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nificance in the univariate analysis were subsequently in-
cluded in a multivariate analysis and we found that SAC was 
an independent factor (p = 0.027).  Conclusions:  SAC has a 
poor prognosis and is not affected by other factors confirm-
ing that SAC is an independently less favorable prognostic 
factor. 

 

Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Colorectal carcinoma is one of the most common ma-
lignancies in the world. The prevalence of colorectal can-
cer in Japan is second only to stomach cancer in males 
and breast cancer in females, meaning it has a high prev-
alence among cancers and this has increased remarkably 
in recent years  [1] . Furthermore, an increasing frequency 
of deeply invasive colorectal carcinoma (T2–T4 in the 
TNM classification) has been noted in older Japanese pa-
tients, similar to the trend in western patients  [2–5] . T1 
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 Abstract 

  Objective:  Serrated adenocarcinoma (SAC), proposed as a 
new pathologic type, arises predominantly in the right side 
of the colon and has a poorer prognosis than conventional 
colorectal carcinoma. The prognosis of colorectal carcinoma 
is variable in Dukes’ B, so the aim of this study was to deter-
mine whether or not SAC has a poor prognosis in Dukes’ B. 
 Methods:  The study group comprised 64 patients who un-
derwent surgery for colorectal carcinoma. We undertook a 
statistical analysis of the association of SAC and non-SAC 
with sex, age, histologic type, depth of tumor, location of 
tumor, venous invasion and lymphatic invasion.  Results:  
SACs were encountered in 17.5% of cases (n = 11). SAC had a 
less favorable 5-year survival than non-SAC (p = 0.0396 log-
rank, Kaplan-Meier). The factors that achieved statistical sig-
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stage colorectal cancer is located mainly in the sigmoid 
colon and may be treated by endoscopy, whereas T2–T4 
colorectal cancer, which is also found predominantly in 
the sigmoid colon, must be resected surgically. Of note, 
the interval cancer has been detected not only in the sig-
moid colon but also in the right side of the colon  [6, 7] . 
These lesions are difficult to detect and possibly may be 
missed at conventional colonoscopy. There is a serrated 
lesion at an early stage in the right side of the colon. The 
serrated neoplasia pathway is currently proposed as the 
new neoplasia pathway which differs from the adenoma-
carcinoma sequence  [8–12] . Serrated adenocarcinoma 
(SAC) is considered to be one of several end points of this 
pathway  [13, 14]  and was discussed first as colorectal car-
cinoma with similarities to hyperplastic polyps by Jass 
and Smith  [15]  in 1992. The morphologic features of SAC 
were clarified by Tuppurainen et al.  [16]  in 2005 and man-
ifested by Mäkinen  [17]  in 2007. Following this, 85 SACs 
were compared with 823 conventional colorectal carcino-
mas by García-Solano et al.  [13]  in 2010, and these authors 
reported that many SACs were located in the right side of 
the colon and had a less favorable 5-year survival than 
conventional colorectal carcinomas.

  The prognosis of colorectal carcinoma is variable in 
Dukes’ B, so we determined whether or not SAC is a poor 
prognostic factor in the first known Japanese trial of its 
type.

  Materials and Methods 

 Study Cases and Tissue Samples 
 A total of 702 consecutive surgical specimens of colorectal car-

cinoma (Department of Pathology at the Dokkyo University 
School of Medicine), excluding postoperative death within 30 
days and double cancer cases, were collected from January 2000 
to December 2006. Sixty-four cases out of 702 were Dukes’ B dur-
ing more than 5 years of the course of a patient’s illness. All of the 

operations were celiotomies. The surgical procedures of colon 
cancer were limited colectomy and of the rectum were anterior 
resection. We evaluated the 64 cases in this study. The locations 
of the colorectal carcinomas were categorized into three regions: 
the right side of the colon (cecum, ascending and transverse co-
lon), the left side of the colon (descending and sigmoid colon) and 
the rectum.

