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Hepatocellular carcinoma (HCC) is one of the leading indications for liver transplantation and has been the
treatment of choice due to the oncologic benefit for patients with advanced chronic liver disease (AdvCLD) and
small tumors. For HCC patients undergoing liver transplantation, alpha fetoprotein (AFP) has increasingly been
applied as an independent predictor for overall survival, disease free recurrence, and waitlist drop out. In addition
to static AFP, newer studies evaluating the AFP dynamic response to downstaging therapy show enhanced

prognostication compared to static AFP alone.

hepatocellular carcinoma alpha fetoprotein liver transplantation

1. AFP in the Pre-Operative Setting, Allocation and Down-
Staging

1.1. Survival and Recurrence

Pre-transplant AFP levels have been shown to be independent predictors of survival and disease recurrence in
patients undergoing liver transplantation for HCC. In a 2001 retrospective analysis of 70 patients, Yao et al. found
AFP levels > 1000 ng/mL served as an independent predictor of mortality with a hazard ratio of 2.96, independent
of whether patients were within Milan Criteria [Xl. For the majority of the US, except under certain protocols, the
absolute preoperative value of AFP > 1000 ng/mL has been utilized as a red line due to the high risk of recurrence
and mortality [ZBI4E Hameed et al. 2014 established that by implementing a cutoff of patients with preoperative
AFP > 1000 ng/mL they would exclude only 4.7% of patients from being eligible for transplant, while gaining a 20%
reduction in post transplantation HCC recurrence 2. This preoperative cutoff of AFP > 1000 ng/mL was adopted by
the US allocation criteria in 2017, except under region-based protocols, such as the Region 5 down-staging for “all
comers” with HCC [EIZ],

Although a pre-operative level of 1000 ng/mL appears to be a prohibitive cutoff, there have been multiple studies
identifying adverse outcomes associated with lower AFP levels [EBIRIZOILLIZIS] 1n 2009, a large review of more
than 6000 patients in the SRTR database confirmed AFP was an independent predictor of survival with a
recommended cutoff of 400 ng/mL for access to liver transplant 29, The Toronto group published a study
demonstrating a preoperative AFP > 500 ng/mL as a predictor of poor outcomes with 10 year patient follow-up 11,

A US study, one of the largest United Network for Organ Sharing (UNOS) reviews of over 6000 HCC patients within
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Milan Criteria, found that 5-year survival progressively decreased as AFP increased, with a measurable survival
discrimination with an AFP nadir of 15 ng/mL for 5-year survival outcomes (5-year survival: AFP < 15 ng/mL 74%,
AFP 16—65 ng/mL 66.1%, AFP > 65 ng/mL 57.4%) (4],

Lower AFP has also been correlated with lower rates of post-transplant recurrence and survival, irrespective of
Milan criteria. In select patients exceeding Milan criteria, those with AFP < 100 ng/mL could obtain a 5-year risk of
recurrence of only 14.4% vs. 47.6%, p = 0.006 4. While exact AFP cutoff values demonstrating the best post-
transplant outcomes are not exact, AFP < 15 ng/mL at transplant had similar outcomes irrespective of whether the

tumor burden was within or beyond Milan Criteria (4],

1.2. AFP Dynamics

In addition to the absolute static preoperative value of AFP, there has been evaluation of the dynamic changes of
AFP prior to transplantation in response to preoperative therapies and overall post-transplant outcomes. One of the
first studies reviewed 153 patients undergoing liver transplantation for HCC (78% underwent locoregional therapy).
The first and last AFP points over time were used to generate an AFP slope of progression and found that AFP
slope > 15 ng/mL/month had poorer survival (54% vs. 76% p = 0.02) at 5 years 13, Interestingly, in this study,
neither static preoperative AFP levels nor Milan criteria reached statistical significance for predicting postoperative
recurrence or survival. In a larger review of 336 patients undergoing liver transplantation (98% of whom had
preoperative locoregional treatment), Giard et al. established an AFP slope > 7.5 ng/mL/month had a 3-fold higher

relative risk of recurrence, which was also strongly associated with microvascular invasion (OR 6.8, p = 0.008) [18],

