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Introduction

Colorectal cancer (CRC) is one of the most common 
cancers in the world. Advances in treatment have led to a 
decrease in the death rate for CRC over past two decades (1).  
Despite these advances, approximately half of all patients 
diagnosed with CRC will develop liver metastasis (LM) 
during the course of their disease (2-5). When left untreated, 
colorectal LM is rapidly and uniformly fatal with a median 
survival measured in months (6,7). Surgical resection 
provides the best opportunity for long-term survival and 
even the chance for cure, and so it is the current paradigm 
of treatment (8-17). Unfortunately, only 10-25% of patients 
with LM are candidates for surgical resection at the time 
of presentation (18-20). In patients with unresectable 
metastases, chemotherapy is the treatment of choice, either 
as a palliative treatment or in attempt to convert them into 
surgical candidates (21-24). Chemotherapy can also be 
administrated as a neoadjuvant strategy for selected cases 
of colorectal LM (23-25). Thus, an increasing number of 
patients receive chemotherapy prior to liver resection (26,27). 
The introduction of new, more effective systemic cytotoxic 
and biologic agents have been an important advance in the 
management of CLM. Tumor response has significantly 
improved with modern combination regimens, with up to 
50% response rates for unresectable LM and 20% proceeding 
to liver resection with curative intent (28). Along with an 

improvement in chemotherapy treatment, there has been 
an increasing evidence of “disappearing” liver metastases 
(DLM) (27-31). DLM defined as a disappearance of liver 
metastases on cross-sectional imaging after administration 
of preoperative chemotherapy, which means a complete 
radiological response. That phenomenon occurs in 5-38% 
of patients who undergo preoperative systemic therapy  
(27,29-32). The logic basis behind the decision-making 
algorithm for DLM built on understanding of correlation 
between the complete radiological response and complete 
pathological response or durable complete clinical response. 
The complete pathological response defined as an absence 
of residual tumor in the resection specimen. The durable 
complete clinical response means no recurrence during a 
satisfactory period of time, when the site of disappearing 
lesion in not resected (left in situ). Both are desirable 
outcomes promising a chance for cure.

In this review we propose a decision-making algorithm 
for management of DLM which discuss step-by-step how to 
improve a clinical approach to DLM, emphasizing upfront 
improvements in imaging, intraoperative detection and 
surgical techniques. 

DLM prevention—Overtreatment is not advisable

The reported risk factors for the occurrence of DLM are: 
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small size of LM (<2 cm), initial number of metastasis 
(over 3) and a prolonged preoperative chemotherapy 
(26,30). Therefore, for those patients selected to receive 
neoadjuvant treatment for a resectable disease, preoperative 
chemotherapy should be given for a fixed short duration. 
There is no strict evidence for number of cycles to treat. 
Van Vledder and colleagues showed that patients with DLM 
received 7.7 cycles of chemotherapy versus 5.5 cycles in 
patients without DLM (26). In addition, an 18 % increase in 
chance of DLM with each additional cycle of treatment was 
noted. The majority of DLMs arose 3-6 months following 
the start of chemotherapy (25). Based on that evidence, 
some writers proposed the numbers of 4-6 cycles (32,33). 
After that initial course the clinician should reevaluate the 
patient in order to avoid disappearing and to promptly 
resect it. It is important to remember, that patients that 
receive chemotherapy for resectable disease do not need 
to demonstrate objective response, although radiological 
response is a good prognostic factor. As far as conversion 
treatment for unresectable disease concerned, it should be 
continued until the patient has a resectable disease, not until 
maximum response (28,33). 

In fact, prolonged chemotherapy can cause liver 
toxicity, and thus to disturb the management of LM by 
two mechanisms. First, it leads to decreased ability of 
preoperative imaging to detect LM, by increased fatty 
content (26,33,34). Second, it makes the surgery more 
difficult technically, causing an obvious increase in intra and 
postoperative morbidity (23).

Preoperative imaging—Are the metastases 
missing indeed?

The rate of complete radiological response varies in different 
series as much as 4% and 38% (25,26,28,33-37). It can be 
explained by differences in chemotherapy regimens and 
by the quality and competence of preoperative imaging. 
Numbers of modalities are in use to image patients with LM. 

