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Magnifying colonoscopy can be used to observe  pattern during endoscopic diagnosis. It has been pos-
colonic mucosal pits. Using this technique, a pit pat-  sible by MC to distinguish not only neoplasm from
tern classification system consisting of seven catego-  non-neoplasm (1-3) but also carcinoma from ade-
ries has been established. We evaluated the role of  noma (4-6). The microscopic pit pattern on the sur-
magnifying colonoscopy for the diagnosis of colorec-  face of the gastrointestinal mucosa may reflect the
tal tumors, particularly for the assessment of the in-  histological characteristics of gastrointestinal tumors
vasion depth of early colorectal carcinoma, which is  and the depth of their invasion (7), whereas the di-
an important indicator for successful and complete  agnostic role of MC in determining the depth of
endoscopic resection. Thirty-two of early colorectal  tumor invasion still remains controversial. Endoscopic
cancers in twenty-seven cases were examined by  diagnosis of tumor invasion is critically important for
magnifying colonoscopy using 0.05001 crystal violet  the selection of treatment, since endoscopic mucosal
solution. The main and accessory pit patterns of all resection (EMR) of the colorectal neoplasm is possi-
of the lesions were classified by magnifying ble only when the depth of tumor invasion is limited
colonoscopy. The depth of vertical invasion of the to portions of the colorectal wall shallower than the
tumor was aso assessed by endoscopic ultrasono-  superficial submucosal layer (8,9).
graphy as well as by histologica examination fol- In the present study, we tried to elucidate the use-
lowing endoscopic mucosal resection or surgical  fulness of MC in diagnosing the depth of tumor in-
operation. An accurate determination of tumor depth  vasion. In addition, we compared the diagnostic
by magnifying colonoscopy was possible in 84.3[] accuracy of MC and endoscopic ultrasonography
of the cases, compared to 78.10 that were properly  (EUS) for determining the depth of tumor invasion,
diagnosed by endoscopic ultrasonography. since EUS is believed to be the most reliable
method for this purpose (10,11).
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A total of 32 early colon cancers in 27 patients
(mean age 65.5 years old, MaeFemae = 16:11)

Over the last decade, magnifying colonoscopy  were examined by both MC (CF Q420Z1 or PCF
(MC) has been developed with the possible clinical  Q240ZI, Olympus Optical Co., Ltd., Tokyo, Japan)
use for examining the gastrointestina mucosal pit  and EUS by probe method (UM-3R-3 and EU-M20
or EU-M2000, Olympus Optical Co., Ltd.) in the
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MC was performed after sufficient washing of target
tumors by water followed by 0.0500 crystal violet
vital staining. Observed pit patterns were classified
into the following seven categories by three expert
endoscopists according to previous publications
(4,7,8): norma round pit (type 1), star-like pit
(type 1I), smal tubular pit (type IlIs), large tubular
pit (type I11.), branched or gyrus-like pit (type 1V),
non-structural pit with amorphism (type V.), and
non-structural without pit (type Vu). In this study,
these patterns were re-classified into the following
three patterns as shown in Table 1. The pit pattern
suggesting tumor invasion within the superficial
submucosal layer is classified as “endoscopic resec-
tion” (ER), and that indicating deeper invasion is
classified as “surgical operation” (SO). The former
consists of the Ills, Ill., 1V, and V. pit patterns,
while the latter correlates with the Vy pattern, even
if it occupies a minute area of the tumor. The other
pit patterns, |1 and I, are classified as “non-tumor”
(NT). On the other hand, EUS diagnosis of the
tumor depth was also made with taken photographs

Table 1. Classification of colorectal mucosal pit pattern

Kudo’s classification Our new classification

round pits type I
non-tumor pattern
(NT type)
asteroid or type I
papillary pits

small tubular or type IlIs
roundish pits
large tubular or type IlIL
roundish pits enodoscopic resection
pattern
(ER type)
branch-like or type IV
gyrus-like pits
irregular pits with type Va
amorphism
surgical operation
non-structural pits type VN pattern
(SO type)

or video-recorded findings by the same three expert
endoscopists. The pit patterns diagnosis by MC and
the depth diagnosis by EUS were retrospectively
compared with the histological degree of the tumor
invasion.

Statistical analysis was performed using the chi-
squared test, and a p-value less than 0.05 was con-
sidered significant.

