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Abstract

Aim: The objective of this study was to investigate the prognostic value of serum carcinoembryonic an-
tigen (CEA) level in colorectal cancer patients with liver metastases. The serum CEA level was recorded
at the point of metastasis diagnosis, differing from the majority of literature looking at preoperative
metastasectomy CEA level. Methods: From January 2010 to December 2014, 138 patients with a diag-
nosis of colorectal cancer and liver metastases were included in the study—population from Buenos
Aires, Argentina. Patients with both resectable and unresectable liver metastases were followed
up over a 4-year period. Kaplan Meier survival analysis was used to produce survival curves that
were compared by log-rank test. Results: The overall survival for all patients studied with a CEA <
100 ng/ml was significantly longer compared to patients with CEA = 100 ng/mL (p < 0.001). The 1-,
2-, and 3-year overall survival rates for the whole cohort were 73.6, 56.6 and 53.8% respectively.
For patients with unresectable metastases, a low CEA level (<100 ng/mL) was also associated with
the increased overall survival (p = 0.036). Conclusions: In our patient cohort, this study indicated
that a low CEA level (<100 ng/mL) measured at metastasis diagnosis was a good prognostic indi-
cator for improving survival in patients with colorectal liver metastases. These findings highlight
the importance of measuring serum CEA levels in this group of patients at the time of liver metas-
tasis diagnosis.
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1. Introduction

Colorectal carcinoma (CRC) is the commonest malignancy of the digestive tract and the third most common
cancer in the Western world [1]. The most important risk factor is the age with disease rarely developing in
people under the age of 40. The majority of colorectal cancers develop sporadically, however family history of
CRC in a first-degree relative confers a 2- to 3-fold increased risk of disease. Environmental risk factors include
obesity, physical inactivity, low fibre diet and a high intake of red and processed meats.

The liver is the most common site for colorectal cancer metastases due to the enteric venous drainage via the
portal circulation with up to 50% of CRC patients developing liver metastases [2] [3]. Furthermore, the liver is
the only site of metastasis in 35% of cases [4]. Studies have shown that 10% - 30% of patients with liver-limited
colorectal metastases have potentially resectable disease at the point of detection and can be treated surgically
aiming for improving prognosis and potential long-term cure [5]. The surgical removal of hepatic metastases has
been shown to improve survival significantly, with reported 5-year survival rates of 30% - 40%. Recent ad-
vances in the surgical technique for partial hepatectomy, indications for liver resection, imaging modalities and
perioperative care have increased the number of patients suitable for surgical resection and the overall safety of
the procedure [6] [7].

Serum carcinoembryonic antigen (CEA) is widely accepted as a clinically significant prognostic indicator of
recurrence and therapeutic benefit in colorectal cancer [8]-[10]. However, the prognostic value of CEA in colo-
rectal cancer with liver metastasis is less well understood. Mann et al. demonstrated a benefit of low CEA levels
(<200 ng/mL), reporting a 5-year survival of 48.9%, compared to 0% for those patients with a CEA > 200
ng/mL [11]. A meta-analysis showed that the low preoperative CEA level (<50 ng/ml) was associated with a
significantly better survival time following liver metastasis resection [12]. A further meta-analysis used a cut-off
value of 200 ng/mL to stratify the two groups and also demonstrated an improved survival time with a lower
CEA level [13]. The literature also includes cut-off values of 20 ng/mL and 100 ng/mL, highlighting the limita-
tions of comparing these different studies [14]. It is important to acknowledge that other studies have failed to
identify a significant survival disadvantage of a raised preoperative CEA level [15]-[18]. Therefore, the optimal
cut-off point and its subsequent impact on prognosis remain uncertain.

The role of CEA as a prognostic factor for unresectable colorectal liver metastases is not well documented.
Mitsuyama et al. investigated the clinical significance of serum CEA and CA19-9 levels in 40 patients with a
diagnosis of unresectable liver metastases, reporting that both tumour markers were significant and independent
predictors of poor survival [19]. Recent advancements in chemotherapy regimens have demonstrated survival
benefits for patients with advanced colorectal cancer, including those with unresectable liver metastases. There-
fore, the measurement of the serum CEA upon diagnosis of colorectal liver metastasis, whether hepatic resection
or non-surgical management is considered, may provide important prognostic information and contribute to fur-
ther advances in the therapeutic strategy of this common cancer.

