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Background: Risk grade assessment determines therapy in patients with submucosal invasive
colorectal carcinoma (CRC). However, treatment decisions are often difficult due to a lack of
consensus on which risk factors should be considered. We aimed to identify predictive risk fac-
tors for lymph node metastasis (LNM) in a large cohort of submucosal invasive CRC patients
from China.

Patients and methods: Following collection of clinicopathological data and disease-free
survival (DFS) rates from 290 patients who underwent radical intestinal resection with regional
lymphadenectomy, we immunohistochemically assessed expression of DNA mismatch repair
(MMR) proteins and p53. The correlation between clinicopathological parameters, MMR expres-
sion, p53 status, and LNM status was determined using chi-squared tests and logistic analysis.
Receiver operator characteristic curve analysis was used to compare the predictive values. The
DFS curves were plotted using the Kaplan—Meier method.

Results: LNM was detected in 15.5% of the cases (45/290 patients). Three pathological
characteristics, high tumor differentiation grade, lymphovascular invasion (LVI), and tumor
budding, were all positively related to LNM in univariate and multivariate analyses (P<0.05).
MMR status did not correlate with either LNM or the pathological characteristics (P>0.05).
Overexpression of p53 was associated with tumor budding status (P=0.036). With a negative
predicative value of 0.92 and area under the curve of 0.76 (95% CI: 0.68-0.85), the combina-
tion of these three factors provided optimal predictive ability. Patients with all three risk factors
had poorer DFS (P<0.001).

Conclusion: High tumor grade, LVI, and positive tumor budding serve as useful LNM predic-
tors in submucosal invasive CRC.

Keywords: CRC, LNM, risk factor, MMR, p53

Introduction

Colorectal cancer (CRC) is the fourth leading cause of cancer-related death, with
>1.2 million patients diagnosed worldwide each year.! Compared with advanced-stage
CRC, early-stage CRC exhibits a far better prognosis. Currently, low-risk submucosal
carcinomas tend to be managed using endoscopic treatment. Endoscopic mucosal
resection, endoscopic submucosal dissection, conventional snare resection, and hybrid
endoscopic submucosal dissection are effective and oncologically safe.>* However,
high-risk patients should receive additional radical surgery, which is intestinal resec-
tion with regional lymphadenectomy. The appropriate treatment choice depends on the
risk of lymph node metastasis (LNM) and local recurrence. LNM risk may be inferred
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upon rigorous assessment of pathological parameters, and is
a key factor to consider in the setting of complete endoscopic
resection.

Pathologists have conducted various studies from differ-
ent perspectives to identify predictive factors for LNM.3¢-1!
However, considerable discrepancies exist concerning their
conclusions.'>'* Moreover, guidelines and practices also
differ among various countries. In the USA, surgical inter-
vention is proposed for tumors with high-grade morphol-
ogy, lymphovascular invasion (LVI), and a close or positive
margin.® In Japan, the indications for surgical intervention
also include submucosal invasion depth 21,000 um and high
tumor budding.’> We supposed that the conclusions might
vary due to geographic disparities, and differing levels of
endoscopic technique and operative skills. So we sought to
clarify the risk factors related to LNM in a cohort of Chinese
T1CRC patients.

Data on the molecular characteristics of submucosal
invasive carcinoma are scarce. In the current study, we
evaluated the expression levels of DNA mismatch repair
(MMR) proteins and p53, which are among the most
frequent alterations associated with CRC oncogenesis.' The
maintenance of MMR function is essential for genetic fidelity.
The mismatch repair protein deficient (AIMMR) phenotype
leads to replication errors in DNA sequences. This may cause
accumulation of frameshift mutations in repetitive nucleotide
regions, a condition termed microsatellite instability (MSI),
that results in cancer development.'” As one important
carcinogenetic pathway in CRC, MSI is present in ~15% of
CRCs. Tumors with MSI show distinctive features, such as a
lower incidence of LNM, a better prognosis, and no benefit
from fluorouracil-based chemotherapy.'®!® Accordingly, it
has been reported that MSI status might serve as a negative
predictive factor in estimating LNM in T1 CRC." The TP53
(p53) tumor suppressor gene functions in the cell cycle
checkpoint system, triggering cell cycle arrest and apoptosis
in response to oncogenic stress signals. Disruption of p53
function causes unchecked growth of potentially malignant
cells, leading to carcinogenesis.?’ p53 mutations are among
the most notable driver events in CRC and have reportedly
been detected in 40%—50% of colorectal tumors.?! However,
the prognostic role of p53 in CRC remains under debate.

