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Background: Systemic inflammation seems to be involved in the pathogenetic pathways of colorectal cancer (CRC). Analytical markers that reflect the inflammatory status, such as neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR) or systemic immune-inflammation index (SII), have been proposed as tools for the prognosis of CRC. Nevertheless, their use for diagnosis has been scarcely investigated.

Aims: To analyze the ability of these markers and of a new marker combining SII and hemoglobin concentration, named NP/LHb = [neutrophils x platelets]/[lymphocytes x hemoglobin], as tools for CRC diagnosis. Furthermore, we studied their association with CRC-related variables.

Methods: Case-control study including 214 CRC patients and 214 controls without CRC, matched by age (±5 years) and sex. We collected demographic, CRC-related and laboratory variables to calculate NLR, PLR, SII, and NP/LHb. In the case group, the laboratory variables were collected at two different period times, 6 months (IQR 4–8) before the CRC diagnosis and at the time of the diagnosis. ROC analysis was performed to evaluate the discriminatory accuracy of each index and we calculated Se, Sp, PPV, NPV, and OR to identify the diagnostic performance of each positive marker.

Results: NP/LHb showed high Sp (92.06%) and PPV (87.50%) to diagnose patients with CRC. This index exhibited an OR of 14.52 (8.26–25.52) and the best area under the curve (AUC: 0.78) for a positive CRC diagnosis. We found significant differences in all indices according to the presence of CRC, observing the highest values in CRC patients at time of diagnosis, in comparison with the analysis performed in the previous months to diagnosis or with control patients. There were significant differences in all ratios according to TNM stages (p < 0.05). PLR, SII and NP/LHb (but not NLR) showed significant differences according to tumor location (p < 0.05). Right-sided colon cancers presented the highest values, in comparison with left-sided and rectal cancers.

Conclusions: Systemic inflammatory cell ratios (especially NP/LHb) change over time with the development of CRC, so they could be useful in its early diagnosis. We suggest that they could be routinely measured in patients with suspicion of CRC, to identify those ones with a higher risk of cancer, considering the high positive predictive value they have shown in our study.
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INTRODUCTION

Colorectal cancer (CRC) is the most common cancer in western societies when men and women are considered together and its incidence is increasing (1, 2). Stabilizing and decreasing CRC mortality is an essential objective worldwide. Most developed countries have programs (3) for the early detection of CRC, mostly based on fecal occult blood test (FOBT) and colonoscopy (4). However, these strategies sometimes fail to diagnose CRCs due to different factors such as the ocurrence of interval colorectal cancer after a negative colonoscopy, the low participation rates in these programs, or, less frequently, a false negative result. Also, colonoscopy is an invasive test that can cause complications and the false-positive rate of the FOBT cannot be ignored, resulting in the performance of colonoscopies in patients without pathology on many occasions (4), a situation that can lead to an overload of endoscopy departments, a very unfavorable condition considering the current health situation. These facts suggest the need to look for new tests or biomarkers, in order to improve the early diagnosis of CRC in these patients and improve the accuracy of existing tests.

The pathogenesis of CRC seems to be driven by systemic inflammation (5–8), in addition to the molecular pathways already known (9). The persistence of intrinsic inflammation, produced by the tumor environment, together with the extrinsic inflammation, which is favored by the pro-inflammatory state of the organism, lead to an increase in the tumor cell proliferation, angiogenesis and inhibition of apoptosis (5). Therefore, the interaction between the processes of systemic inflammation and the host's immune response would be involved in the initiation, development and progression of the tumor (10). Cancer-related inflammation is represented by complex mechanisms that include pro-inflammatory cytokines, growth factors, immune cells, and other proteins (5, 6). The balance between all these inflammatory mediators would be analytically reflected by the blood levels of platelets and leukocytes, especially neutrophils and lymphocytes (11, 12). Recently, several studies in this area have suggested that the use of blood analytical markers, composed by the combination of systemic inflammation parameters, could provide useful information regarding the prognosis of CRC (13–15), as well as other cancerous (16–18) or inflammatory processes. Some of the proposed biomarkers are platelet/lymphocyte ratio (PRL) (17, 19–21) and neutrophil/lymphocyte ratio (NLR) (16, 22–26). Another proposed marker is SII or systemic immune-inflammation index, calculated by using the formula SII = (P x N) / L, where P, N, and L correspond to platelets, neutrophils, and lymphocytes, respectively (18, 27–29).