Other prognostic factors for long-term survival have been identified previously for colorectal cancer patients
with liver metastases. These include degree of primary tumour differentiation, resection margin, nodal involve-
ment, tumour grade and size, number of liver metastases and resection of the liver metastases or not [13] [14].
Other serum tumour markers, including CA19-9 have been studied, as well as markers of proliferative activity
(TK, TPS, TPA), however, CEA is the marker that most often used as a prognostic indicator [20].

The aim of this study is to investigate the prognostic value of serum CEA level at the point of metastasis di-
agnosis, in contrast to the previously well-documented CEA level at the time of metastasis surgery, termed
preoperative CEA level. This could allow for an indication of survival time to be communicated to patients ear-
lier in their disease process and could provide useful information to the clinician on future management options.
It will also add to the limited literature on the use of CEA as a prognostic indicator in unresectable liver metas-
tases. This study investigates both patients who underwent surgical resection of metastases, and also patients in
which metastases were deemed unresectable and palliative measures were commenced.

2. Patients and Methods

A total of 138 patients with a diagnosis of colorectal cancer and liver metastases were entered into the Methepar
database at the UNACIR HPB (Association of Hepatopancreatobiliary Surgery) centre in San Isidro, Provence
of Buenos Aires, Argentina, since it was established in 2010. The database includes patients with liver metas-
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tases who underwent surgery and also patients with unresectable liver metastases. Of the 138 patients, a total of
32 patients were excluded from the study: 22 patients with a diagnosis of liver metastases prior to January 2010
or after December 2014 were excluded; 5 patients were excluded due to no baseline CEA value; 3 patients due
to death from other causes; 2 due to insufficient data entry. Thus, data for 106 patients were included in this re-
trospective study and were made eligible for final analysis. Ethical approval was established for data entry into
the Methepar database in 2010 by Professor Jorge Pablo Grondona, Director of UNACIR HPB, San Isidro, Ar-
gentina. All participants included in the database had given written informed consent, ensuring they fully un-
derstood the requirements of inclusion in the database.

Metastases were considered unresectable if extrahepatic disease existed, vascular invasion occurred or if the
size and number of metastases were deemed too extensive to operate. Data for each patient were extracted from
the database, to include age, gender, date of colorectal cancer diagnosis, metastasis diagnosis and whether this
was synchronous or metachronous (more than three months between the two diagnoses). The serum CEA level
at the time of metastasis diagnosis, the date of surgical resection and date of death or last follow-up was record-
ed for each patient, stating whether the patient remained disease free, the metastasis had progressed, or the me-
tastasis had recurred following resection.

A cut-off value of 100 ng/mL for serum CEA level was used in consideration of the previous literature. Wang
et al. used this value in a similar preoperative CEA study, as did Mitsuyama et al in a study looking at the use of
CEA in a group of patients with unresectable disease [14] [19]. Other literature used cut-off values ranging from
20 to 200 ng/mL, thus 100 ng/mL did not seem inappropriate in the context of this study [11]-[13] [21] [22].

Statistical Analysis

The statistical analysis was processed with SPSS 21 statistical software. Survival time was calculated from date
of metastasis diagnosis to death or censored date. Survival was measured in months with the use of median val-
ues. Patients who died from colorectal cancer were treated as event observations, whereas patients who were
alive at the point of last follow-up were treated as censored observations. The Kaplan-Meier method was used to
produce survival curves, which were compared by the log-rank test. p < 0.05 was considered to be statistically
significant.

3. Results
3.1. Patient Demographics

The study population included 58 men (54.7%) and 48 women (45.3%) shown in Table 1. The median patient
age was 63 years (range 35 - 90 years). Of the 106 patients, 51 underwent liver metastasis resection (48.1%) and
55 patients did not receive surgical intervention (51.9%). 34 patients (32.1%) were given a synchronous diagno-
sis of colorectal cancer and liver metastases. A diagnosis was considered synchronous if both were diagnosed
within a 3-month period. Death occurred in 49 patients (46.2%), 42 patients were deemed disease free at the
point of last follow-up (39.6%) and 15 patients had persistent, progressive or recurrent disease (14.2%). Raised
serum CEA levels (>100 ng/mL) recorded at the point of metastasis diagnosis were observed in 42 patients
(39.6%) and 64 patients (60.4%) had a low CEA level (<100 ng/mL). The overall survival for the whole popula-
tion is depicted in Figure 1. The 1-, 2-, and 3-year overall survival rates were 73.6, 56.6 and 53.8% respectively.

