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ARTICLE INFO ABSTRACT

Background: Identification of the proper surgical method and the most reliable prognostic parameters of rectal
carcinomas is a challenging issue. The aim of this paper was to determine the possible prognostic role of the
number of harvested lymph nodes versus lymph node ratio (LNR) in patients with rectal carcinomas, and the
proper value of LNR that can be used as prognostic parameter.

Materials and methods: A retrospective study was performed in 186 consecutive patients with rectal carcinomas
that underwent surgical resection. The LNR was calculated for cases from stage II-III, and was correlated with
classic prognostic parameters and overall survival (OS).

Results: A statistically significant difference was found between LNR of 0.15 and OS (p = 0.03), respectively
LNR > 0.15 and TNM stage (p < 0.0001), but also tumor infiltration level (p < 0.05). The number of har-
vested lymph nodes was not correlated with the tumor stage (r = 0.148, p = 0.06) and this parameter did not
influence the OS, when the number of 12 or 14 lymph nodes was used as the ideal value (p = 0.6 and p = 0.66,
respectively).

Conclusion: In patients with rectal carcinomas that underwent preoperative chemoradiotherapy, a LNR of 0.15 is
a parameter with independent prognostic value, comparing with the number of harvested lymph nodes. The
specific LNR should be calculated in larger cohorts.
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1. Introduction cases leads to decreasing of local recurrence rates from 30 to 40% to
5-15% [4]. As regarding surgery, open versus laparoscopic intervention
is still debated.

Along the years, it was proved that the main important factor in-

Colorectal cancer represents the second cause of cancer-related
death in both males and females [1,2]. It is the third most common

cancer in men, respectively the second most common cancer among
women [2,3].

One-third of the cases are reported to involve the rectum [4,5] but
carcinomas of the anal canal show a progressively increased incidence
[5-7]. For early rectal cancers (stage II), the aim of preoperative che-
moradiation is sphincter saving surgery. For the locally advanced (stage
III) rectal carcinomas, the gold standard management consists on pre-
operative neoadjuvant chemoradiotherapy [8] and the Total Mesorectal
Excision (TME) surgery technique [4]. A proper management of the

cluded in the tumor staging refers to the lymph node (LN) status [9].
The nodal status is essential for including the case in stage II or III
[10,11]. Many systems were proposed to define accurately the lymph
node status. The mostly used system is those developed by the Amer-
ican Joint Committee on Cancer (AJCC), which was recently modified
and included in the 8™ edition of the AJCC Cancer Staging Manual [12].
It is based on the depth of invasion (T stage) and total number of po-
sitive lymph nodes (N stage) [12]. There are also proposals regarding
the total number of harvested lymph nodes [1,10].
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Another proposal refers to the lymph node ratio (LNR). It is defined
as the number of positive lymph nodes reported to the total number of
harvested nodes (TNLN) and seems to be an independent prognostic
factor [1,13,14]. The LNR was proved to have a better prognostic value,
compared with N stage [15]. However, although this concept is ac-
cepted, it is not yet included in the colorectal cancer guidelines and a
specific LNR value is not defined.

The aim of this paper was to emphasize the possible prognostic role
of LNR in rectal carcinomas (RC), in patients that underwent open or
laparoscopic surgery. As preoperative chemoradiotherapy is admini-
strated for patients with stage II (T2NO-early cancer) and III (T1-4N1)
[8,12], only these cases were used to calculate the prognostic impact of
LNR.

As the ideal number of TNLN is controversial (12 vs. 14), we have
calculated the LNR for both groups (below versus over 12 and below
versus over 14) and a value of LNR that might be used as prognostic
parameter. Similar studies were published in the Medline database, and
were based on the 7% edition of the AJCC Cancer Staging Manual
[13,14,16]. This is the first study in literature that analyzed the specific
LNR value in rectal carcinomas classified based on the 8" edition of the
AJCC Cancer Staging Manual [12].

2. Material and methods

After obtaining the Ethical Committee approval, a 5-year retro-
spective study (First of April 2013-March 31, 2018) was performed in a
university hospital from Transylvania, Romania. Consecutive adult
patients with rectal carcinomas diagnosed in stages II-III, that under-
went open or laparoscopic surgical resection, were included. All pa-
tients underwent surgery in a single institution, reducing surgical and
pathological variability.

As the preoperative chemotherapy was done in other oncologic in-
stitutions, no data about the chemoradiotherapy regimen was obtained.
However, the currently recommendation of the National
Comprehensive Cancer Network (NCCN) were used [8].