MSI and p53 status have been previously addressed
mainly in advanced CRC. Here, we assessed these two vari-
ables, readily detected by immunohistochemistry (IHC) in
our daily diagnostic routine, to identify potential molecular
characteristics of T1 CRC and to evaluate their association
with LNM.

Patients and methods

Patients

A total of 290 patients who underwent radical surgical resection
for submucosal invasive colorectal carcinoma at Fudan Univer-
sity Shanghai Cancer Center from 2008 to 2014 were evaluated
retrospectively. The Clinical Research Ethics Committee of
Fudan University Shanghai Cancer Center approved this study.
The study was conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from patients.
Patients diagnosed with Lynch syndrome, inflammatory bowel
disease, and those with synchronous or previous advanced CRC
were excluded from the study. All cases were pathologically
confirmed as submucosal invasive colorectal adenocarcinoma.
Clinical data, including patients’ age and gender, tumor loca-
tion, tumor size, and plasma carcinoembryonic antigen (CEA)
level before surgery, were collected from the medical record
system. The tumor size was measured in the gross examination
process. Patient follow-up was performed every 3 months dur-
ing the first year after surgery and every 3—6 months thereafter
until December 31, 2016.

Evaluation of pathological features

Two experienced pathologists specialized in gastrointestinal
diseases reviewed the H&E-stained slides to evaluate the
pathological features. All histological diagnoses were made
according to the WHO Classification of Tumors of the Diges-
tive System (4th Edition, 2010). The following pathological
parameters were assessed: tumor differentiation grade, LVI,
status of the muscularis mucosae, tumor border configuration,
and tumor growth type. In the process of LVI status evalu-
ation, we first carefully reviewed the slides and picked the
suspicious areas, then performed the IHC staining of D2-40
and special staining of elastic fiber to facilitate the evaluation.
The tumor border was defined according to the contour of the
tumor invasive front. When the tumor expanded by pushing
the surrounding normal tissue, it was assumed as expanding
growth pattern. And an infiltrative margin referred to tumor
dispersedly infiltrated into the normal tissues. The depth of
submucosal invasion was evaluated using the method rec-
ommended by the Japanese Society for Cancer of the Colon
and Rectum (JSCCR)." The depth was measured from the
lower border of the muscularis mucosae to the invasive front
of the tumor when the muscularis mucosae were identifiable.
When the muscularis mucosae were unidentifiable, the depth
was measured from the surface to the deepest of the lesion.
For pedunculated tumors, the distance between the deepest
invasion and the reference line (the boundary between the
tumor head and the stalk) was measured. And 1,000 um
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was used as cutoff value. The budding status was evaluated
at the invasive front of the tumor. We counted the numbers
of budding in a hotspot area with the densest budding. The
presence of five or more budding foci under a 20x objective
lens (magnification 200x, measuring 0.785 mm?) was defined
as a positive state?>? (Figure 1A).

Immunohistochemistry

We evaluated the expression of four MMR proteins and of
p53 by IHC using an automated stainer (Ventana, Tucson, AZ,
USA). Primary antibodies included anti-MLH1 (Clone G168-
728), anti-MSH2 (Clone G219-1129), anti-MSH6 (Clone 44),
and anti-PMS2 (Clone EPR3947), all purchased from Roche
(Basel, Switzerland). These antibodies were selected based on
a previous study that recommended their use in IHC as a sensi-
tive method to detect tumors with MSI.2* The anti-p53 (Clone
DO-7) and anti-D2-40 antibodies (Item number M3619,
Clone D2-40) were purchased from DAKO (Carpinteria, CA,
USA). Omission of the primary antibody was used as nega-
tive controls. For MMR proteins, normal colonic mucosa and
lymphocytes were used as positive internal controls. Complete
loss of nuclear staining in tumor cells was considered loss of
expression. The absence of expression of any of the four MMR
proteins was defined as AMMR. Tumors with preserved expres-
sion of all MMR proteins were considered mismatch repair

protein proficient (pMMR). Known p53-positive cases were
used as positive external controls for p53 immunostaining.
Cases with at least 10% of the tumor cells exhibiting nuclear
p53 staining were considered positive.”

