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Introduction: In veterinary medicine, cancer is the leading cause of death in companion animals, and mammary gland tumors represent the most common neoplasm in female dogs. Several epidemiological risk factors, such as age, breed, hormones, diet, and obesity have been reported to be relevant for canine mammary tumors. Nowadays, the gold standard for diagnosis of canine mammary tumors is the pathological examination of the suspected tissue. However, tumor grade can only be assessed after surgical removal or biopsy of the altered tissue. Therefore, in cases of tumors that could be surgically removed, it would be very helpful to be able to predict the biological behavior of the tumor, before performing any surgery. Since, inflammation constitutes part of the tumor microenvironment and it influences each step of tumorigenesis, cellular and biochemical blood markers of systemic inflammation, such as the neutrophil to lymphocyte ratio (NLR) and the albumin to globulin ratio (AGR) have been proposed as prognostic factors for human cancer development. The NLR and the AGR have not been explored enough as prognostic factors for cancer development in veterinary medicine.

Methods: To determine the prognostic value of NLR in canine mammary tumors, clinical records including biochemistry and hematological studies of female dogs with mammary tumors and of control healthy dogs, were used to determine the pre-treatment NLR and AGR. Other clinical data included age, breed, tumor size, histological tumor grade, and survival time after surgery.

Results and discussion: It was found that a higher pre-treatment NLR value (NLR > 5) associates with less survival rate. In contrast, the AGR did not show any predictive value on the malignancy of the tumor. However, by combining the NLR with AGR, age of the dog, and tumor size in a principal component analysis (PCA), the grade of the tumor and survival after surgery could be appropriately predicted. These data strongly suggest that pre-treatment NLR values have a prognostic value for the survival rate after surgery of dogs with mammary tumors.
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1. Introduction

In veterinary medicine, dogs are nowadays more than just companion animals. They have become family members and therefore more attention is invested in their welfare. Cancer is the leading cause of death in companion animals, and mammary gland tumors represent the most common neoplasm in female dogs (1). Dogs develop mammary gland tumors and other cancer types spontaneously, similarly to humans, in the presence of an intact immune system (2). These mammary tumors also exhibit many clinical and molecular similarities to human breast cancer (1, 3). Both dogs and humans share environmental risk factors for cancer (4), and in both species, cancer-induced mortality persists as a crucial problem, particularly in cases with late diagnosis (2, 5). In dogs, mammary cancer is multifactorial with various aspects contributing to its initiation and development (3). Several epidemiological risk factors, such as age, breed, hormones, diet, and obesity have been reported to be relevant for canine mammary tumors (1, 3). The annual incidence of canine mammary tumors varies considerably among different studies. In Mexico, it was reported to be 17% with half of the tumors being malignant (6), while in Italy up to 54% of all tumors in female dogs were mammary tumors (7). More recently, the incidence in China was reported to be 46.7% (8), while in New Zealand it was 56% (9), and in Germany it was 64.7% (10). Thus, generally the global incidence for canine mammary tumors is 50%. These tumors appear more frequently in older dogs and in pure breeds (6, 7, 11).

At present, the gold standard for diagnosis of canine mammary tumors is the pathological examination of the suspected tissue. Histological examination is also required for establishing the histopathological grade of malignancy (tumor grade) and the proliferation (mitotic) index, and by this means estimate the prognosis (12). However, tumor grade and mitotic index can only be assessed after surgical removal or biopsy of the altered tissue (13). Therefore, in cases of tumors that could be surgically removed, it would be very helpful to be able to predict the biological behavior of the tumor, before performing any surgery, particularly when dog owners' finances are limited. A biomarker that suggests that an abnormal growth is more likely to be either benign or malignant would provide an early instrument for better treatment planning (14). A number of pretreatment markers, including age, race, tumor size, and ulceration, have been taken into consideration for their potential value in predicting the biological behavior of the tumor and for making therapeutic decisions (7, 11, 15, 16). These markers are susceptible to varying degrees of subjectivity and hence have led to inconsistent results.

