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Introduction
Colorectal cancer (CRC) is one of the commonest 

cancers worldwide with age standardised incidence rates 
of 22.8 to 64.2 and 19.0 to 46.7 per 100,000 in males and 
females, respectively.1,2 The disease accounts for one of 
the commonest causes of cancer death and the prognosis 
is closely related to the extent of disease at presentation 
as determined by Dukes’3,4 and American Joint Committee 
on Cancer (AJCC)5 classifi cations. While the prognosis of 
AJCC Stages I and II CRC is good with 5-year survival 
rates after treatment of between 72% and 93%,6 untreated 
metastatic disease to the liver has corresponding survival 
rates of only 0-3%.7-11 In particular, the median survival for 
patients with untreated colorectal cancer liver metastases 
(CRLM) ranges from 4.5 to 21 months.7,11-17 Up to 50% of 
colorectal metastases occur in the liver only and in about 

half of these, the appearance is synchronous with the primary 
tumour. While it is often said that synchronous CRLM are 
prognostically poorer than metachronous disease, there 
remains widespread differences in the approach to the 
management of these two problems and hence the need 
for a review of this topic. 

Materials and Methods
The MEDLINE database was systematically reviewed for 

evidence up till November 2008. A Pubmed search for terms 
“colorectal cancer AND liver metastases AND synchronous 
AND metachronous” yielded 155 results. “Colorectal 
cancer AND liver metastases AND synchronous” yielded 
430 results. This search method includes MeSH terms 
“colorectal neoplasms”, “liver”, and “neoplasm metastasis”. 
The following publication types: randomised controlled 
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trials, prospective studies, case series, retrospective studies, 
and pathology studies were reviewed.  

Results
Natural History of Synchronous Compared to Meta-
chronous Liver Metastases

Approximately half of all patients with CRC develop 
metastatic disease, either synchronous or metachronous, 
with the liver as the most common distant site of involvement 
(apart from lymph nodes), followed by the lungs, bone and 
brain in that order. Venous drainage (via the portal system) 
is the primary mode of spread. This explains in part why 
distal rectal cancers more often metastasise to the lungs 
as the inferior rectal vein drains directly into the inferior 
vena cava instead of the portal system. Hepatic metastases 
are extremely common; 14.5% to 24% of patients with 
newly diagnosed colorectal cancer have synchronous liver 
lesions while a further 8.1% to 20% develop metachronous 
disease.11,17,18 With improved surgical techniques, resection 
of CRLM has now become a viable option even without 
neoadjuvant chemotherapy, achieving 5 year survival rates 
of 25% to 40%. Unfortunately due to the unique segmental 
anatomy of the liver and the need for a critical volume of 
residual liver function, only an estimated 15% to 23% of 
all patients with CRLM are amenable to curative resection 
at fi rst presentation.19-21 Prognosticating suitability of 
surgery for patients with CRLM is still contentious and 
preoperative factors have been investigated extensively in 
an attempt to allow surgeons and patients to make better 
informed decisions. 

One of these factors is the extent of disease at initial 
presentation, in particular whether liver metastases have 
already developed. This was fi rst observed by Ekberg22 in 
1986, who suggested that synchronous liver lesions may 
have a poorer survival after surgery indicating perhaps 
a more aggressive form of malignancy. The defi nition 
of metachronicity, however, varied between different 
institutions, ranging from lesions discovered any time after 
the point of primary tumour evaluation,23 to 3 months,24 
6 months,11 or even up to a year after primary tumour 
surgery,25 making exact comparisons of different studies 
diffi cult. An attempt to address this issue was made in the 
6th edition of AJCC staging manual,5 where the defi nition of 
staging includes the sentence “carried out during the initial 
evaluation of the patient through the fi rst course of surgery 
and prior to any defi nitive treatment or by 4 months after 
diagnosis, whichever is longer.”26 Interpretation using this 
defi nition nonetheless retains heterogeneity in classifi cation 
since patients do not always decide on surgery at the same 
time. For a patient who receives an operation within a week 
after receiving the histological report of malignancy, staging 
ends a little after 3 months from the date of operation. 

