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Abstract

The liver is the most common anatomical site for hematogenous metastases of colorectal cancer, and colorectal liver metas-
tases is one of the most difficult and challenging points in the treatment of colorectal cancer. To improve the diagnosis and
comprehensive treatment in China, the Guidelines have been edited and revised several times since 2008, including the overall
evaluation, personalized treatment goals and comprehensive treatments, to prevent the occurrence of liver metastases, improve
the resection rate of liver metastases and survival. The revised Guideline includes the diagnosis and follow-up, prevention,
MDT effect, surgery and local ablative treatment, neoadjuvant and adjuvant therapy, and comprehensive treatment, and with
advanced experience, latest results, detailed content, and strong operability.
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The liver is the most common anatomical site for hematoge-
nous metastases of colorectal cancer, more than 50% of colo-
rectal patients develop liver metastases, and liver metastases
are the most common cause of death in colorectal patients
(Foster 1984). Therefore, liver metastases are among the
most challenging points in the treatment of colorectal cancer.
The median survival of untreated patients with colorectal
liver metastases is only 6.9 months, while median survival
of patients undergoing radical resection of liver metastases
(or with no evidence of disease, NED) is 35 months, with
5-year survival rate of 30-57% (de Jong et al. 2009). Thus,
a multidisciplinary team (MDT), utilizing comprehensive
evaluations, individually planned treatment goals and active
combined therapy, can reduce the risk of liver metastases
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and improve both the surgical resection rate and the 5-year
survival rate (Timmerman et al. 2009).

To improve both the accuracy of diagnosis and compre-
hensive treatment of colorectal liver metastases in China, the
work group develop guidelines for the diagnosis and com-
prehensive treatment of colorectal liver metastases. These
guidelines were updated in 2018.

Note 1: The recommendations for diagnosis, prevention,
surgery and other comprehensive treatments of colorectal
liver metastasis provided in this guideline can be imple-
mented by local hospitals in accordance with their actual
situations. The recommendation level and evidence-based
medicine classification presented in this paper is defined in
Supplementary appendix 1.

Note 2: These guidelines do not include technologies
and drugs that have not been approved for use in Mainland
China.

Diagnosis and follow-up of colorectal liver
metastases

Definitions of colorectal liver metastases

Based on the general international classification method,
synchronous liver metastases refer to liver metastases
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discovered at the time or before primary colorectal can-
cer is definitively diagnosed. Liver metastases that occur
after radical excision of the primary colorectal cancer are
called metachronous liver metastases (Adam et al. 2015). To
facilitate the formulation of diagnosis and treatment strate-
gies, the descriptions in these guidelines are based on two
parts: liver metastases discovered synchronously with the
diagnosis of primary colorectal cancer and liver metastases
discovered metachronously after radical excision of primary
colorectal cancer (Fig. 1).

Routine diagnosis of liver metastases
after a definitive diagnosis of colorectal cancer

For patients with a definitive diagnosis of colorectal can-
cer, serum carcinoembryonic antigen (CEA), and carbo-
hydrate antigen 19-9 (CA19-9) should be examined, and
evaluations of pathological staging and imaging, such as
liver B-ultrasound and enhanced computed tomography
(CT) scanning, should be routinely performed to detect
synchronous liver metastases. For patients with suspected
liver metastases, serum AFP, liver ultrasonography and liver
MRI examination should be performed (Coenegrachts et al.
2009). Enhanced MRI examinations using a liver cell-spe-
cific contrast agent are sometimes feasible when necessary.
However, positron emission tomography (PET)-CT is not
recommended as a routine examination, and it is to be used
only when necessary (Delbeke and Martin 2004).

Needle biopsies of liver metastases should be limited and
performed only when necessary (Jones et al. 2005).

During surgery for colorectal cancer, routine exploration
of the liver must be performed to further exclude the possi-
bility of liver metastases (Koshariya et al. 2007), and biopsy
is recommended for suspicious liver nodules found during
the operation.

clinical manifestation examinations

Monitoring of liver metastases following radical
excision of primary colorectal cancer

After curative resection of primary colorectal cancer,
patients should be followed intensively to detect the occur-
rence of liver metastases.

