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Background: While hepatectomy is the major curative treatment of hepatocellular carcinoma (HCC), high relapsing rates were
observed. Of note, quite a few cases of tumor relapses were characterized by very quick appearance and disseminated lesions. This
study aims to identify a special pattern of tumor relapse and to evaluate the prognostic significance of it for HCC patients after curative
hepatectomy.

Methods: Medical records of HCC patients who underwent curative hepatectomy from January 1st 2018 to December 31st 2019 at
Sun Yat-sen University Cancer Center (SYSUCC) were reviewed. Patients (n = 217) identified with tumor relapse during follow-up
were included for analyses. Hyper-relapse disease (HRD) is defined as tumor relapse within 6 months from surgery, multiple
intrahepatic lesions, as well as macrovascular invasion and/or extrahepatic metastasis. Kaplan—-Meier method and Cox regression
model were used to analyze overall survival (OS). Risk factors for HRD were explored using logistic regression analysis. External
validation was performed using data from another center (n = 270).

Results: In SYSUCC cohort, 66 (30%) encountered HRD, 118 (54%) had non-HRD early recurrence (ER), and 33 (16%) had late
recurrence (LR). The HRD group had shorter OS than the non-HRD ER and the LR groups (P < 0.001). COX analysis identified HRD
and PIVKA-II >1000 mAU/mL as risk factors of poorer OS. Intriguingly, local therapy (HR [95% CI]: 0.528 [0.290-0.961]) was
associated with better OS in contrast to systemic therapies (HR [95% CI]: 1.120 [0.596-2.107]) after tumor relapse (p = 0.001).
Logistic regression analysis identified microvascular invasion and HBV infection as independent factors associated with HRD. The
worse outcome of the HRD group was validated in the external cohort, compared with the non-HRD ER group (P < 0.001).
Conclusion: HRD is a special pattern of HCC relapse with poor prognosis after curative hepatectomy. Appropriate local therapy
might improve patient survival after tumor relapse.
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Introduction

Liver cancer is the sixth most common cancer and the third cause of cancer-related death worldwide. As the most
common type in liver cancer, hepatocellular carcinoma (HCC) accounts for 75-85% of cases of primary liver cancer.'
For early-stage HCC, Surgical treatment is preferentially recommended, including hepatectomy, orthotopic liver trans-
plantation, and ablation.> ™
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Although hepatectomy is thought to be a mainstream curative option, tumor relapse is quite common after surgery.’
Generally, tumors relapses of HCC are divided into early recurrence (ER) and late recurrence (LR), using 2 years after
hepatectomy as the demarcation point.® Previous studies reported that patients with ER had better survival than those
with LR.”? A mainstream account for this phenomenon is occult micro-metastasis derived from the original tumor,
which is associated with aggressive cancer features such as larger tumor size, multiclonality, microvascular invasion and
poor histopathological differentiation. '

However, a demarcation point of two years seems to be insufficient to level out some extremely malignant cases. In
clinical practices, we have noticed that quite a few HCC relapses are featured by super rapidity (within 6 months after
LR) and multifocality (intrahepatic and/or extrahepatic), in spite of radical excision confirmed by pathological and post-
operative imaging. Empirically, this type of patients are prone to have an even worse prognosis.

Here, we proposed hyper-relapse disease (HRD) as a new pattern of HCC relapse. We aimed to identify and validate
the impact of HRD on patient outcome, and to screen out factors associated with HRD and long-term survival.

Materials and Methods

Study Population

This study was approved by the SYSUCC ethics committee (B2023-579-01) and conducted according to ethical
guidelines of the Declaration of Helsinki. This study is a retrospective study, and the exemption of informed consent
has been applied. The exemption of informed consent will not have adverse effects on the health and interests of the
subjects. Medical records of patients who underwent curative LR as initial treatment of HCC between January 1st 2018
and December 31st 2019 at the Sun Yat-sen University Cancer Center (SYSUCC) were reviewed, and patients identified
with tumor relapse during follow-up were included for analyses (SYSUCC cohort).

The inclusion criteria of patients were as follows: (1) age 18-80 years; (2) clinically diagnosed as liver cancer,
according to AASLD and CNLC guidelines;3’4 (3) Barcelona Clinic Liver Cancer (BCLC) stage 0 to B; (4) underwent
curative hepatectomy. Hepatectomy was considered to be curative according to the following criteria:'' (1) no local or
distant metastasis based on pre- and intra-operative evaluation; (2) resection margin >1 cm or no residual tumor cells
were found histologically at resected cross section; (3) no new lesion was identified by at least two scans of ultrasound
scan, CT scan or MRI within 2 months after surgery; (4) serum alpha-fetoprotein (AFP) levels were restored to normal
within 2 months after surgery. The exclusion criteria of patients were as follows: (1) not pathologically diagnosed as
HCC; (2) combined with other malignancies; (3) previously received anti-tumor therapy before hepatectomy; (4) data
insufficiency. Patients’ demographic characteristics, pathological findings, laboratory results and imaging data were
obtained from the medical record system and database of SYSUCC.

