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ABSTRACT

Background/Aims: Although nume .- :uthors
have reported various prognostic factors for liver
metastases from colorectal cancer, there is not yet a
general classification:

Methodology: A total of 478 colorectal cancer
patients from 18 institutes were studied. Prognostic
factors were investigated using univariate and mul-
tivariate analyses.

Results: Independent prognostic factors for colorec-
tal liver metastases were number of liver metas-
tases, size of the largest liver metastases, mesen-
teric lymph node metastases (pNO/1: <3 lesions,
pNZ2: 24 lesions), and extrahepatic metastases
(EMO: absence of extrahepatic metastasis, EM1:
presence of extrahepatic metastases). We defined

the following classification system; Stage A: HT1
(<4 lesions and <5cm) and pNO/1, Stage B: HT2 (=5
lesions or >5¢m) and pNO/1, or HT'1 and pN2, Stage
C: HT2 and pN2, HT3 (=5 lesions and >5cm) with
any pN, or any HT and any pN with EM1. Five-year
survival rates were 53.5% for Stage A patients,
25.4% for Stage B patients, and 5.8% for Stage C
patients. Median survival time was 70.4 months,
31.4 months, and 17.2 months, respectively.
Conclusions: Our classification was advocated to
evaluate prognoses for liver metastases from col-
orectal cancer. It can help guide decision making in
terms of liver resection and assessing patient prog-
nosis.

INTRODUCTION
The incidence of colorectal cancer is ranked sec-
ond among malignant diseases in Western countries
and 15 the second leading cause of death (1). In Japan,
more than 89,000 patients develop colorectal cancer
and more than 36,000 die of this disease every year
(2). The liver 15 the most common site of distant
metastasis in colorectal cancer (3). It is well known
that surgical resection 15 the most effective treatment
for/ liver metastases from colorectal cancer- (4-7).
According to recent reports, 5-year survival after
hepatectomy for colorectal cancer with liver metas-
tases is 26% to 51% (4,8-16). However, some patients
develop early recurrences and do not benefit from
resection. [t is important to stratify patients to deter-
mine which patients will most likely benefit from
resection. Currently, we do not have any general
rules for the treatment of colorectal cancer with liver
metastases, and published papers are based on their
own rule. The purpose of this study is to advocate a
new classification system that could be used to help
make treatment decisions for patients with liver
metastases from colorectal cancer.
Hepato-Gastroenterslogy 2008, 55.173-178
© H.G.E Update Medical Publishing S.A., Athens-Stuttgart

METHODOLOGY
Patients

Patients with colorectal cancer with liver metas-
tases registered in the “Study for Estabhishing Treat-
ments for Hepatic and Pulmonary Metastases from
Colorectal Cancer” were studied. The patients start-
ed treatment for liver metastases from colorectal can-
cer at 18 institutions from January 1992 to December
1996. This patient registry was established to inves-
tigate prognostic factors in colorectal cancer patients
with liver metastases from a clinicopathologic view-
point and to determine a classification system for
patients. A total of 604 patients were enrolled for the
study, and 478 patients were eligible for investiga-
tion. One hundred and twenty-six patients were not
eligible because of incomplete data. The number of
liver metastases, size of maximum hver metastases,
lymph nodes metastases of the primary tumor, and
extrahepatic distant metastases were evaluated for
prognostic factors. For the resectable cases, the mea-
surement of the size and the number of liver metas-
tases was based on pathological findings. On the
other hand, for the unresectable cases, computed

sodeq [euiduQ

system,
Prognostic factor
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tomography was used to determine the size and num-
ber as well as extrahepatic disease.

The endpoint of this study was survival time.
Death from any cause was considered an event.
Patients who were still alive at last follow-up with or
without disease were censored. Survival time was
measured from the date of first resection of liver
metastases to death or to the date of the last known

TABLE 1 Characleristics of 478 Patients with Liver Melastases

from Colorectal Cancer

Categories and Number /

Characteristics Average Value (Range)
Patients e = -
(render Male 310

Female 168
Age 60.5 (27-94)
Primary tumor Colon 278
Location Rectum 205
Tumor depth Ti B . ;

T2 24

T3 410

T4 35

Unknown 2
Lymph node pNO 147

pi1 219

pN2 112
Liver Synchronous 277

Metachronous 201
Maximum diameter 4.0 (0.5-23.0)
Number of metastases 2.8 (1-22)
Extrahepatic Absence 392
metastases Presence 86

TABLE 2 Univariate Analysis of Prognostic Factors for Liver

Metastases from Colorectal Cancer

5-year Median survival
Factors survival (%) time (mo) P Value
Over all 30.7 314
Maximum diameter -
=bem 34.4 =0.0001
__2bem 168
Number of liver metastases
Sdlesions 366 371 <0.0001
__ 25 lesions 11.5 16.4
Lymph node metastases - }
<3lesions 368 362 <0.0001
>4 lesions 13.1 215
Extrahepatic metastases
absence 36.2 35.4 _ <0.0001
__presence 6.0 19.5

TABLE 3 Univariate Analysis of Number of Liver Melastases

Number of Relative 95% Confidence Interval

Liver Metastases Risk Lower Upper P Value
122 L715 1362 2160 <0.0001
T 2,086 1.653 2677 <0.0001
3 4> 2262 1.802 2.849 <0.0001
5 2326 1818 2967 _ <0.0001
5= 6= 1.BOS 1.294 2.519 0.0005
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follow-up evaluation in resectable cases, and was
measured from the date of first diagnosis of lLiver
metastases to death or to the date of the last known
follow-up evaluation in unresectable cases.