It has been observed an association between higher levels of the inflammatory markers and the risk of CRC progression, which could traduce in a worse prognosis (10, 27). Moreover, some studies in the recent years have reported significant differences between right-sided colon cancers (RCC) and left-sided colon cancers (LCC), according to the inflammatory ratios values, with different survival and prognosis due to them (30, 31). In fact, an increasing evidence of the potential usefulness of these markers for prognostic prediction of several cancers such as gastric, lung, ovarian or pancreatic, has been reported in the last years (32–36), but their capacity as tools for cancer diagnosis has been barely investigated. The diagnostic efficacy of these indices in CRC remains unknown, and only a few studies have been reported (10, 37, 38).

The investigation of the sequential cell-ratios in people with a normal colonoscopy and people with CRC would help to establish their potential and usefulness as biomarkers for the diagnosis of CRC. Furthermore, it would be desirable to investigate the potential increase of their diagnostic yield by adding other analytical parameters related to the presence of a colorectal tumor, such as hemoglobin concentration (Hb). Hb would reflect the degree of anemia in these patients. Anemia due to a cancer status is usually multifactorial (gastrointestinal losses, inflammatory processes, other comorbidities associated, etc.). Based on this hypothesis, we formulated a new index named NP/LHb, not previously used, including hemoglobin concentration.

To summarize, we hypothesized that these blood-cell-based ratios could be not only a precise tool to assess the prognosis and the characterization of CRC, but also as an useful tool for the early diagnosis of CRC that could be used, alone or together with exiting tests, to increase the yield of current CRC prevention programs. Our main aim was to analyze the diagnostic value of these analytical markers and the new marker named NP/LHb, by exploring their ability to discriminate patients with and without CRC. Also, we evaluated whether there were differences between the marker's values at the time of cancer diagnosis and months before, in CRC patients. Furthermore, we explored the association between them and the different clinicopathological features of the tumor, such as the TNM stage and tumor location.



MATERIALS AND METHODS


Study Population

In this retrospective case-control study, we included 214 patients with CRC (obtained from the registry of CRC diagnosed cases in our center), and 214 control patients without CRC diagnosis (obtained from the CRC screening program database of our center), between 2010 and 2018. Controls were chosen for each included case, adjusted by age (±5 years) and sex, and taking into consideration the inclusion and exclusion criteria showed below. This study was reviewed and approved by the Regional Ethical Committee of Aragón (CEICA). Written informed consent from the participants was not required since this study is retrospective and used data stored in databases, which were anonymized for data analysis.

The inclusion criteria for CRC patients were as follows: (1) The patient had a primary colorectal cancer confirmed by histopathology; (2) The patient had a blood test performed at the time of the CRC diagnosis; and (3) This blood test must have been performed before any type of therapeutic intervention (surgery, chemotherapy and/or radiotherapy) and in a baseline situation (excluding blood tests performed in a situation which could alter the total blood cell count, as an acute infection). The exclusion criteria were: (1) A diagnosis of in situ colorectal carcinoma; (2) A diagnosis of a systemic inflammatory process, an hematological disease or being under a pharmacological treatment that could modify the blood cell count; and (3) Not having an available blood test at the time of the CRC diagnosis that follow the exposed criteria.

The inclusion criteria for control patients were as follows: (1) They had to be included within the CRC screening population at our center and have a normal colonoscopy; (2) They should not have a personal or familiar history of CRC; and (3) Have a blood test within the previous year to the screening colonoscopy and performed in a baseline condition (excluding blood test performed in a situation which could alter the total blood cell count as an acute infection). The exclusion criteria for controls were: (1) Current or past diagnosis of another cancer; (2) Diagnosis of a systemic inflammatory process, an hematological disease or pharmacological treatment that could modify the blood cell count; and (3) Not having any available blood test within the previous year to the screening colonoscopy that follow the exposed criteria.



