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Equipoise

-Foundational ethical principles to justify living organ donation:
o Autonomy

o Beneficence
o Nonmaleficence *

o Distributive justice (more significant role in deceased donor organ
allocation)

- Assessing and optimizing donor safety, evaluating expected recipient
outcomes, and considering individual and societal needs

- Equipoise in living donor: risk to donor, balanced by benefit to recipient
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Equipoise
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U.S. LDLT Trends
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Non-Directed Living Liver Donors
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Maximizing Utility of Nondirected LLD Grafts
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Donor-Recipient Incompatibility

- LDLT accounts for about 6% of all liver transplantations in the US

- Most common reasons for donor-recipient incompatibility
- ABO incompatibility between the donor and the recipient

o Donor liver graft size is too small for the recipient
o Potential remnant liver volume is too small for the donor

Gunabushanam V, et al. J Am Coll Surg 2022
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ABOI LDLT
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Liver Paired Exchange/Donor Chains
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LDLT in High MELD Recipients
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LDLT in High MELD and Hepatorenal Syndrome

Wong et al. Hepatology 2021
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Wong et al. Hepatology 2021

LDLT in High MELD an

A
100

90
80
70
60
50
40
307
207
107

0-

Cumulative Survival (%)

------- LDLT n=115
DDLT n=110

P=0.279

No. at risk

LDLT 115

DDLT 110

125+

100+

75+

50+

254

eGFR (mL/min/1.73m2)

T T T T

1 2 3 4 5
Survival time (years)
108 107 99 86 75

100 95 83.5 70 66.5

-~ DDLT
& | DLT

1 T LI | 1 1 1
6 9 12 24 36 48 60
Months

DDLT 745 689 739 731 679 682 719 699 705
LDLT 68.9 733 757 729 737 733 705 718 726
Pvalue 0.660 0.908 0.889 0.736 0.714 0.213 0.954 0.394 0.219

d Hepatorenal

100
90
80
70
60
50
40
30
20
10

0-

Cumulative Survival (%)

"""" LDLT HRS n=52

DDLT HRS n=55

P=0.701

No. at risk
LDLT HRS

DDLT HRS

=y

N

3
]

100+

~
3.4
1

(3]
o
1

N
T

eGFR (mL/min/1.73m2)

o

52

55

T T T
1 2 3 4 5

Survival time (years)

46 45 42 33 29

47 42 36.5 34 33

-~ DDLT
= |DLT

DDLT
LDLT

(\

1 1 1 1 1 1 1
6 9 12 24 36 48 60
Months

441 653 659 619 588 60.2 59.1 58.6 64.6
379 598 625 59.7 617 64.1 60.2 614 60.0
Pvalue 0.474 0.637 0.754 0.888 0.651 0.482 0.987 0.463 0.835

Syndrome

UPMC

LIFE CHANGING MEDICINE



LDLT in Low MELD Recipients

Figure 1. One-Year Mortality Risk Across Model for End-stage Liver Disease Incorporating Sodium Levels (MELD-Na) Score Categories
for Patients Receiving a Living-Donor Liver Transplant vs Remaining on the Wait List, 2011-2021
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Figure 3. Life-Years Saved After Living-Donor Liver Transplant
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Life-years from transplant (LYFT) were calculated for Model for End-stage Liver
Disease incorporating sodium levels (MELD-Na) groups with scores below 20
using parametric survival regression and extrapolated to 10 000 days, or 27.38
years. The MELD-Na score category of 20 to 26 was excluded from this analysis
because this group was underpowered. The overall projected survival benefit,
or life-years saved, was calculated by subtracting the median number of days on
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Older Donors
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Regeneration rate (%)
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Yoon et al. Transplant International 2021
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Donors with Steatosis - Post Donation
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Intrahepatic Cholangiocarcinoma (ICCA)
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Colorectal Cancer Metastases to the Liver

Table 2. Oncologic Treatment Characteristics of Patients Who Underwent Total Hepatectomy and Living-Donor Figure. Kaplan-Meier Estimates of Overall and Recurrence-Free Survival Recurrence free survival