Statistical Analysis

For patients with synchronous liver metastases,
the survival period was caleulated from the time of
initial resection of the primary colorectal tumor. For
patients with metachronous liver metastases, the
survival period was calculated from the time of hepa-
tectomy in resectable cases and was calculated from
time of detection of liver metastases from colorectal
cancer in unresectable cases. Survival curves were
calculated using the Kaplan-Meier method. Statisti-
cal comparisons of potentially predictive factors were
first performed using log-rank analysis for univariate
analysis, The Cox proportional hazards model was
used to perform multivariate analysis of factors relat-
ed to survival. Significance was defined as P<0.05.
All statistical evaluations were performed using Stat
View* (Abacus Concepts, Inc., Berkley, California)

RESULTS
Characteristics

The clinicopathologic characteristics of eligible
patients are summarized in Table 1. The lymph
node metastases of primary tumor were pNO in 147
patients, pN1 in 219 patients, and pN2 in 112
patients. The maximum diameter of metastatic
tumors and number of liver metastases were 4.0cm
(range, 0.5-23.0cm) and 2.8 (range, 1-22), respective-
ly. Eighty-six patients had extrahepatic metastases,
including hepatic hilar and para-aortic lymph node
metastases; the remaining 392 patients did not have
extrahepatic metastases. Of the 478 colorectal cancer
patients with liver metastases, 380 cases were treat-
ed surgically, In this study, no patients were under-
went radiofrequency ablation therapy.

Survival Analysis of Prognostic Factors

The 5-year survival rate was 30.7% and median
survival time (MST) was 31.4 months (Table 2). In
our series, we examined the best point to draw the
line: solitary versus multiple lesions, <2 lesions ver-
sus 23 lesions, <3 lesions versus >4 lesions, <4 lesions
versus =5 lesions, <5 lesions versus >6 lesions (Table
3). However, all of the comparisons resulted in sig-
nificant statistical differences. Furthermore, <4
lesions versus >5 lesions had the highest relative risk
(relative risk = 2.326), Therefore, the best point to
draw the line was between <4 lesions and =5 lesions,
Patients with <4 liver metastases lived significantly
longer than patients with =5 lesions (P<0.0001). Sur-
vival at 5 years was 36.6% for <4 liver metastases
patients and 11.5% for 25 liver metastases patients;
MST was 37.1 months and 16.4 months, respectively

We also examined the best point to draw the line
in maximum size of liver metastases. When we cate-
gorized between <5em and >5em, we were able to
obtain the highest relative risk and the lowest P
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value (Table 4). Patients with lesions <5em lived sig-
nificantly longer than patients with lesions >bem
(P<0.0001). Survival at 5 years was 34.4% in <6cm
patients and 16.8% in >5cm patients; MST was 34.1
months and 26.4 months, respectively.

We categorized lymph nodes metastases of the
primary tumor according to the tumor, node, and
metastasis (TNM) classification. Patients in the pNO
and pN1 groups lived significantly longer than
patients in the pN2 group (P<0.0001). Survival at 5
years was 36.8% in the pNO and pN1 group and
13.1% in the pN2 group; MST was 36.2 months and
21.5 months, respectively. However, there were no
significant differences between patients in the pNO
and pN1 groups. The 5-year survival was 33.0% in
pNO patients, 36.7% in pN1 patients, and 14.2% in
pN2 patients; MST was 43.2 months, 31.3 months,
and 21.9 months, respectively.

Patients with no extrahepatic metastases (EMO0)
lived significantly longer than patients with extra-
hepatic metastases (EM1) (P<0.0001). Survival at 5
years and MST, respectively, were 36.2% and 35.4
months for EMO patients and 6.0% and 19.5 months
for EM1 patients.

Multivariate Analysis and Classification for
Liver Metastases from Colorectal Cancer

In the multivanate analysis, all of the prognostic
factors were significantly different (Table 5). Five-
year survival rate was 40.1% in <4 lesions and <fcm
liver metastases, 21.1% in <4 lesions and >5cm liver
metastases, 14.2% in <5 lesions and <5em liver
metastases, and 5.2% in >5 lesions and >5cm liver
metastases. Consequently, we defined <4 lesions and
<5cm liver metastases as HT1; =5 lesions or >5cm
liver metastases as HT2; and 25 lesions and >5cm
liver metastases as HT3. As a result, patients with
HT1 disease lived significantly longer than patients
with HT2 disease (P<0.0001), who lived significantly
longer than patients with HT3 disease (P<0.0001).
Five-year survival rate was 39.2% in HT1 patients,
17.0% in HTZ2 patients, and 4.8% in HT3 patients,
MST was 38.1 months, 26.0 months, and 12.0
months, respectively (Figure 1).