Data Collection

The following inflammatory cell ratios were considered the main variables of the study:
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In the CRC group, these laboratory variables were collected at two different period times. Due to this, the blood cell ratios were calculated twice. One determination was from the blood test performed at the time of CRC diagnosis. The other one was calculated from a blood test performed before the diagnosis (median 6 months, IQR 4–8). Having a blood test at the time of diagnosis was one of the requirements to be included in the case group. However, it was not mandatory to be included to have an analysis from a period prior to diagnosis. In our case group (n = 214 patients), 131 were those who had a blood test previously to be diagnosed. The maximum and minimum period marked, in which this blood test was performed, was 12 and 3 months before the CRC diagnosis, respectively.

In the control group, we calculated the ratios only once based on the analytical variables collected from the blood test performed nearer to the screening colonoscopy (median 3 months, IQR 1–6).

Furthermore, we collect demographic variables (age and sex) for both groups and the following CRC-related variables in the case group: tumor-nodes-metastases (TNM) stage, tumor invasion (T), lymph nodes (N), metastases (M), tumor location, differentiation level and symptoms at diagnosis. The symptoms collected were: rectal bleeding, change in bowel habit, anemia, abdominal pain, constitutional syndrome and obstruction. Constitutional syndrome is the clinical entity that include fatigue, anorexia and involuntary weight loss.



Statistical Analysis

An initial descriptive exploratory analysis of all clinical variables was carried out. Qualitative variables were expressed as frequencies and percentages, whereas continuous variables were reported as mean with standard deviation (SD) or median with interquartile range (IQR). Normality was tested using the Shapiro-Wilk test.

Differences between independent groups were evaluated with Chi-square (χ2) test for qualitative variables and with Mann-Whitney or Kruskal-Wallis test for continuous variables. Wilcoxon test was performed to evaluate the same analytical index at different times.

The discriminatory accuracy of each analytical marker to diagnose CRC was evaluated using the area under the receiver operating characteristics (ROC) curve (AUC). DeLong test was used to test the statistical significance of the difference between the areas under two dependent ROC curves. The Youden index was used to identify the optimal cut-off value to discriminate CCR. In order to evaluate the diagnostic performance of each positive marker, sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative predictive value (NPV) and odds ratio (OR) with 95% confidence intervals (CI) were calculated.

The level of significance in the study was established at 0.05. Data was analyzed using the Jamovi software for iOS, version 1.6.15.




RESULTS

A total of 428 patients were finally included in the study. No statistical difference in age and sex were found between cases and controls. The mean age in the CRC group was 67.08 ± 11.08 and 65.60 ± 3.09 years in the control group. The proportion of males/females was the same in both groups (140/74). The baseline characteristics of CRC patients (reflected by tumor-related variables collected) are shown in Table 1.


Table 1. Clinical characteristics of CRC patients.
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NLR, PLR, SII and NP/LHB Indexes in CRC and Controls

As shown in Figure 1, the levels of NLR, PLR, SII, and NP/LHb were significantly increased in CRC patients, compared to control patients. Specifically, CRC patients showed the highest values of the markers at the moment of the diagnosis, in comparison with their previous values obtained in a pre-diagnosis analysis (p< 0.05) and with the control group of patients without CRC (p< 0.05).


[image: Figure 1]
FIGURE 1. Differences in inflammatory marker levels between the control group and the CRC group. The CRC group was classified according to two different period times. One refers to markers estimated based on blood tests performed several months (median 6 months, IQR 4–8) before the CRC diagnosis and the other one at the diagnosis index time. (A) NLR (median and IQR); (B) PLR (median and IQR); (C) SII (median and IQR); (D) NP/LHb (median and IQR). NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; NP/LHb, neutrophils x platelets/lymphocytes x hemoglobin ratio.




