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Abstract: Background. The Tumor-Node-Metastasis system does not include additional prognostic
factors present in the Lymph Node Metastasis (LNM) such as extra-capsular extension (ECE), which is
associated with decreased survival. There are not studies addressing this topic in rectal cancer
patients with preoperative chemoradiotherapy (nCRT) and total mesorectal excision (TME). Aim.
We aimed to examine the survival influence of ECE in patients with stage III rectal cancer who received
nCRT followed by surgery. Methods. A retrospective study of 126 patients prospectively collected
with rectal cancer in clinical stage III rated with nCRT and TME from 2010 to 2015 was performed.
Results. In total, 71.6% of cases had 1 to 3 lymph node metastases, most tumors were grade 2 (52.4%),
25.4% had good pathologic response, 77.8% had a good quality TME, and the median tumor budding
count was 4/0.785 mm2. Forty-four (34.9%) patients had ECE+, which was associated with a higher
nodal stage (pN2), perineural invasion and a higher lymph node retrieval. The factors associated
with the survival were a higher pathologic T stage, higher pathological N stage, high-grade tumors,
and perineural invasion. The ECE did not decrease the 5–year survival with a similar median survival
(86.5 months for the ECE+ group vs. 84.1 for the ECE–). Conclusion. Our results demonstrate that
ECE has no impact on overall survival in rectal cancer patients who received nCRT and this was
independent of nodal stage or number of lymph nodes examined.
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1. What Does This Paper Add to the Literature?

Extra-capsular extension of nodal metastasis in rectal cancer treated with chemoradiotherapy
failed to predict mortality. Even our results are negative, and it is important to show that this feature
has not got prognostic implications in this scenario.
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2. Introduction

Rectal carcinoma is a cancer with a high incidence and mortality in western countries. As almost
any tumor, the clinical stage at diagnosis is the best indicator of prognosis and most patients present
with lymph node metastasis (LNM), but little attention has been paid to its histologic features.

Despite the fact that the Tumor-Node-Metastasis (TNM) system includes factors such as tumor
deposits in the nodal category, it does not include additional prognostic factors present in the LNM,
such as extra-capsular extension (ECE), defined as the dissemination of neoplastic cells through the
nodal capsule into the adipose tissue (Figure 1). ECE is an important prognostic factor in cancers of the
unknown primary [1], breast [2], head-and-neck [3], and vulva [4]. A systematic review about ENE as a
prognostic factor in gastrointestinal neoplasms demonstrated their association with decreased survival
in colorectal cancer (four studies, n = 502) [5]. Another systematic review of 13 studies (n = 1336)
combining the colon and rectum finds a Hazard Ratio (HR) for death of 1.6 (95% confidence interval
(CI): 1.32–2.17) for ECE+, but has moderate heterogeneity (I2 = 46%), which could be related with the
combination of colon cancer with rectal cancer and some included studies addressed tumor deposits
instead of ECE [6].

Figure 1. Photomicrography of a lymph node with partial substitution of a rectal adenocarcinoma.
The metastatic glands predominate in the subcapsular region, invades the nodal capsule and extents
into perinodal soft tissues (arrow) (hematoxylin and eosin, 100×).

Several works that studied ECE combined rectal with colon cancer [7–9]; the results should be
interpreted with caution and additional research needs to be performed focusing attention on specific
cancers (colon and rectum) because these tumors behave differently. In rectal cancer, two works
addressed specifically ECE in rectal cancer treated with surgery and postoperative chemo-radiotherapy
or surgery alone [10,11] showing the adverse prognostic impact of ECE. However, these are studies
carried out decades ago when total mesorectal excision (TME) was not the standard of care, and,
nowadays neoadjuvant chemoradiotherapy (nCRT) has importantly improved overall survival in
these patients.

Our aim was to prove the survival influence of ECE in patients with stage III rectal cancer treated
with nCRT followed by surgery with TME. To our knowledge, this is the first study addressing this
topic in this clinical scenario.