External validation was conducted using dataset of patients with ER from Guangxi Medical University Cancer
Hospital between January 1st 2018 and December 31st 2019. Of which, 270 patients who met the inclusion and exclusion
criteria of our study were collected as the validation cohort. The identical dataset of Guangxi Medical University Cancer
Hospital was once reported in a study analyzing the different types of recurrent HCC.'?

Definition of HRD

The definition of HRD must meet the following conditions at the same time: (1) relapses occurred within 6 months since
radical hepatectomy; (2) relapse appeared as multiple intrahepatic lesions (n > 3); (3) relapse appeared with macro-
vascular invasion and/or extrahepatic metastasis. All the above criteria are based on imaging diagnosis and patients with
tumor relapse were then divided into the HRD and the non-HRD groups (Figure 1).

Study Outcomes

The primary outcome was overall survival (OS), which was defined as the time from liver resection to death of any cause
or the last follow-up. The secondary outcome was post-relapse survival, which was defined as the time from tumor
relapse to death of any cause or the last follow-up.
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Initial cohort Validation cohort

687 BCLC stag 0 to B HCC patients who underwent
curative liver resection at GXMUCH in 2018 to 2020

776 BCLC stage 0 to B HCC patients who underwent
curative liver resection at SYSUCC in 2018 to 2020

Excluded after manual chart review: N=197 Excluded after manual chart review: N=64
1)Not pathologically diagnosed as HCC N=140 1)Not pathologically diagnosed as HCC N=0
2)Combined with other malignancise N=8 2)Combined with other malignancise N=12
3)Previously received anti-tumor therapies ~ N=40 3)Previously received anti-tumor therapies ~ N=36
4)Lack of preoperative imaging data N=2 4)Lack of preoperative imaging data N=5
5)Lack of postoperative review data N=6 5)Lack of postoperative review data N=10
6)Lack of surgical pathological data N=1 6)Lack of surgical pathological data N=1
7)Patients who did not die of cancer N=0 7)Patients who did not die of cancer N=0

(N=623)

Non-relapse Relapse Relapse
(N=362) (N=217) (N=345)
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Figure | Flowchart of patient inclusion in initial cohort and validation cohort.

Follow-Up

Patients were monitored after hospital discharge with routine blood test, serum AFP and PIVKA-II, liver function tests,
HBV-DNA load and imaging examinations, including contrast-enhanced computed tomography (CT) and/or magnetic
resonance imaging (MRI) regularly. Generally, patients were followed up firstly during 4-6 weeks since hepatectomy to
confirm the radical of surgery, then every 2-3 months for the following 2 years, and then every 3—6 months. Tumor
relapse was defined by the appearance of new intrahepatic and/or extrahepatic tumor(s) possessing classical imaging
features consistent with HCC on surveillance contrast-enhanced CT and/or MRI. For those who had uncertain findings on

surveillance imaging examinations, histopathological biopsy would be performed to confirm a final diagnosis.

Statistics

Continuous variables were expressed as median (interquartile range [IQR]). Categorical variables were presented as
number (n) with frequency (%). Comparison of continuous variables was performed with Student’s ¢ test when
applicable; otherwise, the Mann—Whitney U-test was adopted. Categorical variables were compared with chi-square
test or the Fisher’s exact test, as appropriate. Propensity scores were computed based on a logistic regression model
including, MVI, tumor size, AFP, ALBI. Patients of the HRD and the non-HRD groups were then matched in a 1:2 ratio
using the Matching algorithm with a caliper of 0.02 without replacement. Overall survival (OS) curves of the patients
were calculated using the Kaplan—Meier method and differences of the curves were compared with the Log rank test.
Univariable and multivariable Cox proportional hazard regression analyses were performed to assess predictors of OS
among the whole studied population. Clinicopathological factors potentially contributing to HRD following LR were
evaluated by means of logistic regression analysis. All data analyses were carried out using IBM SPSS software version
24.0. Statistical plots were produced using ggplot package, R version 4.1.2. A two-tailed P value less than 0.05 was
considered to be statistically significant.
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STROCSS Ciriteria Statement

This work has been reported in line with the strengthening the reporting of cohort, cross-sectional and case—control
studies in surgery (STROCSS) criteria.'?

Results
The Prevalence of HRD

Overall, 579 patients met the criteria. With a median follow-up time of 59.4 months (range: 57.3 to 61.5 months), 217
(37.5%) were observed with tumor relapse (Figure 1). Specifically, 66 (30.4%) patients were categorized into the HRD
group, while 118 (54.4%) cases had non-HRD ER and 33 (15.2%) had LR. The prevalence of HRD was 11.4% (66/579)
after curative hepatectomy.

Patient Characteristics

Characteristics of SYSUCC cohort are shown in Table 1. Before propensity score matching (PSM), the HRD group were
characterized by higher ratio of female, MVI and HBV positivity, larger tumor size, elevated baseline AST and AFP
levels than the non-HRD arm. After PSM, 61 patients from the HRD group and 89 patients from the non-HRD group
were successfully matched. Patient Characteristics of the two groups were then well balanced (Table 1).

