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Background: Colorectal cancers (CRC) are one of the most common tumors that are being researched for new biomarkers
worldwide. In this context, studies are being carried out to estimate whether various hematological parameters can be used for
predicting prognosis. In this study, our aim was to evaluate the relation between platelet (PLT) levels as well as neutrophil-to-
lymphocyte ratio (NLR), platelet (PLT)-to-lymphocyte ratio (PLR), and Lymphocyte-to-CRP ratio (LCR) which are easily accessible
inflammatory response indicators.

Methods: In this retrospective cross-sectional study, 111 patients diagnosed as colorectal adenocarcinoma were included. Patients
with clinical evidence of an infection, recurrent colorectal cancer, previous history of a hematological disease, and a neoadjuvant
chemo/radiotherapy were excluded. Demographic features such as age, gender, and histopathologic parameters such as tumor size,
surgical margin status (proximal, distal, and radial), the presence of serosal inflammation, lymphovascular invasion (LVI), perineural
invasion (PNI), lymph node metastasis (LNM) and distant metastasis, preoperative blood sample analysis, and CRP levels were noted.
Statistical analysis for the association between hematologic parameters platelet (PLT) levels as well as neutrophil-to-lymphocyte ratio
(NLR), platelet (PLT)-to-lymphocyte ratio (PLR), and Lymphocyte-to-CRP ratio (LCR) and histopathological features were done.
Results: Among 111 patients, the mean age was 65.37, and the mean tumor size was 5.41 cm. Lymphovascular invasion, perineural
invasion, radial surgical margin positivity, lymph node metastasis, localization, and stage were statistically significantly related to the
number of platelets. For NLR, PNI (p=0.001), LNM (p=0.048), and stage (carly/advanced) (p=0.045) were significantly related. None
of the parameters were related to PLR and LCR.

Conclusion: Perineural invasion, lymph node metastasis, and the stage of the tumor could be the major histopathological features that
could be related to hematologic parameters; however, this should be researched by larger studies as if they can be used as prognostic
markers.

Keywords: hematologic parameters, Lymphocyte-C-reactive protein ratio, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
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Introduction
Colorectal cancer (CRC) ranks as the third most common malignancy worldwide, with an incidence of 12% in men and
13.1% in Europe.'” While the incidence and mortality rates have decreased in the USA in recent years, developing
countries are experiencing an upward trend in CRC incidence.>*> Consequently, there is a growing need for preoperative
markers to predict prognosis and categorize patients for further therapies. The association between inflammation and
cancer has been a subject of study for many years, dating back to Virchow’s initial description in 1863.% Inflammation
and the local immune response are strongly linked to the development and progression of various malignant tumors.’
Markers such as the neutrophil-to-lymphocyte ratio (NLR) and platelet (PLT)-to-lymphocyte ratio (PLR) have
emerged as nonspecific indicators of inflammation. Lymphocyte-to-CRP ratio (LCR), a novel marker defined by
Okugawa et al in a recent study,® has gained attention. Given their accessibility, cost-effectiveness, and simplicity,
these biomarkers have been investigated worldwide for predicting tumoral behavior.” NLR and PLR have been identified
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as prognostic factors associated with poor overall survival (OS) and disease-specific survival in various solid malig-
nancies, including gastric cancer, lung cancer, renal cancer, and gynecological cancers.® !

This study aims to assess platelet (PLT) levels, along with NLR, PLR, and LCR, as inflammatory response indicators
in colorectal cancer. The goal is to explore their potential utility in classifying patients for different treatment modalities

and predicting prognosis.

Materials and Methods

This retrospective cross-sectional study included 111 patients diagnosed with colorectal adenocarcinoma who had
undergone radical surgery at our hospital between January 1, 2013, and December 31, 2019. Criteria for inclusion
were as follows: 1) a confirmed diagnosis of colorectal adenocarcinoma at any age; 2) no prior administration of
neoadjuvant chemotherapy; 3) initiation of treatment with surgery. Exclusion criteria encompassed 1) the presence of
clinical evidence indicating infection; 2) recurrent colorectal cancer; 3) previous exposure to neoadjuvant chemotherapy
or radiochemotherapy; 4) the existence of hematological disease; 5) loss to follow-up or missing blood count data.