Inflammation is now recognized as a hallmark for cancer development (17, 18). Since, inflammation constitutes part of the tumor microenvironment, it influences each step of tumorigenesis, including tumor initiation, growth, and metastatic progression (19, 20). In addition, the presence of a systemic inflammatory response is associated with reduced survival of cancer patients. Therefore, cellular and biochemical blood markers of systemic inflammation, such as the neutrophil to lymphocyte ratio (NLR) (that is, the ratio between the total blood neutrophil count and the total blood lymphocyte count) and the albumin to globulin ratio (AGR) (that is, the ratio between albumin concentration and globulins concentration in blood), have recently emerged as prognostic factors for human cancer development (21, 22). The NLR and the AGR have not been explored enough as prognostic factors for cancer development in veterinary medicine (23). Although, the NLR was reported not to be a useful prognostic biomarker for canine lymphoma (24) or oral melanoma (25), it was found to be able to differentiate between soft-tissue sarcomas and benign mesenchymal neoplasia (26), as well as between high- and low-grade canine mast cell tumors (13, 27). Also, the NLR correlated with survival time in dogs with diffuse large B-cell lymphoma (28), and in dogs with lower urinary tract urothelial carcinoma (29). Moreover, the NLR has also been suggested as an independent prognostic marker for feline mammary carcinomas (30, 31), and for feline injection-site sarcoma (32). In the case of canine mammary tumors there are not studies about the potential prognostic value of NLR. Thus, to determine the prognostic value of NLR in canine mammary tumors, clinical records including biochemistry and hematological studies of female dogs with mammary tumors that underwent surgery and of control healthy dogs, were used to determine the pre-treatment NLR and AGR. Other clinical data included age, breed, tumor size, histological tumor grade, and survival time after surgery. Our data strongly suggest that pre-treatment NLR values have a prognostic value for the survival rate after surgery of dogs with mammary tumors.



2. Materials and methods


2.1. Study subjects

The participants of this retrospective cohort study were selected from 105 female dogs with mammary tumors that underwent lumpectomy or mastectomy with the consent of their owner, at the Teaching Animal Hospital of the Veterinary School (Facultad de Medicina Veterinaria y Zootecnia) at the University of Mexico (Universidad Nacional Autónoma de México - UNAM) from February 2012 to October 2013. Forty-five female dog patients with mammary tumors fulfilled the inclusion criteria of having clinical records that included hematology and biochemistry studies within 2 weeks prior to surgery and a complete histological study to grade the tumors (Table 1) and were entered in this study. Also, twenty-five healthy dogs (Table 2) that visited the clinic for routine check-ups or to receive vaccinations, and that had clinical records that included hematology and biochemistry studies were entered in this study. Included control animals were younger than tumor-bearing animals, because many older dogs although did not have tumors, usually presented other alterations that varied their cellular and biochemical parameters and thus they did not fulfill the inclusion criteria. Clinical staging of dogs was based on tumor size, according to the World Health Organization staging scheme for dogs (33), as follows stage I, animals with tumor smaller than 2 cm; stage II, animals with tumor between 2 and 4 cm; stage III, animals with tumor larger than 4 cm. All animals with tumors, independently of their stage, went into surgery to remove the tumor. Clinical data also comprised breed, age, tumor size (maximum length), and tumor grade (Table 1). Dogs were pure breeds or crossbreeds and ranged from 3 to 15 years of age (mean age: 10.5 years). Patients with a concurrent illness or that had received medication (such as corticosteroids or phenobarbital) that could alter biochemical or cellular parameters were excluded from participation. Approval by the Committee for the Care of Experimental Animals was not required, since this is a retrospective study that did not include experimental animals, and all dogs underwent laboratory tests and surgery for medical treatment with the approval from their owners.


TABLE 1 Characteristics of female dogs and their mammary tumors.
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TABLE 2 Characteristics of healthy female dogs.
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2.2. Histology

After surgical procedures, fresh tumor size (largest dimension) was determined. Tumor tissues were fixed for 48 h in 10 % buffered formalin. Next, tumors were trimmed, and embedded in paraffin. Histological sections of 5 μm were cut and processed for staining with hematoxylin and eosin (H&E). Sections were reviewed and tumors were graded according to Goldschmidt's criteria (12). In cases of a patient having several mammary tumors, the dog was classified in the highest-grade group, and the tumor included for further analysis was also the tumor with the highest grade (Table 1).



