


The last few years, the concept of Multidisciplinary Team 
(MDT) grew up in decision making for cancer patients. For CR-
CLM, MDT should be constituted at least by a colorectal sur-
geon, hepatobiliary surgeon, oncologist, diagnostic and inter-
ventional radiologist with expertise in hepatobiliary disease, 
nuclear medicine physician, hystopathologist and clinical nurse 
specialist [2,4,5].

Relevance of This Subject

CRC is the third cancer most commonly diagnosed in males 
and the second in women [2]. In 2012, there were 447000 new 
cases of CRC in Europe with 215000 deaths and worldwide there 
were 1.4 million new cases with 694000 deaths [1].

The liver is the most common metastatic site, probably due 
to tumor spread via portal system, hepatic artery or retrograde 
lymphatic permeation [2,6].

Despite the fact that Metastatic CRC (mCRC) is responsible by 
a large number of deaths, the clinical outcome for the patients 
with this diagnosis has been improved in last decade. Today, the 
median OS for patients with mCRC being treated is ~30months, 
more than double that of 20 years ago. Many factors seem to 
be responsible for the improved treatments outcomes for these 
patients like earlier detection, efficacy of imaging to detect and 
characterize metastatic disease, improvements in the efficacy 
of systematic therapies, trained surgical teams doing surgery in 
this patients and the management of all of that by MDT orga-
nized and designed to carry out the best treatment in each case 
[1,4].

So, this shows that if further strategies are studied, further 
improvements can be obtained.

The importance of imaging in the detection of CRCLM and in 
evaluating response to preoperative treatment

Imaging is used routinely to detect and characterize liver 
nodules and evaluate resectability. Many modalities can be 
used like: ultrasonography (with or without contrast), Comput-
ed Tomography (CT), Magnetic Resonance Imaging (MRI) and 
Positron Emission Tomography (PET-CT).  For staging, the best 
methods are CT and MRI [4,7].
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Introduction

Colorectal Cancer (CRC) is the second cancer most common-
ly diagnosed in Europe and a leading cause of death both in 
Europe and worldwide [1].

At initial diagnosis, 25% of CRC patients have detectable 
Liver Metastasis (LM) and approximately 50% will develop LM 
during their disease course. In 20-30% of cases, metastases are 
confined to the liver [2,3,4].

Surgery (sometimes in combination with other local treat-
ment modalities), radiotherapy and chemotherapy have been 
till now the main therapeutic strategies for disease control and 
improvement of Overall Survival (OS) [2,3].

Surgical resection is known to be the most effective treat-
ment for synchronous CRC Liver Metastases (CRCLM) however, 
only a minority of patients is suitable for surgery [4].

Therefore, a lot of regimens of QT have been studied to con-
vert unresectable to resectable LM, in order to acquire the cure. 
Many studies verify that, better results could be obtained com-
bining chemotherapy with target drugs like anti-VEGF and anti-
EGFR monoclonal antibodies [2].



clinical practice, the main difficulty remains in deciding who is 
candidate for resection [8,2].

Hepatectomy remains the standard of care for treatment 
of LM. However, liver failure after hepatectomy continues to 
be the major cause of death after surgery and the major con-
cern for hepatobiliary surgeon [4,2]. Hepatic insufficiency after 
hepatic surgery is described on 8% of procedures and hepatic 
insufficiency-related mortality rate from 2.8% [13].

Colorectal cancer surgery should be performed by colorectal 
surgeon as well as liver surgery by hepatobiliary surgeon. Qual-
ity of surgery will determine the outcome because of total me-
socolon/mesorectum excision, lymph node removal and good 
margins of resection. Minimal optimal safe resection margins 
remain to be determined nevertheless, most studies indicate a 
minimum of 1mm [4].

Surgery in one-step when LM is resectable (resection of 
primary tumor plus LM in same time) can be performed in se-
lected patients. This procedure have to be discouraged when it 
is expected that colorectal surgery will be associated to higher 
morbidity or when major hepatectomy will be performed [14].

