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Functional Irresectability




Extended hepatectomy/right trisectionectomy




Volume/liver function

guality of parenchyma, I.e. steatosis, cholestasis etc.

Liver volume , Liver function

Variations of liver anatomy

Liver remnant volume , Perfused liver remnant volume

Clavien & al N Engl J Med 2007; 356: 1545-59 Lang H et al., Arch Surg 2005



Liver damage due to chemotherapy

Irinotecan Oxaliplatin

Steatosis, Steatohepatitis sinusoidale obstruction
ABl ue Liver Sy



Computerassisted-dimensional reconstruction
Variation of vascular territories

Radtke A et al., Am J Transpl 2008



Trisectionectomy

Author/year right trisectionectomy left trisectionectomy
n mortality n mortality
lwatsuki/1988 126 5.5% 16 12.5%
Blumgart/1999 - 51 8.0%
Melendez/2001 189 5.3% 37 10.8%
Nishio/2005 - 70 9.0%
Lang/2006 121 5.8% 55 11.5%

Lang H et al., J Am Coll Surg 2006



Required Volume of the liver
remnant

normal quality

2 2500 liver volume

2 20% eTLV (SFRL)

eTLV =-794.4T 1,26

8 x body surface

S FRL = remnant me/eTLV

2 0.5% of body weight (BWR = liver volume/Bw)

Clavien & al N Engl J Med 2007, Vauthey N et al, Liver transpl 2002, Truant S et al, J Am Coll Surg 2007



Kinetic growth rate

SFRL = volume In CT / eTLV

DH = Degree of hypertrophy (%) SFRL21

KGR = DH/time (weeks)

Best cut-offvalue  AUC (95% Cl) SE P
KGR  2.0% per week 0.830(0.736-0.923) 0.048] 0.002
DH 7.5% 0.727 (0.539-0.915) 0.096 0.03
sFLR 29.6% 0.665 (0.486-0.845) 0.096 0.12

Shindoe et al, J Am Coll Surg 2013
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Volume of the liver remnant

Liver volume

>
Liver function

Clavien & al N Engl J Med 2007,



History of hypertrophy induction

Portal vein embolization (PVE)
Makuuchi M, et al. Surgery 1990

!

Two-Stage hepatectomy
Adam R, et al Ann Surg. 200

Two-Stagehepatectomy + PVL

J Belghiti et al.Hepatology 2008

!

Hepatic Vein embolization
Hwang et al. Ann Surg 2009
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Two-Stage Hepatectomy: A Planned Strategy to
Treat Irresectable Liver Tumors

René Adam, MD, PhD, Alexis Laurent, MD, Daniel Azoulay, MD, PhD, Denis Castaing, MD, and Henri Bismuth, MD, FACS (Hon)

From the Centre Hepato-Biliaire, Hopital Paul Brousse, Villgjuif, and Universite Paris-Sud, France

A 16 patients with multiple CR liver metastases

1° Stage (non-curative) 2° Stage (curative)
Resection of most diseasedsidefidi f f i cul|t s i| dClan-upofliverremnantii e a sy

[da)

5+6+7+8+3%

Feasibility= 81% / Morbidity= 76% / Mortality= 15%



Annals of Surgery ¢ Volume 240, Number 6, December 2004

A Two-Stage Hepatectomy Procedure Combined With
Portal Vein Embolization to Achieve Curative Resection for
Initially Unresectable Multiple and Bilobar Colorectal

Liver Metastases

Daniel Jaeck, MDD, Phl), FRCS, ¥ Elie OQussoultzoglowu, MDD, * Edoardo Rosso, M), *
Michel Greget, MDD, 7 Jean-Christophe Weber, MD), PhD, * and Philippe Bachellier, MD*

A 33 patients with unresectable bilateral CR liver metastases

1° Stage
Clean-upof FLRfie as vy

S

2° Stage
Resection of diseased sideii d i f f |

cu

PVE

Feasibility= 75% / Morbidity= 71% / Mortality= 0%

t



ORIGINAL ARTICLES

Sequential Preoperative lpsilateral Hepatic Vein Embolization After
Portal Vein Embolization to Induce Further Liver Regeneration in
Patients With Hepatobiliary Malignancy

Shin Hwang, MD,* Sung-Gyu Lee, MD,¥ Gi-Young Ko, MD, ¥ Bum-Soo Kim, MD,* Kyu-Bo Sung, MD,7
Myung-Hwan Kim, MD,} Sung-Koo Lee, MD,7 and Hea-Nam Hong, PhDS

Annals of Surgery * Volume 249, Number 4, April 2009

A Sequential right hepatic vein embolization two weeks after PVE.