In the validation cohort, the HRD group was characterized by higher ratio of MVI, increased tendency of blood
transfusion, larger tumor size, elevated baseline AST and AFP levels, as well as larger proportion of advanced cases than
the non-HRD arm. After PSM, 31 patients from the HRD group and 55 patients from the non-HRD group were
successfully matched (Table S1).

Patient Survival
In SYSUCC cohort, the HRD group had significantly poorer OS than the non-HRD group (before PSM: the 1-year,
3-year and 5-year OS rates were 81.5% vs 97.5%, 63.1% vs 80.9%, 50.2% vs 68.9%, P = 0.003; after PSM: the 1-year,
3-year and 5-year OS rates were 81.7% vs 97.8%, 63.5% vs 79.4%, 49.6% vs 66.6%, P = 0.015), as demonstrated in
Figure 2. The LR group had an even better OS than the non-HRD ER group (the 1-year, 3-year and 5-year survival rates
are 97%, 97%, 90.8%, respectively, Figure 2A).

In the validation cohort, the 1-year, 3-year and 5-year OS rates of HRD group were also significantly inferior to the
non-HRD group (before PSM: 56.4% vs 88.7%, 20.2% vs 55.9%, 0% vs 49.4%, P < 0.001; after PSM: 67.7% vs 88.9%,
22.1% vs 53.7%, 0% vs 51%, P < 0.001), seen in Figure 3.

Cox Regression Analyses
In SYSUCC cohort, multivariate COX analyses identified HRD and PIVKA-II >1000 as independent risk factors
associated with poorer OS (HRD: hazard ratio [HR], 2.300; 95% CI, 1.351-3.916; p = 0.002, PIVKA-II >1000: HR,
1.628; 95% CI, 1.015-2.786; p = 0.044). Of note, post-relapse local therapy was associated with better OS (HR, 0.528;
95% CI, 0.290-0.961), in contrast to systemic therapy (HR [95% CI]: 1.747 [0.861-3.544], P = 0.001), seen in Table 2.
In the validation cohort, multivariate COX analyses revealed HRD, MVI and age <60yr were associated with poor OS
(HRD: hazard ratio [HR], 2.349; 95% CI, 1.510-3.656; p < 0.001, age <60yr: HR, 1.767; 95% CI, 1.150-2.715; p =
0.009; MVI: HR, 2.130; 95% CI, 1.071-4.235; p = 0.031), while post-relapse local therapy predicted better OS (HR,
0.630; 95% CI, 0.443-0.897; p = 0.010), shown in Table S2.

Post-HRD Treatment

As mentioned above, patterns of post-relapse treatment might lead to distinct outcomes. Thus, we made further analyses
in the subset of HRD patients. Patients who received local therapy had better OS and PRS than non-treatment group (P =
0.047 and 0.047), while those who received systemic therapy had poorer OS and PRS (P = 0.650 and 0.480, Figure 4).
The 3-year OS rates are 36.4%, 50% and 72.3% for patients who received systemic treatment, no treatment and local
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Table | Baseline Characteristics

of the Study Population

Variables Before PSM After PSM
Total (n=217) Early Recurrence (n=184) Late Recurrence (n=33) P value Total (n=150) HRD (n=61) Non-HRD (n=89) P Value
HRD (n=66) Non-HRD (n=118) | P Value

Age, years (median, IQR) 54 (47, 64) 53 (42, 64) 54 (42, 66) 0.572 58 (48, 68) 0.238 53 (41, 65) 53 (42, 64) 54 (42, 66) 0.716
<60-0 140 (65) 49 (74) 72 (61) 19 (9) 101 (67) 46 (75) 55 (62)
260-1 77 (35) 17 (16) 46 (39) 14 (6) 49 (33) 15 (25) 34 (38)

Gender (N, %) 0013 0.211 0.694
Male 172 (79) 58 (88) 85 (72) 29 (13) 127 (85) 53 (87) 74 (83)
Female 45 (21) 8 (12) 33 (28) 4(2) 23 (15) 8 (13) 15 (17)

Alcohol abuse (N, %) 0.666 0.750
Absence 158 (86) 55 (83) 103 (87) 127 (85) 51 (84) 76 (85)
Presence 26 (14) 1 (17) 15 (13) 23 (15) 10 (16) 13 (15)

Tumor differentiation (N, %) 0.147 0.082 0.511
Poor 18 (8) 10 (15) 8(7) 0 (0) 17 (11) 9 (15) 8(9)
Moderate 189 (87) 52 (79) 105 (89) 32 (15) 124 (83) 48 (79) 76 (85)
Well 10 (5) 4 (6) 54 1(1) 9 (6) 4(7) 5(6)

Cirrhosis (N, %) 0.805 0.443 !
Absence 69 (32) 23 (35) 39 (33) 7(3) 48 (32) 20 (33) 28 (31)
Presence 148 (68) 43 (65) 79 (67) 26 (12) 102 (68) 41 (67) 61 (69)