Five-year survival rate was 48.1% in HT1 and
pNO,1 patients, 22.6% in HT2 and pNO0,1 patients,
7.7% in HT3 and pN0,1 patients, 18.9% in HT1 and
pNZ patients, 3.1% in HT2 and pN2 patients, and
0.0% in HT3 and pN2 patients. Thus, we defined HT1
and pNO,1 as Stage A", HT2 and pNO,1 or HT1 and
pN2 as Stage B'; and HT2 and pN2 or HT3 with any
pN as Stage €', Stage A’ patients lived significantly
longer than Stage B' patients (P<0.0001), who lived
significantly longer than Stage C' patients
(P<0.0001). Five-year survival rate was 48.9% in
Stage A' patients, 20.2% in Stage B’ patients, and
4.0% in Stage C' patients. MST was 57.2 months,
27.4 months, and 14.7 months, respectively. Because
patients with extrahepatic metastases showed poor
prognosis, we defined that all of them were included
in Stage C'. From the ahove classification, we were

TABLE 4 Univariate Analysis of Size of Liver Metastases

Maximum Diameter Relative 95% Confidence Interval

of Liver Metastases Risk Lower Upper P Value
<3cm: >3cm 1.324 1056 1661 0.0149
<4cm: >4em 1.524 1.212 1.916 0.0003
<5cm: >5cm 1823 1.279 2.137 <0.0001
<Bem: >6em 1.508 1112 2 045 0.0081

TABLE 5 Multivariate Analysis of Prognostic Factors for Liver Metastases from

Colorectal Cancer

¥ Relative 956% Confidence Interval
Factors

Risk Lower Upper P Value
Maximum diameter —
<bem : >6em 1.692 1.305 2.193 <0.0001
Number of liver metastases . ) -
<4:251 2326 1.818 2.967 <0.0001
Lymph node metastases
<3 : >4 lesions 1.880 1.4658 2.404 <0.0001
Extrahepatic metastases —
absence : presence 2232 1.706 2.915 <0.0001
100 4
. B0 A
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FIGURE 1 Survival curve after liver metastases according to HT faclor
HT1: 4 lesions or less and 5cm or less, HT2: Except for HT1 and HT3,
HT3: 5 lesions or more and more than Scm.

HTI HT2 HT3
| pNU
Stage A Stage B
| pN1
_pN2 Stage B Stage C l
[l emn

FIGURE 2 A new classification system for liver metastases from
colorectal cancer. HT1, <4 lesions and <Scm; HT2, except for HT1 and
HT3; =5 lesions and =5cm; EM1, presence of extrahepatic metastases

able to classify colorectal cancer patients with liver
metastases; Stage A: HT1 and pNO/1, Stage B: HT2
and pNO/1, or HT1 and pN2, Stage C: HT2 and pN2,
HT3 with any pN, or any HT and any pN with EM1
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(Figure 2). Five-vear survival rate was 53.5% in
Stage A patients, 25.4% in Stage B patients, and
5.8% in Stage C patients. MST was 70.4 months, 31.4
months, and 17 2 months, respectively (Figure 38)

Synchronous and Metachronous Liver
Metastases

In synchronous cases, 5-year survival was 49.8%
in Stage A patients, 25.9% in Stage B patients, and
4.6% in Stage C patients (Table 6). MST was 57.3
months, 31.5 months, and 17.1 months, respectively.
In metachrdnous cases, 5-year survival was 57.1% in
Stage A patients, 25.0% in Stage B patients, and
8.4% in Stage C patients. MST was 69.4 months, 28.6

Survival mte (%9}
&
i

20 4

04

0 2 4 [ B
Time alter liver metastases (vear)

FIGURE 3 Survival curve after liver metastases according o a new
classification of liver metastases from colorectal cancer

TABLE & Long-term Survival after Liver Metastases based on

Patients Staging

b-year Median
Survival Survival Time P
(%) (months) Value

OVER ALL 30.7 314

Stage A 53.5 70.4 <(.0001
Stage B 254 314

Stage C 5.8 17.2
Synchronous Cases 272 30.4

Stage A 49.8 57.3 <0.0001
Stage B 25.9 315

Stage C 46 171 -
Metachronous Cases 35.7 35.4

Stage A 57.1 69.4 <0),0001
Stage B 25.0 28.6

Stage C B4 17.9

Resectable Cases 36.8 a5

Stage A 54.9 70.4 <0.0001
Stage B 314 38.6

StageC B8 246
Synchronous Cases 347 37.1

Stage A 50.3 T0.4 =(,000]
Stage B 33.9 385

Stage C 8.2 248
Metachronous Cases 394 40.5

Stage A 694 <0.0001
Stage B 28.4 40.4

Stage C 99 20.5

months, and 17.9 months, respectively, Furthermore,
in synchronous resectable cases, 5-year survival rate
was 50.3% in Stage A patients, 33.9% in Stage B
patients, and 8.2% in Stage C patients. In metachro-
nous resectable cases, 5-year survival rate was 59.4%
in Stage A patients, 28 4% in Stage B patients, and
9.9% in Stage C. In all subgroup, Stage A patients
lived significantly longer than Stage B patients
(P<0.0001), who lived significantly longer than Stage
C patients (P<0,0001),