Computed tomography (CT)

Since its introduction into clinical practice in the 1970s, the 
quality and accuracy of CT in detecting LM has continued 
to improve, with a sensitivity ranging currently between 
63% and 90%, and specificity between 85% and 90%, 
approaching 100% in some series (26,33,34,38,39). 

Preoperative chemotherapy can induce parenchymal 
changes to the liver, defined as steatosis or steatohepatitis 

(33,40). In that setting the background liver appears 
darker, allowing less contrast between the parenchyma 
and the hypovascular metastases, hindering their detection 
(34,41,42).

Several risk factors have been reported causing an 
inadequate staging of LM by CT, such as steatosis > 30%, 
more than 3 LM and lesions smaller than 1 cm (32-34).

Based on this evidence, we assume that all missing 
metastases on triple-phase CT should be confirmed by 
another imaging modality. 

PET-FDG and PET-CT

That modality shows high sensitivity, up to 97%, for 
detecting LM in some series (43,44). Other publications 
reported wider range of sensitivities—51-90% (40,45-48). 
This data reflects several factors, which reduce the sensitivity 
of FDG uptake, such as small lesions (especially less than 
1 cm) and impaired glucose uptake in tumor cells due to 
chemotherapy (49,50). Nevertheless, some series emphasized 
an important role of PET-FDG, changing the treatment 
plan in up to 30-40%, either by finding an extrahepatic 
disease or correctly predicting a complete pathological 
response (51,52). In a prospective study of 104 patients 
with CRC, PET-CT revealed unsuspected disease in 19%, 
changed stage in 13.5% and resulted in modified surgery 
in 11.5% (53). As the likelihood of extrahepatic disease 
increases along with the degree of liver involvement, PET-
CT should be considered as a routine examination in staging 
patients prior to surgical resection (34). This is important 
when considering extensive surgery to avoid the morbidity 
of futile laparotomies.

In summary, remaining an important tool in primary 
staging, PET scan is not a good test for looking at viable 
cancer within the liver after chemotherapy (54).

MRI 

MRI appears to be the best hepatic imaging modality, 
especially in the setting of chemotherapy-induced steatosis 
and for small lesions (28,55). Compared with CT, it has 
better sensitivity and specificity (34). Recent advances 
in MRI techniques, such as diffusion-weighted imaging 
(DWI) and hepatobiliary contrast agents even strengthen 
that superiority. DWI is a measure of the ability of water 
molecules to diffuse freely between tissues and hence 
directly correlates with underlying cellular density. 
Metastases tend to restrict diffusion and the addition of 
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DWI to the typical liver MRI protocol improves sensitivity 
and specificity for lesion detection and characterization 
(56-60). In addition to DWI, hepatobiliary phase MRI 
using liver-specific contrasts has demonstrated improved 
sensitivity to metastasis detection over routine MRI (61-64). 
Examples of such contrast agents are Gadoxetic acid and 
super paramagnetic iron oxide (SPIO). These agents help 
to improve the contrast between hepatocytes and tumor 
cells during the late hepatobiliary phase, in which peak 
parenchymal enhancement happens. 

In summary, MRI is an optimal modality to image LM 
missing on CT scan. Moreover, in recent study an inability 
to observe a DLM on MRI was associated with an increased 
chance for complete pathological or durable clinical 
response (30).

Following adequate imaging—Should we always 
operate?

Since no preoperative imaging modality, including MRI, 
has a sensitivity of 100%, there is a subset of DLM that 
will be found only at the time of surgical exploration. In 
other words, if we do not proceed to surgical exploration 
in setting of DLM even after performing comprehensive 
imaging, we may leave the tumor behind. So one should 
always consider surgical exploration when feasible, especially 
in presence of DLM risk factors, mentioned previously, 
such as small and multiple lesions, prolonged chemotherapy 
and significant chemotherapy induced liver damage. The 
literature hasn’t faced the difference between per patient 
versus per metastases approach to exploration. Obviously, 
a patient with multiple metastases, which only part of 
them disappeared on imaging, will undergo exploration, 
demanding resection of remaining lesions in any case. It is 
less clear how safe is a possibility to avoid surgery in rare 
patient with completely “clean” post-chemotherapy liver. 
Such specific cases should be discussed in a multidisciplinary 
team, taking in consideration favorable prognosis in good 
treatment responders. That fact promotes an aggressive 
approach with meticulous intraoperative assessment.

