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Abstract
In oncosurgical approach to colorectal liver metastases, 
surgery remains considered as the only potentially 
curative option, while chemotherapy alone represents 
a strictly palliative treatment. However, missing 
metastases, defined as metastases disappearing 
after chemotherapy, represent a unique model to 
evaluate the curative potential of chemotherapy and to 
challenge current therapeutic algorithms. We reviewed 
recent series on missing colorectal liver metastases 
to evaluate incidence of this phenomenon, predictive 
factors and rates of cure defined by complete 
pathologic response in resected missing metastases 
and sustained clinical response when they were 
left unresected. According to the progresses in the 
efficacy of chemotherapeutic regimen, the incidence 
of missing liver metastases regularly increases these 
last years. Main predictive factors are small tumor size, 
low marker level, duration of chemotherapy, and use 
of intra-arterial chemotherapy. Initial series showed 
low rates of complete pathologic response in resected 
missing metastases and high recurrence rates when 
unresected. However, recent reports describe complete 
pathologic responses and sustained clinical responses 
reaching 50%, suggesting that chemotherapy could 
be curative in some cases. Accordingly, in case of 
missing colorectal liver metastases, the classical 
recommendation to resect initial tumor sites might 
have become partially obsolete. Furthermore, the 
curative effect of chemotherapy in selected cases 
could lead to a change of paradigm in patients with 
unresectable liver-only metastases, using intensive 
first-line chemotherapy to intentionally induce missing 
metastases, followed by adjuvant surgery on remnant 
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chemoresistant tumors and close surveillance of initial 
sites that have been left unresected.

Key words: Colorectal; Liver; Metastases, Surgery; 
Chemotherapy; Missing 
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Core tip: Surgery is considered as the only potentially 
curative option for patients with colorectal liver 
metastases, while chemotherapy alone is considered 
as a palliative treatment. Recent data shown that 
colorectal liver metastases disappearing after che
motherapy, so-called missing metastases, could not 
reappear on the long-term, suggesting that systemic 
treatments might be curative in selected cases. Ac
cordingly, we propose that classical recommendation 
to limit surgery only when all initial tumor sites could 
be resected might have become partially obsolete. 
Furthermore, when missing liver metastases have been 
induced, adjuvant surgery targeting the resistant part 
of the disease could represent a new strategy.
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INTRODUCTION
The current oncosurgical approach in patients with 
isolated colorectal liver metastases (CRLM) is primarily 
driven by the concept that surgery represents the 
only potentially curative option. Retrospective series 
regularly report 5-year overall survival (OS) rates 
superior to 50% after surgical resection[1-5], reaching 
75% in selected groups[6,7], while rates of cure, defined 
as disease-free survival (DFS) greater than 10 years[8], 
may reach 35%[9]. In contrast, in non-resected 
patients treated with chemotherapy only, median OS 
is still limited to 30 mo[10,11] and survival exceeding 10 
years remains exceptional[12-14]. Such a dichotomy in 
the respective potentials of surgery and chemotherapy 
has major implications for establishment of strategic 
management plans in which resectability plays a 
central role in therapeutic decisions. Currently, surgical 
resection is the standard of care in patients with 
resectable CRLM (defined as patients in whom radical 
R0 resection is possible), irrespective of tumor load and 
tumor biology[15]. At the opposite end of the spectrum, 
in patients with diffuse metastatic liver infiltration that 
will never be amenable to surgery, chemotherapy is 
given in a strict palliative setting which aims to provide 
global cancer control and maintain an acceptable 