A complicating issue in studies of AFP dynamics and determination of AFP slope over time is reliability of AFP
measures in the setting of variable locoregional therapies, a lack of accounting for viral hepatitis status, and other
issues 7. |t is unclear what threshold of AFP slope is definitively associated with poor outcomes, and wide ranges
of positive AFP slopes have been associated with poor outcomes [281181119] 't js clear from a clinical standpoint, that
tumors that continue to express high levels of AFP despite locoregional therapy have concerning tumor biology,
which may warrant more aggressive locoregional therapy, consideration of systemic therapies, as well as
avoidance of liver transplantation. There are no uniform practice guidelines related to how to utilize AFP dynamics.
Clinicians do not have reliable indicators of ideal AFP slope that correlated with post-transplant outcomes. AFP
slope can range widely, with regard to method of calculation as well as final values, which leads to uncertain
clinical correlations 818l | jke the static preoperative AFP, the exact AFP slope values that are relevant is

subject of debate.

1.3. Down-staging and Allocation

Down-staging is the application of pre-transplant therapies, typically locoregional liver-directed therapy, to decrease
the size and number of liver lesions to meet acceptable criteria for transplantation 29, In 2017, the UCSF
downstaging criteria were adopted by UNOS as the upper tumor burden limit for patients eligible for down-staging,

with the exception of patients falling under regional protocol variances. Patients meeting the down-staging UCSF
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criteria (single tumor > 5 and < 8 cm in diameter, 2—3 tumors each < 5 cm in diameter with a sum of all tumors < 8
cm, or 4-5 lesions each < 3 cm sum of all tumors < 8 cm and no evidence of vascular invasion) have been
established to achieve similar post-transplant outcomes once down staged to within Milan as compared to patients

always within Milan criteria 21,

These criteria were supported by a recent UNOS database review (n = 3819), comparing groups always within
Milan, with those down-staged per UNOS / UCSF down-staging criteria (UNOS-DS), and those with initial tumor
burden beyond UNOS criteria 22, Although the post-transplant 3-year survival was comparable between the Milan
and UNOS-DS groups (83.2% vs. 79.1% p = 0.17), within the downstaging groups, AFP > 100 ng/mL at the time of
transplant (HR 2.4, p = 0.009) and short wait-list region (HR 3.1, p = 0.005) were associated with increased risk of
post-transplant death. Only AFP > 100 ng/mL proved to be an independent predictor of HCC recurrence 22, This
study supported the current placement of upper limits on tumor burden amenable to downsizing but perhaps more
importantly also suggested further evaluation of AFP’s role in prognosticating post-transplant outcomes in down

staged patients.

An SRTR database investigation of 6817 patients with a diagnosis of HCC followed the trend of AFP after
downstaging treatment. They found that patients with AFP levels originally > 400 ng/mL (even as high as > 1000)
who had sufficient treatment response to reduce AFP < 400 ng/mL had similar intention-to-treat and post-transplant
survival to patients with AFP always < 400 ng/mL (81% vs. 74% at 3 years, p = 0.14 and 89% vs. 78% at 3 years, p
= 0.11, respectively) (&,

In a similar vein, Grat et al. found that patients with AFP persistently < 100ng/mL (97.3%) and those whose AFP
dropped below 100 ng/mL (100%) after locoregional treatment, had significantly better 5-year recurrence-free
survival compared to those whose AFP rose from <100 ng/mL (75%) or was always >100 ng/mL (38.4%) (p <
0.001) 23, These studies suggested a link between AFP response to downstaging and post-transplant recurrence-

free survival.

In 2017, the US Allocation system formally adopted an AFP cutoff of 1000 ng/mL to qualify for HCC exception
points. If AFP > 1000 ng/mL, the patient would be required to downstage to an AFP < 500 ng/mL and stay <500
ng/mL for 3 months prior to qualification for exception points 29, The AFP response to therapy, as a result of this
policy, would provide a more precise measurement of tumor biology over time as compared to the initial fears of

recurrence from the static initial AFP value of 1000 ng/mL, as previously discussed [2!.