2.3. Laboratory data

Hematological parameters were obtained from blood samples collected prior to surgery. Blood was obtained in tubes containing ethylenediaminetetraacetic acid (EDTA) as anticoagulant and was processed in the Exigo® veterinary hematological analyzer model Vet 52054 from Boule Diagnostics AB (Spånga, Sweden), using the impedance technique for determining the total leukocyte count. The leukocyte differential count was determined by microscopic examination (at 100X magnification) of blood smears stained with Wright solution. A minimum of two hundred leukocytes were counted in each sample to obtain the relative frequency of different leukocytes. The frequency of each leukocyte type and the total leukocyte count were used to calculate the total number of lymphocytes and neutrophils in international units (cells × 109/L) (34) (Table 3). The neutrophil to lymphocyte ratio (NLR) was calculated by dividing the total neutrophil count by the total lymphocyte count.


TABLE 3 Reference value intervals for canine hematological parameters.
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Biochemical parameters from blood included in this study were the amount of total serum proteins: albumin and globulins. Determination of these proteins was carried out with the Dirui® automatic analyzer Model CST-240 (Dirui Industrial Co., Ltd.; Changchun, Jilin, China) using colorimetric methods. The Biuret reaction was used for determining total proteins concentration, and the bromocresol green reaction for determining albumin concentration. Amount of globulins was estimated by subtracting albumin concentration from total proteins concentration. All protein concentrations were reported in international units (g/L) (Table 3). The albumin to globulin ratio (AGR) was then calculated by dividing the albumin concentration by the globulin concentration.



2.4. Survival time

Survival time was defined as the time (months) between surgical tumor removal and the time of death (end point) or the time of the last follow-up (18 months). Death provoked by tumor-associated causes and confirmed at post-mortem was recorded as data. Animals were excluded from analysis if their causes of death were unknown or were not related to the neoplastic process.



2.5. Statistical analysis

Quantitative data were expressed as mean ± standard error of mean (SEM). The survival curves were calculated using the Kaplan–Meier method. Empirical distribution was used to illustrate the distribution of the variables measured (such as NLR and AGR), and it was calculated with MATLAB, version R2017b from MathWorks, Inc. (Natick, MA, USA). Statistical analysis was performed with the SAS software (SAS Institute; Cary, NC, USA) using one-way ANOVA followed when appropriate, by a contrast test to compare none, benign, and grade 1 tumors vs. grade 2 and grade 3 tumors. Normality of data was analyzed using the Fisher-Pearson standardized third moment coefficient (35); a logarithmic transformation was needed to approach normality. Homogeneity of variance was analyzed using Levene's test. Receiver operating characteristic (ROC) curve analysis (36, 37) was performed with the SAS software (SAS Institute; Cary, NC, USA) to determine the cutoff value. Principal component analysis (PCA) (38, 39) was performed with the SAS software (SAS Institute; Cary, NC, USA). For PCA analysis, variables were standardized by subtracting their mean value and dividing by their standard deviation. Differences were considered statistically significant at a value p < 0.05.




3. Results


3.1. Dog characteristics of tumor-bearing female dogs

Forty-five female dogs with mammary gland tumors (Table 1) and twenty-five healthy female dogs (Table 2) were included in this study. Dog races varied from small dogs (e.g., Chihuahua) to big dogs (e.g., Husky). Tumor-bearing dogs presented variable number of mammary tumors, from one to three tumors each. Healthy dogs were much younger than sick dogs. This was a consequence of the inclusion criteria that required healthy animals with unaltered hematology and biochemistry studies. The average age of healthy dogs was 4.1 ± 0.5 years (Mean ± standard error; n = 25) (Table 2), while the average age of tumor-bearing dogs was 10.5 ± 0.4 years (Mean ± standard error; n = 45) (Table 1). Tumor malignancy was estimated by histological analysis and tumors were then classified according to Goldschmidt's criteria into benign, grade I (G I), grade II (G II), or grade III (G III). Dogs with benign tumors (n = 6) had tumors with an average size of 1.9 ± 0.8 cm, and an average age of 9.2 ± 0.8 years. Dogs with G I tumors (n = 8) had tumors with an average size of 1.8 ± 0.7 cm, and an average age of 7.0 ± 1.1 years. Dogs with G II tumors (n = 13) had tumors with an average size of 4.38 ± 0.97 cm, and an average age of 11.2 ± 0.65 years. Finally, dogs with G III tumors (n = 18) had tumors with an average size of 6.39 ± 1.36 cm, and an average age of 12.1 ± 0.54 years. These data clearly showed that canine mammary tumors develop more frequently in older dogs than in younger dogs, and that the malignancy of the tumor increased with the age of the dog.