quality of life rather than induce an optimal tumor 
response. However, it can be argued that this vision 
is overly simplified, and is, at least partially, dogma
tic rather than evidence-based. For example, it is 
clear that technical resectability does not optimally 
categorize all patients with CRLM. In some patients, 
rapid postoperative recurrence despite curative-intent 
resection casts doubt upon the benefits of surgery[16]. 
Moreover, no randomized study is currently available 
comparing surgery and chemotherapy in similar 
patients and the interpretation is massively biased 
when comparing the results of surgery in patients 
with limited disease and favorable prognostic factors 
to those of chemotherapy in patients with massive 
tumor burden. For obvious ethical reasons, it is not 
possible to conduct a trial that randomizes surgery 
and chemotherapy in patients with resectable CRLM 
and, therefore, arguments to challenge current 
therapeutic algorithms can only arise from indirect 
observations. The constant improvement in survival 
rates in patients receiving surgery for CRLM in recent 
years may represent the first evidence that challenges 
the current view. This has been achieved in the context 
of 2 major evolutionary changes. At the surgical level, 
sophisticated techniques now allow curative-intent 
surgery in patients with advanced metastatic disease 
who would have been previously ineligible for surgery. 
In parallel, the efficacy of chemotherapeutic regimens 
has continuously improved, resulting in significantly 
increased tumor response rates[11]. It is postulated 
that it is the combination of these 2 factors that is 
responsible for major improvements in post-surgical 
outcomes. A paradox is that the chances of long-
term survival after resection have increased despite 
extension of the oncological indications. From a surgical 
point of view, it is unlikely that technical progress has 
improved the oncological efficacy of liver resection. This 
brings up the possibility that better results observed 
in these patients may be attributable to improved 
performance of chemotherapy, usually combined with 
surgery in complex cases. One could hypothesize that 
these results in patients with advanced CRLM may 
rely on the capacity of modern systemic regimens to 
clear occult metastatic disease[17-19]. Along this same 
line, the prognostic factors for postoperative outcomes 
have changed notably in the last few years. Previously, 
significant prognostic factors were mainly related to 
tumor stage, at primary and secondary levels, and to 
the possibility for radical surgery[20,21]. In the current 
era of efficient multimodal treatments, the predictive 
value of these factors has substantially decreased, 
replaced by prognostic markers that define the intrinsic 
tumor biology and potential interactions between the 
cancer and systemic treatments. Accordingly, several 
retrospective studies have indicated that the response 
to preoperative chemotherapy has a major prognostic 
impact and, particularly, that the chances of cure 
are significantly increased in patients with complete 
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pathological response (CPR) in resected metastases 
as compared with patients with minor tumor response 
or progressive disease[5-7,16,22-24]. These data were not 
systematically confirmed[25] and should be interpreted 
with caution due to the retrospective nature of the 
studies and the variability of treatment regimens. 
Moreover, these observations do not constitute proof 
of the benefit of preoperative chemotherapy, as 
CPR may represent a surrogate marker of favorable 
tumor biology and/or genetics. Therefore, excellent 
outcomes in these patients may be related to surgery 
only in individuals with favorable tumor biology, 
identified by their positive response to chemotherapy. 
Still, and despite these reservations, if preoperative 
chemotherapy may contribute to improved post
operative survival, its effect is not expected to be 
dependent on its efficacy at the level of the responding 
metastasis itself, as it will be subsequently resected, 
but rather to active tumoricidal effects on occult 
disease. The potential capacity of modern therapeutic 
agents to eliminate microscopic disease could also 
explain why the predictive value of surgical margins 
regularly decreases. Classically, resectability was 
defined as the possibility of achieving a 1 cm negative 
margin and surgery was considered to be beneficial 
only when radical[26-28]. These principles are now 
challenged by several works showing that neither 
margin width, nor R1 resection have a significant 
impact on long-term survival in multivariate analyses 
and, therefore, an anticipated R1 resection should not 
be considered to be an isolated contraindication for 
surgery anymore[17,29-35]. Modern surgical transection 
methods, using ultrasonic dissectors and aspiration 
devices and high energy coagulation systems, 
may play a role in this phenomenon, transforming 
macroscopic R0 resections into R1 pathological 
resections[30] and R1 anatomical resections into R0 
resections in situ. Perioperative chemotherapy may 
also play a role, potentially through elimination of 
residual cancer cells at resection margins. This is 

suggested by retrospective studies showing that the 
differences in survival between R0 and R1 resection 
are abolished in patients with optimal responses 
to chemotherapy[17,18,36], while R1 resection still 
carries a poor prognosis in patients with suboptimal 
responses[37]. Taken together, these observations 
support the hypothesis that new chemotherapeutic 
regimens might have become potentially curative at a 
cellular level. If this is true, the next step would be to 
evaluate whether chemotherapy might be curative on 
a macroscopic tumor and how to integrate this concept 
into new therapeutic strategies. Taking into account 
current established therapeutic algorithms, this simple 
hypothesis is extremely difficult to verify in a clinical 
model. However, the particular situation where liver 
metastases disappear after chemotherapy represents 
a unique opportunity to address this question. When 
these so-called missing liver metastases (MLMs) are 
left unresected, their long-term surveillance provides 
the chance to verify whether such complete radiological 
response (CRR) could correspond to a cure.

