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Abstract
Objective: To investigate the effect of hemogram parameters on predicting pathological complete response
(pCR) in locally advanced rectal cancer.

Methodology: A total of 227 patients with rectal cancer treated with neoadjuvant concurrent
chemoradiotherapy (CRT) were retrospectively analyzed. All patients were divided into two subgroups as
high or low hemogram parameters according to the cut-off value obtained using the receiver operating
characteristic (ROC) curve.

Results: In patients with low neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) levels,
pCR rate was statistically significantly higher than the group with high NLR and PLR levels (for NLR: 39.77%
vs. 5.34%; p<0.001, for PLR: 32.38% vs 7.01%; p<0.001 respectively). In addition, the pCR rate was
significantly better in patients with high lymphocyte levels compared to the group with low lymphocyte
levels (33.33% vs. 7.5%; p<0.001, respectively). According to the multivariate logistic regression analysis
result, NLR and PLR levels were considered as independent predictors to predict pathological complete
response [p<0.001, HR: 0.128 (95% CI=0.051 - 0.322) for NLR; p=0.017, HR: 0.332 (95% CI=0.134 - 0.821) for
PLR, respectively].

Conclusion: Our study showed that high NLR, PLR, and low lymphocyte levels were correlated with worse
pCR rates. In addition to that, NLR and PLR emerged as independent predictive markers.

Categories: Oncology
Keywords: neoadjuvant chemoradiotherapy, rectum cancer, platelet-lymphocyte ratio, pathological response,
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Introduction
Colorectal cancer is the third most common malignancy and ranks second among cancer deaths [1]. Rectal
cancer accounts for nearly one-third of all colorectal cancers, and almost half of them are diagnosed with
locally advanced stage [2]. In Turkey, according to official statistics, 41% of colorectal cancers were found to
be locally advanced [3]. The standard treatment approach in locally advanced rectal cancer is neoadjuvant
concurrent chemoradiotherapy (CRT) followed by total mesorectal excision (TME) after six to eight weeks of
waiting, and treatment outcomes have improved remarkably in recent years [4,5]. There are both long-term
and short-term CRT applications. On the other hand, the total neoadjuvant approach, which has come to the
fore with the RAPIDO and PRODIGE 23 studies recently, has short- and long-term results such as higher
pathological complete response (pCR) and longer disease-free survival (DFS) than the standard treatment
arm, especially in T4 and node-positive patients [6,7]. With these results, total neoadjuvant approach stands
out as a new treatment approach. Many studies, including the NSABP R-04 study, show that patients who
received concomitant CRT before surgery can achieve a pCR rate of 16-22% [8]. Yet, there is limited
information about which patients can get a complete response.

Inflammation-based blood biomarkers play an important role in cancer evolution, especially in
tumorigenesis and tumor progression [9]. It has been found in previous studies that the behavior of the
tumor could be predicted by systemic inflammatory biomarkers [10]. It has been suggested that biomarkers
such as neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR), which are inexpensive,
easily accessible, and useful systemic inflammatory biomarkers, could be used as prognostic factors in many
types of cancer by revealing the interaction between host immune status and inflammation [11]. It has also
been documented in numerous cancer types that high NLR and PLR levels are poor prognostic factors [12-
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14]. Moreover, it has been reported that high NLR and PLR levels in rectal cancer and other cancers would
adversely impact both the pathological response and the radiological response [5,15-18].

In our study, we planned to investigate the function of systemic inflammatory biomarkers NLR and PLR in
predicting pathological complete response in patients receiving neoadjuvant concurrent chemoradiotherapy.
Thus, we aimed to predict which patients would have a high probability of achieving a pathological complete
response before treatment.

Materials And Methods
Patients
In this study, 1300 colorectal cancer patients followed in a single oncology center between 2015 and 2021
were retrospectively screened. Four hundred fifty of these patients were diagnosed with rectal cancer, and
227 patients who met the inclusion criteria were included in the study. Patients over the age of 18, diagnosed
with locally advanced rectal cancer, receiving standard neoadjuvant concurrent chemoradiotherapy, and
patients who could be operated on after neoadjuvant therapy were included in the study. Patients with
secondary malignancies, patients under 18 years of age, those with additional comorbidities (such as
diabetes, chronic obstructive pulmonary disease, heart failure), those who did not receive the treatment
completely, and those with conditions that may impact systemic inflammatory markers such as active
infection, chronic inflammatory or autoimmune disease, and steroid use were excluded from the study.
Along with the demographic data of all patients, their height, body surface areas, and complete blood count
parameters were recorded at the time of diagnosis. NLR and PLR were calculated with the formula:

Neutrophil count (/µL) / Lymphocyte count (/µL) and Platelet count (109/L) / Lymphocyte count (/µL).