3.2. Overall Survival for All Patients with CEA < 100 and CEA = 100 ng/mL

Figure 2 shows the overall survival for all patients with a CEA > 100 or CEA < 100 ng/mL. For those patients
with a CEA < 100 ng/ml the median survival was 33.0 months (95% CI, 21.6 to 44.4). For patients with a CEA
> 100 ng/ml, median survival was significantly less at 14.0 months (95% ClI, 11.8 to 16.2; p < 0.001).

3.3. Overall Survival of Surgical Patients with CEA < 100 and CEA = 100 ng/mL

Figure 3 shows the overall survival of the surgical group based on CEA < 100 or >100 ng/mL at the time of
metastasis diagnosis. The results of this analysis show that there was not a significant difference in survival
stratifying patients on the basis of CEA above or below 100 at the time of diagnosis of metastasis (Median sur-
vival CEA < 100 ng/ml 22 months versus CEA > 100 ng/ml 29.5 months, p = 0.562).
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Table 1. Characteristics of patients with colorectal cancer and liver metastases.

Characteristic Frequency Percentage (%)
Gender

Male 58 54.7
Female 48 45.3

Age

<60 43 40.6

>60 63 59.4

CEA levels at metastasis diagnosis (ng/mL)

<100 64 60.4
>100 42 39.6
Resection of liver metastases

Yes 51 48.1
No 55 51.9
Time of diagnosis of liver metastases

Synchronous 34 321

Metachronous 72 67.9

Overall survival for all patients
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Figure 1. Overall survival curve for all patients.

3.4. Overall Survival of Non-Surgical Patients with CEA <100 and CEA = 100 ng/mL

Figure 4 shows that there was a significant difference in overall survival of non-surgical patients stratified on
the basis of CEA < 100 or >100 ng/mL. The median survival for patients with a CEA < 100 ng/mL at diagnosis
of metastasis was 14.0 months (95% ClI, 7.2 to 20.8), compared to a median survival of 9.0 months in patients
with a CEA > 100 ng/mL (95% ClI, 6.5 to 11.5; p = 0.036).
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4. Discussion

Overall survival for all patients with CEA < 100 and CEA > 100 ng/mL
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Figure 2. Overall survival for all patients with CEA < 100 and CEA > 100
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Overall survival of surgical patients with CEA < 100 and CEA > 100 ng/mL
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Figure 3. Overall survival for surgical patients with CEA < 100 and

CEA >100 ng/mL.

3.5. Overall Survival of Surgical Versus Non-Surgical Patients

Figure 5 shows the overall survival comparing patients who underwent metastasis resection versus patients who
were managed medically. At the time of study analysis, 72.4% of surgically treated patients were still alive at 3
years, compared to 0% of non-surgical patients who were alive at 2 years (p < 0.001).

This study confirms that there is a significant difference in the survival of all patients with colorectal liver me-
tastases when stratified for CEA levels (CEA < 100 or >100 ng/mL) taken at metastasis diagnosis. Much of the
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literature has previously studied preoperative CEA levels in patients undergoing liver resection. The primary
finding of this study indicates that CEA measurement taken early in the disease process (at metastasis diagnosis)
is predictive of prognosis. Measurement of CEA at metastasis diagnosis enables clinicians to communicate sur-

Opverall survival of non-surgical patients with CEA < 100 and CEA > 100 ng/mL
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Figure 4. Overall survival for non-surgical patients with CEA < 100 and

CEA > 100 ng/mL.
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Figure 5. Overall survival of surgical vs non-surgical patients.

vival rates to patients at an earlier stage and will help guide appropriate future management.

This study is consistent with previously published literature reporting the benefits of surgical resection of liver
metastases in patients with colorectal carcinoma. It supports the use of hepatic metastasectomy for increasing
long-term survival and for providing a potential long-term cure [14]. Due to advances in the surgical technique,
long-term survival is improving, with 5-year survival surpassing 50% in recent studies [23]-[29].

