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Since the United Network of Organ Sharing (UNOS)

implemented the Milan criteria in 2002 to assign listing

priorities for liver transplantation in patients with hepato-

cellular carcinoma (HCC), the field of liver transplantation

has actively searched for further refinements to optimize

organ allocation for this indication.1 The success of the

Milan criteria lies not only in its ability to stratify patients

by their long-term outcomes after liver transplantation for

HCC but in its ease of application: on preoperative cross-

sectional imaging, patients with cirrhosis and a single

tumor smaller than 5 cm or up to three tumors each smaller

than 3 cm without macrovascular invasion or extrahepatic

spread receive transplantation priority. Numerous studies

have subsequently reported that liberalization of these

thresholds on tumor size and number results in similar

long-term outcomes and have begun to influence prioriti-

zation schemes; for example, the Transplantation Society

of Australia and New Zealand has moved to using the

University of California, San Francisco (UCSF) criteria,

defined as a single tumor up to 6.5 cm in diameter or three

tumors with total tumor diameter up to 8 cm.2 Application

of either the Milan or UCSF criteria results in an appre-

ciable HCC recurrence rate of approximately 10% at

5 years. That the liberalization of prioritization criteria can

produce comparable long-term results but continues to

result in a measurable rate of cancer recurrence indicates

that there exist larger tumors which may have favorable

biology and may be cured with transplantation, whereas

some diminutive lesions may be biologically aggressive

and have higher chance of recurrence after transplantation.

The task at hand is to develop better indicators to select

patients with lower likelihood of HCC recurrence after

transplantation.

Numerous efforts have investigated the use of molec-

ular assays to stratify patients. For example, Dvorchik

et al. found in a study of 183 patients that those who

had tumors with a fractional allelic imbalance (FAI) rate

across nine microsatellite markers—a proxy for the

cumulative mutation damage within a tumor—of [40%

had recurrence risk increased by a factor of 19.5 com-

pared with those with FAI of B20%.3 In a study seeking

to find a serum marker to predict the presence of

microvascular invasion by tumor, which is associated with

greatly increased chance of HCC recurrence after trans-

plantation, Shirabe et al. found serum des-gamma-carboxy

prothrombin levels to have 75% sensitivity and 85%

specificity in predicting this invasion.4

Clinical indicators have the benefit of being more

accessible and readily applied in the preoperative phase.

One clinical indicator which may reflect the biology of

individual tumors is the response of the tumor to locore-

gional therapy such as transarterial chemoembolization

(TACE) and radiofrequency ablation therapy prior to

transplantation. Otto et al. found that 39 patients who

received TACE and whose tumors did not progress while

awaiting transplant were 95% recurrence free with 5-year

follow-up.5 In comparison with the Milan criteria, absence

of tumor progression after TACE was found to be a better

predictor of recurrence-free survival. This study used size

measurements from serial contrast spiral computer

tomography (CT) scans to monitor tumor progression after

TACE. Possibly a more meaningful assessment of tumor

response would be to quantitate the amount of residual

viable tumor after treatment. At our institution, 16 patients

who received pretransplant locoregional therapy and who
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were found to have complete pathologic response within

the explanted liver had no episodes of recurrence with

5-year follow-up.6 In this regard, we believe that pre-

transplant TACE has oncologic benefit beyond that

provided as a ‘‘bridge’’ to transplant in wait-listed patients.

However, no prospective randomized trials have been

conducted to answer this question definitively.

Although it seems intuitive that complete pathologic

responses to locoregional therapies result in favorable

outcomes, might gradations of partial responses to loco-

regional therapy be a useful predictor of HCC recurrence

after transplant? In this issue of Annals of Surgical

Oncology, Chan et al. take a step towards addressing this

question.7 Eighty-two patients, 23 of whom had tumors

beyond UCSF criteria, were followed after locoregional

therapy. Eighty percent of patients received TACE, and the

remainder were treated with local ablation. Mean follow-up

was 30.7 months after transplantation; 15.8% of the patients

were found to have HCC recurrence. Clinicopathologic

factors encompassing demographics, laboratory values, and

pathologic tumor characteristics were used in multivariate

analysis to determine prognostic factors of HCC recurrence.

The only independent factor associated with lower HCC

recurrence was mean tumor necrosis C60% after locore-

gional therapy, which represents an incremental refinement

in our knowledge of locoregional therapy and transplant

outcomes for HCC. These results suggest that a decrement in

the amount of viable tumor as assessed by pathology may

prognosticate better than clinicopathologic factors previ-

ously associated with recurrence-free survival, including

the components of the Milan or UCSF criteria, tumor grade,

and microvascular invasion.

