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STATE LAW: 

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must include a cultural 

diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a physician and surgeon must contain 

curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care component. 

The following CLC & IB components will be addressed in this presentation: 

▪ XXX

▪ XXXX

Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


Untreated
<1% Alive 5 yrs

Chemo + Sx
>60% Alive 5 yr

Colon & Rectal Cancer

153, 000 New Cases

20-30%

Synchronous Liver Mets

70- 80%

No Liver Mets

25%

Liver Mets

Colorectal Liver Metastases
Natural History   



Incidence: Cancer Statistics

# 3

CRLM ≈50%
71, 405

Colon & Rectal Cancer

152, 810 New Cases

Cancer statistics, 2024

CA A Cancer J Clinicians, Volume: 74, Issue: 1, Pages: 12-49,17 Jan 2024 
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Colorectal Liver Metastases

Types of Colorectal Liver Metastases

RESECTABLE≤ 20% BORDERLINE RESECTABLE= 30-50% UNRESECTABLE= 30-50%



CT Scan is always Good- BUT Nothing like a great MRI with EOVIST

PET is meaningless for Anatomic Imaging- Great for Extrahepatic Disease

Cancers. 2023 Oct 23;15(20):5109. Attiyeh MA…...Singh G.



7m

Hepatic Veins- 3D



Anatomical Challenges

No Bloodless plane exists

It’s deceptive surface anatomy leads into rather than 
away from the its largest vessels

Complex inflow and outflow tracts cross at right angles

 Metabolic- Post Chemo
Histologic Simplicity belies its Metabolic Complexity

It has been one of the last organs to yield to the rapid 
surgical advances made in the 19th century

Challenges of Liver Surgery



Prometheus had stolen fire from Zeus and given it to the mortals in their dark caves.

He had Hepheistos shackle Prometheus to the side of a crag, high in the Caucasus mountains. 

Each day, Prometheus would be tormented by Zeus’ eagle as it tore at his immortal flesh and tried to devour his liver. Each night, 

as the frost bit it’s way into his sleep, the torn flesh would mend so the eagle could begin anew at the first touch of Dawn.

Greek Mythology- Prometheus

Regeneration of the Liver



With A Little Help From My Friends

Unresectable → Resectable

Radiation Oncologist

Medical Oncologist

Regenerative Potential 

Interventional Radiologist



Management Modalities for Colorectal Liver Metastases

Surgery

Local Regional Systemic

HAIP

IRE- Nanoknife 

Cryotherapy
Ethanol Injection
Gene Therapy

Transplant

Chemo

What to use and when?



Systemic Chemotherapy

Schoellhammer HF, Singh G, Leong L. J Natl Compr Canc Netw. 2013 Sep;11 Suppl 4:S3-8. PMID:24158969

Strategy : Inducing Shrinkage

HAIP: Hepatic Artery Infusion Pump

TACE: Transarterial Chemoembolization

TARE: Transarterial Radioembolization Y90- SirFlox

Designing Liver Resections

https://www.ncbi.nlm.nih.gov/pubmed/24158969


Cannot Disrupt the Artery!!

Disrupt the Inflow

Disrupt the Outflow

Designing Liver Resections: Creative Strategies of Inflow and Outflow disruption 

Portal Vn Embolization

Hepatic Vn Embolization

18-27% Increase8-13% Increase



X
X
X
X

Cannot Disrupt the Artery!!

Disrupt the Inflow

Disrupt the Liver

Designing Liver Resections: Inflow disruption and Liver disruption → ALPPS

40%-80% within 6-9 days  ALPPS- Hypertropy of FLR

ALPPS- Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy
 



ALPPS- Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy
 

9 Days Later

40%-80% within 6-9 days  ALPPS- Hypertropy of FLR
8%-27% within 2-60 days  PVL/PVE- Hypertropy of FLR

Operative morbidity 16%-64% 
Mortality  12%-23% down to 5% now

Strategy 5: ALPPS- Compensatory Hypertrophy

X

Ann Surg, 272 (2020), pp. 793-800

LVD supplant the role of ALPPS going forward.
Metanalysis showed no difference between 
LVD and ALPPS in the hypertrophy of the FLR 
but significantly reduced morbidity and 
mortality with LVD.
Hepatobiliary Pancreat Dis. Int. 2023, 22, 221–227. 



Dec 13th, 2006

Increasing the size of the future liver remnant



Dec 13th, 2006

Case for PVE- CRLM



May 5th, 2009

Excellent Response to Chemo →PVE



?