However, there has been limited research into those patients in whom liver metastases are deemed unre-
sectable. This study shows that those patients with unresectable liver metastases and a low CEA level (<100
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ng/mL) at metastasis diagnosis are associated with a longer survival time. This observation adds to the limited
research conducted in this area and supports the findings of Mitsuyama et al. [18]. In 2012, this group also used
100 ng/mL as the cut off value for CEA and found that CEA was an independent predictor of overall survival in
patients with unresectable colorectal liver metastases [19]. This highlights the importance of measuring serum
CEA at metastasis diagnosis even in patients in whom liver resection is deemed not possible. Clinical research
has shown that the absolute level of this tumour marker is dependent on the tumour mass [30] [31]. Advances in
chemotherapy regimes have provided this group of patients with significant survival benefits [19]. In our study,
a median survival difference of 5 months was noted between subjects with a low and high CEA level, which
proved to be statistically significant and may aid in improving the management and expectations of patients with
unresectable liver metastases and a low CEA level.

Although, serum CEA level has value as a prognostic indicator for both resectable and unresectable colorectal
liver metastases, it is important to include other prognostic indicators when assessing the overall survival of pa-
tients with hepatic metastatic colorectal carcinoma. The development and use of prognostic scoring systems has
been controversial in previous literature, due to inconsistency in combining pre-operative factors. Meta-analysis
performed by Spolverato et al. suggested they were unreliable in accurately determining prognosis [32]. In 1996,
the first scoring system was described by Nordlinger et al. [33], in which one point was given to each of the fol-
lowing factors: age, size, stage of primary tumour, CEA level, resection margin, number of nodules and disease-
free interval. Later, a cohort of 1001 patients treated with resection of liver metastases was studied by Fong et al.
[4]. They found that only 5 preoperative factors impacted significantly on prognosis, including a CEA level
>200 ng/mL, number of hepatic metastases >1, disease-free interval, nodal status of primary tumour and the size
of the largest metastasis >5 cm [4]. This scoring system has been used extensively, however, some groups con-
firm its validity, whilst others have brought into question its prognostic accuracy [11] [34]-[36]. Ultimately, the
clinical value of these prognostic scoring systems remains uncertain. Nathan et al. postulated that this was due to
an inability to account for the benefit of neoadjuvant chemotherapy, varying resection rates and difficulties in
establishing consistent cut-off values for factors with continuous data, such as CEA level [37].

It may also be more appropriate to look at the CEA level dynamically, instead of using a single static CEA
level. This would eliminate the problem of establishing a common cut-off value. For example, in surgically
treated patients looking at the ratio of preoperative and postoperative CEA levels would allow for better under-
standing of the disease process [38]. Liska et al. found that the ratio of pre-operative to post-operative CEA
level was statistically significant when predicting early recurrence. The use of CEA levels dynamically was also
found to be an excellent prognostic indicator of disease-free interval and ultimately survival in patients with co-
lorectal liver metastases [38]. Thus, a full understanding of the behaviour of tumour markers in the follow-up
period could be an important indicator for survival and guide for subsequent therapy.

Although, serum CEA level measurements have demonstrated a prognostic importance, recent studies have
investigated the measurement of tissue CEA levels concurrently. Park et al. measured tissue and serum CEA
concentration after resection for colorectal liver metastases and demonstrated that CEA expression was an inde-
pendent prognostic indictor of both overall survival and disease free survival [39]. In this study, patients with
both raised serum and tissue CEA level were found to have a worse prognosis compared to patients who just had
one CEA category elevated. This technique could help improve the accuracy and validity of using CEA as a
prognostic marker.

5. Conclusion

In conclusion, this study shows that a low CEA level (<100 ng/mL) measured at metastasis diagnosis is a sig-
nificant prognostic indicator of overall survival in patients with colorectal liver metastases. More specifically, in
patients with unresectable disease, a CEA level <100 ng/mL was found to have a statistically significant survival
benefit. Measuring CEA at metastasis diagnosis has prognostic significance, enabling clinicians to counsel pa-
tients about survival rates at an earlier stage in the disease process, whilst also helping to guide the future man-
agement of patients with colorectal cancer liver metastases. This study adds to the earlier research into the use of
tumour markers for predicting prognosis in this disease process.
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