DISCUSSION

The American Joint Committee on Cancer
(AJCC) staging criteria categorize cases of colorectal
cancer with liver metastases as stage IV (17). In
Japan, a subclassification for liver metastases from
colorectal cancer is commonly used (HO: no liver
metastasis, H1: metastasis limited to one lobe, H2:
some metastases in both lobes [<4 lesions], H3:
numerous metastases in both lobes [=5 lesions]) (18).
However, all patients with liver metastasis are clas-
sified as stage IV. The 5-year survival rate of patients
with colorectal cancer with liver metastases ranges
from 26% to 51%, yet no classification system is avail-
able for these patients. Clearly a need exists for a
classification system for patients with colorectal can-
cer with liver metastases.

Many authors have reported prognostic factors
for colorectal cancer liver metastases, including pri-
mary tumor stage (4,6,9,12-14,19), number of liver
metastases (4,579 11-14,17,20), maximum size (4-
6,7,9), carcinoembryonic antigen (CEA) level (4,5,7-
9.16,20), time to liver metastases (5,9,13,14), and
extrahepatic disease (7,8,12), Moreover, some inves
tigators developed a scoring system for colorectal can-
cer liver metastases (4,8,10,14,20), However, none of
these systems are available clinically, because of
their complexity, During the last decade, more than
2500 articles on colorectal cancer with liver metas-
tases have been published and appear on Medline. It
is necessary to establish a common classification sys-
tem to compare data across different studies.

Table 7 shows large studies for colorectal cancer
with liver metastases. Hughes ef al. listed prognostie
factors, including positive mesenteric node in the pri-
mary tumor, the time to metastases, size of liver
metastases >8cm, number of lesions >2, bilobar
metastases, surgical margin >lem, CEA level, and
absence of chemotherapy (5). Nordlinger et al. pro-
posed a prognostic scoring system based on seven fac-
tors: age older than 60 years, extension into serosa of
the primary tumeor, lymphatic spread of the primary
tumor, size of the largest metastasis >5cm, disease-
free interval >2 years, number of liver nodules >4,
and resection margin >1cm (4). Scheele et al. pro-
posed the following prognostic factors: the presence of
satellite metastases, primary tumor grade, the time
of metastasis diagnosis, diameter of the largest
metastasis, anatomic versus nonanatomic approach,
year of resection, and mesenteric lymph node involve-
ment (9). Fong et al. attempted to score clinical risk
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based on five factors: positive mesenteric lymph node
in the primary tumor, disease-free interval >1 year,
number of liver metastases >1, maximum size of liver
metastases >5cm, and CEA level >200ng/mL (10).
Although the more prognostic factors we incorporate
into a classification system, the better the stratifica-
tion will be, using too many variables will make the
system too complicated. It is important that the clas-
sification is simple like the TNM classification sys-
tem (17). The current classification system in this
study incorporates four factors: lymph node metas-
tases in the primary tumor, size of the largest liver
metastasis, number of liver metastases, and extra-
hepatic disease, all of which are easy to remember.
Moreover, it represents the prognosis of colorectal
cancer liver metastases in synchronous and meta-
chronous cases.

Past studies have reported that mesenteric lymph
node metastases are one of the prognostic factors for
colorectal cancer with liver metastases (4,9,10,13,14).
Most authors investigated the presence or absence of
primary lymph node metastases. We investigated the
number of mesenteric lymph node metastases of the
primary tumor. Although there was no significant
difference between pNO patients (no lymph node
metastasis) and pN1 patients (1 to 3 metastases),
pN2 patients (<4 metastases) had a poor prognosis in
terms of liver metastases. These findings suggested
that pNO and pN1 patients have an equivalent prog-
nosis in terms of liver metastases. Thus, we drew the
line between three and four lymph node metastases.

Though controversy exists (8,12,20), previous
reports of large series have proposed the maximum
diameter of the liver metastasis as a prognostic fac-
tor (4,5,9,10). From our experience, we agree that the
largest liver metastasis is an independent prognostic
factor. Moreover, we found the best point to draw the
line at 5em of maximum size.

The number of liver metastases has been report-
ed by many authors to be a significant prognostic fac-
tor (4,5,6,8,10-12,14,19,20,21-24). Some have report-
ed a significant difference between single and multi-
ple lesions (6,10,12,21,22), and some have demon-
strated poor prognosis for patients with >4 lesions
(4,8,11,12,19,23,24). In our series, we examined the
best point to draw the line. Our results indicated that
the best point to draw the line was between <4 lesions
and <5 lesions.