1.4. Waitlist Mortality and Dropout

Waitlist mortality and dropout have been a long subject of concern given the historical difficulty of adopting an
equitable allocation system. More recent alterations to the US allocation system included a 6-month waitlist period
and exception point cap in 2015 to address discrepancies on a national level, and to encourage selection of
transplant candidates with favorable tumor biology 24. Median MELD at Transplant of the transplant center minus

three points (MMAT-3) was selected as the exception point score for HCC patients in 2019. Although enacted only
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recently, a large UNOS database review of dropout since the MMAT-3 policy has found dropout for both non-HCC
(from 12.9% to 11.1%) and HCC (from 14% to 10.7%) patients have begun to normalize, suggesting a more
equitable allocation model compared to prior 24, In 2022, this policy was recently modified so that MMAT would be
calculated around the donor hospital rather than the transplant hospital in order to provide relative equal access to
transplant for patients in geographically contiguous areas at centers with vastly different median MELDs at
transplant. The results of this model of allocation for HCC yields a dynamic MELD score for exception patients
based on different match runs from different donors. The same patient may receive a transplant with different
exception MELD scores at transplant depending on the origin of the donor organ. The results of this policy are

maturing, but they hold significant promise in equitably allocating livers with HCC across the country.

While this is encouraging, there is continued concern that certain HCC patients are being inappropriately
prioritized. All HCC patients are currently given the same allocation priority irrespective of their liver dysfunction or
tumor biology; therefore, patients at a low risk for dropout are given the same priority as those with high risk.

Precision in identifying higher dropout risk patients remains lacking in the current allocation scheme.

Current studies have identified risk factors for dropout, but these studies lack uniformity in access to donor organs.
Known risk factors for patient dropout while on the waitlist include a high AFP at time of listing, rapid rise in AFP,
lack of response to locoregional therapy and synthetic liver dysfunction [Bl2123]26] The exact value of static listing
AFP level associated with dropout varies widely per study, with ranges from 20 to 400 ng/mL quoted [El27, pre-

treatment AFP of >500 ng/mL has also been found to predict dropout, independent of Milan status 11],

AFP has evolved in the downstaging space. In addition to serial evaluation by MRI to look for imaging
characteristics consistent with tumor viability, AFP trajectory has been used to evaluate response to therapy. For
patients undergoing down-staging with locoregional therapy, in the setting of originally high AFP, dropout risk may
be reduced with therapy to the level of those patients whose original AFP was lower and persisted. Merani et al.
found a similar dropout rate of 10% in patients with AFP either always <400 ng/mL or who fell below <400 ng/mL
following locoregional therapy. Those who were either always over 400 or who rose to > 400 ng/mL had a

significantly increased risk of dropout at 25% and 44%, respectively, (p < 0.001) [&l,

A more recent, large-scale analysis found factors predicting dropout following downstaging pretreatment AFP >
1000 ng/mL (multivariate hazard ratio [HR]: 2.42; p = 0.02) and Child’s B versus Child’s A cirrhosis (multivariate
HR: 2.19; p = 0.04) [2l, Mehta et al. identified the following factors predicting low dropout rates: AFP < 20 ng/mL,
MELD < 15, child’s class A, and single 2—3 c¢m lesions 22, This was further validated into a risk score in 2021, with

static AFP being the most heavily weighted 241,

| 2. Utilization of AFP following Liver Transplantation

Despite optimization and Milan criteria, HCC recurrence post-transplant still occurs in 10-20% of cases 28, Most
recurrences present with extrahepatic disease (78.1%) and are associated with a median survival of 10 months
despite treatment (95% ClI, 6.5-15.7 months) [28],
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Patients with recurrence have better survival when the disease is amenable to resection, locoregional therapy, and
more recently immunotherapy 28129130 As such, early detection of recurrence is imperative to optimize available
therapy. Although some centers have post-transplant surveillance protocols, there is no universal post-transplant
protocol for screening patients, how to use AFP as a biomarker, or to determine which patients need more

intensive surveillance 311,

As previously discussed, preoperative AFP and AFP slope have been shown to be independent predictors of post-
transplant HCC recurrence. A large UNOS database review of patients with post-transplant recurrence found a
preoperative AFP > 500 ng/mL was also linked to lower recurrence-free survival. Preoperative elevated AFP also
proved to be an independent risk factor for survival among recurrent HCC patients, with a 1.6-fold increased risk of
death when compared to those with preoperative AFP < 20 ng/mL 32,

In addition to the preoperative AFP, the post-transplant AFP trend can serve as an indicator of recurrence risk. In a
retrospective review of 125 patients with elevated preoperative AFP (>20 ng/mL) undergoing liver transplant,
patients who had rapid AFP normalization within one-month post-transplant had less tumor recurrence. Non-rapid
normalization served as a risk factor, independent of Milan criteria status, for recurrence with a hazard ratio of 4.41,
p < 0.001 B8, Utilization of the pre- and post-AFP trends could be useful in developing protocols for recurrence risk

and postoperative monitoring.