3. Methods

Study design and sample size calculation. We designed a retrospective study. For a two-tail
significance level of 0.05, a power of 80% and a minimum detectable difference of 40% in the survival
between the group of patients with rectal cancer with nodal metastasis with and without ECE,
the number of patients needed for the study are 114 cases [12]. Anticipating a loss of 10% of cases for
the analysis, the final sample is of 126 cases. This work was approved by the ethics committee of the
National Cancer Institute (Reference number: Rev218/18).
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Population. The 126 cases were retrieved consecutively from the pathological files in our
Institution from 2005 to 2015. The inclusion criteria were adult patients (>18 years old) affected by
rectal adenocarcinoma following nCRT of at least 3 chemotherapy cycles with a complete course of
50.4 Gy. Furthermore, we selected cases with LNM and with complete histopathologic material for the
analysis. We excluded cases with complete pathologic response.

Variables. Pathologic and clinical variables were retrieved from the clinical files and pathologic
reports. All specimens were processed systematically according to a systematic protocol and were
examined by two pathologists blinded to clinical data. All cases with ECE were reviewed in a
confrontation microscope. ECE was defined as any tumor cell or group infiltrating the nodal capsule
of a metastatic node and contiguously invading the perinodal soft tissues (Figure 2a,b). In a case of a
discontinuous tumor nodule adjacent to an LNM, several step sections were performed to demonstrate
(or not) the contiguity between LNM and ECE. If the LNM was not contiguous with the perinodal
tumor cells (Figure 2b) it was classified as a tumor deposit according to the AJCC 8 definition [13].

Figure 2. Photomicrography of a lymph node with adenocarcinoma metastasis. In cases where
neoplastic nests (arrows) are outside the nodal capsule (arrowheads) with no apparent connection to
intranodal metastatic nests (a) we performed additional deep sections to test if there is a connection
between the extracapsular nests and the intranodal nests (b), the arrows show the connection between
intranodal tumor cells and extranodal tumor cells), if so, the case was classified as lymph node
metastasis with extra-capsular extension; on the contrary, it was considered a tumor deposits, if also
some nodal, vascular, or neural structure is not identified.

Statistical analysis. We used the Kolmogorov–Smirnov test to determine normality and we used
the median and interquartile range (IQR), count, and percentage. For the comparison of variables,
we applied the Mann–Whitney U test for numerical variables and the Chi-square test or Fischer’s exact
test for the categorical ones. The variables were analyzed between patients with ECE (ECE+) and
patients without ECE (ECE–). We performed a survival analysis with the Kaplan and Meier method
and compared survival estimates with the log-rank test. All analyses were computed with SPSS version
22.0 (IBM, Armonk, NY, USA) with a two-tailed statistical significance set at p-value < 0.05.

4. Results

In Table 1 are the details of the clinicopathologic characteristics of the 126 patients. From the
total, 71.6% had 1 to 3 LNM, most tumors were grade 2 (52.4%), 25.4% had good pathologic response,
77.8% had a good quality TME, and the median tumor budding count was 4/0.785 mm2.
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Table 1. Clinicopathologic characteristics of 126 patients with residual rectal cancer post neoadjuvant
chemoradiotherapy with lymph node metastasis.

Variable Values

Age Mean (Standard Deviation) 57.8 (±13.76)

Sex - No (%)
Male 66 (52.4)

Female 60 (47.6)

pT - No (%)
pT1 8 (6.3)
pT2 30 (23.8)
pT3 66 (52.4)
pT4 22 (17.4)

pN - No (%)
pN1a 50 (39.7)
pN1b 44 (34.9)
pN2a 16 (12.7)
pN2b 16 (12.7)

Grade - No (%)
G1 20 (15.9)
G2 66 (52.4)
G3 40 (31.7)

Lymphovascular Invasion No (%)
No 84 (66.7)
Yes 42 (33.3)

Venous Invasion - No (%)
No 104 (82.5)
Yes 22 (17.5)

Perineural Invasion - No (%)
No 88 (69.8)
Yes 38 (30.2)

Median (Interquartile Range) of Resected Lymph Nodes 28 (12–19.7)

Median (Interquartile Range) of Positive Lymph Nodes 4 (1–4)

Median (Interquartile Range) of Tumor Budding—Budding Count/0.785 mm2 8 (2–7.5)

Extracapsular Extension - No (%)
No 82 (65.1)
Yes 44 (34.9)

Surgical Margins – No (%)
Negative 104 (82.5)
Positive 22 (17.5)

Mesorectal Quality - No (%)
Incomplete 28 (22.2)

Complete/near complete 98 (77.8)

Ryan tumor Regression Grade - No (%)
Ryan 1 32 (25.4)
Ryan 2 76 (60.3)
Ryan 3 9 (14.3)

Adjuvant Therapy - No (%)
No 14 (11.1)
Yes 112 (88.9)

Outcome - No (%)
Alive 102 (81)
Dead 24 (19)
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All patents had >10 lymph node resected. Forty-four (34.9%) patients had ECE+ and this was
associated with a higher pathological nodal stage (pN2) in 45.5% vs. 14.6% for ECE−, perineural
invasion (50% in ECE+ vs. 17.1 in ECE−) and a higher lymph node resected (median of 16 vs. 13 lymph
nodes for ECE+ and ECE−, respectively) (Table 2).