Association of the Blood Analytical Markers According to CRC-Related Variables

Levels of NLR, PLR, SII, and NP/LHb were significantly associated with TNM stage (Table 2). The tumor stages were classified according to the 8th edition of the American Joint Committee on Cancer (AJCC) cancer staging system. The more advanced the TNM stage was, the higher value presented the markers. Comparison between early TNM stage (I) and more advanced TNM stages (II, III and IV) showed significant differences in the four indices. Nevertheless, no significant difference was observed when compared between II, III and IV TNM stages. According to the tumor location, PLR, SII and NP/LHb showed significant association with this variable, but no significant relation was identified between NLR and tumor location (Table 2). Patients with right-sided colon cancer (RCC) had significantly higher values compared to left-sided colon cancer (LCC) and rectal cancer (RC) patients. We did not find association between TNM stage and tumor location (p = 0.866).


Table 2. Median, interquartile range (IQR) and association of the inflammatory markers according to CRC-related variables (TNM stage and tumor location).
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In addition to TNM stage and tumor location, we analyzed other CRC-related variables. Significant differences were found between tumor invasion (T) and NLR, PLR, SII and NP/LHb, with p = 0.003, p = 0.047, p = 0.007 and p = 0.011, respectively. However, no statically significant differences were found for lymph nodes (N), metastases (M) and tumor differentiation variables (Supplementary Table 1). Finally, we observed differences according to the symptoms at diagnosis, specifically with constitutional syndrome and intestinal obstruction. These two symptomatic presentations showed significant higher markers values, in comparison with other symptoms at diagnosis such as rectal bleeding, anemia, change in bowel habit or abdominal pain (Supplementary Table 2). Moreover, we identified a significant association between patients who presented constitutional syndrome and NLR (p = 0.023) and NP/LHb (p = 0.034), and also, a significant association was found between patients who presented intestinal obstruction and NLR (p < 0.001), PLR (p = 0.015), SII (p = 0.000) and NP/LHb (p < 0.001).



Evaluation of the Diagnostic Efficacy of the Blood Analytical Markers

The NP/LHb ratio showed significantly the best diagnostic value, with an AUC (95% CI) of 0.78 (0.73–0.82), in comparison with the other three analyzed ratios, with an AUC of 0.72 (0.68–0.77) for NRL, 0.74 (0.69–0.78) for PLR and 0.74 (0.69–0.79) for SII. These data are represented in Figure 2. Results of ROC (receiver-operating characteristic) curve analysis showed the optimal cut-off values and other diagnostic parameters of the four inflammatory markers, which are summarized in Table 3.
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FIGURE 2. ROC (receiver-operating characteristic) curves and area under the curve (AUC) with confidence interval (95% CI) of the inflammatory markers based on CRC diagnosis as the outcome variable. NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; NP/LHb, neutrophils x platelets/lymphocytes x hemoglobin ratio; CI, confidence interval.



Table 3. Optimal cut-off values to discriminate CRC and other diagnostic parameters of the inflammatory markers.
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Furthermore, we found that the number of positive markers (this means a higher or equal value according to the cut-off point) calculated for each patient, significantly increases the risk of CRC, with an OR (95% CI): 1.60 (0.86–3.00), 2.73 (1.23–6.07), 7.37 (3.30–16.49) and 28.77 (12.63–65.54) for one, two, three or all positive markers respectively.




DISCUSSION

The implication of the systemic inflammation in the CRC pathogenesis has been studied in detail (5, 6). Within the tumor-induced systemic environment, numerous inflammatory cytokines are involved in colorectal cancer cell invasion and development of metastases (7, 8). The blood-cell-inflammation markers are ratios that link the different proportion of cells involved in the inflammatory status. Lymphocytes have a major anti-tumor role, participating in the cytotoxic cell death of tumor cells and in the production of cytokines that inhibit proliferation and metastatic spread (10). In contrast, neutrophils have a pro-tumorigenic effect, being the main source of cytokines, growth factors and proteases that regulate the tumor angiogenesis (10). Platelets are the major vascular endothelial growth factor (VEGF) transporter, and this growth factor promotes the formation of blood vessels in the tumor environment (11, 12, 39, 40), promoting the formation of metastasis. Considering this, the indices could reflect the pro/antitumorigenic inflammatory status in these patients.