Microvascular invasion (N, %) 0.001 0.000 0.139
Absence 147 (68) 33 (50) 88 (75) 26 (12) 93 (62) 33 (54) 60 (67)
Presence 70 (32) 33 (50) 30 (15) 73) 57 (38) 28 (46) 29 (33)

Blood transfusion (N, %) 0.084 0.173 0.302
Absence 199 (92) 58 (88) 112 (95) 29 (13) 136 (91) 53 (87) 83 (93)
Presence 18 (8) 8 (12) 6 (5) 4(2) 14 (9) 8 (I3) 6(7)

Tumor size, cm (median, IQR) 5(3.5,7) 5.5 (35,9.75) 5357 0.192 43,5 0.017 55,7 5.5 (35, 10) 5(35,7) 0.179
<5 127 (59) 32 (48) 69 (58) 26 (12) 80 (53) 28 (46) 52 (58)
>5 90 (41) 34 (52) 49 (42) 7(3) 70 (47) 33 (54) 37 (42)

Tumor number (N, %) 0.051 0.129 0.71
Solid 164 (76) 44 (67) 94 (80) 26 (12) 107 (71) 42 (69) 65 (73)
Multiple 53 (24) 22 (33) 24 (20) 7(3) 43 (29) 19 (31) 24 (27)

Surgical margin (median, IQR) 1 (0.5, 2) 1 (0.5, 1.5) 1(05,2) 0.613 1(03, 1.5) 1(03, 1.5) 1(03, 1.5) 0.607

HCV positive (N, %) 0.735 0814
Absence 178 (97) 62 (94) 116 (98) 145 (97) 57 (93) 88 (99)
Presence 6 (3) 4 (6) 2(2) 5(3) 4(7) 1(1)

HBYV positive (N, %) 0.011 0.040 0.122
Absence 50 (23) 22 (33) 20 (17) 8 (4) 38 (25) 20 (33) 18 (20)
Presence 167 (77) 44 (67) 98 (83) 25 (12) 112 (75) 41 (67) 71 (80)

(Continued)
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Table 1 (Continued).