  A fresh specimen of the resected intestine was opened along 
the long axis and placed on a flat board with the mucosal side up-
wards. Then, the pinned-out intestine was fixed by complete im-
mersion in formalin natural buffer solution for at least 24 h. Sev-
eral section lines were made along the long axis of the intestine to 
include the center of the tumor. Block counts of the samples were 
4–24 and the average was 8. We used samples with the greatest 
depth for HE staining and assessed whether they were SAC or not.

  Histologic Evaluation 
 The subjects were diagnosed by four pathologists according to 

the Japanese Classification of Colorectal Carcinoma  [5] . Histo-
logic type, depth of tumor, venous invasion and lymphatic inva-
sion were also categorized according to the Japanese Classifica-
tion of Colorectal Carcinoma  [5] . Tumors that contained more 
than one histologic type of carcinoma were classified based on the 
predominant histologic type. Well-differentiated tubular adeno-
carcinoma (tub1) was characterized by distinct and large gland 
formation; moderately differentiated tubular adenocarcinoma 
(tub2) was composed of medium to small glands with a cribriform 
structure, and poorly differentiated adenocarcinoma (Por) had 
little tendency to form glands or tubules but intracellular mucus 
production was seen  [5] . Depth of tumor invasion was categorized 
as: invasion to the subserosa or nonperitonealized pericolic or 
perirectal tissues (SS)  [18] ; invasion penetrating the serosa (SE), 
and direct invasion to adjacent organs or structures (SI)  [5] . Ve-
nous invasion was categorized as either no invasion (V–) or rec-
ognized intramural invasion (V+). Lymphatic invasion was cate-
gorized similarly as either (Ly–) or (Ly+).

  Histologic Definition of SAC 
 The morphological characteristics of SAC were defined by 

Mäkinen as invasive growth; however, the pathological general 
definition of SAC is tubular adenocarcinoma with serration. We 
selected the subjects with deeply invasive colorectal carcinoma, 
meaning a diagnosis of SAC was considered when colorectal car-
cinoma fulfilled all eight items of Mäkinen’s histologic criteria of 
SAC. SAC was diagnosed by four pathologists (T.F., S.T., J.I. and 
K.I.) and one surgeon (Y.S.) on the basis of the greatest depth of 
sample with HE staining  [12, 16] . The selected cases were evalu-
ated by intraobservation (T.F., S.T., J.I., K.I. and Y.S.) and interob-
servation (T.S.). In this study, we examined the full agreement 
cases in intraobservation and interobservation. The morphologi-
cal criteria and illustrations for SAC described by Mäkinen  [17]  
are set out in  table 1  and  figure 1 .

  Statistical Analysis 
 Statistical analysis was performed using the Stat Flex program 

package (v.6). Mann-Whitney’s U test, Fisher’s exact test or  �  2  test 
were used for the statistical analysis of the association of SAC and 
non-SAC with sex, age, histological type, depth of tumor, location 
of tumor, venous invasion and lymphatic invasion. Kaplan-Meier 
survival curves were used to calculate 5-year survival statistics 

Table 1.  Definition of criteria used in the evaluation of SAC by 
Mäkinen [17]

1 Epithelial serrations
2 Clear or eosinophilic cytoplasm
3 Abundant cytoplasm
4 Vesicular nuclei
5 Discernible nuclei
6 Absence of necrosis
7 Mucin production
8 Cell balls and papillary rods
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between SAC and non-SAC and differences in survival between 
the two groups were compared using the log-rank test. Death was 
considered the end point for survival analysis. We considered the 
factors (sex, age, histological type, depth of tumor, location or tu-
mor, venous invasion and lymphatic invasion) which affected 
prognosis and calculated the 5-year survival statistics of the fac-
tors using the Kaplan-Meier method. Following this, we classified 
the factors into binary data. Multivariate analysis was performed 
using a Cox proportional hazards regression model. Differences 
were considered to be statistically significant at p  !  0.05  [19] .