PLAN
  Right Hepatectomy
  Wedge Segments 2, 3, 4
  Estimated Volume to be resected: 78-80%. FLR- 20-22%

Future liver remnant = 20-22% hence → PVE



Case for PVE- CRLM
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Case for PVE- CRLM



Staged Hepatectomies- CRLM 
Mar 5th 2010LG



Jan 11th 2011LG
Stage 1: Left Hepatectomy + Right Wedges



May 5th 2011
Stage 2: Hepatectomy- Seg VI Resection

LG



Feb 12th 2015Liver Metastases- CRLM LG

Approx: 4.5 year



MD Anderson: J Clin Oncol. 2011;29:1083–1090

Bilateral Colorectal Liver Mets



Research: Portahepatic Shunting

S Steen, C Conway H Kargozaran, S Gagandeep. Development of a Clinically Relevant Canine Model for 90% Extended Hepatectomy. ILAR J 52(4). 2012

Pushing the limits- 90% Liver Resection

Strategy 6: Portahepatic Shunt



S Steen, WC Conway, H Kargozaran, S Gagandeep. 90% Extended Hepatectomy with Portahepatic Shunt in a Canine Model- A Feasibility Study. ILAR J 52(4). 2012

Pushing the limits- 90% Liver Resection

Strategy 6: Portahepatic Shunt



RAPID- Resection and Partial Liver Transplant (Seg 2 & 3) with Delayed Total Hepatectomy

Strategy 7: Partial Liver Transplant

RAPID concept: Ann Surg, 262 (2015), pp. e5-e9

Transplant a small auxiliary left lateral liver graft (segment 2+3) and ligation of the right portal vein, followed by hepatectomy of the native liver at a second stage after sufficient regeneration of the graft

https://www.sciencedirect.com/topics/medicine-and-dentistry/ligation
https://www.sciencedirect.com/topics/medicine-and-dentistry/stage-2


Liver Metastases- CRLM- Our Evolving Concept
Feb 21st 20121003-1383Strategy 8: One stage resection + IRE



Feb 21st 2012SSLiver Metastases- Can we make it all 1 Stage Surgery?



A changing landscape:
Improving survival in pts with mCRC

0 6 12 18 24

Median OS (mo)

~4-6 mo

12-14 mo

~ 15-16 mo

20.3 mo

19-20 mo

5-FU/LV

FOLFOX4 or CAPOX

IFL + bevacizumab

IFL or FOLFIRI

21.5 moFOLFOX6*

FOLFOX4/bevacizumab 26 mo

BSC

FOLFOXIRI, Erbitux, Cetuximab, Regorafenib etc. etc.



Apr 13th 2012Liver Metastases- Can we make it all 1 Stage Surgery? 1003-1383



CRLM- Resection + Nanoknife→Making it all 1 Stage Surgery
June 28th 2012SS

A B

C

Surgery : discharged POD 8

Right Hemicolectomy
A: Right Posterior Sectionectomy (Seg  6 & 7)
B: Wedge Resection of Seg 4B/ 5 lesion…..sitting right on the portal vein.
So basically enucleated…..no attempt at getting margins
C: Wedge Resection of lesions in Seg 2 and 4A. 
No attempt at getting margins….as this was sitting on the bifurcation of the left 

hepatic vein. Bed Nanoknifed (Irreversible Electroporation). Grossly all 
tumor removed.



Mar 19th 2019SS
Excellent Liver Hypertrophy- Following 1 Stage Surgery

Schoellhammer HF,…., Gagandeep S. BMC Cancer 2015, 15:271. 



10/22/12

02/22/13

Oligometastatic CRLM- Work with your oncologist till you get the desired response?



The Lancet

Volume 361, Issue 9355 , 1 February 2003, Pages 358-359

Results showed no evidence of an advantage in progression-free survival or overall survival for the IHA group;

Thus continued use of this regimen cannot be recommended outside of a clinical trial 

HAI = Systemic Chemo (1994-2001)

Hepatic Artery Infusion

http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=4886&_auth=y&_acct=C000051901&_version=1&_urlVersion=0&_userid=1181656&md5=2ff1c0d97ec06abd1671fc48a052be67
http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=


Ann Surg. 1999 Sep; 230(3): 309.