Intraoperative assessment—Could we do better?

The role of exploratory laparoscopy as a first step in 
operative approach to DLM is still being controversial. 
The main importance of laparoscopy in such cases is 
probably to rule out a disseminated peritoneal disease. The 
ability of laparoscopy to identify small lesions missing on 

preoperative imaging is significantly limited.
Using formal laparotomy, all patients with DLM 

should undergo a full liver mobilization, visual inspection, 
palpation and finally intraoperative ultrasonography (IOUS). 
Systematic examination by IOUS can lead to an increase 
in the detection of DLM. In the published experience, a 
macroscopic residual disease was observed in as much as 27-
45% of the patients with DLM by combination of palpation 
and IOUS (25,26,36,37). As mentioned previously, that 
frequency was lowered by the use of preoperative MRI 
(26,28,36).

Contrast-enhanced intraoperative ultrasound (CE-
IOUS) is a novel technique that was proposed in 2004 for 
both CLM and hepatocellular carcinoma detection. The 
preliminary results were inconclusive for CLM (64-66). 
Further investigations showed that it is capable of detecting 
a larger proportion of CLM, in comparison with other 
imaging modalities including IOUS (53,67,68). Arita et al. 
assessed a usefulness of CE-IOUS in identifying DLM (69). 
Out of 32 DLM, 4 were identified by IOUS, all confirmed 
as tumor by pathology. Out of remaining 28, 12 we found by 
CE-IOUS, all were resected and a vast majority (11 of 12)  
consisted of malignancy. The authors concluded that  
CE-IOUS might be necessary for identifying DLM.

Possible factors influencing the surgeon ability to 
discover DLM include the degree of hepatic steatosis, 
the depth of DLM, the location relative to anatomical 
landmarks and surgeon skill with IOUS (28,66,70). 

How to treat missing LM during surgery

When a surgeon cannot identify DLM during the 
operation, he has two options to manage that situation. First 
is to treat surgically the site of anatomical location of the 
metastases, and check for complete pathological response 
in pathology regimen. Second, he can leave it in situ. In 
that scenario the outcome will be assessed by the follow-
up imaging, looking for recurrence al the site of DLM. 
The duration of the follow-up to define a complete clinical 
response is not well defined. According to the fact that the 
median time of recurrence is 6-8 months, it is makes sense 
to define a durable clinical response as no recurrence at 
cross-sectional imaging at 1 year (26,28,30). 

The literature is not is not convincing when facing the 
dilemma of resecting the site of metastasis versus leaving 
it in situ. Several predicting factors for a good correlation 
between a complete radiological and complete pathological 
response were described. Most significant of them were 
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initial higher number of LM, more metastases with partial 
response, young patients (<60 years), low initial CEA level 
(<30) which normalizes during chemotherapy, small lesions 
(<3 cm) and an absence of lesion on preoperative MRI 
(26,37). Another independent predicting factor was a use of 
hepatic artery infusion (HAI) therapy (28,36,37). 

Proponents of aggressive resection present high rates of 
recurrence while left in situ (above 70%) and low rates of 
complete pathological response when resected (20%) (27,28). 
van Vledder et al. showed a significant advantage in 3-year 
intrahepatic recurrence-free survival rates for resection 
versus follow-up group (26). On the other hand, there 
was no difference in overall survival (26,27). The possible 
explanation is the fact that about a half of the patients 
experience recurrence in any other location, different from 
the DLM sites or even extrahepatic (33). The aggressive 
biologic nature of disease in those patients may neutralize 
the local control of disease by DLM sites resection, thus 
moderating overall survival benefit (25,26,33).

From the practical point of view, the decision should 
be made based on aggressiveness of the disease, the 
patient condition and operative risk, an ability to treat all 
sites surgically and predictive factors for true complete 
pathological response as described above.