Table 2. Clinicopathologic characteristics of 126 patients with residual rectal cancer post neoadjuvant
chemoradiotherapy and lymph node metastasis grouped according extracapsular extension.

Variable No-Extracapsular
Extension (n = 82)

Extracapsular
Extension (n = 44) p-Value

Sex–n (%)
Female 36 (43.9) 24 (54.5) 0.420
Male 46 (56.1) 20 (45.5)

AJCC Pathologic T stage–n (%)
pT1–2 30 (36.6) 8 (18.2) 0.129
pT3–4 52 (63.4) 36 (81.8)

AJCC Pathologic N stage–n (%)
pN1 70 (85.4) 24 (54.5) 0.007
pN2 12 (14.6) 20 (45.5)

Histologic Grade–n (%)
G1-G2 58 (70.7) 26 (59) 0.439

G3 24 (29.3) 18 (41)

Lymphovascular Invasion–n (%)
No 58 (70.7) 26 (59.1) 350
Yes 24 (29.3) 18 (40.9)

Venous Invasion–n (%)
No 68 (82.9) 36 (81.8) 0.912
Yes 14 (17.1) 8 (18.2)

Perineural Invasion–n (%)
No 68 (80.5) 22 (50) 0.012
Yes 14 (17.1) 22 (50)

Mesorectal Quality–n (%)
Adequate 66 (80.5) 32 (72.7) 0.769

Inadequate 16 (19.5) 12 (27.3)

Tumor budding–Median (IQR) 4 (1–6) 6 (2–9) 0.103

Positive Lymph Nodes–Median (IQR) 1 (1–3) 3 (2–5) 0.004

Resected Lymph Nodes–Median (IQR) 13 (12–17) 16 (13–27) 0.035

Surgical Margins–n (%)
Negative 72 (87.8) 32 (72.7) 0.196
Positive 10 (12.2) 12 (27.3)

Ryan tumor Regression Score–n (%)
Ryan 1 20 (24.4) 12 (27.3) 0.312
Ryan 2 54 (65.9) 22 (50)
Ryan 3 8 (9.8) 10 (22.7)

Adjuvant Therapy–n (%)
No 6 (7.3) 8 (18.2) 0.191
Yes 76 (92.7) 36 (81.8)

Outcome–n (%)
Alive 68 (82.9) 34 (77.3) 0.586
Dead 14 (17.1) 10 (22.7)

p-values are based on a chi-square test (except for T stage, Ryan regression score and adjuvant therapy where
Fisher exact test was used) and Mann–Whitney U test for numerical variables. IQR = interquartile range. AJCC =
American Joint Committee on Cancer.
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At a median follow-up of 39 (IQR 25–90) months, 24 (19%) patients died. The factors associated
with the survival were a higher pathologic T stage, higher pathological N stage, high-grade tumors,
and perineural invasion. The ECE did not decrease the 5–year survival with a similar median survival
(86.5 months for ECE+ group vs. 84.1 for the ECE−). All variables in the survival analysis are in Table 3.
Furthermore, when stratifying the EEC by the lymph node stage, no significant differences were found
(p = 0.570), nor were they found when stratifying by the number of positive lymph nodes (1 vs.> 1,
p = 0.961).

Table 3. Clinicopathologic variables and survival in 63 patients with residual rectal cancer post
neoadjuvant chemoradiotherapy and lymph node metastasis.