1 Point for Each: Node-positive primary; DFI <12m; >1 tumor; Size > 5cm; CEA >200

Clinical Risk Score for CRLM

5

Score= 0

Survival after Hepatic Resection

# of Liver Mets

2/3

p=0.004

1

>4

4

3

2

1

P<0.0001

Survival after Hepatic Resection

Clinical Risk Score

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1420876/


 Better response rate for multiple colorectal liver mets

HAI

HAr→ Tumors >2-3 mm

PVn → Hepatic Parenchyma

FUDR → 95-99% Extraction- 1st pass

Tumor Exposure → 400X Vs Systemic

Biliary Sclerosis Rate= 4-8%

Strategy 9: Hepatic Artery Infusion Pumps

Designing Liver Resections



Resectable or Unresectable?



Resection + HAI Pump



Post Resection: Multiple partial resections (8 tumors)



J Clin Oncol 27:3465-3471, 2009

47% of all patients: Completely resected

57% of all treatment naive: Completely Resected

Conversion to Resectability → HAIP FUDR + systemic oxali + irinotecan

Multicenter Trial Optiliv. Ann. Oncol. 2016, 27, 267–274

HAI + FOLFIRINOX+ Cetuximab → 40.6 % RR → 29.7% Resectable

HAI +FOLFIRINOX >> HAI + OXALI
35.6 % Vs 16.7%



J Clin Oncol 35:1938-1944, 2017

All patients underwent a curative-intent resection of colorectal liver metastases. Patients who did not receive modern systemic chemotherapy were excluded. 
The median overall survival was 67 months with hepatic arterial infusion pump chemotherapy (HAI) and 47 months without HAI (P < .001).

1992-2012: n= 1442

Chemo + HAI

Chemo Alone

OS- 10 yr

38%

23%

CRLM- Perioperative Chemo + HAI



Survival data available for 344 patients (98.6%)

Hepatic Artery Infusion- California Cancer  Registry

Liver Resection Synchronous with Hepatic Arterial Infusion Pump (HAIP) for Colorectal Cancer Liver Metastases: Results alone or with Liver Resection.
I. Konstantinidis.…….G. Singh. Regional Cancer Therapies Meeting.2/2017.



LESSONS LEARNT- HAIP Pump in the Adjuvant setting

RFS

OS



LESSONS LEARNT- Impact of Tumor Laterality & HAIP Pump

Left >> Right
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B/L Liver Mets  >30: Smaller on Chemo at 3 months- Pump only no resection



10/27/2310/27/23

Distinct Entity of Liver Dominant Dz
9 years later
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Distinct Entity of Liver Dominant Dz
9 years later



Laparoscopic Liver Resections



Laparoscopic Right Hepatectomy



Resection Plans for Laparoscopic Resections



Meet the Parents
Mr. & Mrs. Robot

da Vinci Xi

da Vinci 5

Is much BETTER- but must be used judiciously



Clear Advantage over Laparoscopic

Perfect Cases for the Robot

More parenchymal saving surgery



Split Leg if Supine

Port Sites for Liver Resection



Is Robotics/ MIS the future of Surgery?

YES

Are we there today?

Getting there

Does that mean we stop trying?

NO

S u m m a r y - M i n i m a l l y  I n v a s i ve  L i ve r  R e s e c t i o n s



World J Gastroenterol. 2022 Jan 7; 28(1): 108–122.

Liquid Biopsy

EVERYTHING IS GOING TO CHANGE

Artificial Intelligence

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8793013/


   Future Liver Remnant of 20% (30%)

   Adequate Inflow and Outflow

   At least 2 Contiguous Segments

   Capability of Resecting all visible Dz

   MWA/ IRE/ RFA/ Nanoknife is an Adjunct or Compliment

   Ablation/ SBRT for <3 cm masses acceptable

Summary: Resection the Gold Standard

What is Removed BUT   What is Left Behind

Paradigm Shift

Question is no longer ‘WHO IS RESECTABLE’ but rather ‘WHO IS NOT RESECTABLE’

MRI IS A MUST

ONLY absolute CONTRAINDICATION to surgery for CRLM is the presence of NON-TREATABLE DISEASE ELSEWHERE 



Survival benefit of adjuvant chemotherapy based on molecular residual disease detection 

in resected colorectal liver metastases: CIRCULATE-Japan GALAXY

Annals of Oncology, 2024

MRD Negative- Recur in Lungs

MRD Positive- Recur in the Liver



Summary: Key SURGICAL  Techniques in CRLM



Summary: Key Surgical Adjuncts with Local & Systemic Options
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