Cancer Biol Med 2024. doi: 10.20892/j.issn.2095-3941.2023.0453

ORIGINAL ARTICLE oren @ access

Influence of sex on outcomes of liver transplantation for
hepatocellular carcinoma: a multicenter cohort study in China

Jian Chen*, Zhe Yang?3*, Fengqgiang Gaol, Zhisheng Zhou?, Junli Chen#, Di Lu?, Kai Wang?, Meihua Sui?,
Zhengxin Wang®, Wenzhi Guo®, Guoyue Lyu’, Haizhi Qi®, Jinzhen Cai®, Jiayin Yang'?, Shusen Zheng?31112,
Xiao Xul2411

1Zhejiang University School of Medicine, Hangzhou 310030, China; 2Institute of Organ Transplantation, Zhejiang University,
Hangzhou 310030, China; 3Department of Hepatobiliary and Pancreatic Surgery, Shulan Hospital of Hangzhou, Hangzhou
310006, China; “National Center for Healthcare Quality Management in Liver Transplant, Hangzhou 310003, China;
>Department of General Surgery, Huashan Hospital, Fudan University, Shanghai 200040, China; ®Department of Hepatobiliary
and Pancreatic Surgery, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China; "Department of
Hepatobiliary and Pancreatic Surgery, The First Hospital of Jilin University, Changchun 130021, China; 8Department of
Liver Transplantation, Second Xiangya Hospital, Central South University, Changsha 410008, China; °Department of Organ
Transplantation Center, The Affiliated Hospital of Qingdao University, Qingdao 266003, China; 1°Department of Liver Surgery
and Liver Transplantation Center, West China Hospital, Sichuan University, Chengdu 610044, China; 1!NHC Key Laboratory
of Combined Multi-organ Transplantation, Hangzhou 310003, China; ?Department of Hepatobiliary and Pancreatic Surgery,
The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, China

ABSTRACT Objective: Sex-specific differences are observed in various liver diseases, but the influence of sex on the outcomes of hepatocellular
carcinoma (HCC) after liver transplantation (LT) remains to be determined. This study is the first Chinese nationwide investigation
of the role of sex in post-LT outcomes in patients with HCC.

Methods: Data for recipients with HCC registered in the China Liver Transplant Registry between January 2015 and December 2020
were analyzed. The associations between donor, recipient, or donor-recipient transplant patterns by sex and the post-LT outcomes
were studied with propensity score matching (PSM). The survival associated with different sex-based donor-recipient transplant
patterns was further studied.

Results: Among 3,769 patients enrolled in this study, the 1-, 3-, and 5-year overall survival (OS) rates of patients with HCC after LT
were 96.1%, 86.4%, and 78.5%, respectively, in female recipients, and 95.8%, 79.0%, and 70.7%, respectively, in male recipients after
PSM (P = 0.009). However, the OS was comparable between recipients with female donors and male donors. Multivariate analysis
indicated that male recipient sex was a risk factor for post-LT survival (HR = 1.381, P = 0.046). Among the donor-recipient transplant
patterns, the male-male donor-recipient transplant pattern was associated with the poorest post-LT survival (P < 0.05).
Conclusions: Our findings highlighted that the post-LT outcomes of female recipients were significantly superior to those of male
recipients, and the male-male donor-recipient transplant pattern was associated with the poorest post-LT survival. Livers from male
donors may provide the most benefit to female recipients. Our results indicate that sex should be considered as a critical factor in
organ allocation.
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can receive LT%. Therefore, selecting the best candidates who
would benefit from LT for HCC and identifying factors that
should be considered in organ allocation are critical.

Sex is an important factor that markedly influences the
occurrence of liver diseases, including viral hepatitis, liver
cirrhosis, and HCC>”. Epidemiological studies have shown
a higher incidence of HCC in males than females, and
comparable results have also been observed in mouse hepato-
carcinogenesis models® 1. Studies have yielded contradictory
conclusions regarding the influence of sex on the outcomes
of LT for HCC''"!*, A study from Korea has found higher
recurrence risk in LT recipients with HCC with male rather
than female donors!'2. However, this conclusion has been chal-
lenged by a study demonstrating that donor sex does not affect
post-LT recurrence of HCC in a Japanese cohort'?. In another
study from the United States, the sex of recipients was found
to have a significant impact on post-LT HCC recurrence!*. The
differences in the results might have arisen from differences
in tumor etiology and race. Hence, the influence of sex on
survival after LT for HCC remains to be determined, particu-
larly for HCC caused by etiological factors such as hepatitis
B infection, in diverse cohorts. Moreover, a larger scale clini-
cal study is also needed to further uncover the roles of sex in
the outcomes of LT for HCC. However, no prior studies have
been performed in China to investigate the influence of sex on
post-transplant outcomes of patients with HCC.

