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Abstract 

Background Some colorectal cancers (CRCs) are clinically diagnosed as cT4a with　serosal invasion (SI). How-
ever, the cT4a is most often underdiagnosed pathologically as pT3 without SI by hematoxylin–eosin (H&E) staining 
alone. Using Elastica van Gieson (EVG) staining, some pT3 tumors invade the elastic lamina (EL), which extends just 
below the serosal layer. Recently, EL invasion (ELI) has been described as a poor prognostic factor for disease-free 
survival (DFS) and overall survival (OS) in patients with pStage II CRC. However, its clinicopathological significance 
remains unclear due to the limited number of studies and poor understanding of ELI.

Objective This study investigated the association between the ELI and patient prognosis.

Methods After 1982, pathological diagnosis was routinely performed using H&E and EVG staining methods, 
and long-term follow up was performed until 2016. All clinicopathological features including ELI were prospectively 
registered into our computer and 569 patients with pStage II CRC were collected from the database. Based on the ELI 
status, pT3 was divided into three pathological categories: pT3ELI − was defined as pT3a, pT3ELI + as pT3b and uniden-
tified EL (pT3EL −) as pT3u.

Results Using H&E staining alone, gross cT4a was most often pathologically underdiagnosed as pT3 (93.8%) 
and very rarely as pT4a, resulting in a large diagnostic discrepancy. Using EVG staining, 60.7% of the cT4a tumors 
were diagnosed as pT3b. The 10-year DFS and OS rates were similar for pT3a and pT3u patients. However, the 10-year 
DFS and OS rates of pT3b patients were significantly lower than those of pT3a patients (75.6% vs. 95.6%, p < 0.0001 
and 58.4% vs. 70.6%, p = 0.0024, respectively) but did not differ from those of pT4a patients (70.6%, p = 0.5799 
and 52.0%, p = 0.1116, respectively). Multivariate analysis revealed that the ELI was the strongest independent risk fac-
tor for recurrence and CRC-specific death (p < 0.0001).

Conclusions A better understanding of the ELI allows us to reconsider the diagnostic discrepancy of serosal inva-
sion, i.e., pT3b should be considered pT4a. The ELI-based subclassification of pT3 is expected to be incorporated 
into the TNM staging system in the future. The ELI is a notable prognostic indicator in patients with pStage II CRC.
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Introduction
Colorectal cancer (CRC) is one of the most common can-
cers in the world [1]. Some CRCs are diagnosed clinically 
as cT4a with serosal invasion (SI). With hematoxylin–
eosin (H&E) staining alone, cT4a is most often under-
diagnosed pathologically as pT3without SI, i.e., invasion 
into subserosa or non-peritonealized pericolic/perirectal 
tissue, and very rarely as pT4a with high risk potential for 
peritoneal recurrence [2–5]. There is a large discrepancy 
in the diagnosis of SI [6]. The distinction between pT3 
and pT4a tumors continues to be a source of diagnostic 
confusion [7–13]. One of the reasons for the diagnos-
tic difficulty appears to be the diagnosis based on H&E 
staining alone, as noted by Lu [14]. However, according 
to the results of Elastica van Gieson (EVG) staining, some 
pT3 tumors invade the elastic lamina (EL), which extends 
just below the serosal layer. Therefore, some authors 
have reported that pT3 disease with ELI + is considered 
to be occult pT4a disease [3, 8, 15]. In addition, Liang 
[16] proposed that pT3 with ELI + should be considered 
pT4a. Moreover, the ELI + has been recently described as 
a poor prognostic factor in patients with pStage II CRC 
[7, 17–20]. In lung cancer, the 7th edition of the TNM 
staging system [21] defines ELI as positive pleural inva-
sion. Several studies have reported that the ELI is asso-
ciated with poor prognosis in lung cancer, gastric cancer 
[22–24], and pT3N0/N ( +) CRC [7, 16–20, 25]. However, 
the TNM staging system 8th edition [26] has not yet 
defined the ELI in CRC. This may be because the clinico-
pathological significance of the ELI remains unknown. 
The pathological features of ELI were previously stud-
ied by the author (KS) and were briefly described in the 
research article published in 1984 [27]. On this occasion, 
the author reevaluated its clinicopathological significance 
and addressed issues that have long been questioned by 
surgeons. The present study improves the understand-
ing of the ELI and highlights the prognostic differences in 
patients with ELI-based subclassification of pT3 tumors. 
The diagnostic discrepancy between gross and pathologi-
cal SI (cT4a/pT4a) is also discussed from the perspective 
of the ELI.

