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Colorectal cancer (CRC) is the third most frequent solid 
cancer in the world with about 1.9 million newly diagnosed 
cases in 2020 worldwide (1). It is the second cause of death 
by cancer with approximately 915,000 deaths per year 
worldwide (1). Population-based studies have shown that 
approximatively 25–30% of patients develop liver metastases 
(2,3). Over the past decades, locoregional treatments 
(ablation with or without surgery) for unresectable 
colorectal cancer liver metastases (CRCLM) (4,5) have been 
shown to significantly prolong survival, as long as all disease 
can be addressed (6-8). 

In this context, the role of diagnostic imaging has 
changed dramatically regarding the staging of the disease, 
going from a patient oriented clinical question (i.e., is 
there a metastasis) to tumor oriented questions (i.e., can 
all disease be treated safely with adequate surgical and/or 
ablative margins).

Over the years, various imaging modalities, including 
computed tomography (CT), magnetic resonance imaging 
(MRI), and positron emission tomography-computed 
tomography (PET-CT), have been employed to assess 
CRCLM. Among these modalities, MRI has emerged as an 
important imaging method in the pretreatment assessment 
of CRCLM, offering superior sensitivity and specificity 
compared to conventional CT scans and PET-CT for 
local staging. It must be noted that PET/CT offers the 

benefit of detection of distant metastases, has been shown 
to change management in 24% of patients (9) and should 
be considered prior to minimally invasive liver-directed 
therapies. 

The integration of advanced MRI techniques, such 
as diffusion-weighted imaging (DWI) and hepatobiliary 
(HPB) contrast-enhanced MRI, has further enhanced the 
detection and characterization of liver metastases (10-12).  
It provides unparalleled insights into the extent and 
characteristics of CRCLM. Studies have consistently 
demonstrated the superiority of MRI over CT in detecting 
liver metastases, with sensitivity rates exceeding 90% in 
several cohorts, as well shown in the meta-analysis of 
Vilgrain et al., who demonstrated an accuracy of MRI up 
to 95% when combining HPB sequences with DWI (10). 
Moreover, surgery and ablation, in order to achieve local 
cure, require adequate margins (R0 or A0, respectively). 
Especially with ablation, MRI provides important anatomic 
detail to ensure that margins (at minimum >5 mm, ideally 
>10 mm) can be achieved safely. Magnetic resonance 
cholangiopancreatography (MRCP) and/or delayed biliary 
excretion phase imaging can also assess the risk for biliary 
injury with ablation and the relationship between the 
metastases and the biliary tree prior to surgery.

While MRI offers clear diagnostic advantages over 
CT in the assessment of CRCLM, its impact on patient 
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outcomes and treatment strategies warrants further 
investigation. Some small studies suggest that MRI may 
change the initial surgical planning done on CT in up 
to 45% of cases. However, to be fully embraced by the 
oncological community at large, such approach needs much 
larger confirmation, especially considering the perceived 
added costs and organizational challenges of adding MRI 
with HPB agents to CT, as well as shortage of MRI in some 
areas. 

The CAMINO study, a landmark multicenter trial, 
sought to elucidate the incremental diagnostic value 
of adding liver contrast-enhanced MRI to standard 
contrast-enhanced CT in the preoperative evaluation of  
CRCLM (13). By comparing surgical plans based solely 
on CT findings with those incorporating MRI data, the 
study shed light on the potential benefits of MRI-guided 
treatment strategies. Notably, the addition of MRI led to 
significant changes in surgical planning for a substantial 
proportion of patients, emphasizing its role in refining 
treatment algorithms and optimizing patient outcomes.

The CAMINO study, conducted across 14 liver surgery 
centers in Europe (The Netherlands, Belgium, Norway, 
and Italy), enrolled a diverse cohort of CRCLM patients 
undergoing evaluation for local therapy. Two hundred and 
ninety-eight patients were included, and the primary endpoint 
was the changes in surgical planning from CT to MRI.

By prospectively comparing treatment plans derived 
from CT alone versus those augmented by MRI findings, 
the study provided valuable insights into the impact of MRI 
on treatment decision-making. In 31% of patients, the 
local therapy plan proposed by the multidisciplinary team 
meeting based on contrast enhanced CT combined with 
MRI was changed when compared to the local therapy plan 
based on both contrast-enhanced CT alone, mostly due to 
the identification of additional metastatic lesions on MRI 
that were not visualized on CT scans. In 13% of patients, 
MRI indicated the need for more extended surgery, less 
extended surgery in 4% of patients and either no local 
treatment or induction systemic therapy in 11% of patients.

These changes in planning were significant, as patients 
were cancelled for surgery, or required a more extensive 
surgery compared to the initial planning, with lesions being 
at risk of being missed based on CT alone. 