In the present study, CRC patients showed higher values of these inflammatory indices and their values significantly differ from the values of patients without CRC, which is in concordance with previously published data (10, 37, 38, 41, 42). In addition to, and to our knowledge, this is the first study that also compare these inflammatory markers in CRC population at two different time intervals, presenting a clear increase in the index values with time. Furthermore, a new marker named NP/LHb has been tested for the first time, and it shows to be the best diagnostic index in comparison with the others inflammatory markers analyzed. The study of these indices in CRC asymptomatic patients (months before they become symptomatic and are diagnosed of CRC) and in control patients without colorectal cancer with a normal colonoscopy, provides valuable information, reinforcing the hypothesis of the progressive increase of these indices as the result of the systemic inflammatory process developed in the tumor microenvironment.

In our study, we have observed an increasing trend in the values of all indices studied during the time period where patients go from being asymptomatic to develop symptoms who led to a diagnosis of CRC. This evolution could reflect their dynamic changes on their way to CRC progression. The definition of the role of these inflammatory indices and the precise cut-off values before the cancer is diagnosed with current tests would identify high-risk populations and improve our screening methods, based on these complementary biomarkers.

Different studies have shown that high NLR, PLR, or SII values are associated with advanced TNM stage, more tumor invasion, poorer differentiation level and worse overall survival (OS) (10, 16–29). According to the findings of our study, NLR, PLR, SII and the new marker named NP/LHb were significantly associated with the TNM stage, showing an increasing value at a higher TNM stage. In fact, it has been reported that the total number of lymphocytes in patients diagnosed with colorectal cancer could be an independent prognostic factor and that a higher lymphocyte count at diagnosis could be related to a better prognosis of CRC in early stages (43). It has also been observed that patients with rectal cancer and higher levels of NLR have worse survival rates, even in early stages (I-II) (44). Based on this data, we analyzed the differences between TNM stages. We observed significant differences between early TNM stages (I) and advanced TNM stages (II-III-IV) in the four indices studied. However, we did not find significant differences between stages II, III and IV. Therefore, it suggests that these indices may have a good discriminative potential, especially when comparing early stages with more advanced stages, but they show worse results to discriminate between similar stages.

In relation to the association of the blood analytical markers according to the three variables that consists the TNM stage in a separated analysis (T = tumor invasion, N = lymph nodes and M = metastases), we obtained similar results according to those presented in other studies, especially related to T, in which articles they found significant association with T and the four blood studied markers, as we found too. However, and as it has been shown in other articles (42), it could not be demonstrated significant association between indexes and lymph nodes or metastases.

According to the tumor location, we found that PLR, SII and NP/LHb were significantly associated with this variable, but we did not find association for NLR. The higher values of the markers were found in patients with right-sided colon cancer (RCC), which is also in concordance with other studies, that found higher values of NLR and PLR in patients with RCC (30, 31), suggesting a prognostic value of these indices according to the tumor location. Moreover, in our study, we analyzed the relation between tumor location and TNM stage. We wanted to asses if the high values of the ratios observed in RCC were not because of the fact that there were more advanced TNM stages concentrated in this right location. We did not find any significant association between these two variables, and we found very similar frequencies of the four TNM stages in the three different tumor locations (right colon, left colon and rectal), which presume that the higher index values in RCC are independent from TNM stage in our population. The exact mechanisms that explain these significant differences are still unknown. It has been shown that molecular, biological, anatomical and clinical differences exist between RCC and LCC. There is evidence that RCC seem to be more aggressive and have a worse prognosis and survival, in comparison with left-sided colon cancers (LCC) (9, 45). Some authors have showed that right-sided colon may contain a more complex lymphatic system, which may more easily cause a cancer-related inflammatory response in RCC (31). In relation with this, some studies performed in colorectal tumor tissue samples have observed a more intense inflammatory response in the growth and development of RCC than in LCC (46). This interesting fact could be extrapolated to our results, presuming that the higher values of inflammatory ratios obtained in RCC could be due to a powerful inflammatory response of this cancer location in a systemic level. Other studies reported that patients with RCC tended to be older, showed deeper cancer infiltration and their diagnosis may be delayed compared to LCC diagnosis, perhaps due to more unspecific symptoms (47, 48). According to the clinical presentation, anemia is usually found in RCC, and rectal bleeding or change in bowel habit is more frequently observed in LCC (49). In addition to, other trials have reported that FOBT present lower sensitivity and specificity for diagnose RCC, obtaining a higher detection rate of left-sided colon and rectal cancers than that of left-sided cancers (50). In relation with this finding, we believe that the application of these indices could be especially useful in cancers developed in this right location.