Methods
Study design and inclusion/exclusion criteria
This was a retrospective cohort study. The data were col-
lected from the computerized original database initiated 
by the author (KS) in 1982 [28–32]. Prospectively regis-
tered records from January 1982 to December 2013 were 
reviewed. A total of 3364 patients with CRC underwent 
surgical treatment. Of these, 569 patients with pStage II 
(pT3/pT4a) disease had a primary CRC and underwent 
curative surgery. Any cT4b/pT4b cases were not included 
in this study. All the tumors were located proximal to the 

peritoneal reflection, where the intestine is surrounded 
by the serosal membrane. Patients with multiple primary 
cancers, those who received neoadjuvant chemotherapy, 
and those who died in the hospital were excluded. Four-
teen patients (2.5%) were lost to follow-up and were 
excluded from this study.

Tumor location and surgical procedures
There were 198 patients in the right colon, 295 in the left 
colon and 76 in the intraperitoneal rectum. In accordance 
with Japanese clinical practice guidelines [33], D3 lymph 
node (LN) en-bloc dissection [34] was performed in 476 
patients, but D2/D1 LN dissection was performed in 93 
patients depending on their preoperative health status. 
Prior to 1995, 545 patients underwent open surgery. Sub-
sequently, 24 patients underwent laparoscopic surgery.

Processing of resected specimens
The processing of resected specimens has been previ-
ously reported [28–32]. Briefly, the serosal surface of 
fresh resected specimens was carefully observed to diag-
nose cT3 or cT4a tumors. The mesenteric LNs were har-
vested immediately after surgery. Pericolic/perirectal LNs 
close to the main tumor were never harvested to avoid 
damaging the serosal membrane and extramural adi-
pose tissue. After formalin fixation for 1 week, the entire 
tumor mass, including serosa and extramural adipose 
tissue, was cut longitudinally along the long axis of the 
bowel into large step-shaped sections of 5–6 mm thick-
ness, including the oral and anal edges of the tumor. 
Depending on the tumor situation, the tumor mass was 
cut perpendicular to the long axis of the bowel to confirm 
the serosal invasion. All blocks were then embedded in 
paraffin after alcohol dehydration. Thin 4–5 μm sections 
were cut from the paraffin-embedded blocks. All thin 
sections were routinely stained with both H&E and EVG 
since 1982.

Typical ELI and definition of pT3 classification
The author (KS) was responsible for the final pathologi-
cal diagnosis of each patient from 1982 until 2014, when 
he retired. All pathological findings including the ELI 
were sketched in detail on an ISO B4 size paper as previ-
ously reported [32]. The elastic lamina (EL) is occasion-
ally breached or disrupted by tumor or desmoplastic 
reaction, but can be traced by identifying fragments of 
elastic fibers. A typical ELI is shown in Fig. 1. H&E and 
EVG stained micrographs of the same case were shown 
in a vertical row. ELI − indicates that the tumor invasion 
does not exceed the EL, ELI + indicates that the tumor 
invasion exceeds the EL, and EL − indicates that the EL 
is unidentified. pT3 was sub-classified into three groups: 
pT3ELI − was defined as pT3a (Fig. 1a, EVG), pT3ELI + as 
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pT3b (Fig. 1b, EVG), and pT3EL − as pT3u (Fig. 1c, EVG). 
pT4a was defined as cancer cells exposed to the sero-
sal surface or in the peritoneal cavity (Fig. 1d, H&E and 
EVG), according to the TNM staging system 8th edition 
[26].

Criteria of histologic differentiation, venous invasion, 
lymphatic invasion, perineural invasion and tumor 
budding
Histologic differentiation was briefly described accord-
ing to Japanese classification of colorectal carcinoma 

[35]. Well differentiated adenocarcinoma was charac-
terized by distinct and large gland formation and mod-
erately differentiated adenocarcinoma was composed of 
medium to small glands, which is intermediate between 
well and poorly differentiated adenocarcinoma. Poorly 
differentiated adenocarcinoma was characterized as can-
cers with indistinct gland formation. Mucinous adeno-
carcinoma was characterized by cancer cells that produce 
substantial amount of mucus outside the cells forming 
mucus nodules or lakes. The criteria of venous invasion, 
lymphatic invasion, perineural invasion, and budding 

