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ABSTRACT

Background. Several studies have reported that an elevation in neutrophils/lymphocyte
ratio (NLR) is correlated with poor survival in patients with colorectal cancer, but in rectal
cancer (RC), it has been reported only in a few studies. It is necessary to separate colon
cancer and rectal cancer to clarify the prognostic significance of NLR, especially in pa-
tients who received chemoradiotherapy. Methods. It is a comparative, observational retro-
spective study of a cohort of 175 patients. We grouped the patients into two based on their
NLR (0-3 vs. > 3) to correlate with disease-specific survival (DSS) and pathologic complete
response (PCR). Results. The average NLR was 2.65 + 1.32 (range 0.58-6.89), and 144
(82.3%) patients had an NLR of 0-3. The median follow-up was 33.53 months. There were
no differences in pCR between the two groups. The 5-year DSS was 78.8%. NLR did not
correlate with survival. Mesorectal quality, pT3-4 tumors, lymph node metastasis, lympho-
vascular invasion, perineural invasion, positive margins and recurrence were statistically
significant predictors of increased mortality in univariate analysis. In multivariate analysis,
only overall recurrence correlated with poor survival. The analysis of the association of NLR
with outcomes with different cut points (2.0, 2.5, 4 and 5) did not show differences in DSS
and pCR. Conclusion. In our cohort, the NLR did not serve as a prognostic marker in pa-
tients with locally advanced rectal cancer and who received chemoradiotherapy and did
not correlate with pCR as well.
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1. INTRODUCTION

Rectal cancer (RC) is one of the
most prevalent cancers worldwide
and it is an important cause of can-
cer mortality in developed countries
for both sexes (1). Cumulative evi-
dence have shown that inflammato-
ry response is associated with tum-
origenesis and tumor progression (2,
3). The interactions between tumor
and inflammation are complex and
involve different mechanisms. In-
flammation plays an important role
in carcinogenesis, involving tumor
initiation, angiogenesis promotion,
apoptosis inhibition and tumor me-

tastasis (4). The changes in the sys-
temic inflammatory response can
be reflected by the measurement of
various blood-based parameters.

A variety of blood-based in-
dexes including C-reactive pro-
tein, modified Glasgow Prognostic
Score, platelet count and neutro-
phil-to-lymphocyte ratio (NLR) have
been explored to predict progno-
sis of cancer patients (5, 6). Several
studies have reported that an eleva-
tion of NLR is associated with poor
clinical outcomes in several cancers
(7, 8), including poor survival in pa-
tients with colorectal cancer (9, 10).
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However, the clinical features, treatment options, surgi-
cal complexity and pathologic analysis are extremely di-
verse between colon cancer and rectal cancer; and these
two neoplasms are merged in one unique group in ma-
jority of published studies.

The NLR has been evaluated in rectal cancer indepen-
dent of colon cancer in very few studies but it is necessary
to systematically separate these two entities and clarify
the prognostic significance of NLR in patients with rectal
cancer (11-14). Our objective was to evaluate the prog-
nostic value of elevated NLR for disease-specific survival
(DSS), recurrence-free survival (RFS) and its correlation
with treatment outcomes in patients with rectal cancer
treated with preoperative chemoradiotherapy (CRT).

2. MATERIAL AND METHOD

All consecutive patients undergoing rectal resection
with curative intent for RC following preoperative CRT,
from 2010 to 2014 at the Instituto Nacional de Cancer-
ologia (INCan, Mexico City, Mexico) were included in
the study (n=175). Clinicopathologic data were prospec-
tively collected. Demographic, preoperative, intra-oper-
ative, pathological and outcome variables were recorded.
Blood samples were obtained within 7 days before CRT.
White blood count, neutrophils and lymphocyte counts
were recorded. NLR was calculated as the neutrophils
count divided by the lymphocyte count using preop-
erative blood test results. An NLR > 3 was considered
elevated according to a published study 16 because we
failed to identify an appropriate cut-off value based on a
receiver operating characteristic (ROC) (Figure 1).