Herein, we present the first large-scale study in China
exploring the correlation between sex and post-LT outcomes in
patients with HCC through propensity score matching (PSM)
analysis. Our results revealed that the sex of the recipient, rather
than that of the donor, is associated with post-LT survival in
HCC. Of note, donor-recipient matching patterns based on sex
were also associated with post-LT survival in recipients with
HCC. This study highlights sex-specific differences in post-LT
outcomes in HCC, and provides evidence that modifications

are needed to achieve liver transplant allocation by sex.
Methods
Patients and informed consent

This study retrospectively analyzed LTs performed between
January 2015 and December 2020, with clinicopathological
data registered in the China Liver Transplant Registry (CLTR).
The study was performed in accordance with the Declaration
of Helsinki and was approved by the CLTR. The Institutional

Review Board of the China Liver Transplantation Registration
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Scientific Committee and the ethics committee approved the
study, under approval number 20220023. The civilian organ
donation has been the sole source for organ transplantation
in China since January 2015'°. No organs in this study were
procured from executed prisoners, and informed consent was
obtained for the organs in all LTs. All patients with HCC sched-
uled for LT were evaluated preoperatively through ultrasound,
Doppler ultrasound, computed tomography (CT), magnetic
resonance imaging, positron emission tomography-CT, bone
scintigraphy, and colonoscopy to rule out extrahepatic diseases
that were contraindications for LT. Preoperative loco-regional
therapies, such as radiofrequency ablation (RFA), transcath-
eter arterial chemoembolization (TACE), and percutaneous
ethanol injection, were performed to control or decrease
tumor burden. Radiological information was acquired from
the most recent CT or magnetic resonance imaging examina-
tion before LT. HCC recurrence was diagnosed according to
the Guidelines for the Diagnosis and Treatment of Primary

Liver Cancer in China.
Inclusion and exclusion criteria

A total of 3,769 patients were studied. Patients with the fol-
lowing features were excluded: other concurrent malignan-
cies; pathologically confirmed tumor types other than HCC,
such as intrahepatic cholangiocarcinoma, combined hepa-
tocellular-cholangiocarcinoma, fibrolamellar hepatocellular
carcinoma, or secondary metastatic tumor; and lack of his-
tological confirmation of HCC for LT. Patients who received
living donor LT, split LT, reduced-size LT, or simultaneous
transplantation were excluded. Pediatric patients (< 18 years)
and older patients (> 65 years) were excluded. Furthermore,
patients with type 1 and type 2 portal vein tumor thrombus
or tumor metastasis were excluded. All enrolled patients were
followed up at least 6 months after LT, and those with ques-
tionable data or a lack of essential data for analysis were also

excluded. The flowchart of this study is shown in Figure 1.

Baseline characteristics and postoperative
follow-up

The baseline clinical characteristics of the patients were col-
lected. Demographic characteristics included age, sex, body
mass index (BMI), and donation after brain death donor
(DBD) and donation after cardiac death donor (DCD), and
age, sex, and BMI for recipients. The collected laboratory var-

iables and clinicopathologic characteristics included matched
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Patients receiving LT
from January 2015 to
December 2020
(n =29,316)

Orthotopic LT for HCC
(n =10,047)

Study cohort
(n =3,769)

Transplant for other malignancy (n = 597)
Transplant for nontumor lesion (n = 18,329)
LDLT (n = 102)

Split LT (n = 183)

Reduced-size LT (n = 13)

Simultaneous transplantation (n = 45)

Retransplantation (n = 186)

Tumor metastasis (n = 99)

Patients age < 18y or > 65y (n = 848)
PVTT (n = 1,410)

Incomplete follow-up (n = 3,735)

Figure 1 Flowchart of the study.

or mismatched ABO blood type, hepatitis B virus (HBV)
infection, Child-Pugh grade, model for end-stage liver dis-
ease (MELD) score, preoperative loco-regional therapy, largest
tumor size, tumor number, presence of satellite lesions, hyper-
tension, diabetes, whether the tumor met the Milan criteria
and Hangzhou criteria for LT, cold ischemia time, operative
time, perioperative bleeding, and use of salvage LT. The data
for tumor size, tumor number, and presence of satellite lesions
were based on the postoperative pathological examination. All
patients received regular follow-up after discharge from the
hospital. Any patient who did not attend a follow-up appoint-
ment was contacted by a research nurse via telephone. Liver
function tests; serum tumor marker assays; abdominal ultra-
sound; and chest, abdomen, and bone CT scans were routinely
performed every 6 months for the first 2 or 3 years, then annu-

ally thereafter.
PSM analysis

PSM analysis was performed to decrease selection bias and

make the groups comparable. Three PSM comparisons were

made: 1) PSM with a 1:2 ratio of female vs. male recipients
(382 and 764, respectively); 2) PSM with a 1:2 ratio of recipi-
ents receiving grafts from female donors vs. recipients receiv-
ing grafts from male donors (621 and 1,242, respectively); and
3) PSM with a 1:2:2:2 ratio of female donor-female recipient
pattern (E-F) vs. male donor-male recipient pattern (M-M) vs.
male donor-female recipient pattern (M-F) vs. female donor-
male recipient pattern (F-M) (84, 168, 168, and 168, respec-
tively). The standardized mean difference (SMD) was used to
evaluate the balance of clinical parameters among groups.

Statistical analysis

Continuous variables with a normal distribution are expressed
as mean * standard deviation (SD) or median (interquartile
range). Categorical variables are expressed as numbers (1) or
proportions (%). Student’s t-test was used for comparison of
continuous variables when applicable; otherwise, the Mann-
Whitney U test was applied. Categorical variables were com-
pared with the %2 test or Fisher’s exact test, as appropriate.