Fig. 1 Typical Elastic Lamina Invasion and Definition of pT3 Classification. H&E and EVG stained micrographs of the same case were shown 
in a vertical row. Arrow heads: elastic lamina (EL); ELI − : negative elastic lamina invasion; ELI + : positive elastic lamina invasion; EL − : unidentified 
elastic lamina. a Sigmoid colon cancer; Cancer cells do not invade the EL, i.e. pT3ELI − is defined as pT3a. b Sigmoid colon cancer; Cancer cells 
invade beyond the EL, i.e. pT3ELI + is defined as pT3b. c Ascending colon cancer confined to the posterior wall; EL is not identified in the adipose 
tissue of the adventitia, i.e. pT3EL − is defined as pT3u. d Rectosigmoid colon cancer: Cancer cells are exposed to the serosal surface and peritoneal 
cavity, defined as pT4a
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were previously reported. Briefly, venous invasion was 
assessed by EVG staining and was defined as cancer cells 
within veins with an unequivocal elastic fiber [28]. Lym-
phatic invasion was defined as cancer cells floating within 
a lymphatic endothelial-lined lumen, distinct from those 
within the space due to the tissue shrinkage artifact. [29]. 
Perineural invasion was defined as cancer cells invading 
the perineural space of extramural nerve bundles or can-
cer cells invading Auerbach’s plexus [30]. The budding 
was defined as isolated undifferentiated cancer cells at 
the tumor invasive front. The term "budding" was coined 
by the author K.S. in the 1980s, and reported by his col-
league Morodomi in 1989 [36]. This nomenclature was 
introduced to the world by Western researchers in 2012 
and 2016 [37, 38].

In addition, pN0 cases with tumor deposits are cur-
rently defined as pN1, i.e. pStage III. Therefore, these 
cases were not included in this study.

Postoperative adjuvant chemotherapy
Postoperative adjuvant chemotherapy with oral 5-Fu-
based regimens was administered to 240 patients (42.2%).

Follow‑up examination
The date of the outpatient visit was recorded as the date 
of survival confirmation. The routine program included 
serum tumor marker measurements, chest radiography 
and abdominal ultrasound every three months for the 
first three years, every six months for the next two years 
and annually thereafter. When recurrence was suspected, 
a definitive diagnosis was made using computed tomog-
raphy and/or magnetic resonance imaging. Local recur-
rence was defined as tumors occurring in the peritoneal 
cavity or pelvis within the field of the initial surgery. 
Distant metastases were defined as the tumors observed 
in the liver, lung, or other hematogenous organs. Other 
recurrences included peritoneal dissemination or intra/
extra-abdominal LN metastases. Follow-up began in 
1983 and was performed annually [28–32]. The author 
(KS) was involved in the follow-up work until the end of 
September 2016.

Statistical analysis
Statistical analyses were performed using StatView soft-
ware (version 5.0  J; SAS Institute, Inc. Cary NC, USA). 
Pearson’s chi-square (χ2) test and logistic regression anal-
yses were performed to estimate correlations and the risk 
of recurrence for categorical variables. Univariate and 
multivariate Cox regression analyses were performed to 
identify independent prognostic factors. The Kaplan–
Meier method was used to calculate time-dependent sur-
vival probabilities. The log-rank (LR) test was performed 
to estimate the differences in survival. All the statistical 

tests were two-tailed, and p < 0.05 was considered to 
indicate statistical significance, with confidence inter-
vals (CIs) of 95% for hazard ratios (HRs) and odds ratios 
(ORs).

Survival analyses
Disease-free survival (DFS) was defined as the time from 
the date of surgery to the date of the first confirmed 
tumor recurrence or CRC-related death. Overall survival 
(OS) was defined as the time from the date of surgery to 
the date of death from any cause. All deaths were consid-
ered events.

Results
Identification of EL and ELI
A total of 4910 block sections were obtained from the 
resected specimens of 569 patients (mean 8.6, stand-
ard deviation [SD] 3.2; range 4–20, median 8.0). EL was 
identified in 91.4% (520/569), and was unidentified in 
8.6% (49/569) (Tables  1a, b). EL was well identified in 
sigmoid colon (S) and rectosigmoid colon (Rs) cancers. 
EL was not identified in 8–9% of cecum (C) and trans-
verse colon (T) cancers, and was difficult to identify in 
11–15% of ascending colon (A), descending colon (D), 
and intraperitoneal rectal (Ra) cancers (Table  1a). The 
combined categories A + D + Ra and C + T + S + Rs were 
significantly correlated with the frequency of EL identifi-
cation (p = 0.014). In addition, EL was not identified in a 
significantly greater percentage (34.7%) of tumors < 3 cm 
in size (p < 0.0001, Table 1b). Regarding the circumferen-
tial distribution of A, D and Ra cancers, the unidentified 
rate was significantly higher for the posterior wall tumors 
(44.4%) than for other circumferential distributions 
(p < 0.0001, Table  1c). As shown in Table  1d, ELI + was 
detected in 46.7% (254/544) of the pT3 cases and in 100% 
(25/25) of all pT4a cases. ELI − was detected in 44.3% 
(241/544) of the pT3 cases. A significant correlation was 
found between cT and pT categories (p < 0.0001).