References

1. Yao, F.Y.; Ferrell, L.; Bass, N.M.; Watson, J.J.; Bacchetti, P.; Venook, A.; Ascher, N.L.; Roberts,
J.P. Liver transplantation for hepatocellular carcinoma: Expansion of the tumor size limits does not
adversely impact survival. Hepatology 2001, 33, 1394-1403.

2. Hameed, B.; Mehta, N.; Sapisochin, G.; Roberts, J.P.; Yao, F.Y. Alpha-fetoprotein level > 1000
ng/mL as an exclusion criterion for liver transplantation in patients with hepatocellular carcinoma
meeting the Milan criteria. Liver Transpl. 2014, 20, 945-951.

3. Yao, F.Y,; Xiao, L.; Bass, N.M.; Kerlan, R.; Ascher, N.L.; Roberts, J.P. Liver transplantation for
hepatocellular carcinoma: Validation of the UCSF-expanded criteria based on preoperative
imaging. Am. J. Transplant. 2007, 7, 2587—-2596.

4. Duvoux, C.; Roudot-Thoraval, F.; Decaens, T.; Pessione, F.; Badran, H.; Piardi, T.; Francoz, C.;
Compagnon, P.; Vanlemmens, C.; Dumortier, J.; et al. Liver transplantation for hepatocellular
carcinoma: A model including alpha-fetoprotein improves the performance of Milan criteria.
Gastroenterology 2012, 143, 986-994.e983, quiz €914—e985.

5. Mehta, N.; Guy, J.; Frenette, C.T.; Dodge, J.L.; Osorio, R.W.; Minteer, W.B.; Roberts, J.P.; Yao,
F.Y. Excellent Outcomes of Liver Transplantation Following Down-Staging of Hepatocellular

https://encyclopedia.pub/entry/31661 5/8



Hepatocellular Carcinoma, Alpha Fetoprotein, and Liver Transplantation | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

Carcinoma to Within Milan Criteria: A Multicenter Study. Clin. Gastroenterol. Hepatol. 2018, 16,
955-964.

. UNOS/OPTN. OPTN/UNOS Policy Notice Modification to Hepatocellular Carcinoma (HCC)

Extension Criteria. Available online: https://optn.transplant.hrsa.gov/media/2411/modification-to-
hcc-auto-approval-criteria_policy-notice.pdf (accessed on 8 January 2022).

. Huang, A.C.; Dodge, J.L.; Yao, F.Y.; Mehta, N. National Experience on Waitlist Outcomes for

Down-staging of Hepatocellular Carcinoma: High Dropout Rate in “All-Comers”. Clin.
Gastroenterol. Hepatol. 2022, in press.

. Merani, S.; Majno, P.; Kneteman, N.M.; Berney, T.; Morel, P.; Mentha, G.; Toso, C. The impact of

waiting list alpha-fetoprotein changes on the outcome of liver transplant for hepatocellular
carcinoma. J. Hepatol. 2011, 55, 814-819.

. DuBay, D.; Sandroussi, C.; Sandhu, L.; Cleary, S.; Guba, M.; Cattral, M.S.; McGilvray, I.;

Ghanekar, A.; Selzner, M.; Greig, P.D.; et al. Liver transplantation for advanced hepatocellular
carcinoma using poor tumor differentiation on biopsy as an exclusion criterion. Ann. Surg. 2011,
253, 166-172.

Toso, C.; Asthana, S.; Bigam, D.L.; Shapiro, A.M.; Kneteman, N.M. Reassessing selection criteria
prior to liver transplantation for hepatocellular carcinoma utilizing the Scientific Registry of
Transplant Recipients database. Hepatology 2009, 49, 832—-838.

