1) 2.2 (1.5–3.2) <0.001

Microvascular invasion 24 (23.5%) 2 (2.7%) 51 (34.0%) <0.001

Differentiation <0.001

  No viable tumor 0 44 (59.5%) 0

  Well 28 (27.5%) 8 (10.8%) 16 (10.7%)

  Moderate 46 (45.1%) 18 (24.3%) 77 (51.3%)

  Poor 28 (27.5%) 4 (5.4%) 57 (38.0%)

Table 2. Explanted liver pathology. PDS, pathologic downstaging; TN, total necrosis.
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to demonstrate that pathologic downstaging by the exclusion of TN was a favourable prognostic factor after liver 
transplantation for HCC.

The most remarkable finding of our study was that the patients achieving PDS showed better RFS than those 
in the non-PDS group, and showed similar RFS with those in the no LRT group, about 90% of whom were within 
the Milan criteria. Especially, the outcomes of PDS T1 cancer were significantly better than those of non-PDS T2 
and similar as those with non-PDS T1 and no LRT T1. These results mean that PDS T1 could be considered as 
original T1 in terms of tumour recurrence. Non-PDS T2 comprises patients who failed to demonstrate reduced 
tumour stage owing to multiple viable tumours or solitary tumour with MVI. These non-PDS T2 showed worse 
outcomes, regardless of the Milan criteria or UCSF criteria, which were conventional preoperative or postopera-
tive predictors for HCC prognosis.

Several studies emphasized on the pathologic response of LRT before LT. Previously, two studies reported that 
the degree of tumour necrosis from pre-transplant LRT was associated with HCC recurrence and survival13,14. 
However, Agopian et al.15 reported that CPR was a strong predictor of tumour-free survival. Allard et al.16 also 
showed that >90% total proportion of necrosis was an independent factor for better prognosis. Furthermore, 
more recent studies alluded that patients who did not achieve CPR had worse prognosis than those who did not 
receive LRT before LT17,18. The evidence of the unfavourable outcomes of partial response was that cancer cells 
could be disseminated by LRT, unless they were completed destroyed. However, from this study, we demonstrated 
that patients with PDS T1 also showed good prognosis, although they were “partial response group”.

Otto et al.19 reported that tumour response to TACE was a more reliable factor for selecting LT candidate than 
size and number themselves. This concept based on tumour behaviour and biology is advocated by numerous 
studies15–18,20–23. Kim et al.24 demonstrated that patients with considerable response to LRT had less frequent vas-
cular invasion and poor differentiation. Although radiologic tumour information before LRT was not available 
in our dataset, tumour behaviour could be inferred from the fact that the number of TN was higher in the PDS 
group than that in the non-PDS group, in spite of similar LRT number and modality. Lower AFP at the time of LT 
was another evidence of good tumour behaviour in the PDS group.

Because of organ shortage, liver transplantation from living donor is gaining importance not only in Asia 
but also in the western countries25; however, it could not always be possible at the presentation of HCC patients. 
Eventually, majority of patients receive LRT as the first treatment option. In this situation, our study suggests that 
PDS could be targeted by pretransplant LRT for excellent posttransplant outcome. Although it has a limitation 
that MVI cannot be examined preoperatively, our data suggested that tumour number and size on the imaging 
study along with AFP could predict PDS.

Interpretation of the impact of PDS was limited in CPR and PDS T1 cancers in this study because of the small 
number of PDS T2 (n = 2). The possible explanation is that original T3 cancer would present aggressive biology 
and would be difficult to induce complete necrosis of individual mass. Further studies using larger volume data 
are needed to assess the prognosis of PDS T2.

In conclusion, the current study demonstrated that the outcome of PDS group was better than that of the 
non-PDS group and similar with that of no the LRT group after liver transplantation. Furthermore, subgroup 
analysis confirmed that PDS T1 had favourable outcome like the original T1 HCC. These results could help 
clinicians determine the treatment modality before LT and predict HCC recurrence more accurately during the 
post-transplant period.