The Kaplan-Meier method, based on the log-rank test, was



used to compare disease-free survival (DFS) and overall sur-
vival (OS) rates among groups by sex. For time-to-event data
in which the proportional hazards assumption was violated,
restricted mean survival time (RMST) analysis was used to
evaluate between-group differences. Furthermore, the survival
associated with different donor-recipient match patterns was
compared to demonstrate the correlation between sex-based
donor-recipient patterns and the outcomes of LT for HCC.
Statistical analysis was performed in SAS, version 9.4, soft-
ware (SAS Institute Inc, Cary, NC). The statistical significance
threshold was set to P < 0.05 in all analyses. Univariable and
multivariable Cox proportional hazards models were used
to identify independent risk factors of post-LT outcomes in
patients with HCC. The hazard ratio (HR) and its 95% con-
fidence interval (CI) were estimated in the univariable and
multivariable Cox regression analyses. In multivariate analy-
sis, factors with P < 0.05 in the univariate analysis were finally
tested, and P < 0.05 in the Cox model was considered statisti-

cally significant.
Results

PSM analysis to balance baseline
characteristics

We performed PSM to eliminate confounders and make the
clinical characteristics comparable between the male and
female recipients who underwent LT for HCC. Because the
number of male recipients exceeded that of female recipi-
ents, we conducted 1:2 nearest neighbor matching (382:764
female to male recipients) based on the propensity score.
Likewise, because a substantial sex difference was observed
among the LT donors, 1:2 matching (621:1,242 female to male
donors) was used to investigate the influence of donor sex
on the outcomes of recipients who underwent LT for HCC.
To study the correlation between post-LT outcomes and the
donor-recipient match patterns based on sex, 1:2:2:2 match-
ing (84:168:168:168 female donor-female recipient vs. male
donor-male recipient vs. male donor-female recipient vs.
female donor-male recipient) was performed. Various varia-
bles were considered for PSM. The recipient characteristics
included age, common diseases, Child-Pugh classification,
and the MELD score, among other parameters. The donor
characteristics included age, sex, BMI, and donor type (DBD,
DCD, and DBCD). The tumor biology characteristics included

tumor size; tumor number; and transplant criteria such as
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the Milan and Hangzhou criteria. Intraoperative parameters,
such as operative time, operative bleeding, and cold ischemia

time, were also used for PSM.

Demographic and clinical parameters of male
and female recipients after matching

After PSM, all variables were comparable between groups
(Table 1). Most patients with HCC who underwent LT in this
study were older than 50 years (64.5% of male recipients vs.
63.6% of female recipients) and had a history of hepatitis B
viral infection, (78.4% of male recipients and 78.0% of female
recipients; P = 0.88). A substantial fraction of recipients (58.1%
of male recipients and 57.6% of female recipients) received
grafts from young donors (below 50 years of age; P = 0.87).
Most recipients did not receive neoadjuvant TACE (85.5% of
male recipients vs. 85.3% of female recipients) or RFA (94.2%
of male recipients vs. 95.0% of female recipients) before LT.
Analysis of the tumor biology characteristics of the LT recip-
ients revealed that most of the tumors were solitary (64.9% of
male recipients vs. 64.9% of female recipients) and <5 cm in
size (82.7% of male recipients vs. 81.9% of female recipients).
The median follow-up time was 29.1 months in male recipients

and 30.1 months in female recipients (P = 0.43).

Significantly lower rates of post-LT OS in male
than female recipients

The outcomes of recipients with LT for HCC were com-
pared between the male and female recipients after PSM.
significant differences in post-transplant OS and DFS were
observed between male and female recipients. The OS of the
female recipients was significantly superior to that of the male
recipients (Figure 2A). The 1-, 3-, and 5-year OS rates were
96.1%, 86.4%, and 78.5%, respectively, in female recipients,
and 95.8%, 79.0%, and 70.7%, respectively, in male recipi-
ents (P = 0.009). The DFES at 1 year, 3 years, and 5 years was
92.6%, 82.7%, and 73.2%, respectively, in female recipients,
whereas the estimated DFS rates of male recipients at 1 year, 3
years, and 5 years were 89.6%, 73.2%, and 65.5%, respectively
(P =0.004; Figure 2B).

Risk factors of outcomes after LT for HCC

Univariate and multivariate analysis were applied to deter-

mine the risk factors associated with OS in recipients who
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Table 1 Clinical characteristics of liver transplant recipients with HCC by recipient sex after PSM

Variables Male recipient Female recipient P value SMD
n =764 n =382

Donor age 0.87 -0.01
<50y 444 (58.12%) 220 (57.59%)
250y 320 (41.88%) 162 (42.41%)

Donor sex 0.80 -0.01
Male 601 (78.66%) 298 (78.01%)
Female 163 (21.34%) 84 (21.99%)

Donor BMI 22.8 (20.8-24.4) 22.9 (20.8-24.5) 0.62 -0.03

Donor type 0.87 -0.01
DBD 432 (56.54%) 214 (56.02%)
DCD 332 (43.46%) 168 (43.98%)