L S - : 1.0
in Patients Who Underwent Total Hepatectomy and Living-Donor Liver
Time from
diagnosis  1ransplant
of CRLM 0.8
Patient Timing of CRLM Systemic treatment Prior resection Local therapy  tolT,y
100 M ) L L
1 Synchronous FOLFOX, FOLFIRI, targeted None None 1.6
metastases agent =
2 Synchronous FOLFOX, FOLFIRI, targeted None None 5.5 E 0.6
metastases agent 80 L 1 §
S —
3 Synchronous FOLFOX, FOLFIRI, targeted Wedge resection, None 1.6 Owerall survival o
metastases agent aborted ALPPS E 0.4
4 Synchronous FOLFOX, FOLFIRI, targeted None None 1.4 # 60 i [
metastases 2gent I Recurrence-free survival
5 Synch FOLFOX, d Righ Ablati il ; thes
ynchronous , targeted agent ight tion . z
metastases hemihepatectomy 3 404 0.2 95% Confidence Interval
6 Synchronous FOLFOXIRI, targeted agent Bisegmentectomy Hepatic artery 1.4 Estimate  Std. Error  Lower Bound  Upper Bound
metastases infusion 2188 488 1.232 3.143
7 Synchronous FOLFOX, FOLFIRI, targeted None Ablation 23 204
metastases agent 0.0
8 Metachronous FOLFIRI, targeted agent Right posterior Ablation, 7.8
metastases sectionectomy, hepatic artery 0 -00 1.00 2.00 3.00 4.00
wedge resection infusion 0 '1 i é Time in years
9 Synchronous FOLFIRI, targeted agent None None 1.7 . . .
e Time since liver transplant, y
10 Synchronous FOLFIRI, targeted agent None Hepatic artery 2.0 No.atrisk 10 7 2 ] 2
metastases infusion Ovara" survival
1.0
Table 4. Liver Explant Pathology and Postoperative Complications of
Patients With Unresectable CRLMs Who Underwent Total Hepatectomy
and Living-Donor Liver Transplant 0.8 t
Pathologic and postoperative outcome Patients, No. (%) (N = 10)
Viable tumor -
Yes 9(30) % 0.6
No 1(10) a
Underlying liver histology E
Normal parenchyma 5(50) 5 0.4
Cirrhosis 3(30) -
Steatosis 1(10) Mean
Scarring, necrosis, and vascular changes 1(10) 0.2 95% Confidence Interval
Portal nodal involvement Estimate  Std. Error  Lower Bound  Upper Bound
Negative 9(80) 3.042 274 2.505 3.579
Positive 1(10) 0.0
€D complications
00 1.00 2.00 3.00 4.00
None 3(30)
i 3(30) Time in years
" 2w Figure. 1. R d overall survival of the st lati
e o) igure. 1. Recurrence and overall survi e study population.
Abbreviations: CD. Clavien-Dindo; CRLMs, colorectal liver metastases. UPM‘
i LIFE CHANGING MEDICINE
Hernandez-Alejandro et al. JAMA Surgery 2022 Kaltenmeier et al. AJT 2023
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HCC and LDLT

Table 1. Characteristics of Patients in the International and Toronto Cohorts

Figure 2. Intention-to-Treat Patient Survival Rates Before and After Inverse Probability of Treatment Weighting (IPTW) in the International Cohort
(A and B) and Toronto Cohort (Cand D)
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[B] International cohort after IPTW
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Lai Q et al. JAMA Surgery 2021

T

No. (%)
International cohort Toronto cohort

Variable Total DDLT LDLT Total DDLT LDLT
No. (%) 3052 (100.0) 2041 (66.9) 1011(33.1) 906 (100.0) 661(73.0) 245 (27.0)
Center volume >70 LT cases/y 2227(73.0) 1587 (77.8) 640 (63.3) NA NA NA
LT performed before 2010 1458 (47.8) 1102 (54.0) 356 (35.2) 487 (53.8) 366 (55.4) 121 (49.4)
Age at first referral, median (IQR), v 58(53-63) 59 (54-63) 57 (52-62) 59 (53-63) 59 (53-63) 59 (54-63)
Male sex 2447 (80.2) 1707 (83.6) 740 (73.2) 743 (82.0) 544(82.3) 199 (81.2)
Female sex 605 (19.8) 334 (16.4) 271 (26.8) 163 (18.0) 117(17.7) 46 (18.8)
Underlying liver disease

HCV 1383 (45.3) 889 (43.60) 404 (48.9) 471 (52.0) 335(50.7) 136 (55.5)

HBV 880 (28.8) 493 (24.2) 387 (38.3) 194 (21.4) 169 (25.6) 25(10.2)

Alcohol-related cirrhosis 630 (20.6) 539 (26.4) 91 (9.0) 121(13.4) 85(12.9) 36(14.7)

NASH 204(6.7) 140 (6.9) 64 (6.3) 78(8.6) 49(7.4) 29(11.8)

Other 156 (5.1) 129 (6.3) 27 2.7 45 (5.0) 26(3.9) 19(7.8)
Waiting time duration, m Gender: 52 year old / M 1-10) 6(3-13) 1(0-2) 6(3-11) 6(3-12) 5(3-8)
MELD score at first referrar; (9-16) 12 (9-16) 12 (9-15) 10(8-14) 10(8-14) 11(8-14)
Tumeor characteristics at first referral

Diameter of the major lesion, median (IQR}, cm 2.5(1.8-3.7) 2.5(1.8-3.8) 2.5(1.7-3.6) 2.7(1.9-3.9) 2.7(1.9-3.7) 29(1.7-44)

Mo. of lesions, median (IQR) 2(1-3) 1(1-3) 2(1-3) 1(1-2) 1(1-2) 1(1-2)

Outside of MC 959 (31.4) 601 (29.4) 358 (35.4) 267 (29.5) 185(28.9) 82(33.5)
Tumor characteristics at LT or dropout