Preoperative staging was done by abdominopelvic
computed tomography and with transendoscopic ul-
trasound. Under a multidisciplinary team consensus,
patients with T3 and T4 tumors and with lymph node
metastasis (LNM) underwent preoperative CRT to
downsize and downstage the tumor, and then subse-
quent surgery was performed. Standardized routine
pathological examination was carried out according to
the protocol described by Quirke (15) and Nagtegaal
(16). The quality of the mesorectum was scored in two
grades: “adequate” and “inadequate’, according to a pub-
lished study (17). The circumferential resection margin
was evaluated and considered positive if the tumor was
present to within 1 mm of the inked mesorectal margin.

In the postoperative setting, a multidisciplinary re-
view of the case was made to define adequate patient
follow-up. All patients were examined every 3 months
for the first 2 years, and every 6 months thereafter. The
patients were evaluated according to clinical conditions
by clinical examination, rigid sigmoidoscopy, carci-
noembryonic antigen estimation, colonoscopy, and by
thoracic, abdominopelvic computer tomography. Pa-
tients categorized as T3 and T4 or with LNM underwent
postoperative chemotherapy if appropriate.

The primary objective of this study was to evaluate
the correlation of pretreatment NLR with DSS. The sec-
ondary endpoints were the association with RFS and
pathologic complete response (pCR). DSS was defined as
the time from the date of surgery to death from cancer.
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Recurrence free survival (RFS) was defined as the time
from the date of surgery to the date of tumor relapse (lo-
cal recurrence and/or distant metastases) or death. We
classified tumor response pathologically in two catego-
ries, pCR and no-pCR.

Data were analyzed using the SPSS package 10.0 for
Windows (SPSS, Chicago, Illinois, USA). The relation-
ship between clinicopathological variables was analyzed
using the Chi-square test and the U-Mann-Whitney

Variable

Data p*

56.45 + 12.78 yrs.

Median age (Range) (23-82) 0.320
Sex

Female 77 (44%)

Male 98 (56%) 0.520
Depth of invasion (pT)

1-2 49 (28%)

3-4
Complete response

99 (56.6%) 0.257
27 (15.4%)

Nodal metastasis
No
Yes

103 (58.9%)
72 (41.1%) 0.797

Neutophyle/lymphocyte ratio

<0-3
>3

Mesorectal resection quality

Adequate
Inadequate

Median number of dissected lymph

144 (82.3)

31(17.1)
136 (77.7%)  0.023
39 (22.3%) 0.036
1593+ 10.687  0.658

(6-69) 0.756
nodes (range)
- i 1.9 +5.394
Median number of positive lymph
(0-57)
nodes (range)
Distant Metastases
No 154 (88%)
Yes 21 (12%) 0.721

Lymphovascular invasion
No

138 (78.9%)

Yes 37211%) 028
Venous invasion

No 152 (86.9%

Yes 23 ((1 3] %)) 0.682
Grade

Well differentiated 56 (32%)

Moderately differentiated 55 (31.4%) 0.400
Poorly differentiated 37 (21.1%)

Perineural invasion

No 148 (84.6%

Yes 27 ((1 5.4%)) 0.840
Resection

RO 151 (86.3%)

R1 22 (12.6%) 0.006
R2 2(1.1%)

Adjuvant treatment
No

46 (26.3%)

Yes 120(73.7%) 084
Overall recurrence

No 140 (80%)

Yes 35 (20%) 0.003
Outcome

Alive free of disease 109 (62.3%)

Dead with disease 34 (19.4%) 0012
Alive with disease 27 (15.4%) ’
Dead without disease 5(2.9%)

Median follow-up in months (range) 33?]30%7]5?'06 0.756

* Chi square test.

Table 1. Clinicopathologic data of the 175 patients
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test. Univariate survival analyses of time to recurrence,
metastasis or death were performed using the Kaplan—
Meier method, with the time of the surgery as the entry
date. Differences in observed survival between groups
were tested for statistical significance using log-rank
tests. Multivariate analysis was performed using the Cox
regression model, with a p value < 0.05 was considered
statistically significant.

The study was approved by the ethical and scientific
committee of our institution.