1. A review of the medical history, physical examination
and liver B-ultrasonography should be performed every
3—6 months for 2 years and then every 6 months for a
total of 5 years after the operation. After 5 years, they
should be performed once each year.

2. Serum tumor markers (including CEA and CA19-9)
should be examined every 3—6 months for 2 years and
then every 6 months for a total of 5 years after the opera-
tion. After 5 years, these examinations should be per-
formed once each year.

3. For patients with stage II or III cancers, an enhanced
CT scan of the chest/abdomen/pelvis has been sug-
gested each year for 3-5 years after the operation and
then every 1-2 years. For patients with suspected liver
metastases, MRI should be performed, while routine
PET-CT examination is not recommended.

4. The first colonoscopy should be performed in 1 year
after the operation. If abnormalities are detected, it
should be repeated in 1 year (Rex et al. 2006). A period
of 3 years is suitable for patients without detected abnor-
malities, which can be subsequently extended to every
5 years after the initial examination. If the patient’s
age of onset of colorectal cancer is less than 50 years,
the frequency of colonoscopy examinations should be
appropriately increased. Patients who present colonic
obstruction and thus do not undergo a full colonoscopy
should have their first colonoscopy in 3—6 months after
surgery (Rex et al. 2006).

result

suspected or definite
colorectal cancer

}_.

colonoscope, pathological assessment
enhanced chest/abdomen/pelvic CT,
hepatic B-ultrasonic, MRI if hepatic
metastasis can’t be confirmed by CT
complete blood count(CBC). blood
platelet  count . biochemical
examination

CEA. CA19-9. AFP

needle biopsy if supported by clinical
indications

PET-CT if necessary

MRI if hepatic metastasis is suspected
PET-CT is not routine

Fig. 1 Diagnosis of hepatic metastasis when colorectal cancer is diagnosed
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Follow-up for patients with NED of colorectal liver
metastases

Intensive follow-up visits should be scheduled for patients
with NED of colorectal liver metastases to determine
whether liver metastases have recurred.

1. Based on tumor marker levels before the operation, it is
suggested that tests for serum tumor markers, including
CEA and CA19-9, should be performed every 3 months
for 2 years and then every 6 months for a total of 5 years.
After 5 years, they should be performed once each year.

2. After surgery, enhanced CT of the chest/abdomen/pel-
vic cavity should be performed every 3—6 months for
2 years. It is suggested that MRI scans should be per-
formed to support major clinical decisions, and a liver
cell-specific contrast agent can be used for enhanced
MRI examination when necessary. These examinations
should then be performed every 6—12 months for a total
of 5 years and once each year thereafter. Routine PET-
CT examination is not recommended.

3. For additional follow-up, please refer to the guidelines
on radical excision of primary colorectal cancer.

Biomarker testing in colorectal liver metastases

All patients with colorectal liver metastases are recom-
mended to undergo RAS testing (at least KRAS exons 2, 3
and 4 and NRAS exons 2, 3 and 4), BRAF V600E mutation

status testing, and DNA mismatch repair (MMR) gene and
microsatellite instability (MS]) testing.

Primary colorectal tumors and their liver metastases are
mostly indistinguishable in terms of genetic status. Liquid
biopsy can be considered when tumor tissue is not available
for detection.

Prevention of colorectal liver metastases
Radical excision of primary colorectal cancer

Radical excision is the most effective treatment to cure pri-
mary colorectal cancer (Okuno 2007), and it is essential to
reduce the risk of metachronous liver metastases (Fig. 2).

Radical excision of the primary colon cancer should
perform complete mesocolic excision (CME), and radical
excision of rectal cancer should perform total mesorectal
excision (TME). Suspicious lymph nodes found during the
operation that have been identified beyond the extent should
be biopsied or removed.

