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| 1. Introduction

Colorectal cancer (CRC) is the third most common cancer type, only behind breast cancer and lung cancer in females and
prostate cancer and lung cancer in males. CRC is also a leading cause of cancer-related deaths globally. The liver is of
anatomical and physiological importance in regard to the natural course of CRC. The liver and lung are the commonest
sites for CRC metastasis to occur. The liver's predominant blood supply arises from the confluence of the Gl tract
supplying blood vessels via the hepatic portal vein; this circulation aids the transference of the colorectal cancer cells to
the hepatic parenchyma, migrating and forming colorectal metastases in the liver. The overall prognosis and survival of
patients with CRLM are poor, and most patients initially are unable to undergo surgery.

The management of colorectal metastases of the liver varies on CRC disease burden, patient suitability, clinical
correlation and appropriateness of treatments decided by cancer multidisciplinary team (MDT). Conventional treatment
methods of CRRLM include hepatic resection with or without chemo-radiotherapy (neoadjuvant or adjuvant) and other
conservative management. The development of novel and effective biotherapies in conjunction with chemotherapies for
colorectal metastases have changed the natural course of CRC by enhancing the host's own immunological anti-tumour
responses against CRC and already shown to have a good potential and improve the prognosis of the disease. Treatment
strategies utilizing and evaluating the benefit of the use of biotherapies in CRLM of the liver remain unclear.

| 2. Biology of the Metastatic Colorectal Cancer

Colorectal adenocarcinoma forms the largest disease type for CRCs. These adenocarcinomas derive from sequential
changes involving mutations and key oncogenes and the loss of suppressor genes driving changes of adenomas into
adenocarcinomas . These mutational changes include KRAS and inactivation of tumour suppressor gene p53, which
drive the pathogenesis of adenocarcinoma from adenomas €. The adenoma-adenocarcinoma sequence highlights
significant avenues for targeted biological therapeutics. KRAS primarily belongs to the family of GTPases. Upon
activation, KRAS induces the mitogen-activated protein kinase (MAPK) cascades and facilitates the transmission of
signals from the cell membrane to the nucleus; the RAS gene, through downstream signalling, activates RAF proteins
(including ARAF, BRAF, and RAF-1) (3141,

The signalling pathway of the RAS-RAF-MEK-MAPK cascade regulates gene transcription controlling cancer cell
proliferation, survival, migration and angiogenesis, abetting the progression of colorectal cancer (CRC) and promotes
metastasis. Therefore, direct inhibition of MEK binding and effector function, consequently, may uncover a promising
targeted therapeutic strategy for CRCs. There are several targeted inhibitors that are currently under evaluation in clinical
trials showing initial clinical activity in a variety of tumours, including mCRC MBIl Specific markers that targeted
therapies are aimed against include: Epidermal Growth Factor Receptor (EGFR), BRAF and tyrosine kinases, amongst
others.

Resistance to molecular biological targeted therapies can be detected in the early and advanced stages of the disease,
and this can occur in an estimated prevalence of up to 45% in patients with CRLM. Studies have shown that such
mutations are independently associated with worse survival and poor overall outcomes !,

The use of biological therapies in combination with chemotherapy is an essential option towards “conversional” strategies
that aim to transform initially unresectable CRLM to resectable CRLM, and thereby has evidently increased the proportion



of patients eligible for hepatic resection. Along with the advancements in the amalgamation of perioperative and surgical
management, the use of effective chemotherapies, targeted biological therapies and novel methods of delivering these
targeted therapies locally (e.g., hepatic intra-arterial chemotherapy, RFA, stereotactic radiotherapy) [, as we strive to
decrease perioperative morbidity and mortality, increase long-term survival by increasing the number of patients who are
able to undergo complete hepatic resections (Figure 1).

i
-

iy ORLM, Coloreral Lver Motaitases

< Less than; &, Geeater than or cgual to,
Figure 1. Pathway of managing resectable and unresectable colorectal liver metastases.

Chemotherapy is a chemically constituted anticancer therapy that acts by reducing the tumour burden and facilitates the
destruction of rapidly growing cancer cells in the body. In colorectal cancer, the most used are shown in Table 1.

Table 1. Combined Chemotherapy Regimens.