ABO blood incompatibility 0.64 -0.03
Incompatible 13 (1.70%) 8 (2.09%)
Compatible 751 (98.30%) 374 (97.91%)

Recipient age 0.76 0.02
<50y 271 (35.47%) 139 (36.39%)
250y 493 (64.53%) 243 (63.61%)

Hypertension 0.88 -0.01
No 698 (91.36%) 348 (91.10%)
Yes 66 (8.64%) 34 (8.90%)

Diabetes 0.83 -0.02
No 734 (96.07%) 366 (95.81%)
Yes 30 (3.93%) 16 (4.19%)

HBsAg 0.88 -0.01
Negative 165 (21.60%) 84 (21.99%)
Positive 599 (78.40%) 298 (78.01%)

Child-Pugh classification 0.99 0.01
A 157 (20.55%) 80(20.94%)
B 287 (37.57%) 143 (37.43%)
C 320 (41.88%) 159(41.62%)

Any TACE 0.95 -0.01
No 653 (85.47%) 326 (85.34%)
Yes 111 (14.53%) 56 (14.66%)

Any RFA 0.58 0.04
No 720 (94.24%) 363 (95.03%)
Yes 44 (5.76%) 19 (4.97%)
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Table 1 Continued

Variables Male recipient Female recipient P value SMD
n =764 n =382
MELD 14 (9-29) 14 (9-30) 0.72 -0.02
Beyond Milan criteria 0.69 0.03
No 495 (64.79%) 243 (63.61%)
Yes 269 (35.21%) 139 (36.39%)
Beyond Hangzhou criteria 0.62 0.03
No 670 (87.70%) 331 (86.65%)
Yes 94 (12.30%) 51 (13.35%)
Largest tumor size 0.59 -0.05
<3cm 318(41.62%) 147 (38.48%)
3-5cm 314 (41.10%) 166 (43.46%)
>5cm 132 (17.28%) 69 (18.06%)
Tumor number 1.00 0
Single 496 (64.92%) 248 (64.92%)
Multiple 268 (35.08%) 134 (35.08%)
Microsatellite 1.00 0
No 706 (92.41%) 353 (92.41%)
Yes 58 (7.59%) 29 (7.59%)
Cold ischemia time (h) 6.0 (4.4-7.5) 6.0 (4.5-7.8) 043 -0.05
Operative time (h) 6.9 (6.0-8.0) 6.9 (5.8-8.1) 0.91 -0.002
Operative bleeding (mL) 800 (500-1500) 900 (500-1500) 0.77 -0.02
Salvage LT 0.53 0.04
No 664 (86.91%) 337 (88.22%)
Yes 100 (13.09%) 45 (11.78%)
Follow-up time (months) 29.1 (18.0-41.6) 30.1 (18.4-42.7) 043 -0.05

PSM, propensity score matching; LT, liver transplantation; BMI, body mass index; MELD, model for end-stage liver disease; CHILD, Child-
Pugh; DBD, donation after brain death; DCD, donation after circulatory death; DBCD, donation after brain and cardiac death; RFA,
radiofrequency ablation; TACE, transcatheter arterial chemoembolization; SMD, standardized mean difference.

underwent LT for HCC (Table 2). The univariate analysis
revealed several factors significantly associated with recipients’
outcomes after LT. Male recipient sex (HR = 1.376, 95% CI
1.003-1.883), ABO blood incompatibility (HR = 1.918, 95%
CI 1.106-3.327), preoperative TACE (HR = 1.254, 95% CI
1.049-1.498), large tumor size (> 5 cm; HR = 2.591, 95% CI
2.175-3.086), multiple tumors (HR = 1.502, 95% CI 1.268—
1.778), tumors exceeding the Milan criteria (HR = 2.766, 95%
CI 2.320-3.297), and long operation times (> 6 h; HR = 1.269,

95% CI 1.061-1.515) were identified as risk factors for post-LT
outcomes (P < 0.05). In the multivariate analysis, male recip-
ient sex was significantly associated with OS after LT for HCC
(HR = 1.381, 95% CI 1.006-1.895, P = 0.046). Additionally,
large tumor size (= 5 cm; HR = 1.627, 95% CI 1.288-2.055),
tumors exceeding the Milan criteria (HR = 1.986, 95% CI
1.552-2.540), and long operation times (> 6 h; HR = 1.279,
95% CI 1.069-1.529) were also independent risk factors asso-
ciated with OS after LT for HCC (P < 0.05).
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Figure 2 Overall survival (OS) and disease-free survival (DFS) of male recipients and female recipients after PSM. (A) OS of male recipients
and female recipients. (B) DFS of male recipients and female recipients. M-R, male recipients; F-R, female recipients.