The classical approach to surgery of synchronous CRCLM is 
the surgery of primary tumor (CRC) followed by resection of LM, 
2 to 3 months later, with or without chemotherapy in the inter-
val between two surgeries. Despite this, when CRC is asymp-
tomatic, the recurrence to preoperative chemotherapy, even in 
resectable LM, is increasing. One of the objectives is downsizing 
metastases which will allow less aggressive and more conserva-
tive surgery. Surgery of primary tumour should be the first part 
of treatment if tumor is symptomatic causing occlusion or per-
foration. In cause of bleeding, if hemorrhage can be controlled 
with blood transfusions, chemotherapy should be the first step 
[4].

As considered before, liver failure is the major concern after 
hepatectomy. In fact, small remnant liver function after hepatic 
surgery can be catastrophic, even after partial resections. This is 
because the volume is not the best surrogate for liver function, 
particularly in patients with concomitant liver disease [2]. Sys-
tematic assessment of the anticipated functional remnant liver is 
essential before major hepatic resection avoiding postoperative 
hepatic insufficiency and all of his catastrophic consequences. 
To ensure adequate Future Liver Remnant (FLR), preoperative 
measurement of FLR volume is determinant. Volumetric analy-
sis, made by CT multidetector, helical with 3D reconstruction, is 
not a simply volume meter but also predict a function of FRL. 
However, even with a minimum error rates of measuring liver 
with CT volumetry (error rates <5%), this technique not account 
for actual functional liver volume when this is pathologic like in 
situations of biliary dilations or parenchyma compromising [12].  
In some cases, functional tests like Indocyanine Green retention 
can be done, particularly in cases of chronic liver disease [15].

In general, FRL of 20% is considered the minimum safe af-
ter hepatic resection in patient with normal liver; in patients 
submitted to chemotherapy, FRL of 30% is required; in patients 
with cirrhosis or hepatitis, a threshold volume for safe resec-
tion of 40% is necessary. Patients with anticipated FRL volumes 
below these cutoffs should be selected for Portal Vein Embo-
lization (PVE) [16]. Preoperative PVE increases hepatic function 
of hypertrophied FLR. That was proved biochemically as well 
as volumetrically in both cirrotic and non cirrotic livers. That 
was associated with decreased complications, shorter hospital 
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The characterization of LM before any treatment cannot be 
devalued. Thoraco-abdominal-pelvic computed tomography, 
when performed with triphasic or quadriphasic technique (with 
optimal contrast administration) seems to be the best for initial 
staging [8,9].

If synchronous CRCLM seems to be resectable initially, liver 
MRI may be performed.4 Studies have shown that MRI is more 
sensitive than CT in detecting subcentimetre LM and so after 
neoadjuvant chemotherapy [10]. MRI should also be performed 
when characterization with other modalities is difficult (ex.: 
many small nodules including benign lesions or steatotic liver) 
[4].

For detecting distant metastases, PET-CT may be useful, par-
ticularly in patients with recurrent disease or with high tumour 
load however, in patients with resectable CRCLM, PET-CT does 
not seem to change surgical management [4].

A fundamental aspect to evaluate preoperatively is the pre-
dicted Future Liver Remnant (FLR) after hepatic surgery, in or-
der to avoid small for size liver remnant and catastrophic con-
sequences of that [4,11]. For that, tests determining volume 
like CT volumetry or functional tests like Indocyanine Green re-
tention at 15 minutes, can be done. As we are going to explain 
better later, because CT is routinely performed for both tumor 
staging and preoperative surgical planning, 3D CT volumetry 
has become the standard technique for measuring FLR [12].

After preoperative treatment, the response can be analyzed 
with several parameters like: tumour size, morphologic chang-
es (unrelated to size) and metabolic activity. 4 Assessment 
of change in tumor burden is an important feature of clinical 
evaluation. Both the tumor shrinkage (objective response) and 
disease progression, are useful endpoints in clinical trials. Since 
RECIST (Response Evaluation Criteria in Solid Tumours) was 
published in 2000, many groups adopted these criteria in the 
assessment of treatment outcomes however, a recent revised 
RECIST was necessary to ameliorate the previous one [11].