Gross and pathological findings of resected specimens
Fresh resected specimens are shown in Fig.  2a-c. H&E 
and EVG stained micrographs of the same case were 
shown in a vertical row. Gross findings of the serosa were 
unequivocal cT4a. As previously reported [13], the path-
ological diagnoses by H&E staining were pT3, pT3, and 
pT4a, respectively (Fig.  2d-f ), whereas the diagnoses by 
EVG staining were pT3a/ELI − , pT3b/ELI + , and pT4a/
ELI + , respectively (Fig. 2j-l). In the cases in Fig. 2a and b, 
the gross and pathological diagnoses were not concord-
ant, but in the case of Fig. 2c, the diagnoses were compat-
ible. This study included 356 cases with cT4a (Table 1d). 
Of these, 334 cases were diagnosed as pT3 (93.8%) and 
22 cases (6.2%) were diagnosed as pT4a by H&E staining 
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alone. There was a large discrepancy between the gross 
and pathological diagnoses of SI. Based on the ELI status, 
113 cases (31.7%) were diagnosed as pT3a and 216 cases 
(60.7%) were diagnosed as pT3b.

Causes of death during long‑term follow‑up
The last survey for surviving patients was completed 
at the end of September 2016. Eligible surviving and 
censored patients were followed up for a mean of 
127 months (range, 2–351, SD 73, median 116 months). 
Of these patients, 6 (2.0%) were followed up for less 
than 3  years, 21 (7.0%) for 3–5  years, 109 (36.1%) for 
5–10 years, 135 (44.7%) for 10–20 years, and 31 (10.3%) 
for more than 20 years. A total of 134 patients had died 
of malignant disease by the end of September 2016. Of 
these, 72 patients (52.9%) died of primary CRC. The 
remaining 62 patients died mainly from second primary 
malignancies of the liver, stomach, or lung. Regarding 

non-malignant diseases, 133 patients died mainly from 
senility/dementia, cardiovascular, cerebrovascular or pul-
monary diseases.

Postoperative recurrence
Postoperative recurrence occurred in 80 (14.1%) of the 
569 patients (Table 2a). Recurrence and the pT category 
were significantly correlated (p < 0.0001, χ2 test). The 
rate of recurrence did not differ between pT3a and pT3u 
(4.6% vs. 6.1%, respectively) and between pT3b and pT4a 
(23.2% vs. 28.0%, respectively). Cumulative recurrence 
rates of 5- and 10-year did not differ between pT3a and 
pT3u and between pT3b and pT4a (p = 0.552, p = 0.580, 
respectively). Logistic regression analysis revealed sig-
nificantly greater ORs for pT3b and pT4a than for pT3a 
and pT3u (p = 0.0001, OR = 6.3, 95%CI = 3.2–12.4 and 
p = 0.0001, OR = 8.1, 95%CI = 2.8–23.5, respectively). 
Among these, recurrence sites were found in 105 lesions 

Table 1 Identification of Elastic Lamina (EL) and Elastic Lamina Invasion (ELI)

a. EL and Tumor Location
EL Tumor Location

C A T D S Rs Ra p-value Total

Identified 29 87 62 32 157 88 65 0.014* 520
(91.4)

Unidentified
(%)

3
(9.4)

11
(11.2)

6
(8.8)

4
(11.1)

9
(5.4)

5
(5.4)

11
(14.5)

49
(8.6)

C cecum, A ascending colon, T transverse colon, D descending colon, S sigmoid colon, Rs recto-sigmoid colon, Ra intraperitoneal rectum 
above the peritoneal reflection; *A/D/Ra vs. C/T/S/Rs: Chi-square test showed a significant correlation between tumor location and EL

b. EL and Tumor Size
EL Tumor size

 < 3 cm 3-5 cm  ≥ 5 cm Unknown p-value Total

Identified 32 192 293 3  < 0.0001* 520
(91.4)

Unidentified
(%)

17
(34.7)

27
(12.3)

5
(1.7)

0 49
(8.6)

*Chi-square test showed a significant correlation between tumor size and EL

c. EL and Circumferential Distribution at A, D, and Ra
EL Circumferential Distribution

Posterior Anterior Lateral Whole
circumference

Unknown p-value Total

Identified 20 61 20 82 1  < 0.0001* 184
(87.6)

Unidentified
(%)

16
(44.4)

4
(6.2)

4
(16.7)

2
(2.4)

0 26
(12.4)

A ascending colon, D descending colon, Ra intraperitoneal rectum above the peritoneal reflection
*Chi-square test showed a significant correlation between circumferential distribution and EL

d. ELI and cT
cT pT3, n = 544, (%) pT4a, n = 25, (%) p-value Total

pT3a [ELI −] pT3u [EL −] pT3b [ELI +] [ELI +]

cT3
cT4a

128 (60.1)
113 (31.7)

44 (20.7)
5 (1.4)

38 (17.8)
216 (60.7)

3 (2.8)
22 (6.2)

 < 0.0001* 213
356

Total 241 49 254 25 569
*Chi-square test showed a significant correlation between cT and pT categories
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including the liver and lung, followed by the perito-
neum, local sites and others (Table 2b). To avoid statisti-
cal bias caused by the diversity of the sites, associations 
between the site of recurrence and the pT category were 
not analyzed. Distant metastasis was found at a high rate 
in patients in each ELI-based pT category, but the cor-
relation was not significant (p = 0.3901; Table 2c). How-
ever, peritoneal recurrence occurred significantly more 
often in patients with pT3b and pT4a (26.1% and 31.8%, 
respectively) than in those with pT3a and pT3u (0% and 
0%, respectively, p = 0.0206).