Diameter of the major lesion, median (IQR), cm 2.2(14-3.3) 2.1(1.2-3.0) 2.5(1.7-3.5) 2.0(0.0-3.6) 2.0(0.0-3.5) 2.2(0.0-3.9)

Mo. of lesions, median (IQR) 2(1-3) 2(1-3) 2(1-3) 1(0-3) 1(0-3) 1{0-2)

Outside of MC 912 (29.9) 553 (27.1) 359 (35.5) 269 (29.7) 201(30.4) 68(27.8)
AFP level, median (IQR), ng/mL

At first referral 14 (5-60) 11(5-43) 22(7-114) 11(5-42) 12 (5-43) 10(5-41)

AELT or dropout 11(4-56) 10 (4-47) 14 (4-77) 11(5-62) 12 (5-62) 10(5-60)
LRT 2369(77.6) 1819 (89.1) 550 (54.4) 623 (68.8) 474(71.7) 149 (60.8)
Type of LRT

TACE 1857 (60.8) 1451(71.1) 406 (40.2) 146 (16.1) 104 (15.7) 42(17.1)

PEI 486 (15.9) 402 (19.7) 84(8.3) 22(2.4) 18(2.7) 4(1.6)

RFA 743 (24.3) 506 (24.8) 237 (23.4) 423 (46.7) 329(49.8) 94(38.4)

Hepatic resection 266 (8.7) 218 (10.7) 48 (4.7) 14 (1.5) 14(2.1) 0

Other 251(8.2) 229(11.2) 22(2.2) 25(2.8) 14(2.1) 11(4.5)
Dropout 295(7.8) 205 (14.5) 0 247 (27.3) 213(32.2) 34(13.9)

Death during waiting time 159(5.2) 159 (7.8) 0 70(7.7) 59 (8.9) 11(4.5)

Tumor progression 80(2.6) 80 (3.9) 0 129(14.3) 109 (16.5) 20(8.2)
Posttransplant recurrence 360 (11.8) 223 (12.9) 137 (13.6) 116 (17.6) 88 (19.7) 28(13.3)
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TABLE 2. Demographic, Clinicopathologic, Tumor, and

Recurrence Data for Patients

Overall (N = 360); n (%)

Preoperatively available data

Patient demographic characteristics
Sex

Male
Female
Age (yr), mean (SD)
Laboratory MELD at transplantation;
median (IQR)
Waiting time (mo); median (IQR)
Time from diagnosis to listing (mo);
median (IQR)
Diagnosis
HCV
HEV
Alcohol-related liver disease
Cryptogenic/NASH
Other (PBC, PSC, ATH,
hemochromatosis)

Tumor characteristics at transplantation
Size of largest tumor (cm); mean (SD)
Tumor size (largest mass) >3 cm
Multifocal HCC
T1 category tumors at diagnosis
AFP level at diagnosis (ng/mL); median

(1QR)
Maximum AFP level (ng/mL); median
(1QR)
Final AFP level (ng/mL); median (I1QR)
Mot meeting MC at diagnosis
Not meeting UCSF at diagnosis
Mot meeting MC at transplantation
Mot meeting UCSF at transplantation
Not meeting MC at pathology
Mot meeting UCSF at pathology
French-AFP score =2
Receiving LRT
MY CA score,
Low (0-2)
Acceptable (3-6)
High (= 7)

Recurrence/survival data
Recurrence rates
RFS iyr); %

1

3
5

08 (yr) %
1

3
5
Time from recurrence to death (mo);
median (IQR)

264 (73)
96 (27)
57 (8.4)
14 (9-18)

41(23-7.9)
48 (30-9.7)

234 (65)
29 (8)
42(12)
36 (10)
27(8)

15(25)
79 (22)
124 (34)
61 (17)
15 (6-46)

30 (10-126)

11 (5-46)
106 (30)
61 (17)
73 (21)
38 (11)
155 (44)
141 (40)
37 (11)
246 (72)

193 (63)
96 (31)
17 (6)

58 (16)

944
879
83.7

411
81.6
75.6
14.0 (6.6-29.9)

AlH ndicates Autoimmune hepatitis; HBY, hepatitis B virus; HCV, hepatitis C
wvirus; LRT, Locoregional therapy; MELD, Modd for End-stage lver disase;
NASH, nonalechelic steatohepatitis; PBC, Pimary biliary cholangitis; PSC, Primary

sclerosing cholangitis.

Ivanics et al. Annals of Surgery 2024
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Laparoscopic LDLT
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Robotic Living Donor Hepatectomy
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Robotic Living Donor Hepatectomy
Series of 501 cases in Saudi Arabia
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Fig. 1. Evolution of donor hepatectomy techniques during the period of 2011-2022*.
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Robotic vs Laparoscopic LDLT
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Broering, Sturdevant, Zidan. AJT 2022
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Surgical Approaches in LDLT
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3-D Liver Printing
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