In comparison, for a patient who decides 6 months after 
diagnosis that he would want an operation, staging ends 
at surgery. It may also be diffi cult to apply practically – to 
schedule a radiological evaluation for metastases on the 
exact date projected for each patient.

Reviewing the epidemiology of these lesions, studies 
specifi cally investigating these two groups of patients 
(synchronous versus metachronous liver metastases) have 
found no differences in gender,27-29 tumour location,27,28,30 
size of primary tumour,28,30 size of metastatic lesion,27,29,30 
tumour grading,30 tumour differentiation28 and extent of 
vascular invasion.27 There was also no observable difference 
in terms of metastases to regional lymph nodes27,30 which 
is an independent poor prognostic factor.31,32 A single 
report found that patients with synchronous metastases 
were younger (58.6 years vs 63.1 years)30 but this was not 
observed in other studies.27-29

While there were no differences in intrahepatic 
distribution,27 metastatic synchronous lesions tended to 
be more often bilobar30 and present in signifi cantly greater 
numbers.27,30 Interpreting this data requires consideration 
of the fact that synchronous lesions are possibly detected 
later in the course of disease. In comparison, metachronous 
lesions may be picked up earlier during postoperative 
follow-ups hence present with fewer lesions. In terms of 
tumour markers, patients with synchronous lesions had 
higher carcino-embryonic antigen (CEA) levels of 51μg/L 
compared to 20μg/L (P = 0.012).29

Pathological Differences
Differences in tumour biology may explain the observed 

differences between synchronous and metachronous disease. 
Several biological peptide markers, like transforming 
growth factor-α (TGF-α), insulin-like growth factor-II 
(IGF-II),33,34 and matrix metalloproteinase 2 (MMP-2),35,36 
have been investigated. Elevation of all three markers by 
>25% predicts a poor outcome and a greater than 99% risk 
of developing liver metastases after correction for depth 
of tumour invasion, lymph node involvement, histological 
grade and patient age.37 TGF-α , which competes with 
epithelial growth factor (EGF) and binds to the EGF 
receptor (EGF-R), was found to be higher in patients with 
synchronous metastases and predicted shorter survival (P 
= 0.036), suggesting an unfavourable tumour biology.38 

Up-regulation of mucin 1 (MUC1)39,40 and down-
regulation of mucin 2 (MUC2),41 apomucins for epithelial 
membrane antigen, are aggressive pathological factors 
in colorectal, pancreatic and biliary tree cancers.42 The 
relationship between synchronous liver metastases and 
MUC1 up-regulation is not clear and may be confounded 
by an advanced primary tumour, usually pT3 or T4.40

Tumour suppressor protein p53 was not found to be related 



September 2010, Vol. 39 No. 9

721 Management of Syn/metachronous CRLM – Ek Khoon Tan and London Ooi 

to unfavourable tumour characteristics but predicts for better 
survival after partial liver resection.38 However, absent or 
low expression of cyclin-dependent kinase inhibitor p27, 
another tumour suppressor, is associated with aggressive 
colorectal adenocarcinomas. Its expression was reduced 
in primary tumours with synchronous lesions compared to 
metachronous metastases more than 6 months after primary 
tumour resection (8.3% vs 41.7%).43 

Gene profi ling by Pantaleo et al44 found that 49 genes 
were up-regulated in metachronous tumour specimens while 
55 genes were up-regulated in synchronous metastases. 
Further functional analysis of these genes showed that 
EGF-R was over-expressed in metachronous lesions while 
the cyclo-oxygenase-2 (COX-2) gene was over-expressed 
in synchronous lesions. 

Histological examination has shown that the incidence 
of venous invasion is higher in patients with synchronous 
liver metastases.45 This is corroborated with fi ndings of 
increased proliferating cell nuclear antigen (PCNA) and 
adhesion molecule CD44 expressions, both related to 
venous invasion, in synchronous liver metastases46 when 
compared against primary tumours without metastases. 
This may however represent a different stage in tumour 
genesis when the cancer cells acquire further mutations that 
allow it to metastasise rather than as an intrinsic tumour 
difference. 