An individualized approach should be applied, case-by-case, 
in order to offer the best therapeutic attitude to each patient 
[1].

Treatment

Patients presented with CRCLM can be part of one of three 
groups: initially resectable disease, unresectable that can be-
come resectable by “conversion” therapy and those that will 
never be resectable [2]. A systematic review and meta-analysis 
with 142 studies showed 5-year survival after surgical resection 
of LM of 16-71% and furthermore, showed that long-term sur-
vival rates for patients with initially unresectable disease treat-
ed by chemotherapy, are similar to those considered resectable 
at beginning [7].

Therefore, thanks to these strategies that downsizing LM, 
the percentage of patients potentially eligible for curative liver 
resection is increasing [2].

Treatment can begin with surgery or with systemic treatment 
depending on tumor staging (size, resectability, etc), symptom-
atology associated and with the type of patient (comorbidities, 
performance status) that we have to treat [4].

Surgical Treatment

Resection of CRCLM offers the only potential for cure. In 
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stays, increased resectability and increased disease free survival 
in patients with cirrhosis [3]. 

Patients that is expected that will be need PVE, should un-
dergo CT volumetric analysis immediately before and 3 to 4 
weeks after PVE to assess the degree of hypertrophy. In patients 
with impaired liver regeneration (ex.: diabetics and cirrhotics), 
this time cannot be sufficient and additional 3 to 4 weeks can be 
required before decision [12]. Data shows that is expected that 
2 to 20 % of patients with cirrhosis have no significant increase 
in FLR after a technically successful PVE [3].

So, being the only potential curable treatment for LM, resec-
tion seems to be useful even at later line of therapy. MDT is 
fundamental being consulted at each stage of patient’s treat-
ment. If necessary, repeat resection can be performed, safely 
and effectively, with survival races that seems to be similar to 
those following first resection [2].

Chemotherapy Treatment

Chemotherapy can be considered, nowadays, for both unre-
sectable and resectable LM.  

In unresectable cases, conversion to resectable LM by “con-
version therapy”, often represents the initial treatment choice.  
Most commonly used chemotherapy regimens in CRCLM are 
FOLFOX (leucovorin-LV, 5-fluorouracil-5-FU, oxaliplatin), FOLFIRI 
(LV, 5-FU, irinotecan) and FOLFOXIRI/FOLFIRINOX (LV, 5-FU, iri-
notecan and oxaliplatin). They are now achieving high response 
rates (>50%) and long median survival (~30months) [2,17].

Studies with FOLFOX and FOLFIRI showed resection of LM in 
38% of patients initially unresectable [12]. Using FOLFFOXIRI, 
being intensified chemotherapy regimen, seems to be stronger 
than other regimens with conversion to resectable lesions >60% 
[18].

Even when LM are resectable, chemotherapy is gaining space 
as first line of treatment to reduce the incidence of cancer re-
lapse. However, in a 2015 in a multidisciplinary international 
consensus, it was verified that more evidence is needed to 
support non-surgical initial strategy on resectable synchronous 
LM [4]. In fact, even with resection in best conditions, relapse 
seems to occur in up to 50-70%.2 In CRC, micrometastases are 
separated from LM by a thin rim of normal parenchyma, usually 
located within 1 cm of CRCLM. It is known that micrometasta-
ses have a negative impact on outcomes and that they are less 
frequently detected in patients receiving preoperative chemo-
therapy [4,17]. On the other hand, ESMO consensus guidelines 
2016 refer that, in patients with clearly resectable disease and 
favourable prognostic criteria, perioperative treatment may 
not be necessary and upfront resection is justified (Level of 
evidence “I” and Grade of recommendation “C”); in case where 
the prognosis is unclear or probably unfavourable, preoperative 
chemotherapy should be administered (“I,B”). Patients must 
be re-evaluated regularly (~every 2monts) in order to prevent 
overtreatment of resectable LM, as the maximal response ex-
pected to be achieved after 12-16 weeks of the beginning the 
treatment [1,4].

The way that tumor respond to chemotherapy is important 
marker of chemotherapy efficacy, biological behavior of tumor 
and survival outcomes. Unfortunately, complete pathological 
response is reported only about 10% of cases [4].