  Results 

 Comparison of the Clinicopathological Characteristics 
of SAC and Non-SAC 
 There were 11 SAC (17.2%) and 53 non-SAC (82.8%) 

cases among the total of 64. There were 8 males and 3 fe-

males with SAC and 34 males and 19 females with non-
SAC. The most common location of the tumor was the 
rectum in both SAC and non-SAC. The most common 
histologic type was tub2 in SAC (72.7%) and non-SAC 
(79.2%), and only 1 case was classified as Por. The depth 
of tumor was mostly SS in SAC and non-SAC. Venous 
invasion was classified as 4 V– and 7 V+ in SAC, and 21 
V– and 33 V+ in non-SAC. Lymphatic invasion was clas-
sified as 2 Ly– and 9 Ly+ in SAC, and 9 Ly– and 45 Ly+ in 
non-SAC. No statistical differences were found between 
SACs and non-SACs with respect to the distribution of 
sex, age, histological type, depth, location, venous inva-
sion and lymphatic invasion ( table 2 ).

  Univariate Analysis 
 Six cases of SAC and 42 cases of non-SAC were alive 

more than 60 months after the surgical procedure. Using 

a ab

ac

  Fig. 1.  The morphology of SAC.  a  SAC showing epithelial serra-
tions, abundant and eosinophilic cytoplasm, and vesicular nuclei. 
HE.  ! 100.  b  SAC showing cell balls floating in the extracellular 
mucin. HE.  ! 500.  c  SAC showing papillary rods in the extracel-
lular mucin. HE.  ! 400. 
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the Kaplan-Meier analysis of 5-year follow-up, SACs were 
associated with a less favorable outcome than non-SACs 
(p = 0.0396, log-rank test;  fig. 2 ). The univariate analyses 
of risk factors, including sex, age, location, histological 
type (tub1 vs. tub2, excluding 1 case of Por), depth, ve-
nous invasion, lymphatic invasion and SAC versus non-

SAC, are summarized in  table 3 . There were statistically 
significant differences between age ( 6 70 vs.  ! 70, p = 
0.032), depth (SS vs. SI or SE, p = 0.000) and SAC versus 
non-SAC (p = 0.040) as risk factors. We could not analyze 
the clinicopathological differences of the depth through 
SE versus SS or SI, and SI versus SS or SE because the 
numbers of these cases were too small.

  Multivariate Analysis 
 SAC versus non-SAC, age ( 6 70 vs.  ! 70) and depth (SI 

or SE vs. SS) factors that achieved statistical significance 
in the univariate analysis were subsequently included in 
a multivariate analysis using the Cox proportional haz-
ard regression model. There were no statistically signifi-
cant differences between over 70-year-olds and under 
70-year-olds in the multivariate analysis of risk factors, 
unlike the univariate analysis. SAC versus non-SAC (p = 
0.027) and depth (SI or SE vs. SS, p = 0.001) were indepen-
dent prognostic factors ( table 4 ).

  Discussion 

 The incidence of right-sided colon cancer is increas-
ing in older Japanese patients, especially females  [3, 4] . 
This tendency probably can be attributed to the effect of 
lifestyle changes related to westernization in Japan  [20, 
21] . Laterally spreading tumor and sessile serrated ade-

Table 2.  Clinical and pathological features of serrated and nonser-
rated adenocarcinoma

S AC
(n = 11)

non-SAC
(n = 53)

p value

Sex
Male 8 34
Female 3 19 0.735

Age 71 (64.3, 79.3) 67 (59.0, 75.0) 0.203
Location of tumor

Right side 3 14
Left side 2 17
Rectum 6 22 0.622

Histological type
tub1 3 10
tub2 8 42
Por 0 1 0.751

Depth of tumor
SS 10 49
SE 0 4
SI 1 1 0.306

Venous invasion
V– 4 21
V+ 7 33 1.000

Lymphatic invasion
Ly– 2 9
Ly+ 9 45 1.000

Table 3.  Univariate analysis of risk factors

Risk factor p value

Sex (male vs. female) 0.804
Age (≥70 vs. <70) 0.032
Histological type (well vs. moderate) 0.967
Depth of tumor (SS vs. SI or SE) 0.000
Location of tumor: 

right side vs. rectum or left side 0.490
left side vs. right side or rectum 0.610
rectum vs. right side or left side 0.275