Names of Combined Chemotherapy Regimens Components of Combined Chemotherapy
FOLFOX Folinic Acid, Fluorouracil and Oxaliplatin.
FOLFORI 5-Fluorouracil and High-Dose Leucovorin
FOLFIRI Folinic Acid, Fluorouracil and Irinotecan
FOLFOXIRI Folinic Acid, Fluorouracil and Oxaliplatin.
CAPOX or XELOX Oxaliplatin and Capecitabine

With regards to targeted therapies used in the treatment of colorectal cancer and their metastases, the main forms of this
type of therapy are Tyrosine Kinase Inhibitors, BRAF (proto-oncogene B-Raf or v-Raf murine sarcoma viral oncogene
homolog B) inhibitors and epidermal growth factor receptor (EGFR) inhibitors (Figure 2).
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Figure 2. Molecular Targets for mCRC in the liver. c-MET: tyrosine-protein kinase Met receptor, HER 2: Human Epidermal
Growth Factor Receptor-2, EGFR: Epidermal growth factor receptor, VEGFR: Vascular Endothelial Growth Factor
Receptor PI3K: Phosphoinositide 3-kinase, RAS-RAF-MEK-ERK pathways also known MAPK/ERK pathway corresponds
to the Ras/Raf/Mitogen-activated protein kinase/ERK kinase (MEK)/extracellular-signal-regulated kinase (ERK) cascade
couples signals from cell surface receptors to transcription factors, regulating gene expression and mCRC: metastatic
colorectal cancer.

Tyrosine Kinase Inhibitors, also known as kinase inhibitors, located on cellular surfaces and intracellularly, are proteins
involved in cell to cell signalling and are key elements in cell function. Kinase inhibitors like Regorafenib block several
kinase proteins that assist the tumour cell growth and tumour blood vessel development, similar to anti-angiogenic
inhibitors (Table 2). Blocking these proteins can impair tumour growth and function. BRAF gene and its proteins play a
fundamental role in colorectal cancer (CRC). Some CRC cells produce abnormal BRAF proteins that promote tumour
growth, hence being an important therapeutic target. A limiting factor in using BRAF inhibitors is that BRAF inhibitors are
unlikely to work on patients with colorectal cancers that have normal BRAF genes. Epidermal growth factor receptor
(EGFR) is a protein-based receptor that also assists cancer cell growth. Primarily, EGFR inhibitors are used in patients
with advanced colon or rectal cancers.

Table 2. Types of anticancer therapies.

Types of Therapy Definition Examples of Type of Therapy

FOLFOX (also known as Oxaliplatin de
Gramont or OxMdG, which means modified
Oxaliplatin de Gramont) (Folinic acid,
fluorouracil and oxaliplatin)
FOLFORI (5-Fluorouracil and High-Dose
Leucovorin)

FOLFIRI (Folinic acid, fluorouracil and
irinotecan)

FOLFOXIRI (folinic acid, 5-fluorouracil,
oxaliplatin and irinotecan)
CAPOX (capecitabine plus oxaliplatin) or
XELOX (xeloda® = capecitabine plus
oxaliplatine)

Therapies that can be delivered intravenously or
orally. It can be given during the neoadjuvant,
adjuvant or palliative setting and can be given either
systemically or regionally.

“Classical”
Cytotoxic
Chemotherapies

Epidermal Growth Factor Receptor Inhibitor:
Cetuximab and Panitumumab

Therapies that target specific molecules, including
Targeted Therapies receptors, proteins, genes which impair the
development and propagation of tumour growth.

Tyrosine Kinase Inhibitor:
Regorafenib

BRAF Inhibitors:
Encorafenib

Therapies against which targets the protein (VEGF)
Anti-angiogenic that promotes vessel development and growth in
Therapies order to facilitate transportation of nutrients to the
tumour in order for tumour growth.