Neoadjuvant treatment of colorectal cancer
without liver metastasis (or other distant
metastases)

Neoadjuvant therapy might eradicate subclinical metastatic
foci before the operation to reduce distant metastases after
radical excision (Chau et al. 2003).
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Fig.2 Prevention of hepatic metastasis of colorectal cancer
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1. Neoadjuvant therapy for middle and lower rectal cancer
(the inferior border of the tumor is less than 12 cm away
from the anal border).

Combined radiochemotherapy or radiotherapy is recom-
mended for patients with a primary rectal cancer of T3 or
above or any T stage with N(4), without complications of
hemorrhage, obstruction or perforation (Cervantes et al.
2008).

Liver and tumor regional arterial infusion therapy

Patients diagnosed with stage III cancers without symptoms
of hemorrhage, obstruction or perforation are recommended
to undergo neoadjuvant treatment using 5-FU (or its pre-
cursor) combined with oxaliplatin-infused via liver artery
and tumor regional artery, respectively. Radical excision is
performed 7-10 days after chemotherapy. At present, pre-
liminary results found this treatment plan may help prevent
liver metastases (Xu et al. 2007), and it can be monitored in
clinical research, and not recommended as a routine.

2. Neoadjuvant therapy for colon cancer.

There is no clear evidence that patients with colon cancer
benefit from neoadjuvant therapy. Liver and tumor regional
arterial infusion therapy will help reduce metachronous liver
metastases in patients with stage III colon cancer, while not
recommended as a routine.

Portal vein chemotherapy and intraperitoneal
chemotherapy for colorectal cancer patients
without metastasis

Encouraging data have shown that this treatment plan com-
bined with adjuvant chemotherapy can reduce the occur-
rence of liver metastases (Chang et al. 2016). This treatment
plan is not recommended as a routine.

Adjuvant treatment after radical excision
of colorectal cancer without metastasis

1. Stage III colon cancer patients should be treated with
adjuvant chemotherapy for 3—6 months after surgical
treatment. Optional treatment regimens include FOL-
FOX, CapeOX, 5-FU/LV or monotherapy with capecit-
abine (Andre et al. 2009).

Stage II patients with a high risk of disease recurrence
[T4; poor histo-differentiation (except in MSI-H colorec-
tal cancer); lymphatic invasion around the tumor; intes-
tinal obstruction; or T3 with local perforation or block-
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age, an uncertain or positive resection margin or fewer
than 12 lymph nodes biopsied] should be treated with
chemotherapy using the same treatment plan described
for stage III patients (Wolpin and Mayer 2008). Stage
II patients without high risk factors are recommended
to undergo clinical observation and follow-up visits or
monotherapy with fluorouracil (except in microsatellite
instability high (MSI-H) colorectal cancer).

2. Rectal cancer patients with T3 or above or any T stage
with N(+) who have not received radiotherapy and
chemotherapy before surgery are recommended to
undergo adjuvant radiotherapy or radiochemotherapy
after surgery. It is necessary for patients who have
received radiotherapy or combined radiochemotherapy
before surgery to receive adjuvant therapy.

Role of the MDT in the diagnosis
and treatment of colorectal liver metastases

As the most effective treatment mode for oncologic disease,
an MDT is recommended for patients with colorectal liver
metastases (Nordlinger et al. 2010). The MDT evaluates
patients according to their physical status, age, organ func-
tion and comorbidities, and provides the most reasonable
examination and the most appropriate comprehensive treat-
ment plans for different treatment goals.

1. For less fit patients who cannot tolerate intense treat-
ment, monotherapy (or combined with targeted therapy),
areduced dose of 5-FU/LV or optimal supportive care is
recommended to improve quality of life and prolong sur-
vival. If the patient’s general condition improves, intense
treatment can be provided.

2. For patients who can tolerate intense chemotherapy, dif-
ferent treatment goals and a personalized treatment plan
should be based on the specific conditions of the liver
metastases and the presence of extrahepatic metastases.