Demographic features, histopathologic parameters, preoperative blood sample analyses (conducted just before the day
of the operation), and C-reactive protein (CRP) levels were documented among the 111 patients. Tumors located in the
cecum, ascending colon, and right-half transverse colon were categorized as right-sided CRCs, while those in the left-half
transverse colon, descending colon, sigmoid colon, and rectum were classified as left-sided CRCs.

Histopathological processing of the surgical specimens was done by the same pathologist. The specimen was fixed by
10% formalin solution for 24 hours. After the fixation period, histopathologic samples for margins, tumor, depth of
invasion, and dissection of lymph nodes were processed by a routine tissue processor in our pathology laboratory (Leica
ASP300%). After tissue processing, tissue samples were embedded into the paraffin and 4-5-pum-thick sections were
prepared from the paraffin embedded tissues, and the standard hematoxylin—cosin staining procedure was applied. After,
hematoxylin-eosin stained samples were analysed by Nikon Eclipse Ni-U®. Microscopic evaluation was done by the
same pathologist. Tumor grading, based on differentiation, included well differentiated, moderately differentiated, and
poorly differentiated categories. Pathological staging adhered to the TNM classification for CRC, as defined by the World
Health Organization (WHO) in 2010. Additionally, various parameters such as tumor size, surgical margin status
(proximal, distal, and radial), the presence of serosal inflammation, lymphovascular invasion (LVI), perineural invasion
(PNI), lymph node metastasis (LNM), and distant metastasis were meticulously documented.

Venous blood samples (10 cc) from each patient were analyzed using an automatic hemogram analysis device
(Symex, XM-1000, SA01, Germany). Counts of lymphocytes, neutrophils, and platelets were recorded. All preoperative
blood sampling and CRP level assessments were conducted within 1-5 days before surgery. Preoperative blood samples,
comprising neutrophil (N), lymphocyte (L), and PLT levels, along with CRP levels, were subjected to analysis for
calculating NLR, PLR, and LCR. The NLR value was determined by dividing the absolute count of neutrophils by the
absolute lymphocyte count, while the PLR value was derived from the ratio of platelets to lymphocytes.

Patients underwent regular follow-ups every 3 months and 6 months during the first and second years post-operation,
respectively. Subsequently, after two years post-operation, annual follow-ups were conducted. The follow-up data was
expressed in months.

Clinical features of both groups were compared using SPSS v22.0 (Statistical Package for Social Sciences, SPSS Inc.,
Chicago, IL, USA). The Kolmogorov—Smirnov test was employed to assess the normality of data distribution. For normally
distributed variables, differences between means were assessed using the two-sample independent #-test. Categorical variables
were evaluated using the chi-square test. Receiver operating characteristic (ROC) curve analysis was employed to determine
the cutoff values for NLR, PLR, and platelet levels. To identify the appropriate cutoff point for each variable, the Youden index
(sensitivity + specificity — 1) was calculated, and the corresponding cutoff value with the highest Youden index was considered
the optimal cutoff value. Due to retrospective design of the study, all the patients suitable were included in the study and this
eliminated our chance of power analysis. The statistical analysis was carried out by an expert statistician at the expense of the
authors. The level of significance was set at p < 0.05.

This study adhered to the principles outlined in the Declaration of Helsinki and received approval from the research
ethics committee of Mugla Sitki Ko¢man University (Approval number: 120/20). No specific guideline was obtained due
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to retrospective design of the study. An informed written consent was obtained from all patients, or their parent/legal

guardian/next of kin, prior to their enrollment in this study.

Results

The mean age of the participants was 65.37 (£11.16) years, and the mean tumor size was 5.41 cm (+2.54). Table 1

provides the mean values of hematological parameters and other numeric data. Among the patients, 35 (31.5%) were <60

years old, and 39 (35.1%) were female. The majority of the tumors were located in the left colon (n=78), moderately
differentiated (n=77), and had a T3 stage (n=51). Additional patient features are summarized in Table 2.