Advances in surgeon arsenal—From “blind” 
hepatectomy to NanoKnife

When the lesion cannot be identified, incorporation 
of the original site to hepatectomy or even performing 
segmental hepatectomy for a DLM site alone should be 
considered (26). The clear disadvantage of such “blind” 
hepatectomy technique is an inadequate residual liver 
volume and increased surgical risk. In fact, performing a 
major hepatectomy to resect the site of the DLM may not 
decrease the recurrence rate (27). On the contrary, the 
prognosis could be worsened by reducing the possibility 
of second hepatectomy. Along with the general trend of 
liver sparing in hepatobiliary surgery, in the field of DLM 
technological improvements allow more precise intervention. 
The key point is an exact site location. One option is to 
mark the LM with coils using percutaneous interventional 
radiology techniques (71). Although discussed in the chapter 
of operative treatment, its real place in decision-making 
algorithm is before starting chemotherapy. One can consider 
that tool, when dealing with an aggressive disease, which 
requires prolonged therapy, or when mentioned risk factors 
for DLM exist. Additional aids to assist in surgical planning 

are new software and applications that alleviate determining 
surgical planes, evaluating FLR and depicting anatomy (34). 

Radiofrequency ablation (RFA) is a gaining momentum 
alternative for liver lesion resection (72). The idea of 
ablating a previously marked site of DLM is promising in 
avoiding massive resections. It is timely influencing the 
debate about the necessity of DLM site resection. The 
problem in analyzing that modality is to compare it to 
surgical resections. Unlike in surgical resection, an evidence 
for complete response rates can be collected by looking for 
recurrence in follow-up imaging.

In spite of its widespread use and noted efficacy, RFA has 
some limitations. Its dependence on heating of the tissue to 
denature proteins means adjacent thermosensitive structures 
such as colon, stomach, bile ducts, gallbladder, and hepatic 
capsule can be damaged resulting in complications, and 
large vessels within or close to the treatment zone may 
cause thermal sinks (“heat-sink” effect) that will prevent 
complete treatment of the target lesion (72,73). Although 
there are new thermal technologies such as microwave 
ablation, which may potentially generate a larger ablation 
zone in a shorter time, they still have the limitations 
associated with thermal technologies. These limitations 
have generated interest in other methods of ablation and 
have forced an integration of irreversible electroporation 
(IRE) method into treatment options list of hepatic tumors.

IRE, commercially available as NanoKnife, is a new 
ablative technology that uses high-voltage, low-energy 
DC current to create nanopores in the cell membrane, 
disrupting the homeostasis mechanism and inducing cell 
death by initiating apoptosis (74). Its major advantage is 
the lack of heat-sink effect and the ability to treat zones 
near vessels, bile ducts, and critical structures. IRE comes 
with its own share of limitations. Human experiences are 
still limited, whereas thermal ablative techniques such as 
RFA have been time-tested for nearly three decades. The 
procedure has a learning curve because multiple needle 
placements are required within a prescribed distance, which 
can be challenging, and parallel placement of the probes 
may be hindered by issues, such as intervening ribs. In 
addition, this is a very expensive technology. We doubt a 
routine use of it when dealing with the lesion that is not 
even visible and the need for resection is controversial.

Computer assisted liver surgery can be an elegant way to 
locate and ablate the site of DLM. Indeed, the integration 
of the prechemotherapy imaging to the US imaging along 
with the navigation system can allow the surgeon to locate 
and ablate precisely the metastatic site (75).
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Summary

Our review suggest an algorithm for clinical approach 
to DLM (Figure 1 ) .  The most crucial  steps are a 
comprehensive preoperative imaging, including MRI, 
careful surgical exploration, using IOUS and possibly CE-
IOUS, and to be assisted by variety of operative techniques, 
such as local ablation of previously marked sites. The 
algorithm might serve as a helpful tool, but it definitely does 
not replace a multidisciplinary team, which should carry 
out the treatment of such a complicated patients. As the 
technology is improving fast, we look forward for the future 
improvements. The desirable navigation system may give 
an answer for difficulties to locate previous sites of DLM.
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