The exclusion criteria consisted on biopsic specimens, patients that
died in first two weeks after surgery, patients below 18 years old, pa-
tients with tumors of the colon and the anal canal, and patients with
rectal carcinomas diagnosed in stages I or IV. In all of the cases the
tumor was located at 4 to 15 cm from the anal verge.

Besides the demographic data (age, gender), the survival rate and
classic prognostic factors (anatomic localization, TNM stage, histologic
type) were analyzed. Tumor staging was re-evaluated using the criteria
of the 8 edition of the AJCC - TNM staging system [12].

Under microscope, the tumors were categorized in the following
histologic subtypes: adenocarcinoma (G1-3, with/without mucinous
component), mucinous adenocarcinoma, signet ring cell carcinoma and
other rare types (neuroendocrine carcinoma, clear cell adenocarci-
noma, and serous papillary adenocarcinoma). The resection margins
(proximal, distal and radial/circumferential) were also evaluated, same
as maximum tumor thickness and the presence of perineural and an-
giolymphatic invasion.

The LNR was calculated based on the TNLN. For statistical purposes,
the TNLN was calculated for two groups: lower versus at least 12 har-
vested nodes and lower versus at least 14 retrieved lymph nodes. Based
on the LNR value, two classes were taken into account: < and over
0.15, based on the previous similar studies [13,14].

For statistical assessment, specific data sheets in the Microsoft Office
Excel software were created. Data analysis was performed using Graph
Pad Prism 7 software. A p value < 0.05 was considered statistically
significant, with 95% confidence interval. For correlation analysis
Spearmen correlation test was used. Survival rate analysis was per-
formed using the Kaplan Meier estimator. Patients were followed until
July 2018.
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Table 1
The clinicopathological characteristics of patients with rectal carcinomas di-
agnosed in stages II-III.

Characteristics Number (n = 186) Percentage (%)
Gender

Male 119 63.98
Female 67 36.02
Age (years old)

< 50 12 6.45
=50 174 93.55
Type of the procedure

Open surgery 180 96.77
Low anterior resection of the rectum 66 36.66
Hartmann procedure 52 28.88
Miles’ procedure 41 22.77
Laparoscopic resection 6 3.22

Depth of tumor invasion

T1 3 1.61
T2 11 5.92
T3 139 74.73
T4 33 17.74
TNM staging

1I 69 42.33
11 94 57.67

3. Results

3.1. Clinico-pathological parameters

During 2013-2018, 186 patients with rectal cancer diagnosed in
stages II-III underwent surgical resection in our Surgery Clinic, with a
M:F ratio of 1.77:1 (Table 1). The mean age was 66.46 * 12.5 (ranging
21-89) years, without differences among males and females (p = 0.36).

The average hospitalization time was 11 * 4.5 days (ranging be-
tween 4-31 days). Most of the patients (55.36%) were hospitalized
between 4-10 days, followed by 11-15 days (32.14%). The other pa-
tients (12.5%) required more than 15 days of hospitalization, as result
of postoperative complications.

Regarding the type of surgical procedure, laparoscopic resection
was performed in only 6 of the 186 cases (3.22%). Low anterior re-
section of the rectum was the most often used technique (35.48%),
followed by Hartmann procedure (27.96%) and Miles’ surgery or rectal
amputation with definitive left iliac anus (22.04%) (Table 1).

Tumor recurrence was observed in 29 patients (15.59%), with a
median age of 65.52 + 15.12 years and M:F ratio of 1.63:1.

3.2. Histopathological parameters

The sampling time of surgical specimens in pathology averaged 3-4
days. To verify and to release the pathological outcome after surgical
specimen sampling requested a mean time of 12.4 = 2.40 days.

The median value of the maximum tumor thickness was
15.65 *= 5.34 mm (ranging 3-60 mm). In most of the cases (50.69%)
the maximum thickness was of 10-19mm, followed by tumors of
=20 mm (29.17%) and rarely < 10 mm (20.14%).

During surgery, invasion of the peritumoral tissue was suspected in
50 (26.88%) cases, with multiple penetration sites in 17 of these cases.
The most frequent penetration site was the bladder, with a rate of 42%.
Under microscope, crossing of the circumferential resection margin was
confirmed in only 24 (12.9%) cases (Table 2).

The histological diagnosis was dominated by adenocarcinoma and
mucinous adenocarcinoma (Table 2). Adenocarcinoma was diagnosed
in patients with a median age of 65.82 + 12.50 years, whereas muci-
nous adenocarcinoma affected older patients, with a median age of
75.74 + 11.35years (p = 0.02). From all adenocarcinomas, tendency
for diagnosis in elderly patients was seen for those cases that showed
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Table 2
The histopathological characteristics of rectal carcinomas diagnosed in stages
II-1I1.