Variables Before PSM After PSM
Total (n=217) Early Recurrence (n=184) Late Recurrence (n=33) P value Total (n=150) HRD (n=61) Non-HRD (n=89) P Value
HRD (n=66) Non-HRD (n=118) P Value
Log oHBV DNA (median, IQR) 26 (0, 4.4) 24 (0, 4.6) 29 (0, 4.3) 0.623 2.1 (0, 4.4) 0.787
CSPH (N, %) 0.741 0816
Absence 181 (98) 64 (97) 117 (99) 147 (98) 59 (97) 88 (99)
Presence 3 Q) 23) 1(1) 3(2) 203) )
AST, U/L (median, IQR) 344 (25.2, 46.3) 36.6 (27.3, 59.33) 32.3 (24.98, 43.3) 0.034 34.8 (24, 43) 0.084 34.85 (25.75, 47.88) 37.9 (27.6, 63.8) 32 (252, 422) 0.014
ALT, U/L (median, IQR) 35 (24.6, 52.1) 35.1 (24, 58.38) 35.05 (25.83, 51.03) 0.639 35 (22.6, 60.7) 0.808 36.2 (24.07, 52.15) 37.2 (238, 60.8) 352 (25.8, 50.2) 0.472
AFP, ng/mL (median, IQR) 65.05 (6.89, 923.1) 280.3 (13.43,3081.2) | 64.65 (7.2, 550.77) 0.072 9.89 (3.98, 137.9) 0.022 100.6 (7.2, 1634) 389 (13.2, 3105) 83.2 (6.6, 965.8) 0.138
<400 147 (68) 36 (55) 86 (73) 25 (11) 92 (61) 32 (52) 60 (67)
>400 70 (32) 30 (45) 32 (27) 8 (4) 58 (39) 29 (48) 29 (33)
PIVKA-II, mAU/mL (median, IQR) 604 (75, 4444) 1132 (76, 6280) 581 (86 4743) 0.663 199 (71, 1064) 0.121 653 (75.8, 4775) 1159 (60, 6738) 557 (84, 4353) 0.49
<1000 124 (55) 32 (48) 69 (58) 23 (10) 84 (56) 29 (48) 55 (62)
>1000 93 (42) 34 (52) 49 (42) 10 (4) 66 (44) 32 (52) 34 (38)
TBIL, umol/L (median, IQR) 12.6 (9.9, 15.8) 12.55 (9.7, 15.63) 12.65 (9.95, 15.85) 0.575 13.1 (9.6, 16) 0.848 12,6 (10.1, 15.7) 12,5 (10, 15.7) 12.6 (10.3, 16) 0.624
GGT, U/L (median, IQR) 58.8 (40.8, 100.5) 59.75 (4245, 109.7) | 61.25 (43.8, 104.85) | 0710 43.8 (31.3, 72.5) 0011 612 (43.6, 109.7) 65.1 (43.4, 116.2) 59.3 (44.9, 104.7) 0.841
CRP, mg/L (median, IQR) 1.9 (0.9, 4.6) 2.64 (1.05, 7.58) 1.82 (0.87, 4.04) 0.063 1.45 (0.8, 2.85) 0.041 2(09, 4.8) 3.1(1,8) 1.7 (09, 3.4) 0.011
NLR (median, IQR) 1.81 (1.3, 2.29) 1.95 (1.5, 2.33) 1.74 (129, 2.3) 0.154 1.63 (127, 2.1) 0.125 1.9 (1.4,23) 2(15,23) 1.9 (13, 2.4) 0.483
Child-Pugh class (N, %) | | |
A 217 (100) 66 (100) 118 (100) 33 (100) 150 (100) 61 (100) 89 (100)
ALBI (N, %) |
| 217 (100) 66 (100) 118 (100) 33 (100) 150 (100) 6! (100) 89 (100)
ALBI (median, IQR) —2.99 (-3.16, —2.80) | —3.08 (-3.20, —2.86) —2.96 (-3.13, —2.80) 0.976 —2.88 (-3.14, -2.78) 0.289 —3.01 (-3.18,-2.80) | —2.96 (-3.01, -2.90) | —3.08 (-3.09, —2.94) | 0.715
TNM 0.003 0.012 0.31
Stage | 15 (7) 5(8) 8 (7) 2(1) 1 @) 5(8) 6(7)
Stage |l 108 (50) 21 (32) 68 (58) 19 (9) 63 (42) 21 (34) 42 (47)
Stage Il 94 (43) 40 (60) 42 (35) 12 (5) 76 (51) 35 (57) 41 (46)
BCLC 0.046 0.138 0.471
Stage 0 15 (7) 5(8) 8(7) 2(1) 1 (7) 5(8) 6(7)
Stage A 159 (73) 41 (62) 92 (78) 26 (12) 104 (70) 39 (64) 65 (73)
Stage B 43 (20) 20 (30) 18 (15) 5(2) 35 (23) 17 (28) 18 (20)
Adjuvant therapy (N, %) 0.729 0.437 0.748
None 175 (81) 50 (76) 95 (81) 30 (14) 116 (77) 46 (75) 70 (79)
Systemic treatment 33 (I5) 12 (18) 18 (15) 3(1) 29 (20) 12 (20) 17 (19)
Local treatment 9 (4) 4 (6) 5 (4) 0 (0) 5@3) 3 (5) 2(2)
Postoperative liver function decompensation 0.742 0.855
(N. %)
Absence 182 (99) 65 (98) 117 (99) 149 (99) 65 (98) 89 (100)
Presence 2(1) 1 (2) (1) 1 (1) 1 (2) 0(0)
Post-relapse treatment (N, %) 0.118 0.001 0.084
None 83 (38) 17 (26) 44 (37) 22 (10) 54 (36) 16 (26) 38 (43)
Systemic treatment 22 (10) 1 (17) 10 (9) 1(1) 18 (12) 10 (16) 8(9)
Local treatment 112 (52) 38 (57) 64 (54) 10 (5) 78 (52) 35 (57) 43 (48)

|e 39 Suep

Note: Categorical variables are described as frequencies and percentages. Continuous variables are described as median with interquartile range.
Abbreviations: CSPH, clinical significant portal hypertension; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; GGT, gamma-glutamyl transferase; CRP, C-reactive protein; NLR, neutrophil-to-
lymphocyte ratio; ALBI, albumin-bilirubin index.
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Figure 2 Kaplan—Meier curves depicting the comparison of overall survival between patients with and without hyper-relapse disease (HRD) in initial cohort. (A) before
propensity scores matching (PSM). (B) after PSM.
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Figure 3 Kaplan—Meier curves depicting the comparison of overall survival between patients with and without hyper-relapse disease (HRD) in validation cohort. (A) before
propensity scores matching (PSM). (B) after PSM.

treatment, respectively (overall P = 0.004). The 3-year PRS rates were 27.3%, 0% and 69.3% for patients who received
systemic treatment, no treatment and local treatment, respectively (overall P = 0.004).

In the validation cohort, only one patient received systemic therapy. Patients who received local therapy had better
PRS than those received no treatment (P = 0.042). Although there is no difference on OS, a trend towards longer overall
survival was observed in patients with local therapy (P = 0.430, shown in Figure 5). The 3-year PRS rates are 23.5% and
0% for patients who received local treatment and no treatment, respectively (Figure 5). The 3-year OS rates are 31.6%

and 5.3% for patients who received local treatment and no treatment, respectively.
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Table 2 Univariate and Multivariate Cox Analyses for Overall Survival