Following preoperative chemotherapy and resection, ad-

juvant chemotherapy should be considered [4]. According to 
ESMO guidelines, patients who have not received any previous 
chemotherapy, adjuvant treatment with FOLFOX can be recom-
mended [1].

In terms of time, a total duration of 6 months perioperative 
chemotherapy (neoadjuvant plus adjuvant) is recommended 
[4].

Targeted Agents

Nowadays, increased knowledge of biology tumors, namely 
CRC, allowed specific identification of biomarkers and develop-
ment of targeted therapies. These, based in tumour biology and 
behavior, allows estimating the prognosis and response to treat-
ment. Biologic therapies can be targeted to two different bio-
markers such as Epidermal Growth Factor Receptor (EGFR) like 
bevacizumab and Vascular Endothelial Growth Factor (VEGF) 
like cetuximab or panitumumab [2,4]. Unless contraindicated, 
biologicals are indicated in the first line treatment of mCRC [1].

Towards synchronous CRCLM, optimal therapies can include: 
doublets (FOLFOX/FOLFIRI) in addition with targeted therapies, 
triplets (FOLFOXIRI) or triplets combined with targeted thera-
pies [4].

In resectable LM, chemotherapy without biologicals could 
be used once the absence of evidence for biological agents be-
ing useful in this setting [1,4].

In patients not responding to first-line therapy (ex.: FOLFOX/
FOLFIRI + VEGF antibody like bevacizumab) should be consid-
ered for second-line combination (ex.: FOLFOX/FOLFIRI + anoth-
er VEGF antibody different from bevacizumab or EGFR antibody 
in patients RAS wild type).1 Data from GERCOR database sug-
gest that response to second-line therapy does not depend on 
response to first-line [4].

Bevacizumab associated to first and second-line therapy 
seems to improve Progression Free Survival (PFS) and OS how-
ever, the handling of this drug has to be careful primarily about 
potential wound healing complication. In terms of associations, 
data supports that treatment association of bevacizumab with 
FOLFOX was better in resection rates (16.1%) than those associ-
ated with FOLFIRI (9.7%) [2].

Anti-EGFR agents like cetuximab or panitumumab can be 
used as single agents or associated with chemotherapy agents 
with their activity exclusive for patients with RAS (KRAS and 
NRAS) wild type tumors [2]. Retrospective analyses of pivotal 
clinical trials for EGFR monoclonal antibodies shows that tumors 
with KRAS mutations do not drive a benefit from this therapy in 
addition to having a detrimental effect in those patients, mainly 
when combined with oxaliplatin [18,19,20]. Since the presence 
of RAS mutation seems to be a negative predictive marker of 
treatment outcome with EGFR monoclonal antibodies, cetux-
imab and panitumumab should only be considered in patients 
with RAS wild type. This reinforces the importance for detecting 
RAS mutations in all patients that eligible/being considered for 
EGFR antibody therapy [1].

Many randomizes trials evaluated the effects of cetuximab in 
addition to chemotherapy in patients with unresectable LM (ex. 
OPUS, CRYSTAL, CELIM and POCHER) and all of them showed 
significants improvements of R0 resection rates with this pre-
operative association [21-24]. 

Trials have also showed resection rates with association of 
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chemotherapy with panitumumab in first-line treatment, also 
with more R0 resections in association with FOLFOX than FOL-
FOX alone (32% vs 28%, respectively) [25].

ASPECCT trial was the first randomized multicenter trial 
comparing the two EGFR antibodies (cetuximab and panitu-
mumab) when used in monotherapy for refractory mCRC. This 
study revealed no difference between the two drugs with OS 
~10months in both [26].

A recent retrospective analysis investigated different clini-
cal outcomes and predictive influence of location of primary 
tumour (left vs right) in patients with unresectable CRCLM RAS 
wild type, comparing the use of chemotherapy plus EGFR anti-
bodies therapy with chemotherapy or chemotherapy plus be-
vacizumab. This retrospective analysis based in six randomized 
trials shows a significantly worse prognosis for patients with 
right-sided tumours with those with left-sided. Benefit of asso-
ciating EGFR antibodies to chemotherapy was verified in left-
sided tumour, effect that did not occur on right side. So, a worse 
prognosis for PFS and OS was showed on right colon tumours 
wih a greater effect of association of chemotherapy and EGFR 
antibodies on left-sided tumours [27].