On the other hand, there was greater angiogenesis within 
metachronous lesions compared to synchronous lesions 
when assessed microscopically for vascularity in the 
histology specimen. The authors provided two suggestions: 
(i) a lead time bias as metachronous lesions are diagnosed 
when they have reached a signifi cant size (when tumours 
have acquired independent angiogenesis) while synchronous 
lesions are usually detected earlier, for example during 
laparotomy, (ii) that synchronous lesions grow faster with 
necrosis accounting for decreased vascularity.47

On a cellular level, host anti-tumour immune response 
can be assessed by the presence of mature dendritic cells 
(displaying CD83) at the invasive margin of CRC stroma.48 
A defi cient anti-tumour immune response as indicated by 
CD83+ cell counts of <2 per fi eld prognosticates poorer 
survival. Interestingly, metachronous liver metastases 
display higher numbers of CD83+ dendritic cells compared 
to synchronous metastases. This difference in host immunity 
between the two groups of patients may account for the 
poorer survival of the latter group.49

Although differences between metachronous and 
synchronous lesions have been reported in discrete studies 
at various biological levels, a “unifi ed theory” to explain 
the patho-physiology of aggressiveness of synchronous 
lesions rather than malignancy detected at a later stage 

has yet to be elucidated. Further research in this area may 
perhaps provide the answer to this question.

Survival Outcomes
Twenty-one articles comparing survival outcomes of 

patients with synchronous and metachronous liver metastases 
receiving operations were available. Overall, 5- and 10-year 
survival rates ranged from 16% to 44% and 20% to 30.9%, 
respectively (Table 1).16,18,22,25,27-30,50-62 Meta-analysis was 
not conducted as the studies were neither randomised nor 
controlled. As was discussed earlier, there was indeed a 
vast variability in the defi nition of metachronicity, ranging 
from anytime after primary tumour evaluation to one year 
after surgery for the primary tumour. This plurality greatly 
impacts the ability to compare the survival outcomes 
between studies. Nevertheless in accordance with each 
individual paper’s defi nition, most studies showed a 
difference in survival favouring metachronous lesions 
although it did not always reach statistical signifi cance. 
Studies reporting a statistically signifi cant difference 
showed a 8% to 16% reduction in 5-year survival rates in 
the synchronous group.16,18,25,52,57 Six other studies reported 
a similar difference that while observable, did not achieve 
statistical signifi cance.27,30,53,55,60,61 Ueno et al25 reported a 
worse prognosis for synchronous metastases in their multi-
variate model HR 2.06 (1.07 – 3.96, P = 0.029), adjusting 
for tumour features and number of liver metastases. 

A shorter disease-free interval is congruent with a poorer 
prognosis. Further studies by Tsai et al30 and Nuzzo et 
al61 while not reporting poorer survival, found signifi cant 
shortening of 5-year disease free survival in the synchronous 
group by about 18%. Alwan et al28 also observed slightly 
higher local recurrence rates in synchronous liver metastases 
compared to metachronous disease  (15.4% vs 9.5%, P = 
0.38). The same study found more lymph nodes positive 
for disease in the synchronous group (73.9% vs 59.5%) 
suggesting more aggressive disease although tumour 
differentiation was not as evident (81.5% vs 76.2% were 
moderately well differentiated) as a prognostic separator. 
Sugihara et al52 also reported a lower recurrence rate of 
metachronous metastases in the abdominal cavity (5% vs 
25%). The authors however highlight a possibility of a 
selection bias as patients with metachronous lesions and 
abdominal cavity involvement have been excluded.

Importantly, and regardless of the above factors, is the 
fi nding that a positive tumour margin on resection (R1) is 
a poor prognostic factor in both groups27,29,63 reinforcing 
the importance of adequate tumour clearance. Although 
evidence for resection margins >1 cm conveying survival 
benefi t has not always been demonstrated,30,53,58,59 studies 
reporting the converse for margins of >1 cm16,22 and 
>5 mm27,55 remain, and an inverse linear relationship 
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demonstrated between recurrence and resection margins at  
subsets of < 1 cm.61 Nuzzo et al61 also reported an association 
between smaller resection margins and synchronous tumours 
- this may contribute to the poorer prognosis seen in this 
group of patients. Another possible confounder exists, as 
patients with R1 resections may possess more extensive 
disease and in terms of size of tumour and number of 
metastases.61,64 Reviewing the above studies listed, this was 
partially addressed in the multivariate model on patients 
with synchronous tumours by Taniai et al,27 demonstrating 
that a tumour free margin (>5 mm) remained an adverse 
factor for survival after adjusting for the number of 
lesions. Resection margins of the primary tumour are also 
an important factor in prognostication. Knowledge of the 
presence of liver metastases affects surgeon performance 
and is related to an increased rate of positive colorectal 
resection margins, translating into intra-abdominal extra-
hepatic recurrence of CRC.62