(a) The primary goal is clearly curative when RO
resection can be initially achieved for liver metas-
tases with favorable oncological behaviors or tech-
nical criteria. Corresponding neoadjuvant and/or
adjuvant therapy should be provided around surgi-
cal treatment to reduce the risk of recurrence after
surgery. Whether RO resection of liver metastases
can be achieved should be jointly determined by
experts in liver surgery, tumor surgery, and imag-
ing. If liver metastases can be removed by RO
resection but the surgery is technically difficult,
other means of partial destruction (radiofrequency
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ablation or/and stereotactic radiotherapy) should
be actively used to achieve NED.

(b) For patients with initially unresectable liver
metastases, conversion therapy is recommended to
render initially unresectable colorectal metastases
resectable and to achieve NED. Patients in gener-
ally good condition can tolerate local treatment,
including liver metastases surgery, and intense
treatment. The primary goal for these patients is to
minimize the size of the metastases or to increase
the volume of the residual liver, and the most
active comprehensive treatment should be used.

(c) For patients who can tolerate intense treatment
but will never be candidates for liver metastases
resection or reach NED, the primary goal is dis-
ease control since they require a rapid reduction
of tumor burden. Active combined therapy should
be used.

Surgery and other local ablative treatments
(LATs) for colorectal liver metastases

Surgical treatment

Complete surgical resection of metastatic lesions is still the
optimal approach to cure colorectal liver metastases (Hur
et al. 2009). Thus, for patients with colorectal liver metasta-
ses, the treatment strategy should be directed towards com-
plete resection whenever possible. A proportion of patients
with initially unresectable colorectal liver metastases should
be considered for secondary resection if they become resect-
able upon conversion therapy.

Indications and contraindications for surgical treatment
of liver metastases

Indications:

1. The primary colorectal cancer can be or was already
completely removed (RO).

2. Based on liver anatomy and the extent of liver metasta-
ses, the metastatic lesions can be completely removed
(RO) while preserving adequate liver function [remnant
liver volume >30-40%; three-dimensional CT and digi-
tal imaging technology will help to evaluate the liver
volume (Begin et al. 2014)].

3. Patients should be fit to undergo such surgical treatment,
without extrahepatic metastases that are not suitable for
surgery or LATs, or with only pulmonary nodules that
do not restrict the resectability of the liver metastases.

In addition, patients with an estimated specimen resection
margin of less than 1 cm, portal lymph node metastasis, or
extrahepatic metastases (i.e., lung, peritoneum) can also be
considered candidates for surgical treatment with curative
intent.

Contraindications:

1. Radical resection (R0) of the primary tumor cannot be
performed.

2. Extrahepatic metastases cannot be resected surgically.

3. The predicted volume of the remnant liver after surgery
is inadequate.

4. The patient is intolerant to the planned surgical treat-
ment.

Surgical treatment for patients with liver metastases
at the time of colorectal cancer diagnosis (Fig. 3)

Synchronous resection of the primary tumor and liver
metastases For patients with liver metastases that are small
and located either peripherally or confined to one lobe of
the liver, when the planned volume of hepatectomy is <50%
or suspicious portal lymph nodes, intra-abdominal or other
distant metastases can be completely resected, then synchro-
nous resection of both the primary tumor and metastases is
recommended. Some studies have reported higher operative
mortality and more complications following such synchro-
nous resections compared with staged resections (Roxburgh
et al. 2012). Therefore, the decision to perform synchronous
resection should be made with caution, especially when two
incisions are needed.

In emergencies, synchronous resection of the primary
tumor and liver metastases is not recommended due to
incomplete preoperative examinations and a greater possi-
bility of infection (Weber et al. 2003).

Staged resection of the primary tumor and liver metasta-
ses For patients with resectable colorectal liver metastases
that are not suitable for synchronous resection, staged resec-
tion is recommended. And resection of the primary tumor is
performed first followed by the resection of liver metastases,
usually 4-6 weeks later. If neoadjuvant therapy is consid-
ered, the resection of liver metastases can be postponed for
up to 3 months after resection of the primary tumor. For
patients with recurrent colorectal cancer with resectable
liver metastases, the treatment strategy is similar, but staged
resection is preferred.