The sequential application of PVE and HVE appears safe and effective in
facilitating contralateralal liver regeneration by inducing
more liver damage than PVE alone.




ORIGINAL ARTICLES

Sequential Preoperative lpsilateral Hepatic Vein Embolization After
Portal Vein Embolization to Induce Further Liver Regeneration in
Patients With Hepatobiliary Malignancy

Shin Hwang, MD,* Sung-Gyu Lee, MD, ¥ Gi-Young Ko, MD,¥ Bum-Soo Kim, MD,* Kyu-Bo Sung, MD,7
Myung-Hwan Kim, MD,7 Sung-Koo Lee, MD,} and Hea-Nam Hong, PhD$
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Hypertrophy induction

60-70%
Portalvein 2 Completetumor

occlusion 25.40% removal

Insufficient hypertrophy
Disease progression

NEVER UNDERGOSTAGE

Post -PVE

Elias D, et al Br J Surg 1999 .
Kokudo N, et al. Hepatology 2001
Mueller L, et al. Ann Surg Oncol 200¢

De Graaf W, et alAnn Surg Oncol 2009



- Portal vein ligation (PVL) / Portal vein embolization (PVE)

Patients PVE (n) Increase of liver Time intervall
Author Year
(n) PVL (n) volume (%) (d)
144 62 (0.3379) 34 (12¢ 385) | Seg. I/
Shindoh | 2013 144
31 53,4 29 Seg. I/
Capussotti| 2008 48
17 43,1 40 Seg. I/
18 35+ 38 49+ 3 Seq. I/l
Aussilhou | 2007 35
17 38+ 26 56+ 3 Seq. I/l
PVE normal
hepatic function 44+ 19
(n =13)
Farges 2002 27 49+ 13 Seg.dV
PVE hepatic
dysfunction  (n 35+ 28

= 14)
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ALPPS (In situ Splitting)

FEATURE

Right Portal Vein Ligation Combined With In Situ Splitting
Induces Rapid Left Lateral Liver Lobe Hypertrophy Enabling
2-Staged Extended Right Hepatic Resection in Small-for-Size
Settings
Andreas A. Schnitzbauer, MD.* Sven 4. Lang, MD.,* Holeer Goessmanrn, MD, T Silvio Nadalin, MDD, §
Jarnine Bawumgoart, MD, || Stefan A. Farkas, MD.,* Stefan Fichtner-Feigl, MD.* Thomas Lorf. MDD, 9%

Armin Goralevic, MDY Riidiger Hérbelr, MD.# Alexander Kroemer. MDD, * Martin Loss, MDD, * Perra Riimmele, MDD, T

Marcus N. Scherer, M. * Winfried Padberg, MID.#H Alfied Konigsrainer, M1, § Hawuke Larng, MDD, ||
Aiman Obed, MDY and Hans J Schlilire, MID*

SchnitzbauerSchlittet al. AnnSurg 2012

A German multicentric experience

A 25 patients with insufficient FLR —
, {/i f }
¥ 4 ‘1"7’)“’\ % '
A FLR hypertrophy: 74% in 9 days 0
A RO resection: 100% \ w7 \




- ALPP& case report -

w August 2009: 3¥earold woman with ICC
A Body weight: 83 kg

w Bilirubin 7 mg/diA no cholangitis

w PMinfiltration?

R i /""‘ AARAL Y A
—————e— InrenrMediia Mo

Volume Segq. I/l
LR/BW=0.48

400ml




- Case Report-

Operative procedure Step I: vi

In-situ-Split with
completeright portal vein dissection '

(division of all branches Seg.-Wll and I)

w complete mobilizationof right liver lobedivision of all minor hepatic veins;

w complete parenchymal transsectioalong the Lig. Falciforme;
herebydivision of the MHV

w Division of the left bile ductand
reconstruction with ¥Roux
Hepaticojejunostomy