We have found another interesting data related to symptoms at diagnosis and their association with the inflammatory markers. Patients with constitutional syndrome and intestinal obstruction at diagnosis presented the higher values of the inflammatory indices in comparison with patients that had anemia, abdominal pain or rectal bleeding at diagnosis. Nevertheless, only intestinal obstruction showed significant association with the four indices. These findings could be related to the fact that patients who present with an obstruction usually have advanced tumors.

To evaluate the potential diagnostic use of these ratios in colorectal cancer, firstly we examined their optimal cut-off points, which were found after ROC analysis. Although NP/LHb ratio was the marker that obtained the best AUC, all of them had very similar AUC values. In some studies, it has already been published that the combination of different indices shows an increase in the accuracy to discriminate CRC (38, 41, 42). Despite the fact that all the markers provided low sensitivities (<60%) and low negative predictive values (<70%), they provided high specificities (>80%) and positive predictive values (>70%). In particular, the new marker NP/LHb showed the best results in that field, with the highest specificity and positive predictive value. This means that in case of obtaining a positive result with this index (a value equal or higher than its established cut-off), the probabilities of having a CRC would be high, since the percentage of false positives would be low. Besides, the data suggests that the index will correctly classify more than 90% of patients as healthy patients when the value is below the established cut-off. Other finding that enhances the diagnostic utility of the new index is that it showed the highest OR in comparison with the others indices studied. Patients with this positive marker have 14.52 times greater risk of suffering from CRC than a patient with negative marker. Finally, our results showed that the more positive markers a patient have, the higher the probability of suffering from CRC it has.

Currently, the most important and developed CRC screening method in most country is the fecal occult blood test (FOBT). This method has an acceptable sensitivity and a good negative predictive value. However, and for this reason, there are a high number of non-pathological colonoscopies in patients with positive FOBT (around 40%), producing a non-negligible rate of false positives, with the extra cost and possible risks that such examinations entail. Our studied indices have obtained diagnostic parameters contrary to FOBT, with limited sensitivity and negative predictive value. We understand that they would not be good screening tests when used in isolation and as single tests, however, since they have a high positive predictive value and specificity, they could be good tools to be used together with other tests (e.g., FOBT) to ensure an accurate diagnosis and increase the probability for a positive diagnosis of CRC.

Therefore, the hypothesis that can be deduced from this work is that in the CRC screening population a FOBT (test with high sensitivity), can be performed first and then a blood test to determine the indices here reported (more specific test). This should prioritize patients with a higher risk of CRC for colonoscopy or other tests. The priority could be given to those patients who presented higher scores in NLR, PLR, SII and, specially, in NP/LHb. Another aspect in favor of the use of these indices is their low cost, simplicity, accessibility and easy interpretation, since they can be obtained directly from the hemogram in a blood extraction.

We are aware of the limitations of our study. It is a single-center and a retrospective study. In addition to, all analyzed markers may reflect a non-specific inflammatory response due to CRC or other tumors. For these reasons, further research in prospective and larger sample size studies are needed, in order to validate these results and to compare these markers with other diagnostic test to confirm their diagnostic usefulness.

In conclusion, the blood-cell-based inflammation markers could be used as an additional tool to predict the CRC prognosis and also to improve the early diagnosis in combination with other screening strategies.
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