3.2. Dogs with grade III tumors had a poor survival rate

After surgery to remove the tumors, dogs were monitored every month for 18 months to assess whether they were still alive. Dogs did not receive any other treatment after surgery. The survival of dogs according to the type of tumor they had was registered monthly (Figure 1). All dogs with benign or G I tumors survived up to 18 months after surgery (Figure 1). In the group of dogs with G II tumors, one died 3 months after surgery, and another one died 8 months after surgery. Thus, by 18 months after surgery 84.6% of G II tumor-bearing dogs have survived (Figure 1). In contrast, only 50% of dogs with G III tumors were still alive at 18 months after surgery (Figure 1). These results showed again that animals with more aggressive tumors (G III) have a poor survival rate after surgery.


[image: Figure 1]
FIGURE 1
 Dogs with grade III tumors had a poor survival rate. Healthy dogs (×) without tumors (none), and dogs with mammary tumors were monitored after surgery during 18 months. The survival of dogs with benign tumors, grade I (G I) tumors, grade II (G II) tumors, or grade III (G III) tumors was reported every month.




3.3. High neutrophil to lymphocyte ratio associates with more aggressive tumors

A pre-surgery indicator that would help predict whether an abnormal growth is more likely to be either benign or malignant would be very useful in veterinary medicine. Since inflammation is a condition that associates with cancer, cellular blood markers of systemic inflammation are good candidates as pre-surgery prognostic factors for cancer. The neutrophil to lymphocyte ratio (NLR) calculated from blood analysis before surgery was compared to the histological grade of all mammary tumors included in this study (Figure 2). The NLR of healthy control dogs was 3.8 ± 0.5 (Mean ± standard error, n = 25), while NLR of dogs with benign tumors was 3.2 ± 0.4 (Mean ± standard error, n = 6). Similarly, the NLR of dogs with G I tumors was 4.2 ± 0.9 (Mean ± standard error, n = 8). The aforementioned three groups showed no statistical difference among them (Figure 2). In contrast, the NLR of dogs with G II tumors was 10.3 ± 3.0 (Mean ± standard error, n = 13) (Figure 2), and the NLR of dogs with G III tumors was 6.4 ± 0.9 (Mean ± standard error, n = 18) (Figure 2). A contrast comparing normal, benign and G I groups vs. G II and G III groups showed that NLR values were statistically different. Clearly, higher pre-treatment NLR values can be used as a prognostic factor for tumors of higher grades.


[image: Figure 2]
FIGURE 2
 High neutrophil to lymphocyte ratio (NLR) correlates with more aggressive tumors. The neutrophil to lymphocyte ratio (NLR) calculated from blood analysis before surgery was compared to the histological grade of canine mammary tumors. Healthy dogs with no tumors (none), dogs with benign tumors, dogs with grade I (G I) tumors, dogs with grade II (G II) tumors, and dogs with grade III (G III) tumors. A cutoff value of NLR = 5 was calculated as a threshold separating healthy dogs from dogs probably bearing a tumor (red dotted line).