Variables

Univariate Multivariatea

OR (95% CI) P OR (95% CI) P

Radiologic findings

  Number of viable tumors ≤ 1 3.95 (1.97–7.94) <0.001 2.77 (1.29–5.94) 0.009

  Maximum diameter of viable tumor ≤ 1 cm 3.74 (2.08–9.72) <0.001 3.31 (1.56–7.03) 0.002

AFP ≤ 20 ng/mL 3.41 (1.66–7.02) 0.001 2.52 (1.32–4.83) 0.005

MELD ≤ 20 0.54 (0.23–1.28) 0.163

History of liver resection for HCC 0.68 (0.35–1.34) 0.268

Number of LRT 0.96 (0.84–1.09) 0.540

Modality of LRT

  TACE, only Reference

  RFA, only 2.07 (0.87–4.99) 0.102

  TACE plus RFA 1.61 (0.79–3.25) 0.188

  Others 1.64 (0.26–10.13) 0.597

Table 3. Pretransplant factors associated with pathologic downstaging. aMultivariate analysis was performed 
by logistic regression. AFP alpha fetoprotein; HCC hepatocellular carcinoma; MELD, model for end-stage liver 
disease; LRT, locoregional treatment; RFA, radiofrequency ablation; TACE, trans arterial chemoembolization; 
TN, total necrosis.
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Methods
Patients. We conducted a retrospective, single centre LT data base analysis on 792 patients who received LT 
from September 2005 to December 2016. Among 727 patients aged over 18 years, 391 had HCCs in their own 
livers. Indications of LT for HCC in our institution were; (1) Unresectable HCC within the MC, (2) HCC ini-
tially beyond the MC but downstaged to meet the MC after LRT, (3) HCC with severe underlying LC regardless 

Figure 2. Comparison of HCC recurrence free survival; (a) by LRT and PDS status; (b) by T stages among the 
patients who did not receive LRT; (c) by T stage and PDS status among the patients who received LRT. HCC, 
hepatocellular carcinoma; LRT, locoregional treatment; PDS, pathologic downstaging.

Figure 3. Comparison of HCC recurrence free survival (a) by radiologic Milan criteria at the time of 
transplantation and (b) by UCSF criteria on explanted liver pathology among the patients with non-PDS T2 
cancers HCC, hepatocellular carcinoma; PDS, pathologic downstaging; MC, Milan criteria; UCSF, University of 
California San Francisco.
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of resectability and prior LRT. Patients whose serum AFP was rising were not considered as a candidate for LT, 
although they meet the MC on radiologic studies.

We included only HCC patients diagnosed based on the explant liver pathology, including incidental 
HCC. Patients with mixed HCC with cholangiocellular carcinoma (n = 19) and HCC patients treated with 
chemo-radiation therapy before LT (n = 26), and those who died within 1 month after transplant (n = 20) were 
excluded. Finally, 326 recipients were analysed.

Diagnosis of hepatocellular carcinoma and locoregional treatment before liver transplan-
tation. Diagnosis of HCC was based on imaging studies as recommended in the recent guidelines26. We 
performed LRT as a bridging therapy for most of HCCs beyond the Milan criteria. Modalities of LRT were cate-
gorized as only TACE or RFA, TACE plus RFA, and miscellaneous treatments, including chemical ablation and 
transarterial radioembolization. The Milan criteria were re-assessed at the time of LT after LRT.

Pathologic findings and hepatocellular carcinoma staging. From explant liver pathology, tumours 
that contained no viable cancer cells were defined as TN. Remainder in which even single cancer cell was detected 
by H&E stain were recorded as viable tumour. The number of viable tumours and TN as well as the diameter, 
MVI, and tumour differentiation of each were recorded. We staged each HCC patient using the TNM system 7th 
edition27. For patients who received pre-transplant LRT, T stage including the totally necrotic mass was consid-
ered as the original stage before LRT, whereas that excluding the totally necrotic mass was considered as the final 
stage after LRT. Thereafter, the study population was divided into no LRT, PDS (reduced T stage by the exclusion 
of TN), and non-PDS groups (unchanged T stage despite the exclusion of TN).