Bevacizumab
Ramucirumab
Ziv-aflibercept




Types of Therapy Definition Examples of Type of Therapy

Monoclonal Antibodies

Therapies that utilize and facilitate a patient’s own CAR T-Cell Therapy
Biotherapies immune system in recognizing and killing present Immune Checkpoint Inhibitors
cancer cells, e.g., immunotherapies. Cancer Vaccines

Immunomodulators

Biotherapies are a form of therapies encompassed under the umbrella term of immunotherapies in which these agents
utilize and enhance a patient’s own immune system to treat cancer.

| 3. Current Management of Liver Metastases from Colorectal Cancers
3.1. Initial Assessment

Patients with suspected CRC will have undergone several pre-operative evaluations, including have CT Thorax, Abdomen
and Pelvis with Contrast. Occasionally, these preliminary imaging modalities identify the presence of a potential primary
CRC and/or lesions that are detected within the liver (metachronous or synchronous) 1911 \we then opt for additional
imaging in the format of a contrast magnetic resonance imaging (MRI) of the Pelvis (in case of rectal cancers) and an MRI
of the Liver with contrast. MDT involving colorectal surgeons, HPB surgeons, radiologists and oncologists decide on the
most favourable management plan given the patient’'s pathology encompassing CRC resection, chemotherapy with or
without biological agents and hepatic resection. Resectable hepatic disease is considered for pre-operative chemotherapy
followed by resection or attempt for immediate curative resection (RO) if pathology meets resectability criteria 22: (i)
CRLM must be resectable with negative margins and allow for the preservation of at least two contiguous liver segments
with intact inflow, venous outflow and biliary drainage; (ii) the volume of this future liver remnant (FLR) depends on the
functionality (~30% of total liver volume for a normal liver, FLR > 30%, if liver fibrosis is present). The tumour number and
location and position are determined with imaging pre-operatively and intra-operatively as previously discussed, and for
deeper-seated lesions in the liver parenchyma and smaller than 2.cm in diameter, combined radiofrequency ablation
(RFA) is frequently used to minimize liver tissue loss and limits post-resection hepatic dysfunction.

Hepatic resection is considered the primary operation for mCRC if patients have a high tumour burden or with primary
tumours located in the rectum, which will require pre-operative chemo-radiotherapy 8124l Major hepatic resection is
defined as the resection of 3 or more hepatic segments associated with an increased mortality rate of ~15%. The use of
neoadjuvant chemotherapy in combination with targeted biotherapies has shown to increase resectability in complex
CRLM and unresectable CRLM prior to hepatic resection. In spite of the neoadjuvant therapies, there a credible risk
associated with chemotherapy-associated liver injury (CALI), which can impact patient suitability for hepatic resection 12!
(16 Hepatic changes such as sinusoidal obstruction, peri-portal inflammation, and steatohepatitis are associated with
neoadjuvant therapies, which can alter a patient’s overall outcome 12, Specifically, the direct use of oxaliplatin is linked to
the development of sinusoidal obstruction syndrome in up to 38% of patients, while steatosis and steatohepatitis
complicated 9.3% of patients receiving irinotecan. Patients with the following complications were more likely to suffer post-
operative complications (severe sinusoidal dilation (OR 1.73) or steatohepatitis (OR 2.08)) (121,

3.2. Perioperative Chemotherapy

The use of chemotherapy in patients with CRLM is usually reserved for patients with borderline resectable disease and
patients with unresectable disease (Figure 1). Chemotherapy aids in improving overall patient survival outcomes by
facilitating hepatic resections. Recommended guidelines suggest that using FOLFOX or CAPOX, essentially oxaliplatin-
based chemotherapy during the neoadjuvant period, is the ideal choice for patients with borderline resectable CRLMs,
while FOLFIRI or FOLFOXIRI are alternative options (Table 1) 8. During the period of delivery of chemotherapy, rigorous
interval imaging is required to elicit the timepoint at which the CRLM become clearly resectable from borderline resectable
and prepare for hepatic resection 1. Monitoring CRLM during the active treatment with chemotherapy with or without
other targeted therapies is extremely important as there is a genuine risk of in this group of patients developing
“disappearing CRLM”, which can complicate the treatment pathway of affected patients 29,