Extrahepatic disease has been demonstrated as a
negative prognostic factor by many investigators
(5.8,9,10). It is unlikely that patients with extrahep-
atic disease survive more than 5 years. However,
according to Scheele et al,, curative resection of liver
metastases with pulmonary metastases or local
recurrence may prolong survival (25). However, in
cases with other site recurrences, such as adrenal
metastasis, omental deposit, nodules on the surface
of the small bowel, and limited peritoneal spread,
early recurrence has always resulted even though
curative resection was accomplished. Beckurts et al.
reported poor prognosis of hepatic hilum lymph node

TABLE 7 Past Published Large-sized Studies for Liver Metastases from

Colorectal Cancer

Patient Primary Liver Metastases Extrahepatic
number  stage  Size  Number  metastases

Hughes, 1965 856 ¥ ¥ Y e
Nordlinger, 1995 1568 ¥ Y Y .
Sheele, 1995 469 Y Y N Y
Fong, 1999 1001 Y Y Y v
Current Study 478 Yy Y Y Y

Y, independent factor; N, not independent factor; -, not studied

metastases. Hence, hilum lymph node metastases
are included in extrahepatic disease (286),

Although some patients have liver metastases at
the time of diagnosis for primary colorectal cancer,
others develop liver metastases metachronously. Our
classification was suitable for either synchronous or
metachronous liver metastases. To this date, no
author has reported the classifications which are use-
ful for both synchronous cases and metachronous
cases.

This classification of liver metastases from col-
orectal cancer is not only simple but also useful for
retrospective data in most institutes. Until now.
there has been no classification system for liver
metastases from colorectal cancer that can be used by
all authors. Henceforth, we will be able to compare
data from various studies and obtain new findings.
Additionally, present study could be used to help
make treatment decisions for patients with liver
metastases from colorectal eancer.

Present classification was developed by retrospec-
tive data from limited institutions in Japan. Larger
studies are necessary to prove the validity of our clas-
sification system.
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APPENDIX

The following institutions and investigators par-
ticipated in the Study for Establishing Treatments
for Hepatic and Pulmonary Metastases from Colorec-
tal Cancer, They are listed in order of the number of
cases recruited.

Aichi Cancer Center, Aichi: T Kato, Y Arai, M
Suyama, H Nakanishi, Tokyo Metropolitan Koma-
gome Hospital, Tokyo: T Mori, Y Nishimura; Tokyo
Medical and Dental University, Tokyvo: K Sugihara;
National Defense Medical College, Saitama: H
Mochizuki; National Cancer Center Hospital, Tokyo:
J Yamamoto, H Kondo, T Akasu; Osaka Medical Cen-
ter for Cancer and Cardiovascular Diseases, Osaka:
M Higashiyama, M Kameyama; National Kyushu
Cancer Center, Fukuoka: 8 Kohnoe: International
Medical Center of Japan, Tokyo: Y Ishizaka; Nagoya
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T Yamaguchi, T Mori, K Takahashi, et al.

National Hospital, Aichi: M Kataoks; Osaka Nation
al Hospital, Osaka: Y Hasuike; Nara Medical Uni-
versity, Nara: S Nakajima, Tokyo Women's Medical
University, Tokyo: 5 Kameoka; Kurume University,

Fukuoka:

Y Ogata; Kinki University, Osaka: K

Okuno; Cancer Institute Hospital, Tokyo: S Okumu-
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Negative Serum Carcinoembryonic
Antigen has Insufficient Accuracy
for Excluding Recurrence from Patients
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with Dukes C Colorectal Cancer: Analysis
with Likelihood Ratio and Posttest

Probability in a Follow-Up Study

Masayasu Hara, M.D. * Yukihide Kanemitsu, M.D. + Takashi Hirai, M.D. +
Koji Komori, M.D. * Tomoyuki Kato, M.D.

Department of Gastroenterological Surgery, Aichi Cancer Center Hospital, Nagoya, Japan

PURPOSE: This study was designed to determine the
efficacy of carcinoembryonic antigen (CEA) monitoring
for screening patients with colorectal cancer by using
posttest probability of recurrence.

METHODS: For this study, 348 (preoperative serum CEA
level elevated: CEA+, n=119; or normal: CEA—, n=229)
patients who had undergone potentially curative surgery for
colorectal cancer were enrolled. After five-year follow-up
with measurements of serum CEA levels and imaging
workup, posttest probabilities of recurrence were calculated.

RESULTS: Recurrence was observed in 39 percent of CEA+
patients and 30 percent in CEA— patients, and CEA levels
were elevated in 33.3 percent of CEA+ patients and 17.5
percent of CEA~ patients. With obtained sensitivity
(68.4 percent, CEA+; 41 percent, CEA-), specificity (83
percent, CEA+; 91 percent, CEA-) and likelihood ratio
(test positive: 4.0, CEA+; 4.4, CEA—; and test negative:
0.38, CEA+; 0.66, CEA-), posttest probability given the
presence of CEA elevation in the CEA+ and CEA- was
72.2 and 65.5 percent, respectively, and that given the
absence of CEA elevation was 20 and 22.2 percent,
respectively.

CONCLUSIONS: Whereas postoperative CEA elevation
indicates recurrence with high probability, a normal
postoperative CEA is not useful for excluding the
probability of recurrence.

KEY WORDS: Carcinoembryonic antigen; Recurrence;
Posttest probability; Likelihood ratio; Sensitivity.
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The postoperative surveillance of patients with colo-
rectal cancer is a controversial issue, It is difficult for
clinicians to choose the most suitable methods among the
many that are available. To date, many reports have
focused on the most appropriate methods to choose and
when they should be applied, so that cancer recurrence
can be detected more effectively.'