RESULTS

The depth of tumor invasion as diagnosed by EUS
and MC is shown in Table 2. When the histological
diagnosis of tumor invasion was used as a gold
standard®, the rates of correct diagnosis of the de-
gree of tumor invasion by EUS and MC were
78.10 and 84.301, respectively, although this differ-

Table 2. Tumor-depth diagnosis of early colon cancers

Tumor-depth diagnosis

No. Macroscopic type  Size (mm) Pit EUS Histology
1 LST (PG) 65  ER(IIL>IV)  sm-l m
2 LST (PG) 50 ER (Il = 1V) m m
3 LST (PG) 42 ER (Il >1V) m mi
4 LST (PG) 34 ER (IIL) m m
5 LST (PG)* 28 ER (IlIL) m m
6 1la + Ilc 35 SO(VA>>VN) m m
7 1la + Ilc 28 ER (IlIL) m m
8 JIERI 18 SO(Va= VN) sm-3 sm-3
9 Ila + dep** 15 ER (Il >V A) m m

10 IIa + dep 15 SO (Va=VN) sm-3 sm-3

11 Ila + dep 12 SO (VA>>VN) sm-2 m

12 Ta + dep** 10 ER(IL>VA) m m

13 IIa + dep** 10 ER (IIL) m m

14 Ila + dep 9 ER (IllL) m m

15 Ile 12 SO(IIs-VN)  sm3 sm-3

16 Ilc 5 ER (III's) m m

17 Ilc 3 ER (IlI's) m m

18 Is 25 ER (Va>IllL) sm-3 sm-3

19 Is 20 SO (VA=VN) m m

20 Is 18 ER(IIL) sm-1 m

21 Is** 15 ER (Va) m m

22 Is** 15 ER (L) sm-2 m

23 Is** 10 ER (Va>IlL) m m

24 Is 10 SO (VA>VN) m sm-2

25 Isp 22 ER (IlL>V A) m m

26 Isp 22 ER (IIL) m m

27 Isp** 20 ER (Va) sm-1 sm-3

28 Isp** 18 ER (IIL) m m

29 Isp 16 ER (IV) sm-3 m

30 Isp 16 ER (IIL>V A) sm-1 m

31 Isp 12 ER (Va) m m

32 Isp 16 ER (IV) m m

LST: lateral-spreading tumor. PG(polypoid growth type), Oat+lc,
Oatdep, Oc, Is, and Isp are the classified types defined in
Ref.(19).

ER: endoscopic resection pattern, SO: surgical operation pattern.
*: presented case in the paper, **: carcinoma in adenoma. sm-1,-
2,-3, and m are the depth defined in the same Ref.(19).

Sizes show long diameter of lesions. Underlined marks show
wrong diagnosis.
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ence was not significant. The cases observed for di-
agnostic correspondence by EUS and MC showed a
high rate of correct diagnosis (92.30). In the flat
type of early colorectal cancers, a more successful
diagnosis was possible (88.200 and 88.2[1, respec-
tively) than in protruded type (66.700 and 80.001,

respectively).

Presentation of a representative case

Casel: A lateral-spreading tumor was found in the
mid-descending colon of a 69-year-old male when he
was examined by screening colonoscopy at the
Shimane Preventive Center of Cancer and Cardio-
vascular Diseases because of a positive result from
the stool occult blood test. He was admitted to the
Division of Gastrointestina Endoscopy, Shimane
Medical University Hospital for treatment by EMR
in June, 2002. On admission, he had no clinica
symptoms and there were no abnormal findings in
his physical examination. His laboratory data, includ-
ing the results of repeated stool occult blood tests,
were all within normal ranges.

A photograph of the tumor taken during the
colonoscopy is shown in Fig. 1. The lesion was a
granular type of lateral-spreading tumor, and had
conversing folds suggestive of invasion into the
submucosal layer. It also showed conversing folds
(Fig. 2-a) and arch-like deformity in the profile
view (Fig.2-b) on barium-enema examination. X-ray
findings also indicated tumor invasion into the

Fig. 1. Chromoendoscopic view of the case 1, showing
polypoid growth type of lateral-spreading tumor.

Fig. 2. Pictures of barium-enema examination in the case
1. Conversing fold is observed (arrow) in the en face
view (@), and arch-like deformity (arrows) is observed in
the profile view (b).

submucosal layer. Submucosal invasion was further
suggested by the results of the EUS examination,
which ultrasonographically showed that the third
layer of the colonic wall, the submucosal layer, was
irregularly thinned and thickened at the tumor base
(Fig. 3). The pit pattern of the tumor surface ob-

Fig. 3. EUS picture of the case 1. An irregularity is
shown in the 3rd layer, submucosal layer (arrows).

served by MC with the aid of 0.050 crystal violet
solution showed Il1. with a small area of V. in the
center of the tumor (Fig. 4). This combination of pit
patterns suggests that this tumor invaded only within
the superficia part of the colonic mucosal layer after
development along the adenoma-cancer sequence.
Thus, only MC indicated that this tumor could be
completely resected by EMR.