For unresectable disease, conversional chemotherapy with and without biological therapies is used to convert
unresectable disease into resectable disease 2422 |n standard systemic chemotherapy regimens with oxaliplatin +/—
irinotecan-based regimens in combination with 5-FU (FOLFOX, FOLFIRI and FOLFOXIRI), studies have shown that
chemotherapy has been able to facilitate resections in ~40% of initially unresectable patients 231241251 Neoadjuvant
chemotherapy in unresectable disease has demonstrated a reduction in the size of the liver metastases by ~50% in



tumour mass: this was seen in upwards of 60% of patients with unresectable CLM with complete resection in 40% of
these patients [L211261127],

A recent systematic review and meta-analysis reviewed the effectiveness of using neoadjuvant chemotherapy plus
molecular targeted therapy in unresectable CRLM [28, The study identified that using chemotherapy plus targeted
biological therapy for unresectable CRLM patients had an impact on the overall response rate (ORR). ORR is a measure
of the proportion of patients whose disease reduced (partial response—PR) and/or disappears (complete response—CR)
after treatment 221, The study highlighted that patients who received chemotherapy plus molecular targeted therapy had a
higher overall response rate when compared with patients using chemotherapy alone (68% vs. 43%), but evidence to
suggest improved overall survival (OS) remains inconclusive 28120,

The EPOC trial also evaluated the Progression-Free Survival (PFS) in patients with unresectable CRLM, which is an
important measure in treated metastatic disease. PFS is used as a primary endpoint in trials evaluating the treatment of
metastatic cancer. PFS is the length of time during and after the treatment (chemotherapy +/- targeted biological
therapies) of unresectable CRLM that a patient lives with stable or improved metastatic disease. PFS for unresectable
CRLM patients undertaking perioperative systemic chemotherapy plus EGFR-inhibitor (Cetuximab) vs. chemotherapy
indicated that this cohort of patients, who received specifically chemotherapy plus cetuximab, essentially experienced
worse PFS when compared with the chemotherapy control group (14.1 vs. 20.5 months in control) 222 The trial
concluded that cetuximab should not be given with perioperative chemotherapy regimens; however, the trial emphasized
the use of other groups of targeted biological therapies that showed improved PFS and OS. Further combinations of
systemic chemotherapeutics and targeted biotherapies were reviewed; Bevacizumab, a vascular endothelial growth factor
(VEGF) inhibitor, was combined with FOLFIRI (Folinic acid, fluorouracil and irinotecan) as joint neoadjuvant therapy and
yielded a response rate of 66.7% in resectable CRLMs; however, the survival outcomes and benefits are still to be
determined.

The PERIMAX trial evaluated the benefits and limitations of a highly active chemotherapy +/- targeted biological therapy
regimens in the perioperative and post-operative setting for resectable and unresectable CRC. Patients with resectable
liver metastases were randomized into perioperative treatment with FOLFOXIRI and bevacizumab or post-operative
FOLFOX, and patients with unresectable mCRC being randomized between FOLFOX and bevacizumab with or without
irinotecan. Analysis suggests that the use of cetuximab plus chemotherapy had no impact on overall survival compared
with chemotherapy alone for the unresectable CRLM group patients and in resectable CRLM patient cohort, cetuximab
use adversely affected OS (HR = 0.95 and 2.35, respectively) 22. Perioperative chemotherapy offers an opportunity to
reduce cancer recurrence post-resection in approximately 70% of patients after resection and drives complete eradication
of CRC, and thereby imparting a survival benefit 31321,

3.3. Synchronous Disease

The liver along with the lung are the most common sites of the metastases of colorectal cancer. Studies have shown
about 40-50% of CRC patients will develop liver metastases at a point during the course of CRC disease 2234, Apout
20% of patients often have established synchronous liver metastases when the diagnosis of primary colorectal cancer is
made. Synchronous liver metastases are associated with poor outcomes likely caused by poor tumour biology and
complex treatment plans 31331, Hepatic resection is a definitive treatment option to achieve long-term survival and overall
survival, as studies have shown that after primary and secondary resections. CRLM resection offered an overall median
survival of 3.6 years; 5- and 10-year survival ranged from 16% to 74% (median 38%) and 9% to 69% (median 26%),
respectively. Hepatic resections are divided into selective staged resection, delayed resection or simultaneous resections,
with a higher proportion of teams opting for selective staged resection of CRCs, as this is associated with fewer risks
accompanied with operating at two sites in simultaneous resection B8IE7, Risks associated with simultaneous resection
include intraperitoneal infection, anastomotic fistula and hepatic insufficiency, as well as associated higher mortality.
Hepatic resections are divided into three groups: (1) sequential resection (SeR), in which surgical teams are able to resect
colorectal cancer and liver metastases without delivering interval chemotherapy; (2) delayed resection (DeR) in which we
deliver interval chemotherapy between staged colonic cancer resection and hepatic resection of CRC metastases; and (3)
simultaneous resection (SiR), single-stage resection of primary colorectal cancer and liver metastases simultaneously.
SiR is performed in patients who fulfil certain criteria (1) the primary tumour was located in the right colon regardless of
the tumour disease burden of liver metastases; (2) the tumour disease burden was not heavy, and the tumour number
was less than two if the primary tumour was located in the left colon or rectum 28139,