One argument is that measurement of survival for patients 
with metachronous lesions may be calculated from the 
onset of primary disease and not hepatic disease, resulting 
in an increased observed survival.60 This introduces a 
study-specifi c systematic bias that may erroneously report 
better survival for patients with metachronous disease. Of 
the studies reviewed, most defi ned disease free survival 
as “duration after operation” without specifi c reference 
to which operation. It was clearly defi ned as “duration 
after hepatectomy” in 7 studies.22,25,30,56,58-60 One paper 
distinguished differences in 5- and 10-year disease survival 
rates (44% and 36% respectively) after liver resection, and 
51% and 36% after primary tumour resection.62 Another 
argument is the detection bias inherent in patients with 
metachronous disease as they would ideally have regular 
follow-up allowing earlier detection of metastases, which 
is not possible for patients presenting for the fi rst time 
with synchronous metastases. This however has been 
addressed with multi-variate analysis by Tsai et al,30 where 
synchronicity and stage of primary tumour were found to 
be independent prognostic factors for recurrence and not 
related to time of detection, suggesting that synchronicity 
represented a greater tendency to spread.

Almost all studies agreed that synchronous disease had 
poorer survival outcomes. Two studies showed the reverse: 
Coppa et al50 reported a 66% fi ve-year survival compared to 
0% in the metachronous group, and Bockhorn et al29 with 
5-year survival rates of 47% compared to 39%, although 
both studies did not reach statistical signifi cance. 

Controversies in Management
Amongst the earliest of recommendations for technical 

feasibility for resection is the Ekberg criteria where 
contraindications to surgery include: (i) the presence of four 
metastases or more, (ii) presence of extra-hepatic disease, 

and (iii) if resection margin of less than 1 cm is expected.22 
Other factors that have been considered in deciding 
operability include (i) location and (ii) size of metastases, 
(iii) liver reserve after resection, and (iv) surgical opinion 
on whether all metastases can be removed.20,31,65-67 Opinion 
on technical feasibility is otherwise highly institutional and 
surgeon dependent and will not be discussed in this paper. 

Should synchronous tumours be removed at the same 
setting as the primary tumour? The “cascade” theory 
suggests that haematogenous metastases spread in a 
stepwise fashion to the liver before the lungs, and that the 
latter only occurs after considerable progression of disease. 
Further delay risks dissemination of cancer cells. Indeed, 
synchronously detected lesions resected metachronously 
fare worse than those metachronously detected and 
resected.68 Unresected metastases are known to proliferate 
after resection of primary tumour, as are the vascular density 
of these metastatic lesions.69 Net cellular proliferation of 
liver metastases assessed at least 6 weeks after bowel surgery 
alone was also greater when compared to metachronous 
metastases (P = 0.0005).70 There is a possibility that the 
primary tumour produces anti-angiogenic molecules other 
than vascular endothelial growth factor (VEGF) such as 
angiostatin and with resection, this inhibition is lost resulting 
in proliferation of metastases. 