Characteristics Number (n = 186) Percentage (%)

Histological type

Adenocarcinoma 153 82.26
Gl 7

G2 136

G3 10
Mucinous adenocarcinoma 23 12.37
Signet ring cell carcinoma 7 3.76
Neuroendocrine carcinomas 2 1.07
Serous papillary adenocarcinoma 1 0.54
Invasion of the resection margins (R1)
Proximal resection margin 6 3.22
Distal resection margin 25 13.44
Circumferential resection margin 24 12.9
Angiolymphatic invasion 28 15.05
Perineural invasion 43 23.12

mucinous component (< 50%); they occurred in patients with median
age of 71.86 = 15.67 years. In contrast, signet ring cell carcinoma,
which affected only males, presented the lowest mean age at the time of
diagnosis (60.85 = 12.11 years). In 5 patients (2.68%), synchronous
carcinomas were diagnosed.

The depth of infiltration (pT) was directly correlated with the re-
section margin invasion (r = 0.410, p < 0.0001). Resection margin
invasion showed a significant correlation with TNM stage (r = 0.246,
p < 0.005). The tumor stage presented a correlation with the presence
of perineural and angiolymphatic invasion (r = 0.533, p = 0.03).
Presence of perineural and angiolymphatic invasion was also correlated
with the LNR value (r = 0.499, p < 0.01), respectively it presented a
very weak negative correlation with the OS (r=-0.078, P < 0.05).

3.3. Lymph node ratio and its prognostic role

A strong correlation was found between the LNR value and pTNM
stage (r = 0.8, p < 0.0001) (Fig. 1). A negative correlation between
LNR and survival rate was also observed (r = 0.306, p < 0.001). LNR
was directly correlated with the resection margin invasion (r = 0.155,
p < 0.05).

The TNLN was of at least 14 lymph nodes in 53.73% of patients
from stage II and 59.14% of patients diagnosed in stage III. The tumor
stage proved to be an independent prognostic factor (Fig. 2).
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Fig. 2. The 5 year overall survival correlated with the tumor stage.

No significant statistical correlation was found between the TNM
stage and the TNLN, in neither of the two groups: those that assumed a
sampling of at least 12 lymph nodes (r = 0.148, p = 0.06) and those
with 14 lymph nodes (r = 0.135, p = 0.08). Examining the prognostic
role of the TNLN, the number of harvested nodes did not influence the
overall survival rate (OS). Lack of influence was seen for both groups:
with at least 12 (p = 0.6), or at least 14 harvested lymph nodes
(p = 0.66) (Fig. 3).

The OS was significantly influenced by the LNR, when was calcu-
lated for < or over 0.15 (p = 0.03) (Fig. 4).

4. Discussion

In patients with rectal tumors, the main goals of surgery are free
resection margins, TME and high number of TNLN [17]. In these cases,
it is a challenging decision for surgeon that should decide for open,
transanal, or laparoscopic surgery. The optimal technique depends on
the surgical team experience, the tissue quality after preoperative
chemoradiotherapy, tumor location, and other patient-related para-
meters.

Appropriate low anterior resection is difficult for rectal cancer, due
to the anatomical characteristics of the pelvis [18]. There is also a
challenging decision regarding sphincter-saving operations versus ab-
dominal perineal resection [19]. The laparoscopic instruments seem to
make the intervention more accurate and reduce the time of hospita-
lization [20]. However, for tumors of the inferior rectum laparoscopic
procedure is not always the gold choice [21]. The narrow pelvis,
especially in men, low rectal tumors and bulky mesorectal cases can
cause difficulties in the adequate traction of the rectum [18].
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Fig. 1. Correlation between the lymph node ratio (LNR) and tumor stage.
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Fig. 3. The 5year overall survival correlated with the number of retrieved lymph nodes.
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Fig. 4. The 5year overall survival correlated with lymph node ratio cut-off.

Surgeons continue to debate the advantage of laparoscopic tech-
nique compared to the open method, because local recurrence rates do
not show always-significant differences between these two approaches.
The recurrence rate form our study was similar to those reported after
laparoscopic procedure.

In this study, we mainly used open surgery, performed by a surgery
team with experience and the results were comparable with literature
data. As in the present study the median time of histopathological as-
sessment was 16 days, although the recommendation of the College of
American Pathologists’ (CAP) is of two-five days [22,23], the delays
were related to the tumor size, tissue-related factors but also to the
number of cases per pathologist. The recurrence rate in this study was
15.59%, being comparable with other studies that reported a risk of
recurrence of 12.9% [24].