Statistical analysis

All statistical analyses were performed using SPSS 20.0
(IBM, Chicago, IL, USA). Correlations between clinico-
pathological features and LNM status were examined using
chi-squared or Fisher’s exact probability tests. Variables
with P<0.05 in the univariate analysis were included in the
multivariate logistic analysis to identify independent predic-
tive factors of LNM. Receiver operator characteristic (ROC)
curve analysis was used to compare the predictive values.
All P-values were two-sided, and statistical significance was
established at P<0.05. Disease-free survival (DFS) curves
were plotted using the Kaplan—Meier method. The DFS rates
were calculated from the date of surgery to the date of disease
progression (local or distal tumor recurrence).

Results

Patient characteristics

In total, 290 CRC patients were included in the study. The
mean and median ages were 59.7 and 60 years, respectively
(range: 27-86 years). The mean and median tumor size was

Figure | p53 expression pattern was associated with tumor budding status in TI CRC patients.
Note: (Top) Tumor with many buds at the invasive front (A) positively expressed of p53 (B). (Bottom) Tumors with negative budding status at the invasive front (C) barely

expressed p53 (D).
Abbreviation: CRC, colorectal carcinoma.
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22.3 mm and 20.0 mm (range 7-93 mm). The mean number of
lymph nodes removed with each surgical specimen was 13.3
(range 1-31). LNM was present in 45/290 (15.5%) patients.
Among the 45 patients with LNM, 41 were staged as pN1 and
4 were staged as pN2. Notably, positive lymph node status
was present in 11 of 39 (28.2%) right colon carcinomas, 8
of 57 (14.0%) left colon carcinomas, and 26 of 194 (13.4%)
rectal carcinomas, difference existed in occurrence rate of
LNM according to the position of tumors (P=0.005).

Association of LNM with tumor
differentiation grade, LVI, and tumor
budding status

We analyzed the association between LNM and several
clinicopathological features (Table 1). Tumor differentia-
tion grade (P<0.001), LVI (P<0.001), tumor budding status
(P<0.001), and tumor border configuration (P=0.036) all

correlated with LNM. Other parameters, such as plasma
CEA, tumor size, muscularis mucosae state, submucosal
invasion depth, precursor adenoma, and tumor growth pat-
tern, showed no association with nodal status (P>0.05). The
invasion depth did not correlate with LNM in the whole group
analysis (P>0.05). When we analyzed the pedunculated and
non-pedunculated tumors separately, it turned out in the non-
pedunculated tumors, the deeper invasion showed significant
association with higher LNM incidence in the univariate
analysis (P=0.043). But we did not find this correlation in
the group of pedunculated cases (P>0.05).

Based on the results of univariate analysis, we performed
multivariate logistic regression analysis to identify indepen-
dent risk factors for LNM. The results revealed that three fac-
tors, tumor differentiation grade (P<0.001), LVI (P=0.021),
and tumor budding status (P=0.036), were significantly
associated with LNM (Table 2).

Table | Relationship between histopathological factors and LNM in submucosal invasive colorectal carcinoma

Clinicopathological feature LNM (-) % LNM (+) % x2 P-value

Age (years) <60 118 (48) 22 (49) 0.008 0.929
260 127 (52) 23 (51)

Gender Female 112 (46) 27 (60) 3.109 0.078
Male 133 (54) 18 (40)

Location Right-sided 28 (11) 11 (24) 5.547 0.062
Left-sided 49 (20) 8 (18)
Rectum 168 (69) 26 (58)

Size (cm) <2 105 (43) 20 (44) 0.039 0.843
>2 140 (57) 25 (56)