In order to reap the benefi ts of early surgery, a curative 
liver resection must be performed. However, therein lies 
the problem in determining operability at the point of 
initial evaluation. If the decision is made for separate 
operations, 2 approaches may be undertaken – either a 
staged or a delayed approach. A staged approach refers to 
fi rst operating on the primary tumour, followed by a second 
operation for the metastases. This is mainly due to technical 
considerations or intra-operative fi ndings that curtail a 
simultaneous operation. A delayed operation, in contrast, 
includes administration of chemotherapy or other treatment 
modalities between the two operations.71 Scheele et al16 
purports enforcing a “test of time” approach of waiting up 
to 6 months to observe the tumour biology and evolution 
of metastases as a means of natural selection for operable 
disease. During this time, a resectable tumour is unlikely to 
become unresectable but instead allows discrimination of up 
to 30% of patients with diffuse disease who will not benefi t 
from a liver resection.24 Mean tumour doubling time has 
been assessed using serial computed tomography to be 155 
± 34 days for overt metastases and 86 ± 12days for occult 
lesions not evident at laparotomy.72 Extrapolation of these 
fi gures quantifying tumour growth suggest that the 3 to 6 
month wait advocated by these authors may be appropriate 
for observing the development of metastases and appearance 
of occult metastases, thereby reducing relapse rates.73,74 For 
those patients with synchronous disease still suitable for 
hepatic resection after the interval, Lambert et al24 report no 
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signifi cant difference in survival between them and those 
who underwent immediate hepatic resection. Lesions larger 
than 4 cm, however, are considered to have withstood the 
test of time, having grown to such a size without becoming 
obviously diffuse or unresectable. 

Delaying the liver operation will allow the opportunity 
for administration of interim chemo-immunotherapy 
which has been reported to achieve a mean survival of 66 
± 4 months.75 Although overall survival for patients with 
a delayed resection may not change with neoadjuvant 
chemotherapy, it allows identifi cation of patients with 
biologically aggressive cancer who may otherwise not 
benefi t from a liver operation.24 Indeed, subgroup analyses by 
Allen et al76 showed survival benefi t for those whose disease 
did not progress while on neoadjuvant chemotherapy. It is 
recommended, during this period of watchful waiting that 
other investigations such as needle biopsies should not be 
performed as it risks tumour cell spillage and needle tract 
or peritoneal seeding.77 

With increasing surgical experience, morbidity and 
perioperative mortality rates have decreased to the 
extent that some centres are now routinely combining 
the primary tumour resection with liver metastasectomy. 
There remain some concerns in performing simultaneous 
operations: (i) Colonic resection may risk intraoperative 
contamination of the cut liver surface predisposing to 
intra-abdominal collections. (ii) Portal clamping causes 
portal hypertension, and together with liver impairment 
may cause intestinal oedema and compromise the colonic 
anastomosis. (iii) Small occult metastases may not be 
evident during the evaluation and therefore not addressed 
during the operation. (iv) The amount of liver that may be 
safely resected in a combined operation. Sixteen studies 
comparing combined versus staged/delayed resections of 
liver metastases for synchronous disease were available 
for review (Table 2).16,23,27,32,71,73,78-87 The proportion of 
patients with simultaneous operations with rectal cancer 
as the primary ranged from 12.0% to 62.7%. Two studies 
explicitly reported the involvement of both colorectal and 
hepato-biliary specialists in the management of patients.23,80

Comparing morbidity and mortality outcomes, 2 papers 
clearly described the methodology of comparison – that of 
combined morbidity (from separate colorectal and hepatic 
resection) of staged patients against those who underwent 
both procedures simultaneously.80,83 Morbidity, including 
minor complications, was reported to range from 5% to 
53% with perioperative mortality rates from 0-10%.23,32,78-87 
Both mortality and morbidity were not signifi cantly different 
between the two approaches in most studies. Thelen et 
al84 reported a higher 90-day perioperative mortality rate 
in combined resections although long-term survival was 
comparable. Tanaka et al81 showed that postoperative 

morbidity was associated with larger liver resections (350g 
vs 150g, P <0.05). Reddy et al83 too found signifi cantly raised 
mortality rates of 8.3% vs 1.4% (P = 0.04) when combined 
with a major hepatectomy (at least 3 segments in accordance 
with terminology defi ned by Strasberg88). The same study 
also reported higher morbidity rates in combined procedures 
though other studies reported comparable morbidity or the 
opposite.23,79,84-86 While the most common complications 
reported are infected intra-abdominal collections and pleural 
effusions, of relevance is the absence of an increase in risk 
of complications from infection or anastomotic leak.23,80 