A staged resection is an important option in managing patients with high tumour burden (tumour number greater than
three), rectal tumours requiring chemo-radiotherapy, and patients with significant co-morbidities who all are unlikely to



tolerate simultaneous resections 4941l DeR selects patients post-primary surgery with resectable liver metastases who
were treated with chemotherapy prior to the second resection operation and patients with unresectable liver metastases
who were treated with chemotherapy +/- targeted biological therapies and then further evaluated and discussed in MDT
after interval 1211421,

3.4. The Issue of Disappearing Liver Metastases

Pre-operative chemotherapy in patients with resectable CRLM can drive the phenomenon of “disappearing” CRLM (DLM)
in a quarter of resectable CRLM lesions 29, This phenomenon is identified using imaging. Despite the positive radiological
response, 80% of these lesions remain viable metastases “3l. The risk of DLM is a valid concern when commencing
resectable patients on chemotherapeutic agents. CRLMs, particularly in resectable patients, ideally will need to be
identified on pre-operative contrast-enhanced imaging, and initially, resection or ablative therapies should be considered
as initial treatment. However, the majority of these DLMs are still apparent and identifiable intraoperatively under direct
vision and use of intraoperative ultrasonography (I0US) imaging 4443 |n patients with high-risk lesions (e.g., deep
parenchymal lesions and smaller lesions), often, MDTs opt to limit the cycles of chemotherapeutics and proceed to
surgery first. In the event where we are unable to excise all the DLMs or other sites of metastatic disease, these patients
often rigorously followed up and managed upon macroscopic recurrence with a staged resection approach 48!,

3.5. Patients with Initially Resectable Disease

The use of chemotherapy in patients with initially resectable disease varies from one centre to another; there is still no
strict guidelines in the approach to integrating hepatic mCRC resection with systemic chemotherapeutics 4418 |f patients
have four or fewer mCRC resectable lesions with a primary colorectal tumour, then often centres opt for resection first
over chemotherapy, unless there is a predicted strong response against chemotherapy. Initial chemotherapeutic treatment
is reserved for patients with good exercise tolerance, few co-morbidities, multi-lobar tumour involvement and regional
lymph node involvement. These patients are then re-evaluated with interval imaging 6—8 weeks to assess response to the
chemotherapy and then re-discussed in MDT prior to surgical resection.

Beppu et al. demonstrated in the EPOC trial highlighted that the optimal neoadjuvant combination regime for patients with
initially resectable CRLM with RAS mutations as such FOLFOX, FOLFIRI and/or CAPOX with or without bevacizumab;
FOLFIRI with or without cetuximab or panitumumab; or FOLFOX with or without panitumumab or cetuximab (if RAS wild
type) 9. The consideration of using targeted biological agents in tumours that lack RAS/BRAF mutations in left-sided
CRC. Research has shown that the site of the primary tumour influences the effectiveness of anti-epidermal growth factor
receptor (EGFR) agents; we avoid the use of an anti-EGFR agent in right-sided primary tumours, even if RAS/BRAF wild
type (25139, Evidence from the EPOC trial highlights that in 272 patients with resectable hepatic metastases of KRAS wild-
type mCRC were given FOLFOX with or without cetuximab, pre-operatively and post-operatively for 12 weeks, and it is

clear that the addition of cetuximab was associated with significantly worse progression-free survival (PFS) (15.5 versus
22.2 months) [221511(52],
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