Survival results
The 10-year DFS did not differ between pT3a and pT3u 
patients (95.6% vs. 93.8%, respectively; p = 0.5523; 
Fig. 3a). The 10-year OS also did not differ between the 
two categories (70.6% vs. 64.1%, respectively; p = 0.9429, 
Fig. 3b). However, as shown in Fig. 3c, patients with pT3b 
had a lower 10-year DFS than those with pT3a (75.6% vs. 
95.6%, respectively; p < 0.0001) but were similar to those 
with pT4a (75.6% vs. 70.6%, respectively; p = 0.5799). 
They also had a lower OS than those with pT3a (58.4% 

vs. 70.6%, respectively; p = 0.0024, Fig.  3d), but were 
similar to those with pT4a (58.4% vs. 52.0%, respectively; 
p = 0.1116).

Univariate and multivariate analyses
Univariate analysis indicated that tumor budding, peri-
neural invasion, and the ELI were significant risk fac-
tors for postoperative recurrence (Table  3a). After 
multivariate analysis, the ELI was found to be the 
strongest independent risk factor (p < 0.0001, HR = 4.89, 
95%CI = 2.718–8.819). Similarly, these factors were 
found to be significant predictors of CRC-specific death 
(Table 3b), and on multivariate analysis, the ELI was the 
strongest independent predictor (p < 0.0001, HR = 6.26, 
95%CI = 3.171–12.347).

Discussion
This retrospective cohort study clarified clinical and 
pathological issues, i.e., diagnostic discrepancy between 
cT4a and pT4a tumors, and demonstrated the close rela-
tionship between the ELI and prognosis in patients with 
pStage II CRC.

Fig. 2 Differences between Gross and Pathological Diagnoses. H&E and EVG stained micrographs of the same case were shown in a vertical row. 
Arrow heads: elastic lamina (EL); a) b) c) Fresh resected specimens; gross diagnosis of serosal invasion was cT4a. d) e) f) H&E staining of cT4a area 
at low-power view. g) h) i) H&E staining of the black circle areas at high-power view. d) e) g) h) The pathological diagnosis was pT3 by H&E staining, 
with a discrepancy between the gross and pathological diagnoses of serosal invasion. i) Several cancer cells in the rectangle area are exposed 
to the serosal surface and peritoneal cavity. The pathological diagnosis was pT4a by H&E staining alone, which was compatible with the gross 
diagnosis. j) k) l) EVG staining of the H&E staining areas; j) Cancer cells do not invade the EL, i.e. pT3a (ELI −), k) Fragmented ELs are seen on the left. 
Cancer cells invade beyond the ELs, i.e. pT3b (ELI +), l) Cancer cells invade beyond the EL and several cancer cells in the rectangle area are exposed 
to the serosal surface and peritoneal cavity, i.e. pT4a (ELI +)
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First of all, the serosal surface of fresh resected speci-
mens should be carefully examined [8]. The serosal sur-
face of cT4a often appears as whitish stripes/streaks, 
flattened indentation, or deep depression in fresh 
resected specimens [8, 15, 39] (Fig.  2a-c). Microscopi-
cally, desmoplastic reaction, isolated small glandular 
foci, and budding cells are usually observed on the tumor 
invasion front. Puppa [3] reported that when some 
advanced CRCs invade the serosa, the cap of fibrosis 
caused by a fibro-inflammatory reaction on the invasive 
front of the carcinoma is likely to replace areas of ear-
lier peritoneal invasion. These serosal findings are confi-
dently diagnosed as cT4a with SI by many surgeons at the 
time of surgery or on a fresh resected specimen, whereas 

the cT4a is most often underdiagnosed as pT3 without SI 
according to the TNM classification [26]. Many surgeons 
are surprised by this under-diagnosis. Several authors 
have noted the significant discrepancy between the gross 
and pathological diagnoses of SI [3, 6]. This diagnostic 
discrepancy may be due not only to diagnostic ambiguity 
based on H&E staining alone [13, 14, 40], but also to dif-
ferences in interpretation of the clinical and pathological 
definitions of SI. The reported frequency of pT4a varies 
widely, ranging from 13.4% to 67.7% among 8 Japanese 
institutions [41] and the diagnostic difficulties are simi-
lar to those in other countries [9, 10]. On the other hand, 
when using EVG staining, some pT3 tumors invaded 
the EL (Fig.  2k). However there were differences in the 