In addition, the liver first approach to the resection of
liver metastases followed by resection of the primary tumor
is also applied. The reported incidence of complications,
mortality and 5-year survival rate are comparable to the con-
ventional staged resection.
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Fig.3 Treatment of diagnosed colorectal cancer with resectable hepatic metastasis

Surgical treatment for patients who develop liver
metastases after radical resection of colorectal cancer

For patients whose primary tumors have been radically
resected without local recurrence, radical resection of liver
metastases can be considered when the liver volume of the
planned hepatectomy is less than 70% (without liver cirrho-
sis), and neoadjuvant therapy is optional (Tomlinson et al.
2007).

The diagnosis of liver metastases after radical excision of
colorectal cancer should be supported by at least two kinds
of imaging examinations, including B-ultrasonography,
enhanced CT and enhanced MRI. PET-CT can help to indi-
cate the extent of the liver metastases and the presence of
extrahepatic metastases to avoid unnecessary surgery.

Surgical approaches to liver metastases

1. After hepatectomy, at least one of three liver veins is
preserved, and the remnant volume is more than 40%
for synchronous resection and 30% for staged resection.
Hepatectomy should be RO resection, and the resection
margin is at least 1 mm.

2. For large liver metastases confined to one lobe of the
liver (without liver cirrhosis), anatomic hemi-hepatec-
tomy is optional.

3. Intraoperative ultrasonography is recommended. This
procedure can help identify liver metastases that are not
detected by preoperative examinations.

@ Springer

4. Portal vein embolization (PVE) or portal vein ligation
(PVL) can result in compensatory enlargement of the
remnant liver, which will increase the possibility of liver
surgery.

5. Associating liver partition and PVL for staged hepa-
tectomy (ALPPS) (Torres et al. 2012) can significantly
increase the volume of the residual liver in a relatively
short period of time and provide more opportunities for
phase II hepatectomy (Bertens et al. 2015). However,
the operation is complicated, and the associated com-
plications and mortality are higher than in traditional
liver resection. Therefore, it is recommended that this
surgical procedure be performed by experienced liver
surgeons in strictly selected patients (Ratti et al. 2015).

Surgical treatment for recurrent colorectal liver metastases
and extrahepatic metastases

Under conditions that patients remain tolerant to surgery
and the remnant liver volume is sufficient, recurrent liver
metastases that remain resectable can receive a second
and even a third hepatectomy. Studies have indicated that
the incidence of complications, mortality and the survival
rate of repeat hepatectomy are similar to those of the first
hepatectomy (Antoniou et al. 2007).

Similarly, under conditions of good tolerance to sur-
gery, patients with resectable extrahepatic metastases (i.e.,
lung, peritoneum) can undergo staged or synchronous
resection of these metastases.
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LATs that can achieve NED

Apart from surgical resection of liver metastases, some
local treatments, including radiofrequency ablation and
radiotherapy, can also eradicate metastatic lesions. Thus,
for patients with individual lesions that are difficult to
resect surgically, these LATs should be considered to pro-
vide more patients with the possibility of achieving NED
and to improve survival.

Neoadjuvant and adjuvant therapy
for patients with colorectal liver metastases
that can achieve NED

Neoadjuvant therapy

Neoadjuvant therapy for patients with liver metastases
at the time of colorectal cancer diagnosis

Under conditions in which the primary tumor is not com-
plicated by hemorrhage, obstruction or perforation at the
time of diagnosis, neoadjuvant therapy is optional, except
for patients with liver metastases that are technically easy
to remove and without poor prognostic indicators [such
as a clinical risk score (CRS) < 3] (Poultsides et al. 2009).
For those with large or numerous liver metastases or suspi-
cious lymph node metastases of the primary tumor, neo-
adjuvant therapy is recommended.

Systematic regimens for neoadjuvant therapy include
FOLFOX, FOLFIRI, CapeOX, and FOLFOXIRI. The
addition of targeted therapy remains controversial (Fol-
precht et al. 2010; Primrose et al. 2014). Hepatic arterial
infusion chemotherapy can be used in combination with
systematic regimens (Kemeny et al. 2005).