Carcinoembryonic antigen (CEA) is a cell surface
glycoprotein that is produced by 90 percent of colorectal
cancer™ and that contributes to the malignant char-
acteristics of the tumor. Quantitative measurements of
serum CEA can be performed easily, and CEA is
commonly used as a marker of colorectal cancer recur-
rence.”” The level of CEA has been reported to correlate
with the stage of colorectal cancer, and its correlation with
liver metastasis is reportedly better than that with recurrent
disease in other locations.”® To detect colorectal cancer
recurrence, ultrasonography, computed tomography,” chest
x-ray examination, and, most recently, FDG-PET (2-['*F]
Fluoro-2-deoxy-D-glucose positron emission tomography)
have been used,'® other biologic tumor makers have
appeared,'' but no modality is more useful than CEA.'***
Despite the widespread use of CEA during follow-up, there
are still some unresolved issues about its effectiveness as a
preoperative and postoperative marker. One issue is how
accurately elevated CEA detects recurrence of colorectal
cancer and another is whether postoperative CEA elevates
when recurrence occurs in patients with negative preoper-
ative CEA. Therefore, it is still a matter of debate whether
clinicians can rely solely on CEA for the follow-up of
patients with colorectal cancer. Previous studies based on
sensitivity and specificity have not made this clear. On the
other hand, sensitivity and specificity ¢an be combined into
one measure called likelihood ratio. Likelihood ratio
provides a summary of how many times more (or less)
likely patients with the disease are to have that particular
result than patients without the disease, and it also can be
used to calculate the probability of disease for individual
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patients (posttest probability). For these reasons, likelihood
ratio is becoming increa.smg[l}r popular for reporting the
usefulness of diagnostic tests.'”

This study was designed to evaluate the accuracy and
efficacy of measuring serum CEA value in Dukes C by
using likelihood ratio and posttest probabilities

PATIENTS AND METHODS

A total of 680 patients underwent potentially curative
surgery for colorectal cancer between December 1990 and
December 2000 at Aichi Cancer Center Hospital. Of these
patients, 417 (219 men, 198 women) were histologically
proven to have lymphatic metastasis (Dukes C). Patients
with multiple cancers (50 patients), insufficient examina-
tions (12 patients), persistent CEA elevation after surgery
(3 patients), and squamous-cell carcinoma (4 patients)
were excluded. The remaining 348 patients with Dukes C
were enrolled in this retrospective study. The population
characteristics are summarized in Table 1. All patients
underwent measurement of the preoperative serum CEA
level and were classified as elevated (CEA+, n=119) or
normal (CEA—, n=229). The mean preoperative serum
CEA level was 9.3+20.8 (range, 0-245) ng/ml. In this
study, a serum CEA value of 5 ng/ml or higher was
considered to represent CEA elevation. All patients were
followed for more than five years or until death with
routine serum CEA examination every three months.
Ultrasonography and/or computed tomography and chest
x-ray examinations were performed every three to six
months. Additional imaging was performed in patients
with elevated postoperative CEA levels to determine
whether recurrence was present.

Variable Patients
Age (yr) (mean + SD) 60.6+11.1
Male/female ratio 178/170
pT category

1l 18

12 59

3 232

t4 39
Pathologic type

Well 27
Moderate 291
Mucinous 10

Poor 20
Location

Colon 160
Rectum 188
Preoperative CEA value (mean + SD) 9.3+20.8

SD=standard deviation; pT =pathologic tumor stage

Haza s as: Accunacy or CEA ror Cancer Recumaencs

Statistical Analysis

All patients of the two groups (CEA+, 119; CEA-, 229)
were randomly assigned into two subgroups (patients for
calculating likelihood ratio, LR, and those for calculating
pretest probability, PP) according to the statistical
random table. LR were further classified into four groups
according to presence or absence of recurrence and an
elevated or normal CEA value (Fig. 1): true positive
(positive recurrence and CEA elevation); false positive
(negative recurrence and CEA elevation); false negative
(positive recurrence and normal CEA); and true negative
(negative recurrence and normal CEA). Sensitivity was
calculated as true positive/(true positive + false negative),
and specificity was calculated as true negative/(true
negative + false positive). From these values, we calculat-
ed the sensitivity, specificity, likelihood ratio, and posttest
probabilities of recurrence.

The likelihood ratio given a positive test result (LR+)
is defined as the probability of a patient with disease
having a positive test divided by the probability of a
patient without disease having a positive test. Thus, the
LR+ was calculated as the sensitivity/(1 - specificity). And
that given a negative result (LR-) is as the probability of
a patient with disease having a negative test divided by
the probability of a patient without disease having a
negative test. The LR— was calculated as (1 — sensitivity)/
specificity. The posttest probability calculated with the
likelihood ratio and the pretest probability. In this study,
the posttest probability was obtained from the following
formula:

Pretest odds =pretest probability
/(1 — pretest probability)(Formula 1)

Posttest odds = pretest odds x likelihood ratio (Formula 2)

Posttest probability = posttest odds
/(1 + posttest odds)(Formula 3)

Pretest probabilities of recurrence were determined
by using the incidence of recurrence based on PP (CEA+,
59; CEA—, 115). In this study, accuracies for each
recurrent site in CEA+ and CEA- also were evaluated
with positive and negative predictive values (PPV and
NPV) using 119 and 229 patients, respectively.