MM status Identifiable 57 (23) 8 (18) 0.658 0417
Unidentifiable 188 (77) 37 (82)

Submucosal invasive depth <1,000 66 (27) 7(16) 2615 0.106

(um, all cases) >1,000 179 (73) 38 (84)

Submucosal invasive depth <1,000 45 (32) 4 (13) 2615 0.043

(um, non-pedunculated cases) >1,000 97 (68) 26 (87)

Submucosal invasive depth <1,000 21 (20) 3 (20) 0.001 0.972

(um, pedunculated cases) >1,000 82 (80) 12 (80)

Precursor adenoma Absent 49 (20) 11 (24) 0.458 0.499
Present 196 (80) 34 (76)

Tumor growth pattern Non-pedunculated 142 (58) 30 (67) 1.194 0.274
Pedunculated 103 (42) 15 (33)

CEA Normal 233 (95) 40 (89) 0.103 0.156
High 12 (5) 5(1)

Tumor differentiation grade Low 216 (88) 22 (49) 39.849 <0.001
High 29 (12) 23 (51)

LVI Absent 211 (86) 28 (62) 14.983 <0.001
Present 34 (14) 17 (38)

Budding status Negative 200 (82) 26 (58) 12.579 <0.001
Positive 45(18) 19 (42)

Border configuration Expanding 82 (33) 8 (18) 4374 0.036
Infiltrative 163 (67) 37 (82)

Note: Bold value indicates P<0.05.

Abbreviations: CEA, carcinoembryonic antigen; CRC, colorectal carcinoma; LNM, lymph node metastasis; LVI, lymphovascular invasion; MM, muscularis mucosae.
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In addition, the incidence of LNM rose as the number of
those three risk factors increased. The incidence of LNM was
6.4%, 18.7%, 40.5%, and 83.3% in patients with zero, one,
two, and three risk factors, respectively. The ROC analysis
showed that the combination of these three factors provided
optimal predictive ability, with an area under the curve of 0.76
(95% CI: 0.678—0.848, Figure 2). The sensitivity was 0.60
and the specificity was 0.84. Since the negative predicative
value (0.92) was much higher than the positive predictive
value (0.33), it would be better to provide optimal predictive
ability for negative LNM status rather than positive LNM. It
indicates that patients without the three adverse parameters
probably have negative LNM status.

Correlation of molecular features and

adverse pathological factors

IHC analysis of MMR protein expression status showed that
most cases (239/290, 82%) were pMMR. The 51 dMMR
cases tended to show a proximal tumor location (P=0.777)
and expanding border configuration (P=0.002). There was no
correlation between MMR status and those tumoral features
such as lymph node status, tumor differentiation grade, and
LVI, nor with tumor budding (P>0.05, Table 3).

IHC evaluation of p53 revealed that 195/290 cases
(67.24%) exhibited positive p53 staining, and this was associ-
ated with tumor budding (P=0.036). As shown in Figure 1, the
rate of p53 positivity was higher in budding tumors (50/64,
76.13%) compared with tumors without budding (145/226,
64.16%). There was no correlation between p53 status and
other histological characteristics, including lymph node sta-
tus, tumor differentiation grade, and LVI (P>0.05, Table 3).

Clinical outcomes

The median DFS time for all the patients was 47.3 months.
Seven patients developed tumor recurrence 3—54 months
after the initial surgery. One patient had an anastomotic
adenocarcinoma. Three patients progressed with bone and
lung metastases, two patients developed liver metastasis,

and one patient developed lung metastasis. Kaplan—Meier
analysis showed that patients with LNM had significantly
shorter DFS than patients without lymph node involvement
(P=0.03, Figure 3A). Each of the three LNM risk factors
hereby identified, as well as the MMR and p53 expression
phenotypes, had no independent impact on survival (P>0.05).
However, patients with all three adverse risk factors (n=7) had
significantly poorer survival (P<0.001, Figure 3B).

Discussion

Our study focused on a large group of Chinese pT1 CRC
patients to assess the risk factors associated with LNM, and
identified three tumoral characteristics (high tumor differen-

tiation grade, LVI, and tumor budding) that were significantly
related to nodal involvement in CRC.