How does this inform our current schema of HCC pri-

oritization for transplantation? Chan et al. further stratify

patients within and beyond UCSF criteria by their response

to locoregional therapy: In 59 patients who met UCSF

criteria prior to locoregional therapy, the 37 who had

C60% mean tumor necrosis had 92% recurrence-free sur-

vival at 5 years, whereas the remaining 22 with \60%

mean tumor necrosis were 68% recurrence free. In 23

patients beyond UCSF criteria prior to locoregional ther-

apy, the 11 patients who were able to be downstaged to

within UCSF criteria with locoregional therapy were 91%

recurrence free at 5 years, whereas those who did not meet

this response threshold were 33% recurrence free. An

intriguing question not explicitly addressed in this study is

how the outcomes of the 11 patients downstaged into

UCSF criteria compare with those originally within UCSF

criteria; the 91% recurrence-free survival of these 11

patients is nominally better than the 68% recurrence-free

survival of the 22 patients who were within UCSF criteria

and had \60% mean tumor necrosis. It is unclear if these

results give us a glimpse of the answer to the controversial

topic of whether patients outside of Milan/UCSF criteria

who exhibit significant tumor response to locoregional

therapy would be expected to fare better than patients who

start within Milan/UCSF criteria but have a lesser response

to locoregional therapy.

One barrier to using tumor response in a prioritization

scheme is the ability to assess this response accurately. The

current scheme used by UNOS relies on radiographic

measurements of tumor size. In recent studies addressing

the effect of locoregional therapy on transplantation out-

comes, inconsistent methods of radiographic assessment of

response have been used: Chapman et al. assessed response

using the Response Evaluation Criteria in Solid Tumors

(RECIST) guidelines8,9; Ravaioli et al. used radiologic

evidence of viable tumor to assess tumor number but did

not distinguish between nonviable versus viable tumor in

measuring tumor size10; and Yao et al. used viable tumor

diameter for radiologic measurements.11 Furthermore,

Hunt et al. reported low accuracy of radiographic assess-

ment of tumor viability at their institutions.12 Clearly, a

uniform, accurate, and preferably noninvasive assessment

of tumor response to locoregional therapy will need to be

agreed upon by the transplantation community prior to its

incorporation into any prioritization scheme.

These results from Chan et al. provide leads for future

investigations into continued questions about the role of

locoregional therapy and transplantation for HCC. With

rising incidence of HCC and with 70% of patients pre-

senting beyond Milan criteria, the ability to better select for

patients who would derive long-term survival after trans-

plantation would benefit the community of people who

seek to benefit from liver transplantation.

DISCLOSURE The authors have no financial conflicts of interest

to disclose.

REFERENCES

1. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for

the treatment of small hepatocellular carcinomas in patients with

cirrhosis. New Engl J Med. 1996;334(11):693–700.

2. Yao FY, Xiao L, Bass NM, et al. Liver transplantation for

hepatocellular carcinoma: validation of the UCSF-expanded cri-

teria based on preoperative imaging. Am J Transplant. 2007;

7(11):2587–96.

3. Dvorchik I, Schwartz M, Fiel MI, Finkelstein SD, Marsh JW.

Fractional allelic imbalance could allow for the development of

an equitable transplant selection policy for patients with hepa-

tocellular. Transplantation. 2008;14:443–50.

4. Shirabe KEN, Itoh S, Yoshizumi T, Soejima Y. The predictors of

microvascular invasion in candidates for liver transplantation

with hepatocellular carcinoma—with special reference to the

serum levels of des-gamma-carboxy prothrombin. J Surg Oncol.
2007;95:235–40.

More Effective Liver Allocation Criteria for HCC 2417



5. Otto G, Herber S, Heise M, et al. Response to transarterial

chemoembolization as a biological selection criterion for liver

transplantation in hepatocellular carcinoma. Transplantation.

2006;12:1260–7.

6. Bharat A, Brown DB, Crippin JS, et al. Pre-liver transplantation

locoregional adjuvant therapy for hepatocellular carcinoma as a

strategy to improve longterm survival. J Am Coll Surg. 2006;

203(4):411–20.

7. Chan KM, Yu MC, Chou HS, et al. Significance of tumor necrosis

on the outcome of patients with hepatocellular carcinoma receiving

locoregional therapy prior to liver transplantation. Ann Surg Oncol.
2011.

8. Chapman WC, Majella Doyle MB, Stuart JE, et al. Outcomes

of neoadjuvant transarterial chemoembolization to downstage

hepatocellular carcinoma before liver transplantation. Ann Surg.

2008;248(4):617–25.

9. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to

evaluate the response to treatment. J Natl Cancer Inst. 2000;

92(3):205–16.

10. Ravaioli M, Grazi GL, Piscaglia F, et al. Liver transplantation for

hepatocellular carcinoma: results of down-staging in patients

initially outside the Milan selection criteria. Am J Transplant.
2008;8(12):2547–57.

11. Yao FY, Kerlan RK, Hirose R, et al. Excellent outcome following

down-staging of hepatocellular carcinoma prior to liver trans-

plantation: an intention-to-treat analysis. Hepatology. 2008;48(3):

819–27.

12. Hunt SJ, Yu W, Weintraub J, Prince MR, Kothary N. Radiologic

monitoring of hepatocellular carcinoma tumor viability after

transhepatic arterial chemoembolization: estimating the accuracy

of contrast-enhanced cross-sectional imaging with histopatho-

logic correlation. J Vasc Interv Radiol. 2009;20(1):30–8.

2418 Y. Lin, W. C. Chapman


	Towards More Effective Liver Allocation Criteria for Hepatocellular Carcinoma: Tumor Response to Locoregional Therapy
	Disclosure
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