Table 2 Postoperative recurrence

a. Recurrence in each pT Category
pT Recurrence Cumulative

Recurrence Rate
Logistic
Regression Analysis

Presence
n, (%)

Absence
n, (%)

Total 5‑year
n*, (%)

10‑year
n*, (%)

p‑value OR
(95%CI)

p‑value

pT3a (EL −) 11
(4.6)

230
(95.4)

241 6
(2.7)

9
(4.4)

0.552 1 (reference) -

pT3u (EI −) 3
(6.1)

46
(93.9)

49 3
(6.2)

3
(6.2)

1.4
(0.37–5.1)

0.6440

pT3b (ELI +) 59
(23.2)

195
(76.8)

254 53 (21.8) 58 (24.4) 0.580 6.3 (3.2–12.4) 0.0001

pT4a (ELI +) 7
(28.0)

18
(72.0)

25 7 (29.4) 7
(29.4)

8.1 (2.8–23.5) 0.0001

Total 80 (14.1) 489 (85.9) 569

ELI − negative elastic lamina invasion, EL − unidentified elastic lamina, ELI + positive elastic lamina invasion, OR Odds Ratio; Recurrence and pT category 
were significantly correlated (p < 0.0001, χ2 test). The rate of recurrence did not differ between pT3a and pT3u and between pT3b and pT4a. Cumula-
tive recurrence rate did not differ between pT3a and pT3u and between pT3b and pT4a. ORs were significantly higher for 3b and pT4a than for pT3a 
and pT3u. *cumulative number of recurrence

b. Recurrence Sites, including Multiple Sites of Recurrence 

pT Liver Lung Peritoneum Local Bone Others Total
pT3a (ELI −), (%) 4 (36.4) 4 (36.4) 0 (0) 2 (18.2) 0 1 (0.9) 11

pT3u (EI −), (%) 3 (100) 0 0 (0) 0 0 0 3

pT3b (ELI +), (%) 29 (42.0) 10 (14.5) 18 (26.1) 9 (13.0) 2 (2.9) 1 (1.4) 69

pT4a (ELI +), (%) 6 (27.3) 5 (22.7) 7 (31.8) 3 (13.6) 1 (4.5) 0 22

Total (%) 42 (40) 19 (18.1) 25 (23.8) 14 (13.3) 3 (2.9) 2 (1.9) 105

ELI − negative elastic lamina invasion, EL − unidentified elastic lamina, ELI + positive elastic lamina invasion; To avoid statistical bias caused by the diver-
sity of the sites, associations between the site of recurrence and pT category were not analyzed

c. Distant Metastasis and Peritoneal Recurrence
pT Distant Metastasis Peritoneal Recurrence

Presence Absence Total Presence Absence Total
pT3a (EL −), (%) 8 (72.7) 3 (27.3) 11 0 (0) 11 (100) 11

pT3u (EI −), (%) 3 (100) 0 (0) 3 0 (0) 3 (100) 3

pT3b (ELI +), (%) 41 (59.4) 28 (40.6) 69 18 (26.1) 51 (73.9) 69

pT4a (ELI +), (%) 12 (54.5) 10 (45.5) 22 7 (31.8) 15 (68.2) 22

Total (%) 64 (54.5) 41 (45.5) 105 25 (23.8) 80 (76.2) 105

ELI − negative elastic lamina invasion, EL − unidentified elastic lamina, ELI + positive elastic lamina invasion; Distant metastasis was found at a high 
rate in each ELI-based pT category without correlation (p = 0.3901, χ2 test). Peritoneal recurrence was significantly associated with patients with pT3b 
and pT4a than in those with pT3a and pT3u (p = 0.0206, χ2 test)
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EL identification according to tumor location and size 
(Tables 1a, b). Moreover, when some tumors are confined 
to the posterior wall, it may be difficult to identify the EL 
by longitudinal sectioning of the tumor in the ascending/
descending colon cancer and intraperitoneal rectal can-
cer in which the posterior wall is not covered by serous 
membrane (Table 1c). In those cases, ELI can be assessed 
by sectioning perpendicular to the long axis to the bowel 
including serosa. If the tumor is sectioned in this man-
ner, pT3u may be equivalent to pT3a. In addition, pT3u 
should be classified as pT3a based on the oncologic 
results, as described below. Several authors reported that 
EL was detected less frequently in right-sided tumors 
than in left-sided tumors [6, 42, 43], which is similar to 
the results found in our study. Therefore, the likelihood 
of EL involvement depends not only on the degree of 
extramural invasion, but also on the tumor location, 
tumor size, and circumferential distribution [44]. This 
problem is also more likely to occur when the number 
of tumor block sections is small, because the serosa may 
not be included. In the present study, a mean of 8.6 block 
sections were stained with both H&E and EVG. Lu [14] 
also reported that the rate of unidentified EL was 18.5%, 
with a mean of 3.2 sections with EVG staining. Liang [18] 
used only 1 EVG section per case and reported that the 