Variables os
Univariate Multivariate
HR (95% CI) P HR (95% CI) P
Group 0.003 0.002
Non-HRD 1.0 1.0
HRD 2.112 (1.283-3.477) 2.300 (1.351-3.916)
Age, years 0.338
260 1.0
<60 1.278 (0.774-2.110)
Gender 0.085
Male 1.0
Female 0.537 (0.265-1.809)
Histological Differentiation 0.383
Poor 1.0
Moderate 0.610 (0.300-1.240)
Well 0.573 (0.155-2.118)
Cirrhosis 08l1
Presence 1.0
Absence 0.938 (0.555—1.584)
Microvascular invasion 0.003 0.997
Absence 1.0 1.0
Presence 2.117 (1.290-3.473) 0.998 (0.421-2.366)
Blood transfusion 0.932
Absence 1.0
Presence 1.014 (0.417-2.597)
Tumor size, cm 1.059 (0.988-1.133) 0.108
Tumor number 0.071
Solid 1.0
Multiple 1.631 (0.958-2.775)
Surgical margin, cm 0.962 (0.735-1.258) 0.776
CSPH 0.806
Absence 1.0
Presence 0.837 (0.116-6.042)
Alcohol abuse 0.780
Absence 1.0
Presence 1.106 (0.546-2.240)
HCV positive 0319
Absence 1.0
Presence 0.047 (0.000-19.282)
HBYV positive 0.6l1
Absence 1.0
Presence 1.172 (0.636-2.158)
Log;oHBV DNA 1.054 (0.932-1.191) 0.401
AST, U/L 1.001 (0.999-1.003) 0.337
ALT, U/L 0.999 (0.999-1.002) 0.477
AFP, ng/mL 0.030 0.521
<400 1.0 1.0
>400 1.736 (1.053-2.860) 1.193 (0.696-2.044)
PIVKA-II, mAU/mL 0.018 0.044
<1000 1.0 1.0
>1000 1.825 (1.108-3.006) 1.682 (1.015-2.786)
(Continued)
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Table 2 (Continued).

Variables os
Univariate Multivariate
HR (95% CI) P HR (95% CI) P
AFP, ng/mL 1.000 (0.999-1.001) | 0.754
PIVKA-IIl, mAU/mL 1.000 (0.999-1.001) | 0.998
GGT, U/L 1.001 (0.999-1.004) | 0.306
CRP, mg/L 1.013 (1.003-1.024) | 0.010 | 1.003 (0.991-1.014) 0.660
NLR 1.091 (0.960—-1.241) | 0.184
ALBI 0.567 (0.227-1.416) | 0.224
TNM 0.010 0.175
Stage | 1.0 1.0
Stage |l 0.705 (0.243-2.405) 0.491 (0.158-1.525)
Stage IlI 1.597 (0.569-4.481) 0.7687 (0.257-2.412)
BCLC* 0.059
Stage 0 1.0
Stage A 0.923 (0.330-2.576)
Stage B 1.809 (0.611-5.352)
Adjuvant therapy 0.787
None 1.0
Systemic treatment 1.120 (0.596-2.107)
Local treatment 0.666 (0.162-2.743)
Postoperative liver function decompensation 0.547
Absence 1.0
Presence 1.835 (0.254-13.264)
Post-relapse treatment 0.008 0.001
None 1.0 1.0
Systemic treatment 1.403 (0.518-3.801) 1.747 (0.861-3.544)
Local treatment 0.375 (0.144-0.977) 0.528 (0.290-0.961)

Note: Postoperative liver function decompensation: Diagnosis based on 50-50 criteria.
Abbreviations: HR, hazard rate; Cl, confidence interval; CSPH, clinical significant portal hypertension; HBV, hepatitis B virus; HCV, hepatitis
C virus.

Predictors for HRD
In SYSUCC cohort, multivariate logistic regression analyses revealed that MVI (odds ratio [OR], 3.054; 95% CI,
1.545-6.063; P = 0.001) and increasing preoperative AST (OR, 1.024; 95% CI, 1.008-1.040; P = 0.003) were
independent factors associated with HRD (Table 3). Conversely, HBV positivity (OR, 0.290; 95% CI, 0.135-0.626;
P = 0.002) was associated with lower risk of HRD.

In the validation cohort, MVI (odds ratio [OR], 3.660; 95% CI, 1.441-9.300; P = 0.006) and lager tumor size (OR,
1.149; 95% CI, 1.058-1.247; P = 0.001) were independent factors associated with HRD (Table S3).

Discussion

Here, we proposed a novel concept, hyper-relapse disease (HRD), for the identification of a specific group of HCC
patients who were susceptible to rapid tumor relapses leading to poor prognosis. Prior to the present study, there were
already some recognitions which depicted refractory and rapid-developing characteristics of HCC, including early
recurrence and hyper-progressive disease (HPD).”'*!'* Although early recurrence was known as a predictor for lower
OS and extensively used in clinical practices, the conventional cut-off value of 2 years still has deficiencies because
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Figure 4 Kaplan—Meier curves depicting the comparison of overall survival and post relapse survival among HRD patients who received different post-relapse management

in initial cohort. (A) overall survival. (B) post relapse survival.
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Figure 5 Kaplan—Meier curves depicting the comparison of overall survival and
management in validation cohort. (A) overall survival. (B) post relapse survival.