Other endpoints of this study are most interesting. 
Despite the accuracy of MRI, additional lesions were still 
found on intra-operative ultrasound (IOUS), showing 
the necessity of keeping this modality despite an optimal 
preoperative staging. This was especially noted in patients 

who received preoperative chemotherapy. This unsurprising 
as chemotherapy can induce a varied range of changes in 
the liver parenchyma, including vascular lesions, such as 
focal areas of peliosis, sinusoidal occlusion syndrome (14)  
or focal hepatitis, as well as changes related to fatty 
infiltration, as seen in cases of chemotherapy associated 
steatohepatitis (15-17). These different changes can 
create false positive and/or false negatives, and markedly 
complicate the interpretation of both CT and MRI, as well 
as IOUS, which is also operator dependent. Chemotherapy 
can also lead to the disappearance of lesions (so called ghost 
lesions), which can be missed with MRI and CT, although 
MRI with HPB agents has shown superiority to other 
modalities in detecting these lesions (18). These findings 
raise an interesting question regarding the respective place 
of surgery and local ablative therapies, as IOUS is of course 
not possible to perform in the latter case, although imaging 
assessments performed at the time of ablation (particularly 
when performed with contrast-enhanced CT (CECT) 
and/or PET/CT guidance) significantly overcome this 
limitation. The true impact of these lesions seen on IOUS 
alone would need to be specifically investigated.

In addition to clinical efficacy, the cost-effectiveness of 
integrating MRI into standard staging protocols is a critical 
consideration for healthcare systems. While MRI may 
incur higher upfront costs compared to conventional CT 
imaging, its potential to improve treatment outcomes and 
better triage patients into those needing an intervention and 
those were such costly operations (including post operative 
potential complications) would be futile, could translate 
into long-term cost savings. The CAMINO study’s ancillary 
analysis of cost-effectiveness highlighted the favorable 
economic profile of MRI-guided treatment strategies, 
underscoring the value proposition of incorporating MRI 
into routine clinical practice. Recent advancements in 
imaging technology and streamlined protocols such as 
the emergence of abbreviated MRI protocols, which have 
shown strong diagnostic accuracy, may further enhance the 
cost-effectiveness of MRI-based approaches in CRCLM 
management.

This favorable economic profile of MRI is in line 
with an analysis of Zech et al. who demonstrated similar 
findings (19). However, in the CAMINO study, it does so 
in a practical, real-life setting, as CT is done no matter 
what in these patients. As mentioned by the authors, CT 
would be necessary in searching for lung metastases, and 
it is also useful for a global assessment of intraabdominal 
extrahepatic disease, such as retroperitoneal lymph nodes 
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and carcinomatosis as well as evaluation of the primary 
tumor in case of liver first strategy. Interestingly, it must 
be noted that a subset of patients with CRCLM and 
extrahepatic disease involving the lungs or lymph nodes 
appear to benefit from local CRCLM treatment (20).

Some limitations remain in this study. First, the 
evaluation of MRI alone was not performed. It would 
be interesting to have a third comparison arm where 
MRI based staging was compared to CT based staging 
and the sequential CT then MRI staging. It would have 
been relevant, as one could wonder if some interpretative 
biases could exist by the sequential read. Second, there 
is no evaluation of CT versus IOUS. It would have been 
interesting to know if there were less differences between 
CT and IOUS than between CT/MRI and IOUS. If it is 
unlikely that the missing lesions found by IOUS would 
have been noted by CT, some false positive of MRI may not 
be present, especially in patient who received neoadjuvant 
chemotherapy. Third, the authors explain that some centers 
did not use either DWI or HPB contrast. This is important 
to consider when analyzing the results of the study as it has 
been shown that MRI with HPB agents and MRI is superior 
in its staging ability to MRI with conventional extracellular 
gadolinium. A subgroup analysis of the MRI done with 
these varied protocols would have been most informative.

It must be noted that recent advances in CT technology, 
namely the emergence of spectral CT may significantly 
affect the accuracy of CT in the staging of these patients (21), 
but evaluation of the modality for this purpose is still in its 
infancy. Nevertheless, it will be interesting to know if future 
strategies will incorporate spectral CT in lieu of MRI or if 
the addition of the two techniques will emerge as the best 
combination for patients staging.