EL could not be identified in 58% of cases. These uniden-
tified rates were higher than our results (8.6%, Tables 1a, 
b). In particular, small tumors < 3 cm should be carefully 
sectioned due to the high incidence of unidentified EL 
(34.7%, Table 1b). We believe that at least 4–5 block sec-
tions, including the serosal layer, are required to identify 
the EL.

Regarding the ELI, previous studies have reported that 
the frequency of pT3b tumors ranged from 16.7% to 
52.6% [7, 17–20, 42]. Our results showed a similar fre-
quency of 46.7% (254/544, Table 1d) as described above. 
In addition, as shown in Figs. 1b and 2k, the majority of 
cT4a cases were diagnosed as pT3b with ELI + (60.7%, 
Table  1d). When pT3 tumors closely infiltrate the sero-
sal surface beyond the EL, even if a desmoplastic reac-
tion occurs, there may be a moment when cancer cells 
are exfoliated into the peritoneal cavity [15]. Serosal 
cytologic smears demonstrated cancer cells in 19–26% of 
pT3 tumors [44, 45]. In other words, pT3b may be occult 
pT4a [3, 8, 15]. Liang [16] suggested that if ELI is present, 
the tumor should be considered SI positive and the stage 
should be pT4a. We agree with his opinion. This idea 
could resolve the diagnostic discrepancy between gross 
and pathological SI. EVG staining may be the best way to 
eliminate this discrepancy.

Fig. 3 Cumulative survival according to the pT3 subclassification based on the ELI. DFS: disease-free survival; OS: overall survival; LR: log-rank; a) b) 
There were no significant differences in DFS or OS between pT3a and pT3u patients. c) d) The DFS and OS rates of patients with pT3b disease were 
significantly lower than those of patients with pT3a disease, but they did not differ from those of patients with pT4a disease
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The oncological significance of the ELI has been 
reported to be closely associated with prognosis in lung 
or gastric cancer [22–24]. Several studies have also 
reported that ELI is a poor prognostic factor for pT3 CRC 
[7, 16–20, 25]. Conversely, Grin [42] reported that ELI 
was not a negative prognostic factor in pStage II CRC. 
The small number of cases may also have contributed to 
this difference. Liang [18] noted that some previous stud-
ies included pStage II and III disease, which did not show 
uniformity and introduced bias [7, 14, 16, 17, 19]. The 
present study specifically focused on patients with pStage 
II CRC to avoid any bias caused by differences in pStages 
[18, 42]. In addition, Japanese D3 LN en-bloc dissection 
[34], which is equivalent to complete mesocolic or total 

mesorectal excision [46, 47], appears to improve prog-
nostic outcomes in patients with pT3a and pT3u tumors. 
However, patients with pT3b and pT4a had a higher risk 
of recurrence than those with pT3a or pT3u (p = 0.0001, 
OR = 6.3 and p = 0.0001, OR = 8.1, respectively; Table 2a). 
Cumulative recurrence rates appear to be similar 
between pT3a and pT3u and between pT3b and pT4a. 
ELI + had a strong effect on postoperative recurrence [7, 
17, 18]. The top four sites of recurrence were the liver, 
lung, peritoneum, and local site (Table 2b), similar to the 
finding of other studies [7, 17, 19]. However, there are few 
reports on the association between distant metastasis 
and ELI [7, 17, 48]. Shinto [17] and Kojima [7] reported 
that distant metastasis occurred more frequently in the 

Table 3 Univariate and multivariate Cox’s regression analysis for independent prognostic factors

a. Postoperative Recurrence in pT3 Diseases
Independent variable Univariate analysis

HR (95%CI)
p‑value Multivariate analysis

HR (95%CI)
p‑value

Histologic
differentiation

well
others

1 (reference)
1.42 (0.879–2.292)

0.1518  −  − 

Lymphatic invasion no
yes

1 (reference)
1.79 (0.986–3.272)

0.0555  −  − 

Venous invasion no
yes

1 (reference)
1.53 (0.617–3.798)

0.3583  −  − 

Tumor budding no
yes

1 (reference)
1.77 (1.026–3.041)

0.0400 1 (reference)
1.44 (0.834–2.483)

0.1906

Perineural invasion no
yes

1 (reference)
4.60 (1.995–10.618)

0.0003 1 (reference)
3.06 (1.320–7.102)