To reduce the adverse effects of chemotherapy during
liver surgery, neoadjuvant therapy should consist of no
more than six cycles. Generally, neoadjuvant therapy is
completed in 2—-3 months and followed by liver surgery.

Neoadjuvant therapy for patients who develop liver
metastases after radical resection of colorectal cancer

It is recommended that after radical resection of the primary
tumor, patients without adjuvant chemotherapy or with expo-
sure to chemotherapy more than 12 months preceding the
discovery of liver metastases receive neoadjuvant therapy
as the above. For patients with exposure to chemotherapy
in the 12 months prior to the discovery of liver metastases,
surgical resection of liver metastases together with postopera-
tive adjuvant chemotherapy is recommended. The addition
of hepatic arterial infusion chemotherapy can be considered.

Adjuvant therapy after resection of liver metastases

All patients who undergo radical resection of liver metastases
should receive adjuvant chemotherapy. It is recommended
that the total duration of neoadjuvant and adjuvant therapy be
no longer than 6 months. Neoadjuvant therapeutic regimens
that have been shown to be effective should be the first choice
for adjuvant therapy in the absence of contraindications.

Combination therapy for colorectal liver
metastases in patients who cannot achieve
NED

Selection of the treatment strategy

Diagnosis of colorectal cancer with liver metastasis
without achieving NED (Fig. 4)

1. For patients with unresectable liver metastases and
colorectal cancer-related emergencies (hemorrhage,
obstruction or colonic perforation), surgical removal of
the primary colorectal cancer should be performed as an
urgent matter followed by the administration of systemic
chemotherapy [or hepatic arterial infusion chemotherapy
(Mahnken et al. 2013)], and targeted therapy may be
combined with such therapy (Van Cutsem et al. 2009).
After every 6-8 weeks of treatment, the liver should
be reexamined using B-ultrasonography, CT and/or
MRI to evaluate the efficacy of treatment (Pawlik et al.
2007). If the liver metastases become resectable or make
NED possible, then liver surgery or liver surgery com-
bined with LATSs should be offered; however, if the liver
metastases preclude NED, combination therapy should
be continued (Fraker and Soulen 2002).

2. [If the first presentation of colorectal cancer is not com-
plicated by hemorrhage, obstruction or perforation, sys-
temic chemotherapy (or the addition of hepatic arterial
infusion chemotherapy) is recommended, and targeted
therapy can be combined with the initial treatment.
If unresectable liver metastases become resectable or
make NED achievable, liver resection or liver surgery
combined with LATSs should be considered. If the liver
metastases preclude NED, the primary tumor could be
resected according to the situation, and combination
therapy should be continued after surgery.

Such patients can also choose to first undergo primary
colorectal surgery and then undergo further treatment as
described above. However, it remains controversial whether
the primary lesions should be resected when they do not cause
bleeding, obstructive symptoms, or perforation in patients
with combined liver metastases that cannot achieve NED.

@ Springer



732 Journal of Cancer Research and Clinical Oncology (2019) 145:725-736
treatment adjunctive therapy monitoring
(6-month is recommended )
If stage IV patient
effective chemotherapy without existing tumor
simultaneous or ®  taking history, physical
convert to /staged resection of HAI + SyStemiC examination, CEA and
. systemic  therapy resectable primary tumor and chemotherapy more, . hepatic
diagnosed (chemotherapy =+ hepatic metastasis f)r . _ . N B-ultrasonic once
colorectal targeted drug) remain if with new ad.]u'nctlve every3m for 2y and
cancer with unresectable therapy, observation or then once every 6m for
unresectable resection of primary short cycles (-)f 3y
hepatic tumor cherr}otherapy 1s = enhanced
metastasis diagram 6 considered chest/abdomen/pelvic
CT once every 6m for
2y and then once every
6-12m for 3y

Fig.4 Treatment of diagnosed colorectal cancer with unresectable hepatic metastasis

examinations

resection of
colorectal
cancer

m  chemotherapy
within past 12m

treatment

or
resection+HAl ———— > effective chemotherapy

hepatic = no chemotherapy in new adjunctive

metastasis the past chemotherapy

diagnosed resectable ————————> = chemotherapy  in

after radical 12m ago resection effective chemotherapy

L]