Treatment regimen
All patients received radiotherapy in 25-28 fractions at a total dose of 45-50 Gy. Concurrent capecitabine
chemotherapy was administered at a dose of 825 mg/m2 twice a day on the days of radiotherapy. After
concurrent CRT, the patients were operated on after six to eight weeks of convalescence. All patients
received adjuvant chemotherapy.

Pathological evaluation
Postoperative histopathological evaluation was noted, and staging was performed using the American Joint
Committee on Cancer (AJCC) Staging Manual (7th edition) [19]. Tumor regression grades (TRG) were
recorded according to the AJCC 7th edition as follows: TRG0 - no residual tumor cells; TRG1 - single cells or
small groups of cells; TRG2 - residual cancer but predominant fibrosis behind; and TRG3 - minimal or no
tumor response. Those with TRG0 are defined as the 'pCR group'; whereas TRG1, TRG2 and TRG3 were
defined as the 'non-pCR group' [20].

Statistical analysis
Statistical analysis was performed via the software of SPSS 25.0 (IBM Corp., Armonk, NY, USA). Mann-
Whitney U test was used for comparison of nonparametric data, and Student T-test was used for comparison
of parametric data. Chi-Square or Fisher's Exact test was used for comparison of categorical data. Prognostic
factors impacting pCR were identified by conducting multivariate analysis with the Cox proportional hazards
model. The results were considered statistically significant at p<0.05. Receiver operating characteristic
(ROC) analysis was used for the pCR of lymphocyte, NLR, and PLR in predicting treatment response, and the
value closest to the point with the maximum sensitivity and specificity was selected as the optimal cut-off
value. In the study, we determined the primary endpoint as pCR. Approval from the local ethics committee of
Health Sciences University, Ankara Dr. Abdurrahman Yurtaslan Oncology Training and Research Hospital,
was obtained for our study with the decision number 2022-01/1565 on 26.01.2022.

Results
The median age of diagnosis was 60 (IQR 51-68 years) and 58.1% (n=132) of the patients were male. In the
surgery performed after neoadjuvant concurrent CRT, 19.2% (n=42) of the patients had a complete response.
Some patient characteristics are defined in Table 1.
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Variables  

Age (median) min-max 60 (26-88) years

  Gender
Male (n) 132 (58.1%)

Female (n) 95 (41.9%)

  Preoperative Stage

2 96 (42.3%)

3 74 (32.6%)

Not evaluable 57 (25.1%)

Preoperative lymph node number with MRI

none 24 (10.6%)

1 9 (4%)

>1 163 (71.8%)

Missing data 31 (13.7%)

Operation type

APR 56 (24.7%)

LAR 98 (43.2%)

Missing data 73 (32.2%)

TABLE 1: Baseline patients characteristics
APR, abdominal perineal resection; LAR: low anterior resection

Mean NLR and PLR levels were determined to be significantly lower in the pCR group compared to the non-
pCR group (p1<0.001, p2<0.001, respectively). On the other hand, mean lymphocyte level was found to be
significantly higher in the group with pCR compared to the group with non-pCR (p<0.001). There was no
significant difference between the two groups in terms of mean neutrophil and platelet counts. The results
related to hematological sub-parameters are summarized in Table 2. The group with pCR and the groups
with non-pCR were similar in terms of stages (p=0.814).

   pCR group Non-pCR group P value

NLR (mean±SD)  2.27±0.56 3.7934±2.71 <0.001

PLR (mean±SD)  153.35±50.19 4.65±2.03 <0.001

Lymphocyte count(103)  1.995±0.67 1.490±2.03 <0.001

Neutrophil count (103)  4.35±1.43 4.65±2.03 0.372

Platelet count (103)  285.75±92.55 290.09±96.88 0.797

TABLE 2: Comparison of hemogram parameters in pCR group and non-pCR group
NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio, pCR: pathological complete response

When ROC analysis was conducted to detect patients with no complete response in the study, the area under
the curve (AUC) for NLR was 0.763, with an ideal cut-off value of 2.56 corresponding to an optimum
sensitivity of 70.8% and a specificity of 80% (Figure 1). The pCR rate was higher in patients with low NLR
levels compared to the group with high NLR levels (39.77% vs. 5.34%; p<0.001, respectively). For the PLR,
the AUC was determined to be 0.713, with an ideal cut-off value of 180.50, corresponding to an optimum
sensitivity of 58.8% and a specificity of 80% (Figure 2). The pCR rate was found to be significantly higher
among patients with low PLR levels compared to the group with high PLR levels (32.38% vs 7.01%; p<0.001,
respectively). For the lymphocyte level, the AUC was 0.708, with an ideal cut-off value of 1580,
corresponding to optimum sensitivity of 77.5% and specificity of 61.8% (Figure 3). The pCR rate was
significantly higher in patients with high lymphocyte levels compared to the group with low lymphocyte
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levels (33.33% vs. 7.5%; p<0.001, respectively).