100

80

60

40

Sensitivity (true positive)

Tumor grade

20 Lymphovascular invasion
Tumor budding
Predicted probability

0 20 40 60 80 100
1- Specificity (false positives)

Figure 2 ROC curves of the three adverse factors.

Note: The combination of these three factors provided the highest AUC value
(AUC: 0.76), indicating optimal predictive ability of LNM status.

Abbreviations: AUC, area under the curve; LNM, lymph node metastasis; ROC,
receiver operator characteristic.

Table 2 Univariate and multivariate risk analysis of lymph node metastasis in submucosal invasive colorectal carcinoma

Variable Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Tumor grade 7.787 3.862—-15.702 <0.001 6.315 3.042-13.110 <0.001
Lymphovascular invasion 3.768 1.865-7.611 <0.001 2.505 1.152-5.448 0.021
Budding status 3.248 1.655-6.374 0.001 2.308 1.056-5.047 0.036
Border configuration 2.327 1.036-5.225 0.041 1.252 0.494-3.169 0.636

Note: Bold value indicates P<0.05.
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Table 3 Correlation between MMR and p53 expression and clinicopathological features in submucosal invasive colorectal carcinoma

Variable MMR p53 expression
pMMR dMMR x2 P Absent Present x2 P
Lymph nodal status Negative 203 42 0214 0.644 83 162 0.897 0.343
Positive 36 9 12 33
Tumor Low 194 44 0.744 0.388 75 163 0.936 0.333
differentiation grade High 45 7 20 32
Lymphovascular Absent 193 46 2.586 0.108 80 159 0.315 0.575
invasion Present 46 5 15 36
Budding status Negative 181 45 3.820 0.051 8l 145 4416 0.036
Positive 58 6 14 50

Note: Bold value indicates P<0.05.

Abbreviations: dMMR, mismatch repair protein deficient; MMR, mismatch repair; pMMR, mismatch repair protein proficient.

LNM negative (n=245)

1.0
0.8 LNM positive (n=45)
v 0.6
L
o
0.4
0.2
P=0.03
0.0
0 20 40 60

Survival time (months)

Cases with <2 adverse features (n=283)

1.0
08 Cases with 3 adverse
features (n=7)
»n 0.6
w
=)
0.4
0.2
P<0.001
0.0
0 20 40 60

Survival time (months)

Figure 3 Kaplan—Meier DFS curve of T1 CRC patients with different lymph node statuses (A) (negative, n=245 vs positive, n=45) or numbers of adverse features (B). Cases

with <2 adverse features (n=283 vs cases with 3 adverse features, n=7).
Abbreviations: CRC, colorectal carcinoma; DFS, disease-free survival.

Currently, the principal treatment for early-stage CRC is
intestinal resection with regional lymphadenectomy. How-
ever, the metastatic risk of submucosal invasive carcinomas
is quite low, with a reported rate of nodal involvement of
6.8%—13.8%.>"? For most low-risk patients, local resection
is appropriate. Thus, the challenge is to predict the probabil-
ity of LNM according to preoperative imaging results and
histological findings. Multiple studies have been conducted
to assess the histopathological factors influencing the risk
of LNM.2!%!! Thus far, these parameters have not been well
evaluated in Chinese cohorts. Our study therefore provides
value because it is the first to assess the pathological risk
factors associated with LNM in a large cohort of Chinese
patients with pT1 carcinomas.

We identified tumor differentiation grade, LVI, and tumor
budding as predictive risk factors of LNM. The incidence of

LNM rose as the number of those characteristics increased.
With a high negative predicative value, the three parameters
serve as valuable predictive risk factors for negative LNM
status. Patients without the three adverse parameters prob-
ably have a high probability of normal lymph nodes. Since
LNM is related to tumor recurrence and poor survival, the
necessity of additional treatment is mainly based on the risk
of LNM. Patients without the three risk factors in the setting
of complete endoscopic resection with negative margins can
probably skip the additional intestinal resection with lymph
node dissection.