) PR 0 Y o Y Y R Pl Y O |

w Preserving the right liver lobe in situ
(A. hep. dextra, V. hepatica dextra +
Ductus hep. dexter (resp. Ductus
choledochus)




- ALPP& case report -

Volume Seg. I/l

700m|

Hypertrophy of 75%
within 7 days




- ALPP& case report -

Patient had intrahepatic recurrence
2 years after ALPPS treated with repeater
hepatectomy ;

the patient is alive now 80 months after

ALPPS without recurrence



ALPPS (In situ Splitting)

FEATURE

Right Portal Vein Ligation Combined With In Situ Splitting
Induces Rapid Left Lateral Liver Lobe Hypertrophy Enabling
2-Staged Extended Right Hepatic Resection in Small-for-Size
Settings
Andreas A. Schritzbauer, MD.,* Sven A. Lang, MD.* Holoer Goessmarnrn, MD,T Silvio Nadalin, M, §
Jarnine Bawumgoart, MD, || Stefan A. Farkas, MD.,* Stefan Fichtner-Feigl, MD.* Thomas Lorf. MDD, 9%

Armin Goralevic, MDY Riidiger Hérbelr, MD.# Alexander Kroemer. MDD, * Martin Loss, MDD, * Perra Riimmele, MDD, T

Marcus N. Scherer, M. * Winfried Padberg, MID.#H Alfied Konigsrainer, M1, § Hawuke Larng, MDD, ||
Ainmran Obed, MDD, 9 and Hans J. Schlite, M+

SchnitzbauerSchlittet al. AnnSurg 2012

A German multicentric experience
A 25 patients with insufficient FLR Liver partition+ PVL

A FLR hypertrophy: 74% in 9 days
A RO resection: 100%
A Morbidity: 64%

A Mortality: 12%.




ALPPS offers a better chance of complete resections in patients with primarily
unresectable liver tumors compared with conventionataged hepatectomies

Swiss HPB Center,
Zurich

2ls HOSPITAL ITALIANO

1 0 de Buenos Aires

170 hepatectomies in 2 stages
2002-2012were screenedat
4 international centers

UNIVERSITATSmedizin.

Division of HPB Surgery,
NANZ London, ON, Canada

\ 4

131 entered

into database

v

39 patients were excluded:
7 benign tumors

14 simultaneous placement
of arterial perfusion pump
13 no imaging forvolumetry
4 majorextrahepatic surgery
1 lostto follow up within the
first 3 months

83 PVE/PVL 48 ALPPS
51 PVE 32PVL
v v v
33 (65%) 21 (66%) 48 (100%)
stage2 stage 2 stage 2

Schadde et al., World J Surg 201



ALPPS offers a better chance of complete resections in patients with primarily
unresectable liver tumors compared with conventionataged hepatectomies
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ALPPS i after failed PVE -

FLR volume (ml)

700
600

£
o O
o o

300
200
100

In up to 9% of patients who undergo PVE, sufficient

hypertrophy is not achieved.
Wicherts DA, et al. Br J Surg. 2010

- 415-92%FLR hypertrophy
- PVE when using ALPPS after
N — a failed PVE
e

ISLT

Time after PVE and ISLT (days)

Knoefel et al, Brit J Surg 2013



ALPPS for CRLM:
effective hypertrophy but early tumor recurrence?

n = 6 (83%) recurrence after a median time of

8 months (range 8 13 months)
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Oldhafer et al., World J Surg 201-



Early Survival and Safety of ALPPS
First Report of the International ALPPS Registry

A Total ALPPS n = 202 ALPPS for CRLM n =140
[ right hepatectomy 106 (52%) f?
right trisect. +/- Seg | 86 (42%)
other 10 (5%)
- 90-day-mortality rates for CRLM 11/141 (8%) ‘
1.0 p =0.093
e
g‘z::l” 98 45 14 11

enele. W 18 2 0 Schadde et al., Ann Surg 20:



Two-stage hepatectomy for multiple bilobar CLM

CRLM: total 753 TSH (intended) 80/753 (10.6%)
TSH (completed) 61/80 (76%): mortality : 0%

Completed TSH

—————  Failad after first-stage hopatactomy
Failad after PWVE

Reasons for failure to
proceed to step 2:

tumor progession: 11 .