Beyond its diagnostic utility and potential to affect 
treatment strategies as shown by the CAMINO study, 
MRI holds potential as a surrogate biomarker for 
predicting treatment response and long-term outcomes 
in CRCLM patients. In multiple studies (22,23), Cheung 
et al. have identified associations between preoperative 
MRI phenotypes of tumors and overall survival (OS) (with 
a 30% OS difference at 3 years) and that this effect was 
seen both with conventional extracellular gadolinium and 
HPB agents. This association was also observed in patients 
receiving chemotherapy only. Additional molecular analysis 
of this cohort revealed that these MRI changes may be 
related to mutational burden of the metastases (24), even 
if further research into the molecular correlates of MRI 
findings and their implications for treatment selection is 

warranted to fully realize the transformative potential of 
imaging biomarkers in clinical practice. By leveraging MRI-
derived information on tumor characteristics, clinicians 
could tailor treatment strategies to individual patients, 
thereby advancing the paradigm of personalized medicine 
in CRCLM management. Such analysis would be most 
interesting to conduct of large cohort of patients, such as 
the one presented in the CAMINO study. 

Additionally, recent reports have shown that gadoxetic 
acid uptake in the future liver remnant is associated with the 
probability of post operative liver failure post hepatectomy 
(25,26), which may be an invaluable information for patient 
preoperative decision making and reinforce the potential 
role of MRI as a comprehensive staging and prognostic tool 
in patients with CRCLM.

In conclusion, the CAMINO study represents a seminal 
contribution to the evolving landscape of CRCLM 
management, providing robust evidence supporting the 
integration of liver HPB-contrast-enhanced MRI into 
standard staging protocols. By elucidating the incremental 
diagnostic value of MRI and its implications for treatment 
decision-making, the study underscores the importance of 
personalized approaches in optimizing patient outcomes. 
Moving forward, continued innovation in imaging 
technology, coupled with advances in molecular profiling 
and personalized medicine, promises to revolutionize the 
care of CRCLM patients, ushering in a new era of precision 
oncology.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Translational Gastroenterology and 
Hepatology. The article has undergone external peer review.

Peer Review File: Available at https://tgh.amegroups.com/
article/view/10.21037/tgh-24-33/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tgh.amegroups.
com/article/view/10.21037/tgh-24-33/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 

https://tgh.amegroups.com/article/view/10.21037/tgh-24-33/prf
https://tgh.amegroups.com/article/view/10.21037/tgh-24-33/prf
https://tgh.amegroups.com/article/view/10.21037/tgh-24-33/coif
https://tgh.amegroups.com/article/view/10.21037/tgh-24-33/coif


Translational Gastroenterology and Hepatology, 2024Page 4 of 5

© AME Publishing Company. Transl Gastroenterol Hepatol 2024;9:57 | https://dx.doi.org/10.21037/tgh-24-33

aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 
2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA Cancer J 
Clin 2021;71:209-49.

2. Engstrand J, Nilsson H, Strömberg C, et al. Colorectal 
cancer liver metastases - a population-based study on 
incidence, management and survival. BMC Cancer 
2018;18:78.

3. Hackl C, Neumann P, Gerken M, et al. Treatment 
of colorectal liver metastases in Germany: a ten-year 
population-based analysis of 5772 cases of primary 
colorectal adenocarcinoma. BMC Cancer 2014;14:810.

4. Scheele J, Stang R, Altendorf-Hofmann A, et al. Resection 
of colorectal liver metastases. World J Surg 1995;19:59-71.

5. Fong Y, Cohen AM, Fortner JG, et al. Liver resection for 
colorectal metastases. J Clin Oncol 1997;15:938-46.

6. Kanas GP, Taylor A, Primrose JN, et al. Survival after 
liver resection in metastatic colorectal cancer: review 
and meta-analysis of prognostic factors. Clin Epidemiol 
2012;4:283-301.

7. Ruers T, Van Coevorden F, Punt CJ, et al. Local 
Treatment of Unresectable Colorectal Liver Metastases: 
Results of a Randomized Phase II Trial. J Natl Cancer Inst 
2017;109:djx015.

8. Takahashi H, Berber E. Role of thermal ablation in the 
management of colorectal liver metastasis. Hepatobiliary 
Surg Nutr 2020;9:49-58.

9. Maffione AM, Lopci E, Bluemel C, et al. Diagnostic 
accuracy and impact on management of (18)F-FDG PET 
and PET/CT in colorectal liver metastasis: a meta-analysis 
and systematic review. Eur J Nucl Med Mol Imaging 
2015;42:152-63.

10. Vilgrain V, Esvan M, Ronot M, et al. A meta-analysis 
of diffusion-weighted and gadoxetic acid-enhanced MR 
imaging for the detection of liver metastases. Eur Radiol 
2016;26:4595-615.

11. Choi SH, Kim SY, Park SH, et al. Diagnostic performance 
of CT, gadoxetate disodium-enhanced MRI, and PET/CT 
for the diagnosis of colorectal liver metastasis: Systematic 
review and meta-analysis. J Magn Reson Imaging 
2018;47:1237-50.