0.0091

Postoperative adjuvant chemotherapy no
yes

1 (reference)
1.0 (0.626–1.602)

0.9959  −  − 

ELI negative
positive

1 (reference)
5.31 (2.967–9.517)

 < 0.0001 1 (reference)
4.89 (2.718–8.819)

 < 0.0001

well well differentiated adenocarcinoma, others moderately or poorly differentiated adenocarcinoma or mucinous adenocarcinoma, ELI elastic lamina 
invasion, HR hazard ratio, CI confidence interval; Multivariate analysis identified ELI as the strongest independent risk factor for postoperative recur-
rence

b. CRC‑specific Death in pT3 Diseases
Independent variable Univariate analysis

HR (95%CI)
p‑value Multivariate analysis

HR (95%CI)
p‑value

Histologic differentiation well
others

1 (reference)
1.40 (0.845–2.338)

0.1891  −  − 

Lymphatic invasion no
yes

1 (reference)
1.86 (0.992–3.474)

0.0529  −  − 

Venous invasion no
yes

1 (reference)
1.84 (0.740–4.596)

0.1888  −  − 

Tumor budding no
yes

1 (reference)
1.84 (1.047–3.240)

0.0341 1 (reference)
1.49 (0.845–2.625)

0.1678

Perineural invasion no
yes

1 (reference)
4.74 (2.043–10.974)

0.0003 1 (reference)
1.58 (1.305–7.079)

0.0100

Postoperative adjuvant chemotherapy no
yes

1 (reference)
0.77 (0.464–1.277)

0.3119  −  − 

ELI negative
positive

1 (reference)
6.85 (3.489–13.429)

 < 0.0001 1 (reference)
6.26 (3.171–12.347)

 < 0.0001

CRC  colorectal cancer, well well differentiated adenocarcinoma, others moderately or poorly differentiated adenocarcinoma or mucinous adenocar-
cinoma, ELI elastic lamina invasion, HR hazard ratio, CI confidence interval; Multivariate analysis identified ELI as the strongest independent predictor 
for CRC-specific death
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pT3b and pT4a groups than in the pT3a group. El-Aziz 
[48] also reported that distant metastasis rates differed 
significantly according to ELI status. However, in the pre-
sent study, distant metastasis and the ELI-based pT cat-
egory were not associated (p = 0.3901, Table 2c). On the 
other hand, pT4a, i.e., pathological SI, is known to be a 
marker for predicting peritoneal recurrence. [3–5]. It is 
easy to understand that pT4a is prone to peritoneal dis-
semination, because cancer cells are exposed to the sero-
sal surface and/or exfoliated into the peritoneal cavity. To 
our knowledge, there are few reports on the association 
between the ELI and peritoneal dissemination. The pre-
sent study showed that peritoneal recurrence was more 
strongly associated with pT3b and pT4a than with pT3a 
and pT3u (p = 0.0206, Table 2c), similar to the results of 
other studies [7, 20]. We can better understand the idea 
that pT3b may be occult pT4a [3, 8, 15].

In addition to the effect of D3 dissection, both pT3a 
and pT3u tumors appear to be low malignant, and the 
prognosis appears to be favorable [14, 18] (Fig.  3a, b). 
Conversely, the malignant potential of pT3b is considered 
to be much higher than that of pT3a/pT3u and very simi-
lar to that of pT4a [7, 17–20] (Fig.  3c, d). pT3b tumors 
appear to be a heterogeneous entity of pT3. Therefore, 
patients with pT3b disease should be upgraded to pT4a 
disease and intensive adjuvant chemotherapy is recom-
mended. However, some authors [42, 49] have found no 
prognostic significance between pT3a and pT3b in terms 
of DFS or OS, which differed from the results of our 
study (Fig. 3c and d).

According to univariate and multivariate analyses, 
the ELI was found to have a strong effect on recurrence 
and CRC-specific death in patients with pT3 disease 
(Tables 3a, b). Other studies have shown that the ELI is 
an independent prognostic factor for postoperative sur-
vival [17] and is an independent risk factor for recurrence 
[7]. The ELI appears to be a better prognostic indicator 
than traditional prognostic factors such as venous [28], 
lymphatic [29], and perineural invasion [30]. In patients 
with pStage II disease, the ELI is very useful for identify-
ing high-risk individuals, and confirming the diagnosis of 
SI. EVG staining is needed for identifying the ELI.

Conclusions
In conclusion, a better understanding of the ELI allows us 
to reconsider the diagnostic discrepancy of serosal inva-
sion, i.e., pT3b should be considered pT4a. The ELI-based 
subclassification of pT3 is expected to be incorporated 
into the TNM staging system in the future. The ELI is a 
notable prognostic indicator in patients with pStage II 
CRC.
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