Patient follow up. AFP was checked every two or three months, and liver dynamic computed tomography 
(CT) scan was done in cases with increased AFP. Although AFP was normal, abdominal and chest CT scan were 
done at least every year for early detection of HCC recurrence. The primary endpoints were RFS after LT.

Statistical analysis. Data are presented as number (percentage) for categorical variables and median (IQR) 
for continuous variables. The chi square test, Mann-Whitney U test, and Kruskal-Wallis test were used for com-
parison between groups as appropriate. RFS was estimated using the Kaplan-Meier survival curve and compared 
using the log rank test between groups. To define the pretransplant predictive factors for pathologic downstaging, 
univariable and multivariable logistic regressions were performed. All analyses were conducted using the SPSS 
software (SPSS v23.0; IBM, Armonk, NY, USA)), and P values < 0.05 were considered statistically significant.

Ethic statement. The study was performed according to the principles of the Declaration of Helsinki and the 
Declaration of Istanbul. It was approved by the independent Institutional Review Board of the Yonsei University 
College of Medicine (IRB No.: 4-2018-0987), which waived the need to obtain informed consent due to the ret-
rospective nature of this study.

Data Availability
The datasets for this study are available from the corresponding author on the reasonable request.

References
 1. Mazzaferro, V. et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl J 

Med 334, 693–699, https://doi.org/10.1056/NEJM199603143341104 (1996).
 2. Mazzaferro, V. et al. Predicting survival after liver transplantation in patients with hepatocellular carcinoma beyond the Milan 

criteria: a retrospective, exploratory analysis. Lancet Oncol 10, 35–43, https://doi.org/10.1016/S1470-2045(08)70284-5 (2009).
 3. Yao, F. Y. et al. Liver transplantation for hepatocellular carcinoma: expansion of the tumor size limits does not adversely impact 

survival. Hepatology 33, 1394–1403, https://doi.org/10.1053/jhep.2001.24563 (2001).
 4. Yao, F. Y. et al. Excellent outcome following down-staging of hepatocellular carcinoma prior to liver transplantation: an intention-

to-treat analysis. Hepatology 48, 819–827, https://doi.org/10.1002/hep.22412 (2008).
 5. Ravaioli, M. et al. Liver transplantation for hepatocellular carcinoma: results of down-staging in patients initially outside the Milan 

selection criteria. Am J Transplant 8, 2547–2557, https://doi.org/10.1111/j.1600-6143.2008.02409.x (2008).
 6. Clavien, P. A. et al. Recommendations for liver transplantation for hepatocellular carcinoma: an international consensus conference 

report. Lancet Oncol 13, e11–22, https://doi.org/10.1016/S1470-2045(11)70175-9 (2012).
 7. Yao, F. Y. et al. Downstaging of hepatocellular cancer before liver transplant: long-term outcome compared to tumors within Milan 

criteria. Hepatology 61, 1968–1977, https://doi.org/10.1002/hep.27752 (2015).
 8. Kneteman, N., Livraghi, T., Madoff, D., de Santibanez, E. & Kew, M. Tools for monitoring patients with hepatocellular carcinoma on 

the waiting list and after liver transplantation. Liver Transpl 17(Suppl 2), S117–127, https://doi.org/10.1002/lt.22334 (2011).
 9. Roberts, J. P. Tumor surveillance-what can and should be done? Screening for recurrence of hepatocellular carcinoma after liver 

transplantation. Liver Transpl, S45–46, https://doi.org/10.1002/lt.20605 (2005).
 10. Costentin, C. E. et al. Prediction of hepatocellular carcinoma recurrence after liver transplantation: Comparison of four explant-

based prognostic models. Liver Int 37, 717–726, https://doi.org/10.1111/liv.13388 (2017).
 11. Altekruse, S. F., Henley, S. J., Cucinelli, J. E. & McGlynn, K. A. Changing hepatocellular carcinoma incidence and liver cancer 

mortality rates in the United States. Am J Gastroenterol 109, 542–553, https://doi.org/10.1038/ajg.2014.11 (2014).
 12. Parikh, N. D., Waljee, A. K. & Singal, A. G. Downstaging hepatocellular carcinoma: A systematic review and pooled analysis. Liver 