MISSING LIVER METASTASES AS AN 
OPPORTUNITY TO DEMONSTRATE THAT 
CHEMOTHERAPY COULD BE CURATIVE 
MLMs, or disappearing or vanishing metastases, 
refer to liver metastases that become undetectable 
upon imaging after administration of chemotherapy. 
As radiological response to chemotherapy can be 
inhomogeneous[38] and as MLMs may be reported as 
the percentage of patients having at least 1 MLM or as 
the ratio of MLMs compared to the total number of liver 
metastases, the exact incidence of this phenomenon 
remains difficult to evaluate. Yet, consistent with the 
increased response rates to modern chemotherapies 
and despite the increasing sensitivity of liver imaging 
techniques, a trend toward an increasing rate of MLMs 
has been described in the last years, ranging from 6% 
to 10% in initial studies to 10% to 24% in more recent 
works (Figure 1)[39-47]. The definition of MLM critically 
depends on imaging technique performance. Currently, 
most authors prefer magnetic resonance imaging (MRI) 
over computed tomography scans[48] but optimally 
use both techniques to confirm the disappearance of 
the lesions[49,50]. Additionally, in 10% to 50% of the 
cases, MLMs on preoperative imaging are still found 
at surgery, using visual and manual inspection and 
intraoperative ultrasound (IOUS)[39,40,42-46,51,52], this rate 
reaches 80% when contrast-enhanced IOUS is used[51]. 
After accurate preoperative imaging and intraoperative 
exploration, some MLMs remain undetectable and 
should therefore be considered to be true MLMs. The 
main predictors for development of MLMs are small 
initial tumor size, low carcinoembryonic antigen (CEA) 
level, rapid normalization of CEA after chemotherapy, 
duration of chemotherapy, and use of hepatic arterial 
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Figure 1  Rates of local recurrence of non-resected missing liver meta
stases according to the time of reporting. Local recurrence rates of 
unresected MLM according to the time of reporting, in 6 studies in which the 
in situ recurrence rates of MLM left in place could be calculated, in 2006[40], 
2007[41], 2009[42], 2010[43], 2011[44] and 2012[47].
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large majority of cases, residual cancer cells were still 
present at pathology when original sites of MLMs were 
resected and that local recurrences were almost certain 
to occur when they were left unresected. This led to 
the view that MLMs are an undesirable event resulting 
from preoperative overtreatment and precluding the 
chances for radical surgical resection. Accordingly, 
the consensus recommendation was, and remains, to 
systematically resect all original sites of MLM whenever 
technically feasible[40,49,53]. Currently however, apart 
from the surgical difficulty of such blind resections, this 
recommendation should probably be reevaluated, as 
recent studies suggest that a significant proportion of 
MLMs would not reappear in the long term. 

PROPOSAL FOR A NEW THERAPEUTIC 
STRATEGY RELYING ON THE 
INTENTIONAL INDUCTION OF MLMS
There are 3 categories of patients at the time of 
presentation of CRLM: Patients with resectable 
metastases, patients with borderline or potentially 
resectable metastases, and patients with metastases 
considered to be definitively unresectable. The 
therapeutic options are well-defined for the 2 first 
categories. Patients with resectable CRLM should 
undergo surgery, giving them, most probably, the 
best chance for cure (Figure 2). In these cases, the 
place for perioperative systemic treatments remains 
under discussion and is currently decided according 
to associated risk factors. Patients with borderline 
CRLM are those potentially amenable to radical 
surgical resection, provided significant downsizing 
after neoadjuvant chemotherapy. In these cases, first-
line intensive chemotherapy is indicated, to maximize 
the chances of response, followed by surgery with 
curative intent when allowed by tumor-response 
(Figure 2). It is in the third group of patients that 
new therapeutic options can be developed. In the 
current therapeutic algorithm, these patients receive 
chemotherapy in a palliative setting, favoring long-
term tolerance. If we can concede that disappearance 
of CRLM after chemotherapy corresponds to a cure in 
selected cases, a new option in these patients could 
be to intentionally induce MLMs. In this objective, 
the initial decision should be, therefore, to modify 
the first-line chemotherapy from a palliative to an 
intensive regimen, including possibly HAI, to elicit a 
maximal tumor response and to enhance the chances 
of obtaining MLMs. Under these conditions, if MLMs are 
induced, adjuvant surgery and/or local destruction with 
radiofrequency, targeted to remnant visible disease 
could represent an acceptable option when safely 
feasible (Figure 2). To reasonably develop such an 
exploratory approach, patient selection is pivotal. First, 
selection should rely on surgical aspects, reserving this 
type of approach for patients with tumor distributions 
that are potentially amenable to surgical resection if 