Sapisochin, G.; Goldaracena, N.; Laurence, J.M.; Dib, M.; Barbas, A.; Ghanekar, A.; Cleary, S.P;
Lilly, L.; Cattral, M.S.; Marquez, M.; et al. The extended Toronto criteria for liver transplantation in
patients with hepatocellular carcinoma: A prospective validation study. Hepatology 2016, 64,
2077-2088.

Abdel Aal, A.K.; Soni, J.; Saddekni, S.; Hamed, M.F.; Dubay, D.A. Repositioning of surgically
placed peritoneovenous shunt catheter by forming “in situ” loop snare: Case report and review of
literature. Vasc. Endovasc. Surg. 2012, 46, 70-74.

Onaca, N.; Davis, G.L.; Jennings, L.W.; Goldstein, R.M.; Klintmalm, G.B. Improved results of
transplantation for hepatocellular carcinoma: A report from the International Registry of Hepatic
Tumors in Liver Transplantation. Liver Transpl. 2009, 15, 574-580.

Berry, K.; loannou, G.N. Serum alpha-fetoprotein level independently predicts posttransplant
survival in patients with hepatocellular carcinoma. Liver Transpl. 2013, 19, 634—645.

Vibert, E.; Azoulay, D.; Hoti, E.; lacopinelli, S.; Samuel, D.; Salloum, C.; Lemoine, A.; Bismuth, H.;
Castaing, D.; Adam, R. Progression of alphafetoprotein before liver transplantation for
hepatocellular carcinoma in cirrhotic patients: A critical factor. Am. J. Transplant. 2010, 10, 129—-
137.

https://encyclopedia.pub/entry/31661 6/8



Hepatocellular Carcinoma, Alpha Fetoprotein, and Liver Transplantation | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Giard, J.M.; Mehta, N.; Dodge, J.L.; Roberts, J.P.; Yao, F.Y. Alpha-Fetoprotein Slope >7.5 ng/mL
per Month Predicts Microvascular Invasion and Tumor Recurrence After Liver Transplantation for
Hepatocellular Carcinoma. Transplantation 2018, 102, 816-822.

Trevisani, F.; Garuti, F.; Neri, A. Alpha-fetoprotein for Diagnosis, Prognosis, and Transplant
Selection. Semin. Liver Dis. 2019, 39, 163-177.

Han, K.; Tzimas, G.N.; Barkun, J.S.; Metrakos, P.; Tchervenkov, J.L.; Hilzenrat, N.; Wong, P.;
Deschenes, M. Preoperative alpha-fetoprotein slope is predictive of hepatocellular carcinoma
recurrence after liver transplantation. Can. J. Gastroenterol. 2007, 21, 39-45.

Lai, Q.; Inostroza, M.; Rico Juri, J.M.; Goffette, P.; Lerut, J. Delta-slope of alpha-fetoprotein
improves the ability to select liver transplant patients with hepatocellular cancer. HPB 2015, 17,
1085-1095.

Pomfret, E.A.; Washburn, K.; Wald, C.; Nalesnik, M.A.; Douglas, D.; Russo, M.; Roberts, J.;
Reich, D.J.; Schwartz, M.E.; Mieles, L.; et al. Report of a national conference on liver allocation in
patients with hepatocellular carcinoma in the United States. Liver Transpl. 2010, 16, 262—-278.

Yao, F.Y.; Mehta, N.; Flemming, J.; Dodge, J.; Hameed, B.; Fix, O.; Hirose, R.; Fidelman, N.;
Kerlan, R.K., Jr.; Roberts, J.P. Downstaging of hepatocellular cancer before liver transplant: Long-
term outcome compared to tumors within Milan criteria. Hepatology 2015, 61, 1968-1977.

Mehta, N.; Dodge, J.L.; Grab, J.D.; Yao, F.Y. National Experience on Down-Staging of
Hepatocellular Carcinoma Before Liver Transplant: Influence of Tumor Burden, Alpha-Fetoprotein,
and Wait Time. Hepatology 2020, 71, 943-954.

Grat, M.; Krasnodebski, M.; Patkowski, W.; Wronka, K.M.; Masior, L.; Stypulkowski, J.; Grat, K.;
Krawczyk, M. Relevance of Pre-Transplant alpha-fetoprotein Dynamics in Liver Transplantation
for Hepatocellular Cancer. Ann. Transplant. 2016, 21, 115-124.