(including
recurrence m  (reated with » FOLFIRI £ J
after adjunctive FOLFOX targeted drug convert to resectable
resection of within past [2m
hepatic unresectable >
metastasis) ®  FOLFOX adjunctive FOLFOX o
chemotherapy in —lor unresectable —»effective chemotherapy
12m ago effective
= S5-FU/LV or chemotherapy
capecitabine in the
past
= no chemotherapy in

. S the past
HALI: hepatic arterial infusion chemotherapy P

Fig.5 Treatment for hepatic metastasis diagnosed after radical excision of colorectal cancer

Patients with liver metastases that cannot achieve NED
after colorectal surgery (Fig. 5)

1. The regimens of 5-FU/LV or capecitabine combined
with oxaliplatin or irinotecan offer the best opportuni-
ties for patients with unresectable liver metastases are
recommended as first-line treatment, and the addition
of targeted therapy or hepatic arterial infusion chemo-
therapy is optional.

2. For patients who have undergone oxaliplatin-based
chemotherapy in the previous 12 months before liver
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metastases, we should switch to FOLFIRI. While those
who develop liver metastases after 12 months of chemo-
therapy finish, FOLFOX or CapeOX can also be used,
and the addition of targeted therapy, or hepatic arterial
infusion chemotherapy is optional.

After every 6-8 weeks of treatment, the liver should
be reevaluated using B-ultrasonography, CT and/or MRI
to evaluate the efficacy of treatment. If liver metastases
become resectable or achieve NED, liver surgery and other
local ablative measures should be performed, and adjuvant
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chemotherapy should be offered; however, if NED cannot be
achieved, combination therapy should be continued.

Methods of treatment

Systemic chemotherapy and hepatic arterial
infusion chemotherapy (Fig. 6)

1. Initial chemotherapy.
(a) Conversion therapy is essential for patients with
liver metastases and the potential to achieve NED.

Chemotherapy regimens such as FOLFOX, FOLFIRI
or CapeOX can increase conversion rate, as the first-line
regimen. Chemotherapy combined with targeted drugs can
further increase conversion (Van Cutsem et al. 2015). Cur-
rent data show that chemotherapy combined with bevaci-
zumab provides good disease control and conversion rates
(Okines et al. 2009), while RAS wild-type patients can also
be treated with chemotherapy and cetuximab.

Fit patients who can tolerate more powerful chemother-
apy can be considered for FOLFOXIRI (Falcone et al. 2007).
However, there are many adverse reactions that need to be
paid attention to. Currently, the program has a good clinical
data in combination with bevacizumab, which can be applied
cautiously in selective patients.

(b) Patients with liver metastases who cannot achieve
NED. FOLFOX, FOLFIRI and CapeOX regimens, or

initial treatment

or

(or CapeOX *targeted drug) or
or

patients who FOLFIRI + targeted drug ——» Of

treatment after first progress

FOLFIRI* targeted drug

FOLFOX +targeted drug mXELIRI+targeted drug

FOLFIRV/irinotecan + aflibercept

CapeOX *targeted drug

a combination with appropriate targeted therapy, is rec-
ommended. Although FOLFOXIRI has a high response
rate, it is also toxic, and whether it should be used in
such patients is not clear.

2. Maintenance therapy or suspension of chemotherapy.

For patients who achieved remission or stabilization
after the induction of chemotherapy but have persistent
liver metastasis that cannot eliminated by RO, the 5-FU/
LV and capecitabine regimens or combined with bevaci-
zumab are recommended to reduce the toxicity of continu-
ous high-intensity chemotherapy. Chemotherapy can also be
suspended(Esin and Yalcin 2016).