3. RESULTS

The clinical and pathological characteristics of the
population (n=175) are summarized in Table 1. The me-
dian age was 56.45 + 12.78 years (23-82 years), and 98
(56%) patients were men. The average NLR was 2.65 +
1.32 (range 0.58-6.89) and 144 (82.3%) had an NLR of
0-3. One hundred and nine patients (62.3%) received
low anterior resection (LAR) as treatment, 55 (31.4%)
received abdomino-perineal resection (APR), and 11
(6.3%) underwent posterior exenteration. Laparoscopic
resection was performed in 31 cases (30%). Major com-
plications, such as anastomotic leakage, septicemia, or
dehiscence, occurred in 31 patients (17.1%). The quali-
ty of the mesorectum was reported as adequate in 136
(77.7%) specimens and inadequate in 39 (22.3%).

Overall, 27 patients (15.4%) presented complete patho-
logic responses, whereas 13 presented with T1 tumors,
36 with T2 tumors, 85 with T3 tumors and 14 with T4
tumors. In the series, only 16 (9.14%) cases had less than
10 lymph nodes resected. However, all of these cases re-
ceived CRT and had at least six lymph nodes, so all pa-
tients could be properly staged. Regarding other relevant
pathologic findings, 13 (7.4%) patients presented me-
tastasis, 37 (21.1%) presented lymphovascular invasion
(LVI), and 23 (13.1%) presented venous invasion and 27
(15.4%) presented perineural invasion. The RO resection
was achieved in 86.3%.

Outcome

The median follow-up of the study group was 33.53
months, with a range of 10-75 months. At the end of the
study, 35 (20%) patients had a recurrence: 17 with dis-
tal recurrence and 3 with local recurrence. The median
time for recurrence was 12 months, with a range of 4-23
months.

Of the patients studied, 62.3% are alive and free of the
disease, 19.4% died from the disease, 15.4% are alive with
the disease, and five patients died from other causes not
related to RC. There were no differences in complete
pathologic response between the two NLR groups.

Survival analysis

The correlations between cancer-specific survival and
various clinicopathological factors are shown in Table
2. The 5-year DSS of the series was 78.8%. In univariate
analysis, mesorectal quality, pT'3-4 tumors, LNM, LVI,
perineural invasion, positive margins and recurrence
were statistically significant predictors of increased mor-
tality (Table 2).

Patients (64.1%) with pT3-4 tumors showed a 5-year
DSS, compared with 88.9% of patients with pT1-2 tu-
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5-year Overall

Variable survival (%) p-value
Mesorectal status 81.8
Adequate ' 0.035
39.2
Inadequate
Gender
Male 734
Female 69.4 0512
pT
1-2 88.9 0.025
3-4 65.1
Lymph node metastasis
No 83.4
Yes 48.4 0.001
Distant metastases
No 69.2
Yes 67.5 0135
Lymphovascular invasion
No 75.4
Yes 52.3 0.001
Perineural invasion
No 78.3
Yes 0 0.003
Grade
Well differentiated
Moderately differenti- 87.5
Y 62.4 0.278
ated 64.8
Poorly differentiated '
Resection
RO 80.6
R1 - R2 15.6 < 0.001
Recurrence
No 90.5
Yes 16.2 < 0.001
Neutrophil/lymphocyte
ratio
77.6
<3 750 0.548
>3
*Mantel-Cox test
Table 2. Univariate analysis of 175 Rectal carcinomas*
Variable CoxHazard 650, p
Ratio|
Recurrence 11.463 0.045-0.427 0.001
Positive lymph nodes 2.922 0.849-11.119 0.087
Lymphovascular invasion 2.800 0.117-1.183 0.094
Mesorectal status 0.753 0.547-4.930 0.376
Perineural invasion 0.065 0.301-2.516  0.798
Resection completeness 0.324 0.231-2.275 0.582