Complying with the patient's wishes, EMR was
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Fig. 4. Pit pattern of the case 1 on magnifying colonoscopy.
Most of pits show Il pattern.

performed and the tumor was determined histolo-
gicaly to be a carcinoma in adenoma invading
within the mucosal layer (Fig. 5). Therefore, in this
case only MC was able to correctly diagnose the de-
gree of tumor invasion and to guide successful EMR
treatment without open surgery.

This was a typical case where the pit pattern by
MC was very helpful for diagnosis of the degree of
tumor invasion. In al examinations, only the pit pat-
tern indicated the correct depth of tumors.

Fig. 5. Histologica findings of the case 1, showing carci-
noma in adenoma which is limited within the mucosa

layer.

DISCUSSION

The difference between pit patterns of normal co-
lorectal mucosa and those of tumors including ade-
nomas and adenocarcinomas was first described in
1980 (12). In the last 10 years, the development of
MC has brought a higher resolvability. Subsequently,
the classification of pit patterns for clinical purposes

was established by Kudo et a. (4, 7, 8). This clas-
sification makes it possible to differentiate
endoscopically between adenomatous and
adenomatous lesions as well as between carcinomas
and adenomas. Some investigators have recently tried
to use pit patterns to diagnose the degree of tumor
invasion (8, 13-17). According to these studies, the
depth of colorectal cancer invasion can be speculated
from the pit pattern on the tumor surface. No tumors
with [ll. pits are reported to invade beyond the
mucosa. Most of the lesions with Ills, 1V, and Va
pits show limited invasion within the mucosal and
superficial submucosal layers. In contrast, Vy pits
are reported to correlate with invasion into the
submucosal layer, even when this pattern is found
only in a small area (8, 17, 18).

We divided pit patterns into three groups as pro-
posed by Fujii et a. (13). The NT group consists
of | and Il pits, which are indicative of non-
neoplastic lesions. The ER group includes Ills, 11,
IV, and V. pits and is usually suggestive of limited
tumor invasion down to the most superficial part of
the submucosal layer or to the mucosal layer.
However, the SO group, which includes Vy, shows
deeper tumor invasion into the deep submucosal
layer. Our results confirmed the previous publication
suggesting the value of MC and further showed that
MC was better than EUS for diagnosing the depth of
tumor invasion, although the difference in diagnostic
accuracy did not reach a statistically significant level.
The rate of accurate diagnosis for the degree of
tumor invasion was 92.3[] in the cases with a corre-
sponding result of pit pattern and EUS, athough it
was 78.10 in the cases with EUS adone. This fact
clearly suggests that additional pit pattern diagnosis
by MC for tumor invasion is very useful.

EUS has been considered the most reliable diag-
nostic method for determining the degree of tumor
invasion, and it is regularly used in pre-procedure di-
agnosis for EMR treatment. Once EUS shows mas-
sive tumor invasion into the submucosal layer, EMR
treatment for colorectal cancer is considered to be
impossible and to have a higher post-procedure re-
currence rate, even if the resection is technically
possible. As shown in the case reports described in
this study, EUS is not feasible to discriminate easily
between submucosal tumor invasion and submucosal

non-
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fibrosis caused by inflammation of the colorectal
wall. In contrast, the pit pattern on the tumor surface
reflects the histological growth pattern of the tumor
tissue and is not influenced by inflammation-induced
submucosal fibrosis. Therefore, combining the results
of MC and EUS may provide an easier and more
accurate method for diagnosing the depth of tumor
invasion and thereby increasing the success rate of
EMR treatment of colorectal tumors.

In conclusion, we report the usefulness of MC for
the diagnosis of invasion depth of colorectal cancer
and emphasize the role of MC in pre-procedure ex-
amination for endoscopic mucosal resection of colo-
rectal tumors.

REFERENCES

0) Togashi K, Konishi F, Ishizuka T, Sato T,
Senba S and Kanazawa K (1999) Efficacy of
magnifying enodoscopy in differential diagnosis of
neoplastic and non-neoplastic polyps of the large
bowel. Dis Colon Rectum 42: 1602-1608.

) Kiessich R, von Bergh M, Hahn M, Hermann
G and Jung M (2001) Chromoendoscopy with
indigocarmine improves the detection of adeno-
matous and nonadenomatous lesions in the colon.
Endoscopy 33: 1001-1006.

0) Eisen GM, Kim CY, Fleischer DE, Kozarek
RA, Carr-Locke DL, Li TCM, Goustout CJ, Heller
SJ, Montgomery EA, Al-Kawas FH, Lewis JH and
Benjamin SB (2002) High-resolution chromoendo-
scopy for classifying colonic polyps: a multicenter
study. Gastrointest Endosc 55: 687-694.