Insuff. hypertrophy: 5 2ot

left PV thrombosis: 1 oA
Injury of left PV by RFA 1 T T T T e
Cardiac failure 1

Narita et al., Br J Surg 201:



Two-stage hepatectomy for multiple bilobar CLM

time between step 1 and PVE: median 25 (4-289) days
time between PVE and step 2] median 62 (34-228) days

—_— Completed TSH
—————  Failod after first-stage hepatectomy
Failed after PWE

Risk factors for not achieving
step 2:
Multivariate L 1
3 or more CRLMin FLR at 1 step ) Lt T
age > 70 years S [ S T

Narita et al., Br J Surg 201



Original article

Portal vein embolization and its effect on tumour progression
for colorectal cancer liver metastases

E. Simoneau!, M. Hassanain?*, M. Shaheen!, M. Aljiffry®, N. Molla?, P. Chaudhury'?, S. Anil*,
A. Khashper?®, D. Valenti® and P. Metrakos!

n =141 PVE in CRLM n = 93 (66%) had tumor progression after PVE
n =17 (12%) had new tumor in FLR

resectability rate

100 — .
survival
O Unresactable
a0 L O Resectabla
£
LA Resected, stable
E ————— Unrasacted, stable
b= ._-: Resocted, progrossion
. = Unrasacted, progression
g 40r :
=
&
%
20 |- 46%
75%
1 L L
| | 0 12 24 26

Disease prograssion Stable disease Time after diagnosis of CHCLM (months)

P =0.001



Portal vein embolization and its effect on tumour progression
for colorectal cancer liver metastases

E. Simoneau!, M. Hassanain?*, M. Shaheen!, M. Aljiffry®, N. Molla?, P. Chaudhury'?, S. Anil*,
A. Khashper?, D. Valenti® and P. Metrakos!

100 ——— PVE, stable 20 months
FVE, progrossion 6 months
- T T Controls — no PVE
14 months
€ €
2 s E s
= £ ™
= o e
[13] W = "I- r———
25 | 25 |- -’
L L L L L L
] 12 24 38 0 12 24 35
Timea after diagnosis of CRCLM (months) Time aftar resection {months)
Mo. at risk Mo. at risk
PVE, stable 3B 26 18 12 PVE, stabla 36 10 L 4
PVE, progression 43 35 29 20 PVE, progression 43 11 6 G
Mo PVE &0 BB 45 3 Mo PVE (1) a3 20 12

d Owerall survival b Disease-free survival



Early Survival and Safety of ALPPS
First Report of the International ALPPS Registry

A Total ALPPS n = 202 ALPPS for CRLM n =140

- 90-day-mortality rates for CRLM 11/141 (8%)
Risk factors for M and M Schadde et al., Ann Surg 20:
A Operating time stage 1 327 min (+/- 119 min)

Associatimg Liver Partition
and Portal vein Ligation
for Staged Hepatectomiy
CALPPS): What Is Gained

and What Is Lost? Ann Surg 2012

T hormeas . Alodi=a, WID
Jean-Nicolas Wauthew, WIDD

Aé.the tumor is physically mag
one week in an envirement of inflammation and enriched
with growth factorsé




Changing the paradigm in ALPPS

The current paradigm

7-10 days, enough
volume increase = ‘ep

- Less aggressive surgical
procedure
- Goal: tumor resection

- More aggressive surgical procedure
- Complete parenchymal transection
- FLR clean-up

- Lymphadenectomy

- Simultaneous procedures

- Goal: FLR volume increase



Changing the paradigm in ALPPS

The future paradigm!
Mini ALPPS

Patient in good
condition, normal LF

P ;
J. increase

Less aggresive as possible surgical

procedure

Partial parenchymal transection _ _
FLR clean-up - More aggressive surgical
Simultaneous procedure only in CR procedure

- Other simultaneous
procedures (HJ,
limphadenectomy etc)

- Goal: tumor resection

Goal: FLR function increase



I nverting the ALPPS paradigm by minimizing first stage impact:

the Mini-ALPPS technique
Langenbecks Arch Surg 2016

Eduardo de Santibafies"? &Fernando A. Alvarez? &Victoria Ardiles’ &Juan Pekolj ' &
Martin de Santibafies’

) o~

e SR




| nverting the AL PPS paradigm by minimizing first stage impact:
the Mini-AL PPS technique