12. Zhang L, Yu X, Huo L, et al. Detection of liver metastases 
on gadobenate dimeglumine-enhanced MRI: systematic 
review, meta-analysis, and similarities with gadoxetate-
enhanced MRI. Eur Radiol 2019;29:5205-16.

13. Görgec B, Hansen IS, Kemmerich G, et al. MRI in 
addition to CT in patients scheduled for local therapy of 
colorectal liver metastases (CAMINO): an international, 
multicentre, prospective, diagnostic accuracy trial. Lancet 
Oncol 2024;25:137-46.

14. Rubbia-Brandt L, Audard V, Sartoretti P, et al. Severe 
hepatic sinusoidal obstruction associated with oxaliplatin-
based chemotherapy in patients with metastatic colorectal 
cancer. Ann Oncol 2004;15:460-6.

15. Peppercorn PD, Reznek RH, Wilson P, et al. 
Demonstration of hepatic steatosis by computerized 
tomography in patients receiving 5-fluorouracil-based 
therapy for advanced colorectal cancer. Br J Cancer 
1998;77:2008-11.

16. Fernandez FG, Ritter J, Goodwin JW, et al. Effect of 
steatohepatitis associated with irinotecan or oxaliplatin 
pretreatment on resectability of hepatic colorectal 
metastases. J Am Coll Surg 2005;200:845-53.

17. Vauthey JN, Pawlik TM, Ribero D, et al. Chemotherapy 
regimen predicts steatohepatitis and an increase in 90-day 
mortality after surgery for hepatic colorectal metastases. J 
Clin Oncol 2006;24:2065-72.

18. Kim HJ, Lee SS, Byun JH, et al. Incremental value of 
liver MR imaging in patients with potentially curable 
colorectal hepatic metastasis detected at CT: a prospective 
comparison of diffusion-weighted imaging, gadoxetic acid-
enhanced MR imaging, and a combination of both MR 
techniques. Radiology 2015;274:712-22.

19. Zech CJ, Justo N, Lang A, et al. Cost evaluation of 
gadoxetic acid-enhanced magnetic resonance imaging 
in the diagnosis of colorectal-cancer metastasis in the 
liver: Results from the VALUE Trial. Eur Radiol 
2016;26:4121-30.

20. Schulz HH, Dijkstra M, van der Lei S, et al. Local 
Treatment of Colorectal Liver Metastases in the Presence 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Translational Gastroenterology and Hepatology, 2024 Page 5 of 5

© AME Publishing Company. Transl Gastroenterol Hepatol 2024;9:57 | https://dx.doi.org/10.21037/tgh-24-33

of Extrahepatic Disease: Survival Outcomes from the 
Amsterdam Colorectal Liver Met Registry (AmCORE). 
Cancers (Basel) 2024;16:1098.

21. Bette S, Decker JA, Braun FM, et al. Optimal Conspicuity 
of Liver Metastases in Virtual Monochromatic Imaging 
Reconstructions on a Novel Photon-Counting Detector 
CT-Effect of keV Settings and BMI. Diagnostics (Basel) 
2022;12:1231.

22. Cheung HMC, Karanicolas PJ, Hsieh E, et al. Late 
gadolinium enhancement of colorectal liver metastases 
post-chemotherapy is associated with tumour fibrosis 
and overall survival post-hepatectomy. Eur Radiol 
2018;28:3505-12.

23. Cheung HMC, Karanicolas PJ, Coburn N, et al. 
Tumor enhancement of colorectal liver metastases on 
preoperative gadobutrol-enhanced MRI at 5 minutes post-

contrast injection is associated with overall survival post-
hepatectomy. Quant Imaging Med Surg 2019;9:312-7.

24. Seth A, Amemiya Y, Cheung H, et al. Delayed MRI 
Enhancement of Colorectal Cancer Liver Metastases Is 
Associated With Metastatic Mutational Profile. Cancer 
Genomics Proteomics 2021;18:627-35.

25. Wang Q, Wang A, Sparrelid E, et al. Predictive value of 
gadoxetic acid-enhanced MRI for posthepatectomy liver 
failure: a systematic review. Eur Radiol 2022;32:1792-803.

26. Donadon M, Lanza E, Branciforte B, et al. Hepatic 
uptake index in the hepatobiliary phase of gadolinium 
ethoxybenzyl diethylenetriamine penta acetic acid-
enhanced magnetic resonance imaging estimates functional 
liver reserve and predicts post-hepatectomy liver failure. 
Surgery 2020;168:419-25.

doi: 10.21037/tgh-24-33
Cite this article as: Milot L, Perinel J, L’Huillier R. Yes, you 
should do a magnetic resonance imaging (MRI) for patients 
scheduled for local therapy of colorectal cancer liver metastases: 
insights into the CAMINO study. Transl Gastroenterol Hepatol 
2024;9:57.