About prognosis, it’s seems to be poorer for synchronously 
detected LM on CRC than for metachronous with 5-year survival 
rates shorter for synchronous LM (3.3%) than for metachronous 
(6.1%) [28]. Despite all these advances, there is no biological 
marker to distinguishes synchronous to metachronous metas-
tases [4].

After resection, there are no evidence based data to support 
the use of targeted therapies nevertheless, if a regimen is effec-
tive in preoperative, many teams tends to use the same regi-
men postoperatively [4].

So, molecular evaluation of LM has been fundamental in the 
evaluation of the biology of LM. It is known that RAS mutations 
(NRAS and KRAS) have been associated with poor prognosis af-
ter LM resection, independent of anti-EGFR therapy [4].

Locoregional Therapies

The management of patients of LM is complex and can in-
volve multiple treatment modalities including Locoregional 
Therapies (LRT) [3].

Despite optimal treatment of LM is surgery, not all patients 
are candidates for hepatic resection. Patients with uncontrolled 
extra-hepatic disease, insufficient FLR, significant comorbidities, 
among others, may not be able to have benefit with an invasive 
procedure. In those cases, LRT can be performed for local dis-
ease control improving symptoms concomitantly [3,6].

There are many options for LRT. That can be transarterial 
procedures like: Transarterial Embolization (TAE) and Transar-
Terial Chemoembolization (TACE) that use a variety of chemo-
therapeutic agents, and Transarterial Radioembolization (TARE) 
with Yttrium-90 (Y-90); or Percutaneous ablative options like 
Radiofrequency Ablation (RFA), microwave ablation, cryoabla-
tion, irreversible electroporation, conventional Radiotherapy 
(RT) and Stereotactic Body Radiotherapy (SBRT) [6,3].

About Conventional Radiotherapy, vast improvements al-
lowed a more focal treatment with limited toxicity, particularly 
when compared with schemas of the past. LM can take with 
important symptoms like: pain, nausea, vomiting, anorexia or 
fatigue. Palliation of symptoms is important component in the 

management of patients with metastatic disease and RT has an 
important role by alleviating tumor symptoms, improving qual-
ity of life. Despite this, there is no randomized trial that shows 
that the efficacy and toxicity profile of RT is superior to other 
LRT [6].

SBRT resulted from the emergence of more sophisticated 
treatment-plannig software and methods of image guidance 
allowing deliver higher doses in fewer fractions to discrete in-
dividual liver lesions while sparing the uninvolved liver. There-
fore SBRT allowed the possibility to achieve high rates of tumor 
control with a minimum radiation for wealthy liver, reducing the 
risk of radiation-induced liver disease [29].

According to ESMO guidelines, in patients with LM only or 
with Oligometastatic Disease (OMD), LRT can be considered (IV, 
B). RFA can be used in addition to surgery with the goal of eradi-
cating all visible metastatic sites (II, B).1

Liver-directed therapy is probably the best established of the 
LRT nevertheless however, the increasing use of this techniques 
as well as the increasing options makes that the use of this 
treatments needing to be applied to each case depending on 
disease location, treatment goal (curative? local/complete con-
trol?), patient-related factors like comorbidities and age [1].

Conclusion

Resection of metastatic disease of CRC is the only potentially 
curative strategy. In clinical practice, principal difficulties remain 
in deciding who is resectable. Recent perioperative therapeutic 
schemes are in expansion to convert unresectable LM to resect-
able and potential curative lesions [2].

Many strategies allowed the advance in CRCLM treatment 
like surgical and perioperative management, effective chemo-
therapy many times in combination with target therapies and 
new local treatments approaches (ex.: SBRT, TARE, TACE, RFA,…) 
[2].