Table 2 Univariate and multivariate analysis of post-transplant HCC overall survival

Variable Univariable Multivariable
HR (95% CI) P value HR (95% CI) P value
Donor age 1.138 (0.958-1.352) 0.142
> 50
Donor sex 1.145 (0.905-1.451) 0.259
Male
Recipient sex 1.376 (1.003-1.883) 0.048 1.381 (1.006-1.895) 0.046
Male
Donor BMI 1.075 (0.901-1.284) 0.424
<239
ABO blood incompatibility 1.918 (1.106-3.327) 0.020 1.544 (0.889-2.683) 0.123
MELD score 1.062 (0.888-1.269) 0.512
> 20
HBV (+) 1.040 (0.816-1.326) 0.749
Child-Pugh A 0.966 (0.866-1.076) 0.529
Largest tumor size 2.591 (2.175-3.086) < 0.001 1.627 (1.288-2.055) < 0.001
>5cm
Cold ischemia time 1.008 (0.822-1.237) 0.939
>8h
Preoperative TACE 1.254 (1.049-1.498) 0.013 1.127 (0.942-1.348) 0.190
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Table 2 Continued

Variable Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value

Operation time 1.269 (1.061-1.515) 0.009 1.279 (1.069-1.529) 0.007

>6h

Tumor number 1.502 (1.268-1.778) < 0.001 1.190 (0.978-1.446) 0.082

Multiple

Donor type 1.166 (0.984-1.383) 0.076 1.172 (0.989-1.390) 0.067

DCD

Beyond Milan criteria 2.766 (2.320-3.297) < 0.001 1.986 (1.552-2.540) < 0.001

OS, overall survival; HR, hazard ratio; CI, confidence interval; BMI, body mass index; MELD, model for end-stage liver disease; CHILD, Child-
Pugh; HBV, hepatitis B virus; TACE, transcatheter arterial chemoembolization.

Comparable OS in recipients with female or
male donors

To further investigate whether donor sex might also be asso-
ciated with the outcomes of recipients receiving LT for HCC,
we compared the OS and DFS between recipients who received
grafts from male donors and female donors. We also per-
formed PSM to eliminate confounders between male donors
and female donors. The matching variables included the
recipient and donor characteristics, tumor biology character-
istics, and intraoperative parameters, as described previously
(Table 3). After PSM, recipients who received grafts from male
donors showed OS and DFS comparable to those of recipi-
ents who received grafts from female donors (Figure 3A and
3B). The 1-, 3-, and 5-year OS rates were 95.1%, 81.3%, and
72.0% in recipients with male donors and 94.7%, 81.9%, and
75.6% in recipients with female donors (P > 0.05; Figure 3A).
The DES at 1 year, 3 years, and 5 years was 89.6%, 76.2%,
and 69.8%, respectively, for recipients with male donors and
89.7%, 76.4%, and 66.6%, respectively, for recipients with
female donors (P > 0.05; Figure 3B).

Sex based donor-recipient match patterns
and clinical characteristics of different groups
after PSM

To study the post-transplant outcomes associated with differ-
ent donor-recipient match patterns based on sex, we divided
the donors and recipients into 4 patterns: male donor to male

recipient (M-M), male donor to female recipient (M-F),

female donor to male recipient (F-M), and female donor to
female recipient (F-F). Given that fewer patients had an F-F
transplant pattern than the other 3 patterns, we performed
1:2:2:2 (F-F:-M-M:M-E:F-M) nearest neighbor matching based
on the propensity score to make the clinical characteristics
comparable across groups. After PSM, the balance across the
4 groups significantly improved, and no significant differ-
ences were found in multiple variables, including recipient
and donor demographics, tumor biology characteristics, and

intraoperative parameters (Table 4).

The male-to-male LT transplant pattern has
the poorest outcomes after LT for HCC

After matching, we compared the OS across the M-M, M-F,
F-M, and F-F groups. Among these patterns, M-F, F-M, and
F-E had similar OS, and the F-F group had the best 5-year
OS. However, the M-M pattern had the poorest OS. Significant
differences in 5-year OS were observed for the M-M pattern
compared with the other 3 patterns [RMST ratio (M-M to
M-F) = 0.882, 95% CI (0.803-0.968), P = 0.008; RMST ratio
(M-M to F-M) = 0.866, 95% CI (0.791-0.948), P = 0.002;
RMST ratio (M-M to F-F) = 0.875, 95% CI (0.788-0.972), P =
0.012; Figure 4]. The 1-, 3-, and 5-year OS rates were 93.7%,
74.0%, and 64.8%, respectively, for the M-M pattern; 97.6%,
84.5%, and 78.6%, respectively, for the M-F pattern; 99.4%,
90.0%, and 81.3%, respectively, for the F-M pattern; and
95.2%, 90.2%, and 83.0%, respectively, for the F-F pattern
(Figure 4). These results demonstrated a significant difference

in long-term post-transplant outcomes when a male graft is
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Table 3 Clinical characteristics of liver transplant recipients with HCC by donor sex after PSM

Variables Male donor Female donor P value SMD
n=1242 n =621

Donor age 0.89 0.01
<50y 718 (57.81%) 361 (58.13%)
250y 524 (42.19%) 260 (41.87%)

Recipient sex 0.14 0.07
Male 1061 (85.43%) 546 (87.92%)
Female 181 (14.57%) 75 (12.08%)

Donor BMI 22.8 (20.8-24.5) 22.2(20.2-24.7) 0.38 0.05

Donor type 0.43 -0.04
DBD 724 (58.29%) 350 (56.36%)
DCD 518 (41.71%) 271 (43.64%)