post relapse survival between HRD patients who received different post-relapse

a small minority of relapses occurred much earlier following curative hepatectomy.”*'> Recently, the concept of very

early recurrence (VER) was introduced to ICC, which is defined as recurrence within 6 months after initial resection.'®
The study determined 6 months as the threshold based on their previous study, which noted that approximately one-

Table 3 Logistic Regression Analyses for Hyper-Relapse Disease (HRD)

Variables HRD
Univariate Multivariate
OR (95% CI) P OR (95% CI) P

Age, years 0.072

260 1.0

<60 1.842 (0.948-3.578)
Gender 0016 0.110

Male 1.0 1.0

Female 0.355 (0.153-0.842) 0.452 (0.171-1.196)

(Continued)
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Table 3 (Continued).

Variables HRD
Univariate Multivariate
OR (95% CI) P OR (95% ClI) P
Alcohol abuse 0.461
Absence 1.0
Presence 1.373 (0.590-3.194)
Histological Differentiation 0.159
Poor 1.0
Moderate 0.396 (0.148-1.063)
Well 0.640 (0.128-3.203)
Cirrhosis 0.805
Presence 1.0
Absence 0.923 (0.489-1.742)
Microvascular invasion 0.001 0.001
Absence 1.0 1.0
Presence 2.993 (1.553-5.541) 3.054 (1.545-6.063)
Blood transfusion 0.093
Absence 1.0
Presence 2.575 (0.853-7.773)
Tumor size, cm 1.104 (1.008-1.208) 0.032 | 1.060 (0.943—1.192) | 0.330
Tumor number 0.053
Solid 1.0
Multiple 1.958 (0.992-3.867)
Surgical margin, cm 1.090 (0.784-1.514) 0.609
CSPH 0.294
Absence 1.0
Presence 3.656 (0.325-41.106)
TNM 0.003 0.127
Stage | 1.0 1.0
Stage Il 0.494 (0.146-1.673) 0.260 (0.061—1.114)
Stage llI 1.524 (0.460-5.051) 0.552 (0.105-2.912)
BCLC 0.051
Stage 0 1.0
Stage A 0.713 (0.220-2.312)
Stage B 1.778 (0.491-6.433)
Postoperative liver function decompensation 0.679
Absence 1.0
Presence 1.800 (0.111-29.257)
Blood Parameters of the last test before surgery
HCV positive 0.134
Absence 1.0
Presence 3.742 (0.667-21.005)
HBV positive 0.012 0.002
Absence 1.0 1.0
Presence 0.408 (0.202-0.824) 0.290 (0.135-0.626)
Log|OHBY DNA 0.966 (0.835—1.117) 0.639
AST, U/L 1.021 (1.006-1.035) 0.004 | 1.024 (1.008-1.040) | 0.003
ALT, U/L 1.009 (0.998-1.019) 0.100
AFP, ng/mL 0.012 0.185
<400 1.0 1.0
>400 2.240 (1.190-4.214) 1.672 (0.782-3.574)
(Continued)
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Table 3 (Continued).

Variables HRD
Univariate Multivariate
OR (95% CI) P OR (95% CI) P
PIVKA-II, mAU/mL 0.192
<1000 1.0
>1000 1.496 (0.816-2.742)
TBIL, umol/L 0.974 (0.919-1.032) 0.368
GGT, U/L 1.000 (0.997-1.003) 0.956
CRP, mg/L 1.014 (0.993-1.036) 0.200
NLR 1.130 (0.916—1.394) 0.253
ALBI 0.436 (0.147-1.296) 0.135
Adjuvant therapy 0.731
None 1.0
Local treatment 1.520 (0.391-5.914)
Systematic treatment 1.267 (0.565-2.838)
Blood Parameters of the first postoperative visit after surgery
AST, U/L 1.001 (0.990-1.013) 0811
ALT, U/L 1.002 (0.992-1.012) 0.683
AFP, ng/mL 0.025 0.403
<25 1.0 1.0
>25 2.068 (1.093-3.912) 1.540 (0.560—4.238)
PIVKA-II, mAU/mL 0.859
<21.29 1.0
>21.29 0.939 (0.470-1.878)
TBIL, umol/L 0.965 (0.911-1.023) 0.231
ALBI 0.643
Equality 1.0
Deterioration 0.000 (0.000-0.000)*
Improvement 0.667 (0.287-1.550)

Notes: Postoperative liver function decompensation: Diagnosis based on 50-50 criteria. *Due to the sample size of deterioration, analysis results were not available.
Abbreviations: OR, Odds ratio; Cl, confidence interval; CSPH, clinical significant portal hypertension; HBV, hepatitis B virus; HCV, hepatitis C virus.