V+ vs. V– 0.184
Ly+ vs. Ly– 0.542
SAC vs. non-SAC 0.040
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  Fig. 2.  Survival curves of cumulative incidence death rate of pa-
tients with SAC versus non-SAC during 5-year follow-up. p = 
0.0396 (log-rank test), Kaplan-Meier survival curve. 
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noma/polyp (SSA/P) are thought to be important man-
ifestations of interval cancer in the rising right side of 
the colon because these lesions are flat  [6, 7, 22, 23] . 
SSA/P has been classified as a subtype of hyperplastic 
polyp in the nondysplastic category, but both genetic 
background and proliferation differed between SSA/P 
and hyperplastic polyp. It is currently noted that SSA/P 
is a feature of the new serrated neoplasia pathway. The 
pathway of the SSA/P-MSI-H carcinoma sequence was 
reported by Snover et al.  [10] . SSA/P might arise direct-
ly from normal mucosa or develop from a preexisting 
microvesicular hyperplastic polyp, although this re-
mains debatable. Mutation of BRAF and methylation of 
the CpG island promoter regions are common in these 
lesions  [10] . It is worth noting that the serrated neoplasia 
pathway differs from the conventional Vogelstein ade-
noma-carcinoma sequence  [8]  and SAC is a particular 
subtype of colorectal carcinoma that arises from onco-
genic transformation in SSA/P of the right side of the 
colon.

  On this basis, we analyzed the relationship between 
SAC and prognosis. We collected subjects with Dukes’ B 
colorectal cancer for this study. From the clinical out-
come we knew that the prognosis might be good in Dukes’ 
A, poor in Dukes’ C and diverse in Dukes’ B. Statistical 
significance in survival analysis was obtained from SAC 
cases and non-SAC cases matched for Dukes’ B. García-
Solano et al.  [13]  reported similar results to us but they 
did not assess their cases according to Dukes’ stage. Left-
sided SACs had the worst clinical outcome in the report 
of García-Solano et al.  [13]  but we did not find significant 
differences in mortality based on the location of the tu-
mor. The reason for this result might be that we collected 
only Dukes’ B cases for our study.

  Molecular changes have been analyzed in various 
studies. Tuppurainen et al.  [16]  reported in 2005 that SAC 
was not directly related to microsatellite instability and 
Laiho et al.  [24]  identified in 2007 the ephrin receptor B2, 
hypoxia-inducible factor 1-alpha and patched (PTCH1) 
as proteins important for the genesis of SAC. Stefanius et 

al.  [25, 26]  did not report any deleterious inactivating 
PTCH1 mutation in SAC but, in 2011, they observed that 
SAC is characterized by BRAF and KRAS mutations and 
it is conceivable that the loss of the PTCH1 protein ex-
pression may result from constant activation of the mito-
gen-activated protein kinase pathway, caused by either 
KRAS or BRAF mutations.

  The molecular mechanisms involved in SAC are not 
clearly understood. There are various problems including 
that the histologic evaluation of SAC is not standardized 
and the question of which sequence or gene is associated 
with SSA/P developing into SAC has not been addressed 
sufficiently. It is clear from our study that SAC is a sub-
type of colorectal carcinoma with unique histologic fea-
tures and a poorer prognosis. Accordingly, SAC is consid-
ered an independent predictor of prognosis with depth. 
This is the first study in Japan to investigate the correla-
tion between the prognosis and SAC defined by Mäkinen 
 [17]  in Dukes’ B.
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Table 4.  Stepwise multivariate survival analysis using Cox’s proportional hazards model

Risk factor SE p value Hazard ratio (95% CI)

Age (≥70 vs. <70) 0.54481 0.066 2.71930 (0.93479–7.91042)
Depth of tumor (SI or SE vs. SS) 0.61338 0.001 7.30061 (2.19407–24.2923)
SAC vs. non-SAC 0.55868 0.027 3.43885 (1.15044–10.2793)
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