ABO blood incompatibility 0.51 0.03
Incompatible 30 (2.42%) 12 (1.93%)
Compatible 1212 (97.58%) 609 (98.07%)

Recipient age 0.71 0.02
<50y 495 (39.86%) 253 (40.74%)
250y 747 (60.14%) 368 (59.26%)

Hypertension 0.95 -0.01
No 1137 (91.55%) 568 (91.47%)
Yes 105 (8.45%) 53 (8.53%)

Diabetes 0.92 -0.01
No 1100 (88.57%) 551 (88.73%)
Yes 142 (11.43%) 70 (11.27%)

HBsAg 1.00 0
Negative 176 (14.17%) 88 (14.17%)
Positive 1066 (85.83%) 533 (85.83%)

Child-Pugh classification 0.74 -0.02
A 266 (21.42%) 134 (21.58%)
B 480 (38.65%) 229 (36.88%)
C 496 (39.94%) 258 (41.55%)

Any TACE 0.56 0.03
No 1045 (84.14%) 529 (85.19%)
Yes 197 (15.86%) 92 (14.81%)

Any RFA 0.78 -0.01
No 1170 (94.20%) 583 (93.88%)
Yes 72 (5.80%) 38 (6.12%)
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Table 3 Continued
Variables Male donor Female donor P value SMD
n=1242 n =621
MELD 14 (9-28) 14 (9-30) 0.67 -0.02
Beyond Milan criteria 0.89 0.01
No 732 (58.94%) 243 (58.62%)
Yes 510 (41.06%) 139 (41.38%)
Beyond Hangzhou criteria 1.00 0
No 1056 (85.02%) 528 (85.02%)
Yes 186 (14.98%) 93 (14.98%)
Largest tumor size 0.83 0.01
<3cm 474 (38.16%) 236 (38.00%)
3-5cm 515 (41.47%) 265 (42.67%)
>5cm 253 (20.37%) 120 (19.32%)
Tumor number 0.97 2.64
Single 721 (58.05%) 361 (58.13%)
Multiple 521 (41.95%) 260 (41.87%)
Microsatellite 0.64 0.03
No 1097 (88.33%) 553 (89.05%)
Yes 145 (11.67%) 68 (10.95%)
Cold ischemia time (h) 6.0 (4.7-8.0) 6.0 (4.7-8.0) 0.59 0.03
Operative time (h) 7.2 (6.0-8.3) 7.0 (6.0-8.3) 0.50 0.05
Operative bleeding (mL) 900 (500-1500) 1000 (500-1500) 0.49 0.03
Salvage LT 0.79 -0.01
No 1048 (84.38%) 521 (83.90%)
Yes 194 (15.62%) 100 (16.10%)
Follow-up time (months) 29.9 (18.0-42.5) 28.9 (17.3-41.3) 0.15 0.07

PSM, propensity score matching; LT, liver transplantation; BMI, body mass index; MELD, model for end-stage liver disease; CHILD, Child-
Pugh; DBD, donation after brain death; DCD, donation after circulatory death; DBCD, donation after brain and cardiac death; RFA,
radiofrequency ablation; TACE, transcatheter arterial chemoembolization; SMD, standardized mean difference.

assigned to a male recipient vs. a female recipient (M-M vs.
M-F P = 0.008), but not in the allocation of a female graft
(F-M vs. F-F, P = 0.790).

Discussion

LT is a definitive treatment option for HCC, but the favorable

prognosis of LT for HCC relies on the precise selection of good

18-23

candidates'®'”. Since Mazzaferro and colleagues'®-?* proposed

the Milan criteria for LT in patients with HCC, several stud-
ies have suggested various other patient selection criteria to
achieve optimal outcomes in these patients. Sex differences are
universally observed in many liver diseases, including HCC.
Although various studies have focused on the selection cri-
teria for LT by taking various parameters into account, few
have considered sex. In this study, the correlation between
sex and post-LT outcomes of patients with HCC was inves-

tigated in Chinese nationwide data. Female recipients had
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Figure 3 Overall survival (OS) and disease-free survival (DFS) of recipients with male donors and female donors after PSM. (A) OS of recipi-
ents with male donors and female donors. (B) DFS of recipients with male donors and female donors. M-D, male donors; F-D, female donors.

Table 4 Clinical characteristics of liver transplant recipients with HCC according to different donor-recipient matched-patterns based on sex
after PSM

Variables Female donor and Male donor and male  Male donor and female Female donor and P value
female recipient (F-F) recipient (M-M) recipient (M-F) male recipient (F-M)
n=284 n =168 n =168 n =168

Donor age 0.49
<50y 48 (57.14%) 87 (51.79%) 93 (55.36%) 101 (60.12%)
>50y 36 (42.86%) 81 (48.21%) 75 (44.64%) 67 (39.88%)

Donor type 0.57
DBD 48 (57.14%) 96 (57.14%) 97 (63.69%) 107 (57.74%)
DCD 36 (42.86%) 72 (42.86%) 71 (36.31%) 61 (42.26%)