quarter of patients with ICC had VER. Referring to this standard, it is estimated that approximately one-fifth of HCC
patients developed VER after curative LR, albeit the inherently shorter recurrence-free period of ICC than HCC.'?
Previous study document that a similar concept of hyper-progression recurrence (HPR) is correlated with the worst
survival benefits, which is characterized by multinodular early recurrence (within 2 years) together with higher biological
malignancy.'? The study defined HPR based on the quantity and location of recurrent nodules (numerous >5 intrahepatic
nodules with macrovascular invasion and/or extrahepatic recurrence). However, the definition is limited as more
importance is attached to the spatial distribution of tumor relapse, while temporal rapidity is not considered. In this
case, it is difficult to screen out those patients with extremely malignant tumors who tend to recur both temporally and
spatially aggressively. Another study proposed a definition of early explosive recurrence (EER), which refers to the
appearance of more than 3 tumors involving more than 3 segments of the liver within 6 months after surgery.'” The
median overall survival time of EER patients was 16.9 months, and tumor size, number, MVI, and high expression of
GPC3 were important risk factors for EER. However, this definition only focuses on intrahepatic recurrence but does not
refer to extrahepatic metastasis. Of note, we noticed that a fraction of HCC relapses was featured with both temporal
rapidity and spatial multifocality, which were nightmare of both surgeons and patients. Henceforth, it is of great potential

to explore effective predictor factors to indicate HRD for timely and tailored therapeutic regimen designing.
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In this study, among 579 HCC cases who had BCLC stage 0-B disease and underwent curative hepatectomy, 11.4%
suffered from HRD. To our knowledge, it is the first to report the prevalence of HRD in early and intermediate stage of
HCC who received curative hepatectomy. To validate the prognostic value of HRD from other early recurrence cases, we
set those who had non-HRD early relapse as the control group instead of patients with no relapse. Not surprisingly,
patients of the HRD group indeed had the significantly poorest OS, and the patients of late recurrence group had best
prognosis (Figure 2A and B).

Multivariate Cox regression analyses revealed that patients with HRD and PIVKA-II >1000 were the only predictors
for worse OS, while post-relapse local therapy was the only independent protective factor, with HR of 2.300, 1.628 and
0.528, respectively. While in the validation cohort, patients with HRD, MVI and age <60yr were the only predictors for
worse OS, and post-relapse local therapy was the only independent protective factor, with HR of 2.349, 2.130, 1.767 and
0.630, respectively. Although tumor size and serum AFP level are known as important prognostic factors for HCC
patients’ survival,'>!® they were not identified as independent factors for OS in this study. Instead, the independent risk
factors for HRD only included M VI, absence of HBV and elevated AST in SYSCC cohort. However, considering that the
OR of AST is only 1.024, we think it has no clinical significance, and there is no correlation between AST, HBV and
MVI (P = 0.078 and 0.381, respectively) that would affect the outcome. While in validation cohort, the independent risk
factors for HRD only included MVI, and lager tumor size. However, MVI as an expected risk factor has limited utility for
preoperative patient selection. Thus, there is an urgent need on more preoperative indicators and more depth to the
molecular mechanism research of HRD. In addition, the conclusions in our initial cohort and validation cohort were
slightly different, which may be due to the difference in baseline between the two groups of patients. Meanwhile, as
a retrospective study, the conclusions need to be further verified.

In subgroup analyses of both cohort, post-relapse local therapy were significantly associated with improved PRS of
HRD patients, the patients who received local treatment had better survival compared with those treated with basic
supportive care. However, post-relapse systemic therapy could not significantly affect prognosis of HRD patients, and the
prognosis of post-relapse systemic therapy was even worse than that of with just basic supportive care in the early stage.
This might be attributed to the fact that tumors with HRD are highly aggressive, while systemic treatments typically take
effect slowly. Thus, when patients present with HRD, local treatment should be administered actively. The reasons some
patients receive only supportive care after relapse can be attributed to the following factors: (1) The relapse is more
extensive, leading patients and their families to lose confidence in further treatment and opt to discontinue it; (2) Many
liver cancer patients in China face financial difficulties and cannot afford the cost of additional treatment; (3) Relapsed
patients often have impaired liver function, making them unable to tolerate aggressive treatment; (4) It is a common
challenge across various patient groups in China, not unique to liver cancer patients.

Furthermore, we speculate that some extremely aggressive phenotypes of HCC cells and/or microenvironment
underlying the occurrence of HRD, which calls for in-depth investigation of mechanisms and translation into therapeutic
strategy. Additionally, surgery as a stress may activate or aggravate the genetic abnormalities of underline HRD, resulting
in insensitivity to subsequent treatment. Although the current data is not sufficient to instruct clinical practice, it holds
great appeals for further exploration regarding its underlying molecular mechanisms, which may provide profound
insights into distinguishing patients with this pattern.

Limitations

First, this is a retrospective study, and most patients were HBV-related HCC. Our findings need to be verified in patients
with other etiology. Second, a relatively small sample size hurts the reliability of subgroup analysis, and different
treatment strategies for HCC with HRD or non-HRD need further investigation.

Conclusion
Patients with HRD are a refractory subtype of HCC with poor prognosis after curative hepatectomy. MVI and absence of
HBYV were predictors of HRD, and post-relapse local therapy was associated with better OS in patients with recurrent HCC.
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