Eduardo de Santibafies'” &Fernando A. Alvarez? &Victoria Ardiles! &Juan Pekolj ' &
Martin de Santibaies’ : Langenbecks Arch Surg 2016




Monosegment ALPPS hepatectomy:
Extending resectability by rapid
hypertrophy

Patient 5 Patient 4 Patient 3 Patient 2 Patient 1

Patient 6

An=12
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Segment 6 + 1 ALPPS

A hypertrophy rate: 160 (93-250)%

A 90-day-mortality:

Schadde et al.,

0%age
1 Year SR 80%
1 Year DFS 50%

Surgery 2015;157:6689



Associating liver partition and portal vein ligation for (!)emm.k
staged hepatectomy in patients with colorectal liver
metastases — Intermediate oncological results

B. Bjornsson bk B Sparrelid °, B. Regsok “, E. Pomianowska “,
K. Hasselgren “", T. Gasslander ", B.A. Bjgrnbeth “, B. Isaksson “,
P. Sandstrom *"

Bjornsson et al., EJSO 2016

A ALPPSin CRLM 23 |
A after failed PVE 10 fol
A Solitary metastase 4 f? .
(size:6-12cm) E o

Time (months)

0OS: 2 year: 59%

A 90-day-mortality 1 (4%)
DFS: 1 year 27%

median 6.4 months



Comparison Twestage hepatectomyALPPS

Bjornsson et al., EJSO 2016 Narita, BJ Surg 201

1,0
L 0S8
‘ MPFS
—+— OS-censored
0,8 Tl —PFS5-cens
| PG

—_— Completed TSH

—— === Failad after first-stage hopatactomy
Failed after PWVE

o~ 0‘4 | B
1
0,2 L
20 |- =
0,0
- - : - 1 1 1 1 1
00 12,00 24,00 36,00 1] 1 2 3 4 5

OS: 2 year: 59%

OS: 3 year: 59%
DFS: 1 year 27% DFS; 1 year 45%

median 6.4 months median 9.4 months



Liver resection AVTC Unimedizin Mainz

20082015: n=1495
ALPPS: n=15 ~ 1%

250
200
m HCC
150 u CRLM
100
50
0




Liver resection in CRLK]
Mainz data

120

100

80

60

20 -

01.01.200&; 31.12.2015

CRLM

57

2008

2010

2011 2012 2013 2014

Total: n = 553

107

2015

Uberleben (Jahre)

60-day mortality: 0.7%



where PVE and ALPPS domot work

| when tumor is crossing the border betweelr
segment ll/Ill and IV and Pxéconstruction

IS required



where PVE and ALPPS domot work

LOOMINIA

o5 T Y O st O S b O A | I O O |

Remnant volume = parts of Seg II/III
27% TLV

e I O O et I e (Y Y S o I O ] |
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where PVE and ALPPS domot work

Operation (18.01.2011):

w right trisectionectomy
(Seq. I, IWIII, partial Il and I11)

w portal vein resectionE/E-anastomoses

Patient died of recurrent disease

33 months after resection




when ALPPS probably does not work




when ALPPS probably does not work
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when ALPPS probably does not work




when ALPPS probably does not work

PVE postop. day 8




Intended ALPP§& Intraoperative change of strategy

Awoman with synchronous CRLM

APrimary in the middle of rectum, nesbstructing



FoV:385 mm 21.11.2014
11:25:44
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Serie 8
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_Intended ALPPE intraoperative change of strategy

Awoman with synchronous CRLM

APrimary in the middle of rectum, nesbstructing

Neoadjuvant Chemotherapy Folfiri
+ Targeted therapy (18 months)



FoV:411 mm

W:300/L: 40
Serie 9

Bild: 4
SD5Smm
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Abdomen 5.0 B30f

05.10.2015
09:17:21
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FoV:326 mm 17.11.2015
09:59:20
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Intended ALPP§& Iintraoperative change of strateg

Apostop. course uneventful
ARadiotherapy of primary tumor

AResection of primary tumor 4 months after ALP

CT 1 Scan 6 months after liver
operation: no recurrence



Liver resection in CRLK]
Mainz data

ALPPS: n=6/553  ~1%

CRLM
120
107
100 95
80 71
57 57
46
40
20
0 T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015



Volume Seg. II/lII - 398m|

| Volume Seg. I/l

4

896ml

¥

Volume Increase of
125%
within 6 days