Variable 5-year Overall
Survival (%)

Median Overall
Survival (Months) p *

Sex
Women 98.6 79.7 0.305

Men 88.3 71.4

Pathologic T stage
pT1-pT2 100 113.3 0.006
pT3-pT4 55.9 70.5

Pathologic N stage
pN1 84.5 100.5 0.037
pN2 40.1 61.4

Histologic Grade
G1-G2 86.1 99.5 0.011

G3 40.6 40.5

Lymphovascular Invasion
No 77.7 95 0.789
Yes 72.6 76

Perineural Invasion
No 86.3 102.4 0.006
Yes 0 40.6

Surgical Margin
Negative 78.4 N.C. 0.283
Positive 64.3 N.C.

Tumor Deposits
No 84.1 99 0.202
Yes 61.4 82.5

Mesorectal Quality
Adequate 80.1 97.4 0.186

Inadequate 61.6 71.9

Adjuvant Therapy
No 85.7 102.4 0.699
Yes 74.6 80.4

Tumor Regression Grade
Ryan 1 (good) 93.8 103.6 0.404

Ryan 2 (moderate) 72.8 81
Ryan 3 (poor) 54.7 79.3

Extracapsular Extension
No 81.2 84.1 0.320
Yes 63.9 86.5

* Log-Rank test.
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5. Discussion

We show that patients with rectal cancer treated with nCRT and surgery who had LNM have
similar survival between ECE+ and ECE–. This contrasts with previous reports on colorectal cancer
(studies including both colon and rectal cancer without nCRT), where ECE is associated with an
increased risk of mortality (HR = 1.69, 95%CI: 1.32–2.17, p < 0.0001, I2 = 46%) [6]. However, we think
that it is somewhat logical because populations and our sample are not comparable because of the
use of nCRT, and we insist that is important to address this topic because most patients with rectal
cancer present in locoregional advanced disease then will receive nCRT. Following nCRT and surgery,
it is important to identify which patients need additional therapy and pathologic parameters could be
the answer.

There is still controversy about the amount of tissue that needs to be resected, i.e., the extent of
resection with respect to the regional lymphatics, lymph nodes, and their features.

The fact that we have not found differences with the presence or not of ECE is of practical utility
for pathologists because although we do our best to identify all the prognostic factors recommended
in the evaluation of such cancer, we can obviate the ECE in the evaluation and report. An important
implication regards the surgical pathology approach and the gross sampling. Indeed, based on the
shown importance of ECE in colon cancer, and knowing that ECE can be very focal, a mandatory
consequence is that all the lymph nodes with their surrounding adipose tissue must be completely
included. A common gross approach tends to start with the manual isolation of lymph nodes, or with
the sampling of only a portion of lymph nodes with metastatic aspect. However, based on our results,
in rectal cancer a complete inclusion of all the lymph nodes, even if very large, and of the perinodal
fatty tissue is unnecessary.

ECE, indicated recently as a prognostic factor for cancers in several organs [14–16], has also been
taken into account in the last staging systems of squamous cell carcinoma of the vulva [17]. It is
likely that the better prediction of prognosis of vulvar cancer by these new staging systems could
be partly due even to the consideration of the importance of ECE. Our results in rectal cancer show
different outcomes.

Why was ECE not associated with prognosis in our study while the others were? In addition to
the reason initially stated (we are in a different clinical context) the answer perhaps lies in the fact that
the definition of ECE has also been different in the various studies, as shown in the meta-analyses [5,6],
where they have included as ECE cases that correspond to tumor deposits. Indeed, in rectal cancer
evaluation of tumor deposits, tumor budding, and several other parameters are difficult to evaluate
in the setting of nCRT because discontinuity between neoplastic cells could be explained by tumor
response. To avoid this confusion, we use a strict definition of ECE demonstrating contiguity between
the LNM and the nest of neoplastic cells in ECE.

An additional strength of our study is that surgery quality is well-described, with near 80% of
patients with adequate quality of TME, and all patients had >10 lymph nodes. The TME is the standard
of care and maybe the most significant contribution to advancing rectal cancer care which has shown
universal reproducible reductions in local recurrence and improvement in disease-free and overall
survival [18]. Despite its importance, TME is not frequently considered as a variable of interest in
prognostic studies about rectal cancer.

The limitations of our study are inherent to a retrospective series (biases in the administration of
the treatment, variability in surgery techniques, technology trough the time, etc.).

6. Conclusions

Our results show that ECE has no impact on overall survival in rectal cancer patients who received
nCRT and this finding was independent of the nodal stage or the number of lymph nodes examined.
Additional studies with a larger number of patients and other populations and therapeutic regimens
are needed to prove these findings.
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