Table | Means and Standard Deviation of Numeric Data

CRP | PLT (x10%uL) | N (x10*/uL) | L (x10%uL) | PLR | NLR | LCR | OS (mo)
Mean 2829 | 306.09 6.79 1.59 24325 | 646 | 47957 | 24.68
Median 601 | 281.00 6.12 1.49 209.30 | 389 | 210.06 | 20.00
Std deviation | 49.79 | 121.17 3.59 L1 14438 | 681 | 853.69 | 18.99
Minimum 036 | 137.00 1.76 027 4093 | 072 | 1.72 1.00
Maximum 261.58 | 836.00 19.85 10.80 91852 | 36.28 | 6666.67 | 78.00

Table 2 Demographic and Histopathologic Features of the Tumors

Frequency (n) | Percentage (%)
Age <60 35 315
>60 76 68.5
Localization
Right colon 33 29.7
Left colon 78 70.3
Pathological stage (pT)
TI 3 2.7
T2 16 14.4
T3 51 45.9
T4 41 36.9
Differentiation
Well-differentiated 24 21.6
Moderately-differentiated 77 69.4
Poorly-differentiated 10 9.0
Radial surgical margin
Negative 84 757
Positive 27 243
(Continued)
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Table 2 (Continued).

Frequency (n) | Percentage (%)

Proximal surgical margin

Negative 110 99.1

Positive | 0.9
Distal surgical margin

Negative 11 100

Positive 0 0
Serosal inflammation

Negative 67 60.4

Positive 44 39.6
Lymph node metastasis (LNM)

Negative 54 48.6

Positive 57 51.4
Lymphovascular invasion (LVI)

Negative 54 48.6

Positive 57 51.4
Perineural invasion (PNI)

Negative 48 432

Positive 63 56.8
Distant metastasis

Negative 85 76.6

Positive 26 234
Survival

Alive 82 73.9

Exitus 29 26.1

Serosal inflammation was observed in 44 patients (39.6%) and demonstrated a significant association with CRP levels
(p=0.000). Moreover, CRP levels were significantly correlated with pathological stage and distant metastasis (p=0.001
and p=0.039, respectively).

Regarding PLT levels, significant associations were found with LVI (p=0.005), PNI (p=0.002), radial surgical margin
(p=0.000), serosal inflammation (p=0.000), LNM (p=0.016), localization (p=0.000), and stage (p=0.000). However,
distant metastasis, differentiation, and survival showed no significant association with PLT. ROC analysis revealed that
PLT levels were discriminative for LVI and LNM. The cutoff values for PLT were evaluated as 280.5 (sensitivity 63.2%,
specificity 63%) for LVI and 278 (sensitivity 64.9%, specificity 63%) for LNM (Figure 1A and B).

Concerning NLR, PNI (p=0.001), LNM (p=0.048), and stage (early/advanced) (p=0.045) demonstrated significant
associations. LVI, radial surgical margin status, serosal inflammation, distant metastasis, survival, stage, differentiation,

and localization showed no correlation. As previously defined, two distinct cutoff values were employed for NLR. Using
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Figure | (A) ROC curve analysis of the relation between Platelets and lymphovascular invasion, (B) ROC curve analysis of the relation between Platelets and lymph node
metastasis.

a cutoff value of 3, none of these parameters demonstrated an association with NLR. However, when the cutoff value of 5
was utilized, only PNI exhibited a significant correlation with NLR (p=0.001).

For PLR, none of the parameters exhibited a statistically significant correlation. Additionally, only distant metastasis
(p=0.028) showed a significant association with LCR. Other parameters were not correlated (Table 3).

Among all cases, 29 individuals (26.1%) were deceased. The mean overall survival (OS) was 24.68 months (+18.99),
ranging from a minimum of 1 month to a maximum of 78 months.

Discussion

Colonic adenocarcinomas rank among the most common tumors globally.> Given the variation in the clinical behavior of
the tumor across patients, numerous researchers have explored potential prognostic parameters. Hematological para-
meters, offering easy accessibility and cost-effectiveness, have been scrutinized for their utility as prognostic indicators
in various cancers.