Table 3. Multivariate Analysis of 175 Rectal Adenocarcinomas

mors (p=0.022). Forty-nine patients (28%) presented
with LNM, with a 5-year DSS of 48.4% versus 84.4% of
patients without metastasis (p=0.001). Twenty-five pa-
tients (14.3%) presented with LVI, and these showed
poor prognosis, with a 5-year DSS of 52% versus 75% for
patients without LVI (p=0.001). Only 27 (15.4%) patients
presented with perineural invasion. However, the 5-year
DSS of these patients was 0% versus 77.3% of patients
without perineural invasion. Patients with RO resections
showed a 5-year DSS of 80.5% versus 15.6% for R1-R2
resections (p<0.001). Finally, recurrence correlated with
a decreased 5-year DSS of 16.2%, compared with 92.5%
for patients without recurrence (p<0.001).
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Figure 1. Receiver operating characteristic curve analysis of
the neutrophil-to-lymphocyte ratio in patients with colorectal
cancer. Area under the curve=0.528, 95% Confidence
interval=0.419-0.637, p=0.615.

NLR >3

Cumulative survival

00

2

T
0 20 40 60

Survival (months)

Figure 2. Five year-Overall survival of 175 patients with rectal
carcinoma separated with neutrophil/lymphocyte ratio.

In the multivariate analysis, the only statistically in-
dependent adverse prognostic factor was overall recur-
rence. The presence of PLN and LVI showed statistical-
ly significant trends as independent prognostic factors,
while NLR status, perineural invasion and resection
completeness did not show any prognostic influence
(Table 3).

Finally, we repeated the analysis of the association of
NLR with outcomes with different cut points (2.0, 2.5,
4 and 5) and did not find differences in DSS, RFS and
complete pathologic response.

4.DISCUSSION

Systemic inflammatory response measured using the
surrogate neutrophil-lymphocyte ratio (NLR) has been
proposed as a marker to predict cancer patient surviv-
al. In patients with locally advanced rectal cancer, some
studies have demonstrated that an elevated lymphocyte
count is associated with increased downstaging follow-
ing preoperative CRT (18), while elevated NLR is associ-
ated with short time to local recurrence and worse over-
all survival and DFS (19). However, with regard to the
response of preoperative CRT and prognosis in patients
with locally advanced rectal cancer, there are only a few
studies with a small number of patients (9).
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Another controversial question is the appropriate cut-
off value for the NLR because in published studies, it
varies from 2.5% 2.8 (11), 3.0 (14), 4.0 (20) to 5.0 (21).
However, in our study, we did not find any difference in
DSS, RFS and pCR in the NLR independent of the cut-
off value. Kitayama et al. retrospectively analyzed 73 pa-
tients with locally advanced rectal cancer, and the results
showed that NLR tended to be lower in a pCR group (P =
0.099). Krauthamer et al. reported a significantly higher
probability of pCR in patients with clinical stage III who
had an NLR <5 (OR = 2.54; P = 0.04), but note that only
10 patients achieved pCR (22). A further validation of
these differences is necessary.

Our study had several strengths such as the homoge-
neity of the treatment, the adequate evaluation of the
mesorectum and a balanced proportion of patients with
T stages 1-2 vs. 3-4, and similar male/female relation-
ships. The NLR average in our study group is consistent
with most published series; however, we did not find an
NLR > 7, contrary to published series with higher upper
limits (8.9-23.5) (9, 11).

Although NLR is easy to measure, its utility as a mark-
er of systemic inflammation may be affected by many
conditions, including coronary disease, metabolic syn-
drome, inflammatory diseases and any medication relat-
ed to inflammatory conditions in the patients (23, 24).
These limitations must be considered and could explain
the low NLR in our study. We cannot correct this be-
cause it is a retrospective study, and no specific data were
available about comorbidities in all patients. These vari-
ables will influence the specificity of NLR as a prognostic
factor in our cohort of patients with rectal cancer. Even
considering these limitations, our data indicate that NLR
does not serve as a prognostic marker for risk stratifica-
tion in patients with locally advanced rectal cancer and
who received CRT.

5. CONCLUSIONS

The NLR does not serve as a prognostic marker in pa-
tients with locally advanced rectal cancer and who re-
ceived CRT in our cohort and that does not correlate
with pCR as well.
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