Transpl 21, 1142–1152, https://doi.org/10.1002/lt.24169 (2015).
 13. Ho, M. H. et al. Locoregional therapy-induced tumor necrosis as a predictor of recurrence after liver transplant in patients with 

hepatocellular carcinoma. Ann Surg Oncol 18, 3632–3639, https://doi.org/10.1245/s10434-011-1803-3 (2011).
 14. Chan, K. M. et al. Significance of tumor necrosis for outcome of patients with hepatocellular carcinoma receiving locoregional 

therapy prior to liver transplantation. Ann Surg Oncol 18, 2638–2646, https://doi.org/10.1245/s10434-011-1779-z (2011).
 15. Agopian, V. G. et al. Complete pathologic response to pretransplant locoregional therapy for hepatocellular carcinoma defines 

cancer cure after liver transplantation: analysis of 501 consecutively treated patients. Ann Surg 262, 536–545; discussion 543–535, 
https://doi.org/10.1097/SLA.0000000000001384 (2015).

https://doi.org/10.1038/s41598-019-46871-9
https://doi.org/10.1056/NEJM199603143341104
https://doi.org/10.1016/S1470-2045(08)70284-5
https://doi.org/10.1053/jhep.2001.24563
https://doi.org/10.1002/hep.22412
https://doi.org/10.1111/j.1600-6143.2008.02409.x
https://doi.org/10.1016/S1470-2045(11)70175-9
https://doi.org/10.1002/hep.27752
https://doi.org/10.1002/lt.22334
https://doi.org/10.1002/lt.20605
https://doi.org/10.1111/liv.13388
https://doi.org/10.1038/ajg.2014.11
https://doi.org/10.1002/lt.24169
https://doi.org/10.1245/s10434-011-1803-3
https://doi.org/10.1245/s10434-011-1779-z
https://doi.org/10.1097/SLA.0000000000001384


7Scientific RepoRts |         (2019) 9:10386  | https://doi.org/10.1038/s41598-019-46871-9

www.nature.com/scientificreportswww.nature.com/scientificreports/

 16. Allard, M. A. et al. Does pathological response after transarterial chemoembolization for hepatocellular carcinoma in cirrhotic 
patients with cirrhosis predict outcome after liver resection or transplantation? J Hepatol 63, 83–92, https://doi.org/10.1016/j.
jhep.2015.01.023 (2015).

 17. Xu, M. et al. Neoadjuvant Locoregional Therapy and Recurrent Hepatocellular Carcinoma after Liver Transplantation. J Am Coll 
Surg 225, 28–40, https://doi.org/10.1016/j.jamcollsurg.2017.03.015 (2017).

 18. Agopian, V. G. et al. Impact of Pretransplant Bridging Locoregional Therapy for Patients With Hepatocellular Carcinoma Within 
Milan Criteria Undergoing Liver Transplantation: Analysis of 3601 Patients From the US Multicenter HCC Transplant Consortium. 
Ann Surg 266, 525–535, https://doi.org/10.1097/sla.0000000000002381 (2017).

 19. Otto, G. et al. How to decide about liver transplantation in patients with hepatocellular carcinoma: size and number of lesions or 
response to TACE? J Hepatol 59, 279–284, https://doi.org/10.1016/j.jhep.2013.04.006 (2013).

 20. Riaz, A. et al. Imaging response in the primary index lesion and clinical outcomes following transarterial locoregional therapy for 
hepatocellular carcinoma. Jama 303, 1062–1069, https://doi.org/10.1001/jama.2010.262 (2010).