Among these hematological parameters, NLR has been extensively investigated. Pine et al proposed that a lower NLR
is associated with a more favorable prognosis.'? Similarly, studies by Jankova et al and Shin et al suggested that higher
NLR levels correlate with poorer OS and disease-free survival (DFS).'*'* Our study aligns with this trend, revealing
a significant association between NLR and adverse prognostic parameters such as PNI, LNM, and advanced stage.

Table 3 p values of Various Parameters and Their Relation to PLT, PLR, NLR, LCR

Parameter | Localization | Ex/ Distant LNM | Serosal Radial Surgical PNI | LVI Tumor
Alive Metastasis Inflammation Margin Size
PLT 0.000 0.363 0.515 0.016 | 0.000 0.000 0.002 | 0.005 | 0.000
PLR 0.825 0.900 0.485 0.311 | 0.375 0.942 0.097 | 0.485 | 0.989
NLR 0.328 0.689 0.285 0.048 | 0.960 0.253 0.001 | 0.269 | 0.318
LCR 0.208 0.424 0.028 0.289 | 0.192 0.715 0.701 | 0.689 | 0.123
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In a study by Nagasaki et al, NLR was found to be associated with recurrence and shorter survival after recurrence in
patients who underwent neoadjuvant chemotherapy.15 However, to standardize patient groups, we excluded individuals
who had undergone neoadjuvant chemotherapy. Furthermore, numerous studies establishing a correlation between NLR
and other prognostic markers have deliberated on the optimal cutoff value for NLR. Some studies set the cutoff value at
5, while others evaluated it as 3.'*'® Interestingly, the relationship between NLR and other prognostic parameters did not
reach significance when grouped using the two cutoff values of NLR <3 and NLR >3.

PLR is commonly studied in comparison to NLR. In a study by Emir et al, which compared healthy individuals, those
with polyps, and CRC, PLR was found to be statistically higher in CRCs.'” Similarly, Jia et al established a correlation
between PLR and tumor stage.'® Studies by Kwon et al and Ozawa et al demonstrated that PLR is independently
associated with OS and DFS.'>*° Contrary to these results, our study revealed no significant associations between PLR
and prognostic parameters or survival, aligning with the meta-analysis by Zhang et al.>' The limited follow-up duration
in our cases may contribute to the lack of such a correlation.

LCR was initially defined as a prognostic biomarker in the study by Okugawa et al.® In their study, a lower LCR level
was significantly associated with poor DFS and OS, along with associations with advanced stage, LVI, LNM, and distant
metastasis. In our study, however, none of the prognostic parameters correlated with LCR, suggesting that the prognostic
effect of LCR may require validation through larger studies, given its recent introduction as a biomarker.

PLT has been investigated due to its role in angiogenesis and the protection of tumor cells from cytolysis.?* In a study
by Sasaki et al, thrombocytosis was identified as an independent indicator of cancer-specific survival.”> Wan et al
reported a significant association between increased platelets and poor survival and distant metastasis.>* Similarly, in our
group, PLT was significantly associated with LVI (p=0.005), PNI (p=0.002), LNM (p=0.016), and stage (p=0.000).
However, no significant association was found between PLT and survival, possibly influenced by the variation in tumor
stages and the relatively short median follow-up duration.

Our study results, particularly concerning the count of platelets, align with existing literature.

Nevertheless, it is essential to acknowledge the limitations of our study: no power analysis could be performed due to
retrospective design of the study, including a low number of T1 cases and a relatively short follow-up period for a cancer
characterized by a relatively long expected life span. However, the strength of the study is the same homogenous
grouping for the type of treatment (neoadjuvant chemotherapy is excluded), the operation was done by the same surgeon,
and the specimen was processed by the same pathologist.

Conclusion

Given their easy accessibility and cost-effectiveness, hematologic parameters merit attention in larger studies to more
comprehensively elucidate the genuine impact of inflammatory response in carcinogenesis. A day in the future after under-
standing hematologic parameters and their role in the tumor microenvironment along with circulating tumor cells would
improve their use in predicting prognosis due to the increase in the tendency to choose noninvasive prognostic tests for cancer.
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