Patients with cancer have many aspects to take into account 
so, their care, never could be addressed optimally by a single 
specialty or professional [2]. A MDT is imperative to ensure the 
optimal management of patients with CRCLM, properly select-
ing the treatments to be applied in each case, reducing the 
risk of complications and providing the best cure rates possible 
[2,5].

References

1. E Van Cutsem. ESMO consensus guidelines for the man-
agement of patients with metastatic colorectal cancer. 
Annals of Oncology. 2016: 1-38. 

2. Kathleen De Greef, Christian Rolfo, Antonio Russo, Thiery 
Chapelle, Giuseppe Bronte, Francesco Passiglia, et al. Mul-
tisciplinary management of patients with liver metastasis 
from colorectal cancer.  2016; 22: 7215-7225. 

3. Thomas J Ward, David C Madoff, Joshua L. Weintraub. 
Interventional Radiology in the Multidisciplinary Man-
agement of Liver Lesions: Pre- and Postoperative Roles. 
Semin Liver Dis. 2013; 33: 213-225. 

4. Adam R, De Gramont A, Figueras J, Kokudo N, Kunstlinger 
F, Loyer E, et al. The EGOSLIM (Expert Group on OncoSur-
gery management of LIver Metastases) group. Managing 
synchronous liver metastases from colorectal cancer: A 

Cancer Therapy



5

MedDocs eBooks

multidisciplinary international consensus, Cancer Treat-
ment Reviews Cancer Treatment Reviews. 2015. 

5. Garden OJ, Rees M, Poston GJ, Mirza D, Saunders M, Led-
ermann J, et al. Guidelines for resection of colorectal can-
cer liver metastases. 2006; 55: iii1-iii8. 

6. Dominello M, Bowers J, Zaki M, Konski A. Radiotherapy 
and radioembolization for liver metastases. Ann Palliat 
Med. 2014; 3: 104-113. 

7. Taylor A, Kanas G. Survival after surgical resection of he-
patic metastases from colorectal cancer: A systematic re-
view and metaanalysis. 2010; 21: 632.

8. Chiappa A, Makuuchi M, Lygidakis NJ, Zbar AP, Chong G, 
Bertani E, et al. The management of colorectal liver me-
tastases: Expanding the role of hepatic resection in the 
age of multimodal therapy. Crit Rev Oncol Hematol. 2009; 
72: 65-75. 

9. Ebell MH, Siwek J, Weiss BD, Woolf SH, Susman J, Ewigman 
B, et al. Strength of recommendation taxonomy (SORT): 
a patient-centered approach to grading evidence in the 
medical literature. Am Fam Physician. 2004; 69: 548-556. 

10. Rojas Llimpe FL, Di Fabio F, Ercolani G, Giampalma E, Cap-
pelli A, Serra C, et al. Imaging in resectable colorectal liver 
metastasis patients with or without preoperative chemo-
therapy: results of the PROMETEO-01 study. Br J Cancer 
2014; 111: 667-673. 

11. EA Eisenhauer. New response evaluation criteria in solid 
tumours: Revised RECIST guideline. Eur J Cancer. 2009; 
45: 228-247. 

12. Dario Ribero, Yun Shin Chun, Jean-Nicolas Vauthey. Stan-
dardized Liver Volumetry for Portal Vein Embolization. 
Semin Intervent Radiol. 2008; 25: 104-109. 

13. Mullen JT, Ribero D, Reddy SK. Hepatic insufficiency and 
mortality in 1,059 noncirrhotic patients undergoing major 
hepatectomy. J Am Coll Surg. 2007; 204: 854-862. 

14. Reddy SK, Pawlik TM, Zorzi D, Gleisner AL, Ribero D, As-
sumpcao L, et al. Simultaneous resections of colorectal 
cancer and synchronous liver metastases: a multi-institu-
tional analysis. Ann Surg Oncol. 2007; 14: 3481-3491. 

15. Kubota K, Makuuchi M, Kusaka K. Measurement of liver 
volume and hepatic functional reserve as a guide to de-
cision-making in resectional surgery for hepatic tumors. 
Hepatology 1997; 26: 1176-1181. 