3. Chemotherapeutic options when disease progresses.

(a) When FOLFOX (or CapeOX) =+ targeted therapy
regimens are used as first-line therapy, FOLFIRI
[or mXELIRI (Xu et al. 2018)] can be considered
if disease progresses. When disease progresses
as FOLFIRI =+ targeted therapy being the first-
line therapy, FOLFOX (or CapeOX) + targeted
therapy regimens can be under consideration. If
the disease continues to progress while receiv-
ing the second-line chemotherapy, regorafenib
(Grothey et al. 2013) or fruquintinib (Li et al.
2018) or cetuximab (Iwamoto et al. 2014) (never
used before, RAS wild-type only, + irinotecan)

treatment after second progress

regorafenib or Trifluridine-Tipiracil
or cetuximab(never used before,

can tolerate FOLFOX =+ targeted drug RAS wt, = irinotecan) or best

combination or supportive therapy

therapy FOLFOX or CapeOX or

5-FU/LV + targeted drug ——» FOLFIRI or mXELIRI L FOLFIRI/i.rinotecgn + Ramucirumab

+ as a back-line option
targeted drug ® Pembrolizumab/Nivolumab as a
or second-/third-line option with dMMR
FOLFIRI + aflibercept patients

patients can capecitabine *targeted drug
not tolerate or

combination 5-FU+LV = targeted drug
therapy

improvement in functional status —— follow former treatment

after first progress

no improvement in functional status —» best supportive therapy

Fig. 6 Chemotherapy for unresectable hepatic metastasis of colorectal cancer
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or best supportive care (Chau et al. 2003) can be
taken into consideration.

(b) If the disease progresses while receiving 5-FU/LV
with targeted therapy, then the FOLFOX, FOLFIRI
and CapeOX regimens or combination with targeted
therapy is recommended. If the condition again pro-
gresses, regorafenib or fruquintinib or best support-
ive care is recommended (Hurwitz et al. 2004).

4. Hepatic arterial infusion chemotherapy or transcatheter
arterial chemoembolization can be combined with and
administered during the above treatments at the appro-
priate time, to prolong overall survival. In particular,
hepatic arterial infusion of drug-eluting beads can fur-
ther improve efficacy (Nosher et al. 2015). However, this
monotherapy is not superior to systemic chemotherapy.

LATs

For patients with liver metastases that cannot be surgically
removed, appropriate treatments to strengthen local control
should be selected based on systemic chemotherapy, deter-
mined by the MDT, taking into account the patient’s wishes.

1. Ablation treatment.
(a) Radiofrequency ablation.

Radiofrequency ablation is used only after chemotherapy
failure or for the treatment of recurrences of liver metastases
(Brouquet et al. 2011; Kawaguchi et al. 2014). It is recom-
mended to treat liver metastases with a maximum diameter
less than 3 cm, and 5 liver metastases at most can be ablated
during one treatment session. For patients with too small
expected residual volume, some larger liver metastases can
be removed, and radiofrequency ablation can be performed
for residual metastatic lesions with a diameter of less than
3 cm. Radiofrequency ablation can also be considered for
patients with resectable colorectal liver metastases who are
not suitable for or are unwilling to undergo surgery.

(b) Microwave ablation and cryotherapy.

Compared with chemotherapy alone, a combination with
microwave ablation or cryotherapy can improve survival in
selected patients with unresectable colorectal liver metasta-
ses, while we are cautious about complications.

2. Radiotherapy.

Because the tolerated dose of radiotherapy for the whole
liver is far lower than the lethal dose for the tumor, routine
radiotherapy can be used only as palliative treatment. Hyper-
fractionation or limitation of the irradiated volume of liver
should be adopted, while the local dose aimed at the liver

@ Springer

metastases can be increased to 60-70 Gy, with high local
control rate (Mohiuddin et al. 1996; Rusthoven et al. 2009;
Timmerman et al. 2009). The available technologies include
3-D CRT, SBRT and IMRT, which can increase the preci-
sion of radiation therapy and reduce side effects in normal
tissue (Topkan et al. 2008).

Other methods

Additional methods include intratumoral injection of abso-
lute alcohol, and traditional Chinese medicine. The efficacy
of these treatments as part of combination therapy is not
superior to the above therapies. The application of any of
these treatments alone will reduce the therapeutic efficacy.
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