This study was mainly focused on the prognostic role of LNR, a
parameter that was not intensely examined in literature for patients
with rectal tumors. According to our knowledge this is the first study in
literature which analyzed the specific LNR value in rectal carcinomas,
which were classified based on the 8" edition of the AJCC Cancer
Staging Manual. Regarding the differences between the 7% [16] and 8
edition of the AJCC Cancer Staging Manual classifications [12], based
on the rectal cancer, the only novelty consists of the introduction of a
third sub stage within stage IV, namely IVC, regarding metastasis to the
peritoneal surface, which is identified alone or with other site or organ
metastases. Although we excluded all patients who presented stage IV
cancer, namely 43 cases, restaging was necessary in 11 cases from IVB
to IVC.

The currently recommendation of the NCCN rather refers to the
TNLN, being required, for a proper diagnosis, harvesting of a minimum
number of 12 lymph nodes [8,14]. This number is, however, debatable
and 14 or 15 removed nodes were proposed by other authors, especially
for considering a node-negative case [10,25]. The number of retrieved
lymph nodes has a substantial diversity, which is dominated by sur-
gical, pathological and patient-related characteristics [15,26]. In cases
where the harvested LN number is low, stage evaluation might be in-
adeqate [15]. In these cases, LNR might have significant prognostic
value [15]. In this study, the TNLN (below or over 12 vs. below or over
14) did not prove to have prognostic importance.

A valuable results of this study regards the strongly correlation that
was observed between LNR, TNM stage and the angiolymphatic and

perineural invasion, but also negative correlation with OS. The angio-
lymphatic invasion was reported in literature in over 14% of cases [27],
similar to our data. The prognostic value of LNR is also sustained by
other previous studies [1,13,14].

Based on these results and the fact that, after chemoradiotherapy, is
difficult to retrieve more than 12 lymph nodes [8,10], we consider that
LNR should be used as a valuable prognostic parameter. It is known that
in rectal cancer patients the long-course neoadjuvant chemor-
adiotherapy has a negative effect on the LN retrieval [28]. Only 20% of
the cases that benefited by preoperative neoadjuvant therapy have an
adequate number of retrieved lymph nodes (=12), which are required
to accurately specify stage II tumor [8]. Moreover grade and site of the
tumor, respectively patients’ age and gender can influence the number
of retrieved lymph nodes [8].

Based on the LNR (> 0.25), physicians may be able to identify cases
with aggressive behaviour and select patients that should receive a
more aggressive chemotherapy regimen [26]. LNR, N2 nodal status and
over presence of LN metastases in four or more lymph nodes were de-
fined as significant prognostic factors of patients with colorectal cancer
[26,29]. Moreover, in cases diagnosed in stage III, LNR allows a prog-
nostic stratification of patients [28]. In these patients, it was demon-
strated that it is a more accurate predictor regarding 5-year disease-free
survival, comapred with the N stage [15].

LNR was also proved having a major importance in other gastro-
intestinal cancers. In patients with esophageal cancer, it was demon-
strated to be an independent factor of disease-free - and overall survival
[30]. In squamous cell carcinoma of esophagus, LNR could be used to
predict the risk of angiolymphatic invasion and patients’ outcome [31].
In patients with gastroesophageal cancer who underwent radical re-
section, LNR serves as a negative prognostic factor [32]. In patients
with gastric cancer who underwent radical gastrectomy, LNR also
serves as a valuable independent prognostic factor [33,34]. In gastric
cancer, it was proved that a LNR > 0.25 is an indicator of resistance to
postoperative chemoradiotherapy [35]. LNR could be able to predict
patients survival more accurately, compared to the current TNM staging
system, in patients with gastrectomy and few resected lymph nodes
[36].

As prognostic parameter a LNR of 0.15-0.20 represents the standard
value which can be taken into account and which was used also in the
other two similar studies [13,14]. We have obtained statistical corre-
lation regarding OS with a value of 0.15. A LNR > 0.12 resulted in
70% reduction in overall survival [13].

In conclusion, in patients with rectal carcinomas that underwent
preoperative chemoradiotherapy, LNR is a parameter with stronger
independent prognostic value, comparing with TNLN. A LNR value of
0.15 is a positive prognostic factor for patients with rectal carcinomas
diagnosed in stages II and IIL.

Study limitations consist on the retrospective observation and a
relatively short time follow-up. Another limitation is, due to low
number of cases, examination of carcinomas in stages II (T2NO) and III
(T1-4N1) and not a separate delineation between LNR value in each of
these two stages. For more accurate and complex data, further studies
are needed, with a high number of cases and longer follow-up.
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Multicenter research studies can be also taken into consideration.
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