RESULTS

Pretest Probability

Follow-up of patients in PP revealed recurrence in 23 (39
percent) of the 59 CEA+ patients and 35 (30.4 percent) of
the 115 CEA— patients (Fig. 1; Table 2). From these
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FIGURE 1. Patient classification. All 348 patients were divided into two groups according to the
preoperative carcinoembryonic antigen (CEA) value: CEA+ (n=119) and CEA- (n=229). They were further
divided into two groups: patients for pretest probability: PP (CEA+, n=59; CEA~, n=115) and those for
likelihood ratio: LR (CEA+, n=60; CEA—, n=114). LR was divided into four groups according to presence or
absence of recurrence and CEA elevation; LR=group for calculating likelihood ratio; PP=group for

calculating pretest probability.

values and Formula 1, pretest odds were calculated (CEA+,
0.64; and CEA—, 0.43; Table 2).

Likelihood Ratio

During follow-up of LR patients, 19 (31.7 percent) of 60
CEA+ patients and 32 (28.1 percent) of 114 CEA-
patients developed recurrence (Fig. 1). In this study, 43
of 109 (PP: 58 and LR: 51) patients were diagnosed
histologically, and the remaining 66 patients radiological-
ly. Of these LR patients with recurrence, CEA elevation
(true positive) was seen in 13 CEA+ and 13 CEA-
patients, and no CEA elevation (false negative) was seen
m 6 and 19 patients, respectively. CEA elevation without
recurrence (false positive) was seen in seven CEA+ and
seven CEA— patients. True negative results (no recurrence
and no elevation of CEA) were seen in 34 CEA+ and 75
CEA- patients (Fig. 1; Table 3).

Using these data, for recurrence, postoperative CEA
had a sensitivity of 68.4 percent in CEA+ patients and 41
percent in CEA— patients, and a specificity of 82.9 percent
and 91 percent, respectively. Using these results, the
positive likelihood ratio for recurrence was 4.0 for CEA+
patients and 4.4 for CEA- patients, and the negative
likelihood ratio was 0.38 and 0.66, respectively (Table 3).

Posttest Probabilities

Posttest odds were obtained by multiplying the pretest
odds and the likelihood ratio. Thus, the posttest proba-
bilities of CEA+ and CEA~ patients given the presence of
CEA elevation were 72.2 and 65.5 percent, respectively,
and the negative posttest probabilities given the absence
of CEA elevation were 20 and 22.2 percent, respectively
(Fig. 2; Table 3). When the postoperative CEA level was
elevated, probabilities of recurrence in CEA+ and CEA-

LR (n=60) PP (n=59) LR (n=114) PP (n=115)
Mo recurrence 41 (68.3) 36 (61.0) 82 (71.9) 80 (69.6)
Recurrence 19 (31.7) 23 (39) 32 (28.1) 35 (30.4)
Liver 9 (15) 7 (11.9) 13 (11.4) 13 (11.3)
Local 6 (10) 8 (13.6) 6 (5.3) 8 (7)
Lung 4 (6.7) 7 (11.9) 11 (9.6) 14 (12.2)
Peritoneum 0 (0) 2 (3.4) 2 (1.8) 2 (1.7)
Lymph node 5 (8.3) 3 (5.1) 3 (2.6) 3 (2.6)
Hematologic 0 (0) 0 (0) 2 (1.8) 1 (1.7)
CEA =carcinoembryonic antigen; LR=group for likelihood ratio; PP=group for pretest probability. « Data are bers with percentages in parentheses.
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Table 3. A

CEA+ CEA-
(n=61) (n=114)
Sensitivity 0.68 0.41
Speafiaty 0.83 091
Likelihood ratio (test-positive) 4.0 44
Likelihood ratio (test-negative) 0.38 0.66
Pretest probability (%) 39.0 30.4
Posttest probability 722 65.5
(test-positive) (%)
Posttest probability 20.0 222
(test-negative) (%)
CEA=carcinpembryanic antigen. + Likelihood ratio (test-potitive) = sensitivity/(l -

specificity); « Likelihood ratio (test-negative) = (1 — sensitivity)/specificity; - Posttest
probabdity = posttest odds/(1+ posttest odds); + Posttest odds = pretest odds x
likelihood ratio.

patients were increased from the pretest probabilities by
33.2 percent (pretest probability 39 percent; posttest
probability 72.2 percent), and 35.]1 percent (pretest
probability 30.4 percent; posttest probability 65.5 percent),
respectively. However, even when postoperative CEA
remained at a normal level, the probabilities of recurrence
were decreased from the pretest probabilities by only 19
percent (posttest probability 20 percent) in CEA+ patients
and 8.2 percent (posttest probability 22.2 percent) espe-
cially in CEA— patients, respectively (Table 4).