16. Abdalla EK, Adam R, Bilchik AJ. Improving resectability of 
hepatic colorectal metastases: Expert consensus state-
ment. Ann Surg Oncol. 2006; 13: 1271-1280. 

17. Giacchetti S, Itzhaki M, Gruia G, Adam R, Zidani R, Kun-
stlinger F, et al. Long-term survival of patients with un-
resectable colorectal cancer liver metastases following 
infusional chemotherapy with 5-fluorouracil, leucovorin, 
oxaliplatin and surgery. Ann Oncol. 1999; 10: 663-669. 

18. Ychou M. A randomized phase II trial of three intensified 
chemotherapy regimens in first-line treatment of colorec-
tal cancer patients with initially unresectable or not opti-
mally resectable liver metastases. The METHEP trial. Ann 
Surg Oncol. 2013; 20: 4289-4297. 

Cancer Therapy

19. Amado RG, Wolf M, Peeters M. Wild-type KRAS is required 
for panitumumab efficacy in patients with metastatic col-
orectal cancer. J Clin Oncol. 2008; 26: 1626-1634. 

20. Douillard JY, Oliner KS, Siena S. Panitumumab-FOLFOX4 
treatment and RAS mutations in colorectal cancer. N Engl 
J Med. 2013; 369: 1023-1034. 

21. Bokemeyer C, Bondarenko I, Makhson A, Hartmann JT, 
Aparicio J, De Braud F, et al. Fluorouracil, leucovorin, and 
oxaliplatin with and without cetuximab in the first-line 
treatment of metastatic colorectal cancer. J Clin Oncol 
2009; 27: 663-671. 

22. Van Cutsem E, Köhne CH, Láng I, Folprecht G, Nowacki 
MP, Cascinu S, et al. Cetuximab plus irinotecan, fluorou-
racil, and leucovorin as firstline treatment for metastatic 
colorectal cancer: Updated analysis of overall survival ac-
cording to tumor KRAS and BRAF mutation status. J Clin 
Oncol. 2011; 29: 2011-2019. 

23. Folprecht G, Gruenberger T, Bechstein WO, Raab HR, 
Lordick F, Hartmann JT, et al. Tumour response and sec-
ondary resectability of colorectal liver metastases fol-
lowing neoadjuvant chemotherapy with cetuximab: the 
CELIM randomised phase 2 trial. Lancet Oncol. 2010; 11: 
38-47. 

24. Garufi C, Torsello A, Tumolo S, Ettorre GM, Zeuli M, Cam-
panella C, et al. Cetuximab plus chronomodulated irino-
tecan, 5-fluorouracil, leucovorin and oxaliplatin as neo-
adjuvant chemotherapy in colorectal liver metastases: 
POCHER trial. Br J Cancer. 2010; 103: 1542-1547. 

25. Douillard JY. Randomized, phase III trial of panitumumab 
with infusional fluorouracil, leucovorin, and oxaliplatin 
(FOLFOX4) versus FOLFOX4 alone as first-line treatment 
in patients with previously untreated metastatic colorec-
tal cancer: the PRIME study. J Clin Oncol. 2010; 28: 4697-
4705. 

26. Price TJ, Peeters M, Kim TW. Panitumumab versus cetux-
imab in patients with chemotherapy-refractory wild-type 
KRAS exon 2 metastatic colorectal cancer (ASPECCT). 
A randomized, multicenter, open label, non-inferiority 
phase 3 study. Lancet Oncol. 2014; 15: 569-579. 

27. D Arnold, B Lueza, JY Douillard, M Peeters, HJ Lenz, A 
Venook, et al. Prognostic and predictive value of primary 
tumour side in patients with RAS wild-type metastatic 
colorectal cancer treated with chemotherapy and EGFR 
directed antibodies in six randomized trials. Annals of On-
cology. 2017; 1-17. 

28. Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre J, 
Bouvier AM. Epidemiology and management of liver me-
tastases from colorectal cancer. Ann Surg. 2006; 244: 254-
259. 

29. Karyn A Goodman, MSBrian, DKavanagh. Stereotactic 
Body Radiotherapy for Liver Metastases. Seminars in Ra-
diation Oncology. 2017; 27: 240-246.