Long-term outcomes appeared similar between the 
2 approaches. None of the studies showed statistically 
signifi cant differences in survival rates, although Jovine et 
al89 suggests that earlier initiation of adjuvant chemotherapy 
(by performing combined resections) may provide better 
oncologic results. A planned delayed approach (i.e. primary 
tumour resection followed by chemotherapy before liver 
resection) may interfere with the delivery of complete cycles 
of chemotherapy if morbidity from the fi rst operation is 
present.86 Other benefi ts include reduced total blood loss,23 
and a shorter length of hospital stay.23,80,83,85,87 Nevertheless, 
caution needs to be borne in the interpretation of such 
results. The fi rst is a selection bias as the studies were 
mainly retrospective reviews of surgical databases and of 
patients who have had surgery. Although survival outcome 
was defi ned as time after hepatectomy,71,80 survival analyses 
would not include the subset of patients not suitable for 
simultaneous resections but subsequently had progression 
of disease and did not undergo a staged hepatectomy. This 
will naturally select patients with less aggressive disease 
into the staged group. The second is a potential bias as 
simultaneous resections are associated with smaller liver 
resections with fewer and smaller metastases.23,81,83

Summary of Recommendations
Recommendations on surgical treatment for patients 

with colorectal liver metastases pooled from the various 
studies are as follows. Results suggest that, if surgically 
amenable, resection of primary and metastatic tumour 
should be performed. Synchronicity of metastases may be 
considered as an adverse prognostic factor. For patients 
presenting with synchronous metastases, combined surgery 
for both primary and metastatic lesions may be performed in 
carefully selected patients. Those best suited for combined 
resections are younger than 70 years of age27,81,84 and with 
good surgical fi tness.77 Relevant to the primary tumour are an 
adequate tumour-free margin, lesions that are not advanced 
(T4),82 less than 4 colorectal lymph node metastases,31 and 
histology that is not poorly differentiated or mucinous 
adenocarcinoma.27, 81 The site of primary lesion and type 
of colectomy planned is also of concern. Right-sided 
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colectomies can be combined with any liver resection.77,87 
Left-sided colectomies should not be combined with a 
liver resection greater than a right hemi-hepatectomy.77 
For low anterior resections, the risk of anastomotic leakage 
and requirement for diverting ileostomies needs to be 
considered.77 While not contraindicated, and reports of 
major hepatectomies and anterior resections performed 
simultaneously without morbidity or mortality have been 
published,66,79,90 caution needs to be taken. 

For factors pertaining to the metastatic hepatic lesion(s), 
combined resections are recommended only if there are 
3 or fewer liver metastases,82 and a minor liver resection 
(less than 3 segments) is planned.27,77,78,83,84 In this respect, 
Tanaka et al81 recommended simultaneous operations only 
if 1 hepatic section is involved. Lesions more than 4 cm 
can be considered as having withstood “the test of time”, 
and combined surgery may be offered.

Candidates not suitable should instead undergo a staged 
or interval resection of the liver metastases. Benefi ts include 
allowing interim chemotherapy,75 optimisation of surgical 
fi tness, and identifi cation of patients who are unlikely to 
benefi t from an operation.24,76 However, one consideration 
particular to this two-stage approach is the psychological 
burden borne by the patient in knowing that there is still 
residual tumour in his/her body which has not been removed. 
Hence a thorough discussion of the benefi ts and risks of 
either approach must be made with the patient. Going 
further, Kim et al91 have published preliminary results of 
a series of 10 laparoscopic-assisted combined colon and 
liver resections with no major morbidity and mortality.

Conclusion
Synchronous CRLM shows a trend towards a slightly 

poorer survival, suggesting a more aggressive form 
of disease. Although discrete evidence for biological 
differences exist, a “unifi ed theory” explaining the disparity 
in tumour behaviour of synchronous CRLM has yet to be 
found. Surgery for patients amenable to curative resection 
remains the only treatment option that can offer a chance of 
long-term survival that at present ranges from 16% to 44% 
at 5 years. This can only improve with further developments 
in chemotherapeutic, immunotherapeutic and targeted 
therapy agents. Combined resection of primary tumour 
and synchronous metastases is a viable option. However, 
the decision to offer such an operation is still not clear 
and depends on careful patient selection and institutional 
experience. Given the current evidence, management 
of synchronous and metachronous CRLM needs to be 
individualised to the needs of each patient.
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