FIGURE 2. Probabilities of recurrence according to postoperative
carcinoembryonic antigen (CEA) in CEA+ and CEA- patients. Pretest
probabilities, CEA elevation, and negative posttest probabilities of
recurrence according to each site in CEA+ and CEA- patients.
Whereas posttest probabilities of CEA elevation were high as
approximately 70 percent (CEA+, 722 percent; CEA—, 65.5 percent),
those of Normal CEA were approximately 20 percent (20 percent,
CEA+; 22.2 percent, CEA-), which were almost same as pretest
probabilities. In CEA- patients, normal CEA decreased the probability
of recurrence only 8.2 percent from pretest probability.

Probability

of Recurrence

(Percent)

100 Pretest
Posttest (Normal CEA)
Posttest (CEA Elevation)

80
722
. 655
&0 332
351
40 19,0
i 304 -B2
>
20 200 =%

Hana #r aL: Accuracy of CEA ror Cances Recummence

Accuracy of CEA Measurement for Each Site

of Recurrence in CEA+ and CEA- Patients

The accuracy of serum CEA measurement for each site of
recurrence in CEA+ and CEA- patients was evaluated
with PPV and NPV (Table 4), In both CEA+ and CEA-
cases, PPV of liver metastasis was relatively high (33.3 and
25, respectively) compared with other sites of recurrence.
In contrast, PPV of lung metastasis was low, especially in
CEA- cases (PPV, 5.0).

DISCUSSION

Despite the widespread use of monitoring serum CEA
value in colorectal cancer patients, its accuracy and
efficacy is still unclear."*'” Goldberg et al.'® documented
that approximately 40 percent of curative resections are
performed for recurrent disease after discovery by CEA
elevation. However, many reports have discussed the
merits of serum CEA as a marker of colorectal cancer
recurrence,”*'*?' whereas others have questioned its
value,”® especially in patients with normal preoperative
CEA levels.”” Thus, it also is uncertain whether measure-
ment of CEA alone is enough when monitoring patients
with colorectal cancer. One possible reason of this
uncertainty is that previous studies were based on
sensitivity and specificity.”*'*' There exists a difference
in survival rate between preoperatively CEA— and CEA+
patients,**** 50 in terms of recurrence, morbidity rate of
CEA+ and CEA- patients is different. It is difficult to
compare the accuracy of the test with sensitivity and
specificity when the morbidity rate is different.?***
Recently, an increasing number of investigators have
evaluated the efficacy of diagnostic methods by using the
likelihood ratio,”> which is reported to be superior to
sensitivity and specificity for this purpose. The likelihood
ratio is less influenced by morbidity rates than sensitivity
and specificity and allows posttest probabilities to be
obtained from pretest probabilities.”*™** In this study, the
likelihood ratio and posttest probability gave us more
obvious information about efficacy of CEA monitoring.
The probability of recurrence is expected to increase more
or decrease less as a result of the examinations. However,
these results show that whereas postoperative CEA

Liver  Lung Local Peritoneum  Lymph node
CEA+
PPV 333 143 238 85 19.0
NPV 925 97.5 97.5 97.5 97.5
CEA-
PPV 250 5.0 10.0 10.0 15.0
NPV 915 894 9638 98.9 98.9

CEA=carcinoembryonic antigen; PPV=positive predictive value; NPV =negative
predictive value,
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elevation indicates recurrence with high probability, a
normal postoperative CEA level is not useful for exclud-
ing the probability of recurrence, which is especially
common in patients without preoperative CEA elevation.
Normal postoperative CEA in CEA- patients results in
only decreasing 8.2 percent of probability of recurrence
from pretest probability (Fig. 2). This suggests that it is
necessary to rule out recurrence with other examinations
even if postoperative CEA is normal.

In terms of recurrence site, it has been thought that
serum CEA surveillance is useful for detection of liver
metastases but not useful for detection of local recurrence
or other types of metastasis.”**' In the present study,
whereas postoperative CEA elevation predicted liver metas-
tasis with high reliability in both CEA+ and CEA- cases, it
had a lower positive predictive value for lung metastasis,
especially in CEA— patients, than for other sites of recurrence.

As imaging workup techniques continue to improve
and new, more effective chemotherapies appear,”*
intensive postoperative surveillance is needed. Use of the
likelihood ratio and posttest probability revealed that CEA
elevation has modest power to detccl colorectal cancer
recurrence regardless of the preoperative CEA value.
However, whereas CEA had modest power for detecting
recurrence, it was insufficient to rule out patients without
recurrence even if they had normal postoperative CEA
values. This result shows that surveillance of patients with
colorectal cancer by measurement of CEA alone is
insufficient and additional imaging is necessary even
though serum CEA value is normal.

CONCLUSIONS

Use of the likelihood ratio and posttest probability has
revealed that CEA elevation has modest power to detect
colorectal cancer recurrence, irrespective of the preoper-
ative CEA value. However, it does not allow a conclusion
to be made about absence of recurrence even if the CEA
level is normal, especially in patients who are CEA-
preoperatively. Our findings suggest that another param-
eter, in addition to the serum CEA level, is absolutely
essential when postoperatively monitoring patients with
colorectal cancer.
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