ABO blood incompatibility 0.46
Incompatible 2 (2.38%) 7 (4.17%) 3 (1.79%) 3 (1.79%)
Compatible 82 (97.62%) 161 (95.83%) 165 (98.21%) 165 (98.21%)

Recipient age 0.45
<50y 29 (34.52%) 53 (31.55%) 67 (39.88%) 61 (36.31%)
250y 55 (65.48%) 115 (68.45%) 101 (60.12%) 107 (63.69%)

Hypertension 0.62
No 80 (95.24%) 153 (91.07%) 154 (91.67%) 157 (93.45%)
Yes 4 (4.76%) 15 (8.93%) 14 (8.33%) 11 (6.55%)

Diabetes 0.29
No 78 (92.86%) 153 (91.07%) 160 (95.24%) 151 (89.88%)

Yes 6 (7.14%) 15 (8.93%) 8 (4.76%) 17 (10.12%)
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Table 4 Continued

Variables Female donor and Male donor and male  Male donor and female Female donor and P value
female recipient (F-F) recipient (M-M) recipient (M-F) male recipient (F-M)
n=_84 n =168 n =168 n =168
HBsAg 0.99
Negative 16 (19.05%) 33 (19.64%) 33 (19.64%) 33 (19.64%)
Positive 68 (80.95%) 135 (80.36%) 135 (80.36%) 135 (80.36%)
Child-Pugh classification 0.69
A 18 (21.43%) 26 (15.48%) 33 (19.64%) 36 (21.43%)
B 27 (32.14%) 71 (42.26%) 64 (38.10%) 64 (38.10%)
@ 39 (46.43%) 71 (42.26%) 71 (42.26%) 68 (40.48%)
Any TACE 0.98
No 74 (88.10%) 148 (88.10%) 146 (86.90%) 148 (88.10%)
Yes 10 (11.90%) 20 (11.90%) 22 (13.10%) 20 (11.90%)
Any RFA 0.97
No 79 (94.05%) 160 (95.24%) 160 (95.24%) 159 (94.64%)
Yes 5 (5.95%) 8 (4.76%) 8 (4.76%) 9 (5.36%)
MELD 14 (9-31) 13 (9-30) 14.5 (9-30) 15 (9-30.5) 0.98
Beyond Milan criteria 0.77
No 54 (64.29%) 104 (61.90%) 112 (66.67%) 104 (61.90%)
Yes 30 (35.71%) 64 (38.10%) 56 (33.33%) 64 (38.10%)
Beyond Hangzhou criteria 0.74
No 71 (84.52%) 143 (85.12%) 149 (88.69%) 145 (86.31%)
Yes 13 (15.48%) 25 (14.88%) 19 (11.31%) 23 (13.69%)
Largest tumor size 0.49
<3cm 32 (38.10%) 57 (33.93%) 70 (41.67%) 72 (42.86%)
3-5cm 37 (44.05%) 70 (41.67%) 70 (41.67%) 64 (38.10%)
>5cm 15 (17.86%) 41 (24.40%) 28 (16.67%) 32 (19.05%)
Tumor number 0.97
Single 54 (64.29%) 113 (67.26%) 111 (66.07%) 112 (66.67%)
Multiple 30 (35.71%) 55 (32.74%) 57 (33.93%) 56 (33.33%)
Microsatellite 0.65
No 77 (91.67%) 156 (92.86%) 152 (90.48%) 158 (94.05%)
Yes 7 (8.33%) 12 (7.14%) 16 (9.52%) 10 (5.95%)
Cold ischemia time (h) 6.5 (4.6-8.0) 6.0 (4.4-7.4) 6.0 (4.5-7.7) 6.0 (4.6-7.5) 0.57
Operative time (h) 6.8 (5.6-8.2) 6.8 (5.6-8.0) 6.9 (5.9-8.2) 7.0 (6.0-8.0) 0.89
Operative bleeding (mL) 750 (400-1500) 800 (500-1500) 1000 (600-1500) 1000 (500-1500) 0.27
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Table 4 Continued

Variables

Female donor and Male donor and male Male donor and female Female donor and P value
female recipient (F-F) recipient (M-M) recipient (M-F) male recipient (F-M)
n=284 n =168 n =168 n =168
Salvage LT 0.85
No 73 (86.90%) 150 (89.29%) 151 (89.88%) 152 (90.48%)
Yes 11 (13.10%) 18 (10.71%) 17 (10.12%) 16 (9.52%)

PSM, propensity score matching; LT, liver transplantation; BMI, body mass index; MELD, model for end-stage liver disease; CHILD, Child-
Pugh; DBD, donation after brain death; DCD, donation after circulatory death; DBCD, donation after brain and cardiac death; RFA,
radiofrequency ablation; TACE, transcatheter arterial chemoembolization.