Whereas high tumor grade and LVI are well-established
adverse prognostic indicators of CRC, tumor budding was
also regarded as such by literatures.?® Tumor budding is
considered a snapshot of the dynamic epithelial-mesenchy-
mal transition process, which is a vital step in tumor migra-
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tion and distant metastasis.?’ Increasing attention has been
paid to tumor budding because accumulating evidence has
demonstrated that it correlated with tumor metastasis, recur-
rence, and poor survival.”® However, debates concerning the
evaluation criteria have restricted its application in routine
diagnostic practice.?*** Ueno’s method that we have used
in this study was an easy quantitative method.?> Recently,
the International Tumor Budding Consensus Conference
recommended a three-tier scoring system used by JSCCR.
After counting the buds at medium power (20X objective,
0.785 mm?) in the hotspot field at the invasive front, it is
classified as low budding (grade 1, 0—4 buds), intermediate
budding (grade 2, 5-9 buds), and high budding (grade 3, 10
or more buds).? The grade 2/3 is defined as risk predictor
of LNM." We suppose this method can be recommended in
locally resected submucosal invasive CRC patients for risk
stratification.

In our research, tumor budding was significantly associ-
ated with p53 overexpression. p53 is a tumor suppressor
with comprehensive functions. Currently, its prognostic
role in CRC remains uncertain. Makino and others reported
that p53 overexpression is a useful biological marker of
LNM in T1 CRC,*" whereas other studies mainly focused
on advanced CRC. In the current study, p53 did not cor-
relate with DFS rates, adverse histological features, or
LNM. Indeed, p53 was reported to possibly have a differ-
ent prognostic impact depending on the specific mutation
type, tumor site, and adjuvant treatment status,'¢?!3? so
we suppose the biological role of p53 in T1 CRC requires
further research.

We found that tumor border configuration was related to
LNM in univariate analysis. The tumor margin was shaped
by tumor—host interactions. Compared with an expanding
margin, an infiltrative margin reflects the increasing capa-
bility of tumor cells to invade into host tissue. Previous
studies reported that an invasive tumor border was a highly
significant predictor of regional LNM and recurrence;
however, the results are controversial due to insufficient
data and lack of standard evaluation criteria.’® Thus, the
clinical impact of tumor border morphology should be
further confirmed in a larger population of submucosal
CRC patients.

Previous literatures had conflicting views regards the
prognostic role of submucosal invasion depth.!*!5** The depth
of submucosal invasion has been shown to be significant with
LNM in some studies.'>*> However, some study reported that
submucosal invasion depth was not a risk factor for LNM. "
Also in our cohort, we did not find the correlation between

deep invasion and LNM in the whole group analysis. But
when analyzed the pedunculated and non-pedunculated cases
separately, we observed the positive correlation between
deep invasion and LNM in the non-pedunculated cases. In
our practice, the measurement of the submucosal depth was
more feasible in sessile lesions. For pedunculated carcinomas,
the assessment was highly dependent on tissue handling and
processing. It was difficult to accurately evaluate the depth
when the specimen was fragmented or poorly orientated.
We suppose the refinement of this pathological factor needs
further evaluation according to the different tumor morphol-
ogy types.

MMR-deficient CRC exhibits specific characteristics,
such as high tumor grade and favorable prognosis. Here,
we sought to identify any relationships between MMR
and early-stage CRC. We did not identify any correlation
between MMR expression and LNM, which was consistent
with the literature. For example, the study of Pai et al did
not identify any significant molecular differences between
lymph node-positive and lymph node-negative pT1 CRC
carcinomas; however, some adverse histological features
were associated with molecular alterations.® Further studies
are needed to thoroughly evaluate these histological factors
and the molecular characteristics of submucosal CRC.

Conclusion

Our study confirmed that tumor differentiation grade, LVI,
and tumor budding status were risk factors for LNM in
T1 CRC. With a high negative predicative value, the three
characteristics serve as valuable predictive risk factors for
negative LNM status. Because LNM is related to tumor
recurrence and poor survival, the three risk factors can be
applied in clinic routine to help evaluate the necessity of
radical intestinal resection with lymph node dissection after
endoscopic treatment.
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