0) Kudo S, Hirota S, Nakgima T, Hosobe S,
Kusaka H, Kobayashi T, Hiromi M and Yagyuu A
(1994) Colorectal tumours and pit pattern. J Clin
Pathol 47: 880-885.

0) Jaramillo E, Watanabe M, Slezak P and Rubio
C (1995) Flat neoplastic lesions of the colon and
rectum detected by high-resolution video endoscopy
and chromoscopy. Gastrointest Endosc 42: 114-
122.

) Axelrad AM, Fleischer DE, Geller AJ, Nguyen
CC, Lewis JH, Al-Kawas FH, Avigan MI,
Montgomery EA and Benjamin SB (1996) High-
resolution chromoendoscopy for the diagnosis of
disminutive colon polyps: implications for colon

cancer screening. Gastroenterology 110: 1253-
1258.

0) Kudo S, Kashida H, Nakgjima T, Tamura S and
Nakajo K (1997) Endoscopic diagnosis and treat-
ment of early colorectal cancer. World J Surg 21:
694-701.

0) Kudo S, Kashida H, Tamura T, Kogure E, Imai
Y, Yamano H and Hart AR (2000) Colonoscopic
diagnosis and management of nonpolypoid early
colorectal cancer. World J Surg 24: 1081-1090.

0) Kudo S, Tamega Y, Yamano H, Ima Y,
Kogure E and Kashida H (2001) Endoscopic
mucosal resection of the colon: the Japanese tech-
nigue. Gastrointest Endosc 11: 519-535.

10) Shimizu S, Itoh R, Inagaki T, Mikami S
Yoshimoto T, Tada S, Tomioka H, Mizuno S
Kimoto K, Kawai K, Okuyama Y and Sugata N
(2001) The significance and limitations of EUS in
the diagnosis of cancer infiltration in early colo-
rectal cancer. | to Cho 36: 752-758 (in Japanese).

11) Hamamoto J, Hirata |, Morikawa K, Sasaki S,
Yamauti H, Shikadake Y and Katsu K (2001)
Usefulness of endoscopic ultrasonography com-
pared with colonoscopy for diagnosing the depth
of invasion of early colorectal carcinomas. | to
Cho 36: 809-815 (in Japanese).

12) Nishizawa M, Okada T, Sato F, Kariya A,
Mayama S and Nakamura K (1980) A
clinicopathological study of minute polypoid le-
sions of the colon based on magnifying fiber-
colonoscopy and dissecting microscopy. Endoscopy
12: 124-129.

13) Fujii T, Katoh S, Saito Y, Kohzu T, Matsuda
N, Ohta A, Gotoda T, Ono H, Yamaguchi H,
Saitoh T, Haku M and Sano T (2001) Diagnostic
ability of staging in early colorecta cancer-
comparison with magnifying colonoscopy and
endoscopic ultrasonography. | to Cho 36: 817-827
(in Japanese).

14) Kudo S, Tamura S, Nakgima T, Yamano H,
Kusaka H and Watanabe H (1996) Diagnosis of
colorectal tumorous lesions by magnifying
endoscopy. Gastrointest Endosc 44: 8-14.

15) Nagata S, Tanaka S, Haruma K, Yoshihara M,
Sumii K, Kagiyama G and Shimamoto F (2000)
Pit pattern diagnosis of early colorectal carcinoma
by  magnifying colonoscopy: clinica  and



36 Amano €t al.

histological implications. Int J Oncol 16: 927-934.

16) Kato S, Fujii T, Kaoba I, Sano Y, Fu Kl, Parra-
Blanco A, Tgjiri H, Yoshida S and Rembacken B
(2001) Assessment of colorectal lesions using
magnifying colonoscopy and mucosal dye spray-
ing: can significant lesions be distinguished?
Endoscopy 33: 306-310.

17) Ima Y, Kudo S, Matsuda T, Nakahara T,
Tamega Y, Yamano Y, Kusaka N, Kasuya T,
Kogure E, Mo N, Narusawa A, Tomimatu H,
Niishioka C, Morita Y and Hara E (1999) A
study of the relationship of pit pattern and the

pathological features in colorectal neoplasm. | to
Cho 34: 1645-1652. (in Japanese)

18) Nakada I, Tasaki T, Ubukata H, Goto Y,
Watanabe Y, Sato S, Tabuchi T, Tsuchiya S and
Soma T (1998) Desmoplastic response in biopsy
specimens of early colorectal carcinoma in predic-
tive of deep submucosal
Rectum 41: 896-900.

19) Japanese Society for Cancer of the Colon and
Rectum (1998) General rules for clinical and
pathological studies on cancer of the colon, rectum
and Anus. Kanehara Shuppan, Tokyo.(in Japanese)

invasion. Dis Colon