100 ~ :
. _%
80 - e ' —
~ 70+ 1
9\-0,
3 60 -
2 501
B
> -
2 40
3 30 4 Male donor-male recipient
—— Female donor-male recipient
20 1 —— Male donor-female recipient
10 —— Female donor-female recipient
0 : . . . : s
0 12 24 36 48 60 72
Survival time (months)
Patient at risk Total 1-year 3-year 5-year
M-M 168 157 124 109
F-M 168 167 151 137
M-F 168 164 142 132
F-F 84 80 76 70

Figure 4 Overall survival (OS) of different donor-recipient match patterns based on sex after PSM. OS of different transplant patterns based
on sex. M-M, male donor transplant to male recipient; F-F, female donor transplant to female recipient; M-F, male donor transplant to female
recipient; F-M, female donor transplant to male recipient.

better outcomes than their male counterparts. However, no
clear effects of donor sex on the outcomes of HCC after LT
were observed. Our findings highlight the influence of sex on
the post-LT outcomes of patients with HCC, thus providing
evidence that recipient sex should be carefully considered as
an important parameter in outcome evaluation and organ
allocation in LT for HCC.

Biological sex influences HCC

Sex differences in HCC have long been known: women
have a 50%-75% lower risk of developing HCC than men,
among people with end-stage liver disease or viral hepa-
titis>. Moreover, in the United States, women are 2 times

less likely to receive LT than men?#2%. Recently, the role of
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sex in LT for HCC has attracted substantial attention. In
this study, women were found to be less likely than men
to receive deceased donor LT for HCC in China. Given the
large difference in the numbers of male vs. female LT recip-
ients, we performed 1:2 matching to analyze the difference
in post-transplant outcomes between female recipients and
male recipients. HCC is a digestive malignancy with com-
plex heterogeneity, and sex hormones are widely accepted
to account for the sex-specific differences in HCC occur-
rence?” !, Androgens promote HCC tumorigenesis, whereas
estrogen plays an opposite role®?-3>, Some studies have sought
to identify the mechanism underlying the sex differences in
HCC occurrence by using animal models. Immune factors,
such as Kupffer cells and IL-6 signaling, as well as adiponec-
tin, have been suggested to account for the sex differences in
HCC occurrence®3®. Altogether, prior studies have indicated
that high levels of estrogen tend to prevent hepatocarcino-
genesis. In our study, we simultaneously compared the effects
of donor and recipient sex differences on post-LT survival
in patients with HCC. Recipient sex was significantly associ-
ated with post-LT survival, whereas donor sex had no effect.
Female recipients are generally accepted to have higher levels
of estrogen than male recipients, and our results provided
further support that high levels of estrogen may play pro-
tective roles in patients with HCC after LT. Interestingly, our
study also revealed that donor sex was not significantly asso-
ciated with post-LT survival, thus suggesting that the high
levels of estrogen in female recipients, rather than an increase
in estrogen receptors in the donor liver, might account for
the better post-LT outcomes. Nevertheless, the underlying

mechanism will require further basic studies in the future.
Sex differences in LT for HCC

Previous studies have investigated the correlation between
sex and HCC recurrence post-LT by using various data-
bases, such as the United Network for Organ Sharing/Organ
Procurement and Transplantation Network, and the Japanese
Liver Transplantation Society'*!4. However, the influence of
sex on the outcomes of LT for HCC may differ by tumor eti-
ology (e.g., alcohol, HCV, NASH, or HBV) and race. We per-
formed the first study in China investigating the role of sex
in post-LT outcomes by analyzing registry data for LT recip-
ients with HCC caused primarily by hepatitis B viral infec-
tion. In contrast to analysis of living donor LT for HCC, this

study focused on the outcomes after deceased donor LT for

Chen et al. Influence of sex on liver transplantation outcomes

HCC. Our findings demonstrated that sex-based donor-recip-
ient match patterns were associated with recipient outcomes,
and the pattern of male donor to male recipient was associ-
ated with the poorest post-LT survival. However, no a signifi-
cant difference in post-LT survival was observed between the
female donor to female recipient pattern and the female donor
to male recipient pattern. These findings may have clinical
applications. For instance, our data may indicate that the liver
from a male donor may be of greater benefit to a female than
a male recipient, whereas the liver from a female donor may
be transplanted to either a male or a female recipient without

resulting in a survival difference.
Limitations of the study

This study has several limitations. First, several patients receiv-
ing LT were lost to long-term follow-up. Another limitation is
that most patients with HCC in our study had hepatitis B viral
infection as the etiological factor; consequently, our results
might differ from those for HCC caused by other etiological
factors, such as alcohol, hepatitis C viral infection, or fatty
liver disease. Therefore, more studies are required to eluci-
date the sex-based differences in post-LT outcomes in patients
with HCC with various HCC etiological causes. Furthermore,
the results in this study pertain to recipients who underwent
deceased donor LT and might potentially differ from those for
living donor LT or split LT. Given that a central effect might
have existed in this multicenter cohort study, we took sev-
eral measures to decrease such a central effect. The number
of patients enrolled in the study from different centers was
similar in the initial study design. We also used the electronic
data capture systems to improve the accuracy of data acqui-
sition. Moreover, the researchers in each research center were
required to evaluate the data by using uniform standards to

decrease the central effect.
Conclusions

This study is the first multicenter cohort investigation in
China providing evidence of the role of sex in LT for HCC.
Male recipient sex was associated with poorer post-LT sur-
vival than female recipient sex; moreover, the male-male
donor-recipient transplant pattern was associated with unfa-
vorable post-LT outcomes. Collectively, our findings highlight
that sex should be considered a critical parameter in organ

allocation.
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