 21. Millonig, G. et al. Response to preoperative chemoembolization correlates with outcome after liver transplantation in patients with 
hepatocellular carcinoma. Liver Transpl 13, 272–279, https://doi.org/10.1002/lt.21033 (2007).

 22. Oligane, H. C., Xing, M. & Kim, H. S. Effect of Bridging Local-Regional Therapy on Recurrence of Hepatocellular Carcinoma and 
Survival after Orthotopic Liver Transplantation. Radiology 282, 869–879, https://doi.org/10.1148/radiol.2016160288 (2017).

 23. Nicolini, D. et al. Radiological response and inflammation scores predict tumour recurrence in patients treated with transarterial 
chemoembolization before liver transplantation. World J Gastroenterol 23, 3690–3701, https://doi.org/10.3748/wjg.v23.i20.3690 
(2017).

 24. Kim, D. J. et al. Recurrence of hepatocellular carcinoma: importance of mRECIST response to chemoembolization and tumor size. 
Am J Transplant 14, 1383–1390, https://doi.org/10.1111/ajt.12684 (2014).

 25. Hibi, T., Eguchi, S. & Egawa, H. Evolution of living donor liver transplantation: A global perspective. J Hepatobiliary Pancreat Sci. 
https://doi.org/10.1002/jhbp.571 (2018).

 26. Bruix, J. et al. Clinical management of hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL conference. European 
Association for the Study of the Liver. J Hepatol 35, 421–430 (2001).

 27. Edge, S. B. et al. eds AJCC cancer staging manual. 7th ed. (New York: Springer, 2010).

Author Contributions
D.G.K., M.S.K. participated in research design. D.G.K., J.G.L. participated in data acquisition. D.G.K., J.G.L. 
participated in statistical analysis. J.G.L., D.J.J., S.I.K., M.S.K. participated in the performance of the research. 
M.S.K. supervised the study process.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-46871-9
https://doi.org/10.1016/j.jhep.2015.01.023
https://doi.org/10.1016/j.jhep.2015.01.023
https://doi.org/10.1016/j.jamcollsurg.2017.03.015
https://doi.org/10.1097/sla.0000000000002381
https://doi.org/10.1016/j.jhep.2013.04.006
https://doi.org/10.1001/jama.2010.262
https://doi.org/10.1002/lt.21033
https://doi.org/10.1148/radiol.2016160288
https://doi.org/10.3748/wjg.v23.i20.3690
https://doi.org/10.1111/ajt.12684
https://doi.org/10.1002/jhbp.571
http://creativecommons.org/licenses/by/4.0/

	Favourable outcome of pathologic downstaging by locoregional treatment for hepatocellular carcinoma in liver transplantatio ...
	Results
	Changes in T stage by the exclusion of total necrosis. 
	Clinical characteristics. 
	Explanted liver pathology. 
	Pretransplant predictive factors for pathologic downstaging. 
	Posttransplant outcomes. 

	Discussion
	Methods
	Patients. 
	Diagnosis of hepatocellular carcinoma and locoregional treatment before liver transplantation. 
	Pathologic findings and hepatocellular carcinoma staging. 
	Patient follow up. 
	Statistical analysis. 
	Ethic statement. 

	Figure 1 T stage changes before and after exclusion of totally necrotic mass in patients receiving pretransplant locoregional treatment shadow denotes pathologic downstaging CPR, complete pathologic response TN total necrosis.
	Figure 2 Comparison of HCC recurrence free survival (a) by LRT and PDS status (b) by T stages among the patients who did not receive LRT (c) by T stage and PDS status among the patients who received LRT.
	Figure 3 Comparison of HCC recurrence free survival (a) by radiologic Milan criteria at the time of transplantation and (b) by UCSF criteria on explanted liver pathology among the patients with non-PDS T2 cancers HCC, hepatocellular carcinoma PDS, pathol
	Table 1 Clinical characteristics.
	Table 2 Explanted liver pathology.
	Table 3 Pretransplant factors associated with pathologic downstaging.