Mehta, N.; Dodge, J.L.; Roberts, J.P.; Yao, F.Y. A novel waitlist dropout score for hepatocellular
carcinoma—Identifying a threshold that predicts worse post-transplant survival. J. Hepatol. 2021,
74, 829-837.

Sapisochin, G.; Goldaracena, N.; Astete, S.; Laurence, J.M.; Davidson, D.; Rafael, E.; Castells,
L.; Sandroussi, C.; Bilbao, I.; Dopazo, C.; et al. Benefit of Treating Hepatocellular Carcinoma
Recurrence after Liver Transplantation and Analysis of Prognostic Factors for Survival in a Large
Euro-American Series. Ann. Surg. Oncol. 2015, 22, 2286—-2294.

Lee, H.A.; Cho, E.Y.; Kim, T.H.; Lee, Y.; Suh, S.J.; Jung, Y.K.; Kim, J.H.; An, H.; Seo, Y.S.; Kim,
D.S.; et al. Risk Factors for Dropout From the Liver Transplant Waiting List of Hepatocellular
Carcinoma Patients Under Locoregional Treatment. Transplant. Proc. 2018, 50, 3521-3526.

Mehta, N.; Dodge, J.L.; Hirose, R.; Roberts, J.P.; Yao, F.Y. Predictors of low risk for dropout from
the liver transplant waiting list for hepatocellular carcinoma in long wait time regions: Implications

https://encyclopedia.pub/entry/31661 7/8



Hepatocellular Carcinoma, Alpha Fetoprotein, and Liver Transplantation | Encyclopedia.pub

28.

29.

30.

31.

32.

33.

for organ allocation. Am. J. Transplant. 2019, 19, 2210-2218.

Ekpanyapong, S.; Philips, N.; Loza, B.L.; Abt, P.; Furth, E.E.; Tondon, R.; Khungar, V.; Olthoff, K.;
Shaked, A.; Hoteit, M.A.; et al. Predictors, Presentation, and Treatment Outcomes of Recurrent
Hepatocellular Carcinoma After Liver Transplantation: A Large Single Center Experience. J. Clin.
Exp. Hepatol. 2020, 10, 304-315.

Verna, E.C.; Patel, Y.A.; Aggarwal, A.; Desai, A.P.; Frenette, C.; Pillai, A.A.; Salgia, R.; Seetharam,
A.; Sharma, P.; Sherman, C.; et al. Liver transplantation for hepatocellular carcinoma:
Management after the transplant. Am. J. Transplant. 2020, 20, 333-347.

DeLeon, T.T.; Salomao, M.A.; Agel, B.A.; Sonbol, M.B.; Yokoda, R.T.; Ali, A.H.; Moss, A.A.;
Mathur, A.K.; Chascsa, D.M.; Rakela, J.; et al. Pilot evaluation of PD-1 inhibition in metastatic
cancer patients with a history of liver transplantation: The Mayo Clinic experience. J. Gastrointest
Oncol. 2018, 9, 1054-1062.

Mehta, N.; Heimbach, J.; Harnois, D.M.; Sapisochin, G.; Dodge, J.L.; Lee, D.; Burns, J.M;
Sanchez, W.; Greig, P.D.; Grant, D.R.; et al. Validation of a Risk Estimation of Tumor Recurrence
After Transplant (RETREAT) Score for Hepatocellular Carcinoma Recurrence After Liver
Transplant. JAMA Oncol. 2017, 3, 493-500.

Mahmud, N.; John, B.; Taddei, T.H.; Goldberg, D.S. Pre-transplant alpha-fetoprotein is associated
with post-transplant hepatocellular carcinoma recurrence mortality. Clin. Transplant. 2019, 33,
el13634.

Yoo, T.; Lee, K.W.; Yi, N.J.; Choi, Y.R.; Kim, H.; Suh, S.W.; Jeong, J.H.; Lee, J.M.; Suh, K.S. Peri-
Transplant Change in AFP Level: A Useful Predictor of Hepatocellular Carcinoma Recurrence
Following Liver Transplantation. J. Korean Med. Sci. 2016, 31, 1049-1054.

Retrieved from https://encyclopedia.pub/entry/history/show/74589

https://encyclopedia.pub/entry/31661 8/8