FIGURE 1: Detecting non-pCR with NLR score in ROC analysis
NLR: neutrophil-lymphocyte ratio; pCR: pathological complete response; ROC: receiver operating characteristic
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FIGURE 2: Detecting non-pCR with PLR score in ROC analysis
PLR: platelet-lymphocyte ratio; pCR: pathological complete response; ROC: receiver operating characteristic
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FIGURE 3: Detecting non-pCR with lymphocyte count in ROC analysis
pCR: pathological complete response; ROC: receiver operating characteristic

When multivariate logistic regression analysis was conducted with NLR, PLR and lymphocyte level, NLR and
PLR levels were considered as independent predictive markers in predicting pathological complete response
[p<0.001, HR: 0.128 (95% CI=0.051 - 0.322) for NLR; p=0.017, HR: 0.332 (95% CI=0.134 - 0.821) for PLR,
respectively] (Table 3).
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 HR (95%CI) P value

NLR

Low Reference <0.001

High 0.128 (0.051 – 0.322)  

PLR

Low Reference 0.017

High 0.332 (0.134 – 0.821)  

Lymphocyte

Low Reference 0.365

High 1.580 (0.588-4.247)  

TABLE 3: Multivariate analysis of the effect of NLR, PLR and lymphocyte levels
NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio

Discussion
In this study, we demonstrated that the pCR rate was higher in low NLR and PLR values and high
lymphocyte levels. Besides, we also revealed that NLR and PLR were independent predictive markers for
predicting pCR.

Various factors have been investigated as potential predictors of response to neoadjuvant concurrent CRT in
locally advanced rectal cancer. However, the number of studies on the prediction of treatment response is
limited [21-24]. Inflammatory response is closely associated with the development of tumors, and increased
inflammatory response is associated with poor prognosis in many cancers [25]. It has been shown in
numerous studies that various systemic inflammatory markers in rectal cancer receiving neoadjuvant CRT
are independent prognostic factors [26,27]. The results of our study suggest that the relationship systemic
inflammation indices could be used in predicting the CRT response and pathological complete response in
patients with rectal cancer receiving concurrent CRT. There are several other studies suggesting that
systemic inflammatory indices such as NLR and PLR are predictors of the pathological response to
neoadjuvant CRT [15-16,28-29]. In the presented study, unlike other studies, it has been shown that
lymphocyte level can also be a marker in predicting pCR [24]. From our point of view, the high number of
patients in this study may have made a difference in obtaining this result [24]. Moreover, in our study,
similar to other studies, NLR and PLR were independent predictive factors after adjustment for confounding
factors [15,16].

NLR consists of a combination of neutrophils and lymphocytes, and anti-tumor activity and activation of
the inflammatory response impact this ratio [30,31]. Low NLR levels are associated with higher tumor
response [30,32]. Like NLR, PLR is also a considerable marker of the inflammatory response, and anti-tumor
efficacy and treatment response is better at low PLR levels in locally advanced rectal cancer [17,29]. It is
well-documented that low lymphocyte levels reduce anti-tumor activity [33]. In the present study, it was
found that NLR and PLR could be used to predict pathological complete response and it was also
demonstrated that lymphocyte levels could contribute to this prediction.

When administering neoadjuvant concurrent CRT, one of our primary goals is to achieve a pathological
complete response. It is well-known that the success of local control increases by achieving a pathological
complete response even if there is no difference in overall survival by achieving a pathological complete
response [34]. Some studies have demonstrated a survival benefit with pCR [35]. In the light of these studies,
it is well known that failure to achieve pathological complete response worsens oncological outcomes. Since
it may be less likely to achieve pCR, especially in the patient group with high pre-treatment NLR and PLR
levels, the total neoadjuvant approach, which is now emerging as the new standard treatment regimen, can
be a considerable option in this patient group [6,7]. Hence, we believe that it may be more beneficial to
prioritize total neoadjuvant treatment regimens in patients with high pre-treatment blood NLR and PLR.
These findings can be supported by further research.

The presented study's major limitations are that this is a single-centered and retrospective study; thus, it
has missing data. On the other hand, the study reflects real-life data with a substantial number of patients,
even though it is a single-center study, which stands out as an advantage.
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Conclusions
In conclusion, in our study we were able to demonstrate that high blood NLR, PLR, and low lymphocyte
levels were correlated with worse pCR rates. In addition to that, NLR and PLR emerged as independent
predictive markers. The total neoadjuvant treatment approach should be strongly considered in patients
with high NLR and PLR levels. Further prospective studies with a larger population are needed to
prove these findings.
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