infusion of chemotherapy (HAI)[40-43]. The central 
question concerning MLMs is whether they correspond 
to a false negative result of preoperative and intra
operative staging or represent a true complete 
response and, potentially, a cure of the lesion. This 
question is critical for its strategic implications in cases 
when MLMs were accidentally induced but also for 
evaluation of whether intentional induction of MLMs 
could become part of a therapeutic plan. One possible 
answer to this question comes from pathologic analysis 
when the site of an MLM was resected during surgery, 
either when included in the planned resection or when 
a blind hepatectomy was performed. Among resected 
MLMs, the rate of complete pathologic response (CPR), 
defined as the absence of residual viable cancer cells, 
varies widely in the literature, from 20% to 100% 
(Table 1)[39-47]. In different series, the predictive factors 
for a correlation between CRR and CPR are the use of 
HAI, the absence of steatosis, low body mass index, 
an MRI-based diagnosis, the normalization of CEA 
level during chemotherapy, and the use of a modern 
chemotherapy regimen[41-43,47]. A second, and more 
convincing answer, is provided by the long-term local 
follow-up of MLMs when they were left unresected. 
When such specific follow-up could be performed, 
most of the local recurrences appear rapidly, within 
20 mo after chemotherapy withdrawal[43]. Among 
unresected MLMs, the rate of sustained clinical 
response (SCR), defined as the absence of local 
recurrence on follow-up, varies massively in literature, 
from 25% to 80% (Table 1)[39-47]. Interestingly, this 
rate tends to progressively increase in recent reports, 
potentially related to improved sensitivity of imaging 
and improved efficacy of perioperative chemotherapies 
(Table 1)[39-47]. Particularly, adjuvant chemotherapy 
and adjuvant HAI could be determinants, as re-growth 
of MLMs appears substantially increased in patients 
who do not receive postoperative treatments[41,43]. In 
an early study, Benoist et al[40] reported that, in the 

Table 1  Incidence of missing liver metastases and rates of 
local cure as defined by complete pathological response or 
absence of in situ  recurrence on follow-up

Ref. Year Incidence1 CPR2 Sustained local 
clinical response3

Elias et al[39] 2004 10% - -
Benoist et al[40] 2006   6%   20% 26%
Elias et al[41] 2007 - - 62%
Tanaka et al[42] 2009 - 100% 59%
Auer et al[43] 2010   9%   65% 62%
van Vledder et al[45] 2010 24%   39% 53%
Ferrero et al[46] 2012 11% - 39%
Ono et al[47] 2012 - 100% 82%

1Incidence calculated as the number of patients with at least 1 missing 
liver metastases (MLM) among the total group of patients evaluated in 
the study; 2Complete pathologic response as defined by the absence of 
residual cancer cells when the initial site of MLM was resected; 3Sustained 
clinical response as defined as the absence of local recurrence at the initial 
site when MLM was left unresected.
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Figure 2  Therapeutic strategy in patients with patients with colorectal liver metastases. The potential role for adjuvant surgery. CEA: Carcinoembryonic 
antigen; MLM: Missing liver metastase; HAI: Hepatic arterial infusion of chemotherapy; LM: Liver metastases.

some lesions would disappear after chemotherapy 
(Figure 2). Other selection criteria may include the 
predictive factors for development of MLMs, such as 
low CEA level and small tumor size. In these cases, 
rapid evaluation of tumor chemosensitivity, using 
evolution of CEA levels and metabolic imaging[54], 
would be critical, to reinforce first-line chemotherapy 
or to shift to a palliative regimen in cases of poor initial 
response. In addition, in such an approach, the use 
of adjuvant systemic chemotherapy or HAI should 
be considered to enhance the chances of long-term 
SCR[41,43]. 

CONCLUSION
Classically, MLMs were judged to be false negative 
results of imaging and recurrence at those sites was 
considered to be a near certainty. Now, however, 
taking into account the increased sensitivity of 
imaging and the improved efficacy of chemotherapy, 
this view should be reevaluated. Better identification 
of the factors which may lead to disappearance of 
liver metastases and better knowledge of their long-
term evolution may allow for consideration of the 
induction of MLMs as a potential therapeutic option, to 
convert unresectable into macroscopically resectable 
disease. In patients with initially resectable CRLM, the 

accidental generation of MLMs during preoperative 
treatment remains a globally unfavorable event as it 
may complicate a subsequent curative-intent surgery. 
However, in these cases, the classical recommendation 
to resect all initial metastatic sites[40,49,53] might have 
become partially obsolete with regard to the substantial 
chances for SCR in these cases. Therefore, when such 
resections are hazardous, a watch-and-wait strategy 
now appears to be a reasonable alternative. In patients 
with unresectable CRLM, the recent demonstration 
that some MLMs are cured challenges the dogma that 
curative potential is exclusively reserved to surgery, 
and may lead to new therapeutic options. In these 
strategies, the classical roles of chemotherapy and 
surgery would be modified, using first-line intensive 
chemotherapy to obtain maximal tumor response, 
followed, if MLMs were induced, by resection and/or RF 
destruction of the chemoresistant part of the disease. 
This may lead, in fact, to the identification of a new 
subgroup of patients, defined as those with initially 
unresectable but potentially resectable metastases 
if MLMs are induced by chemotherapy, and to the 
new concept of adjuvant surgery, defined as surgery 
targeting the remnant visible metastases after CRR to 
chemotherapy of other lesions. The future development 
of such complex strategies will critically depend upon 
the identification of accurate predictive factors for 
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response to chemotherapy at the single-tumor level, 
on the determination of the best chemotherapeutic 
regimen and on close, multidisciplinary collaborations 
in therapeutic decisions at the presentation of the 
disease and during follow-up. 
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