ROC curve analysis also identified a cutoff value of NLR = 5 (sensitivity 72.7%; specificity 74.6%) as a threshold separating surviving from not-surviving dogs (Figure 3). Nearly all dogs with NLR <5 had survived up to 18 months after surgery (Figure 3). In contrast, about 40% of dogs with NLR > 5 have not survived up to 18 months after surgery (Figure 3). The observed relative risk was 3.5 (95% CI 2.3–5.4), meaning that the risk of not surviving up to 18 months after surgery is 3.5 times greater for dogs with an NLR > 5 than for dogs with an NLR <5. Further analysis of dogs according to the grade of tumor they had, showed that among dogs with G II tumors and an NLR > 5, 20% have died by 3 months after surgery (Figure 4); while the majority of dogs with an NLR <5 had survived (Figure 4). For dogs with G III tumors and an NLR <5, about 30% have died by 3 months after surgery (Figure 4). In contrast, among dogs with GIII tumors and NLR > 5, 50% have already died by 6 months after surgery (Figure 4) and almost 70% have died after 1 year (Figure 4). Accordingly, these results showed that the pre-treatment NLR exhibits a good prognostic value for the survival of dogs with mammary tumors after surgery.


[image: Figure 3]
FIGURE 3
 NLR exhibits a good prognostic value for the survival of dogs with mammary tumors. Dogs with mammary tumors and a neutrophil to lymphocyte ratio (NLR) < 5, and dogs with mammary tumors and an NLR > 5 were monitored after surgery during 18 months. The survival rate was reported every month.



[image: Figure 4]
FIGURE 4
 Dogs with a pre-treatment neutrophil to lymphocyte ratio (NLR) > 5 had a poor survival rate. Dogs with grade II (G II) or grade III (G III) tumors were separated according to their pre-treatment value in NLR < 5 or NLR > 5. The survival rate was reported for each group every month during 18 months.




3.4. Albumin to globulin ratio did not correlate with tumor grade

The pre-surgery AGR was calculated for every dog in our study. Healthy dogs had an AGR of 1.1 ± 0.05 (Mean ± standard error, n = 25) (Figure 5). All other dogs with tumors had similar AGR values (Figure 5). Although, a tendency to lower AGR values was observed in dogs with tumors, and even lower AGR values for dogs with G II and G III tumors, there was no statistical difference among all these groups (Figure 5). Therefore, the AGR alone does not provide any prognostic value for canine mammary tumors.


[image: Figure 5]
FIGURE 5
 Albumin to globulin ratio does not correlate with tumor grade. The pre-surgery albumin to globulin ratio (AGR) calculated from blood analysis before surgery was compared to the histological grade of canine mammary tumors. Healthy dogs with no tumors (none), dogs with benign tumors, dogs with grade I (G I) tumors, dogs with grade II (G II) tumors, and dogs with grade III (G III) tumors. There was no statistical difference for AGR values among all these groups.


In order to better visualize differences among the variables NLR and AGR, the empirical distribution function, which is an estimate of the cumulative distribution (cumulative probability) of data in the sample (40, 41), was applied to our data. In this analysis, the value on the “y” axis at a given point is equal to the proportion of dogs in the sample whose NLR (Figure 6A) or AGR (Figure 6B) is less than or equal to the “x” value of that point. The NLR values could clearly distinguish two groups of dogs. NLR distributions of healthy dogs, dogs with benign and with GI tumors were very similar. In contrast, the NLR distributions of dogs with G II and G III tumors were shifted to the right, indicating that these dogs indeed have higher levels of NLR (Figure 6A). On the contrary, the AGR values were similar for all dogs independently of their health status (Figure 6B). These data indicated that the pre-treatment NLR was a good biomarker, although not sufficient, for predicting the type of tumor a dog had before surgery.


[image: Figure 6]
FIGURE 6
 The empirical distribution function for NLR and AGR values of dogs with mammary tumors. The empirical distribution (cumulative probability) of pre-treatment values of (A) neutrophil to lymphocyte ratio (NLR) or of (B) albumin to globulin ratio (AGR) was calculated for healthy dogs with no tumors (none), dogs with benign tumors, dogs with grade I (G I) tumors, dogs with grade II (G II) tumors, and dogs with grade III (G III) tumors. The NLR values could distinguish between dogs with benign and G I tumors from dogs with G II and G III tumors. The AGR values were similar for all dogs independently of their health status. NLR and AGR are plotted on a log scale.




3.5. Principal component analysis offers prognostic advantage

Since NLR was not sufficient for predicting the type of tumor, we explored whether combining several pre-treatment indicators could offer a better prognostic tool. For this, the indicators NLR. AGR, size of tumor, and age of dog were included in a principal component analysis (PCA). PCA identifies new variables, the principal components, which are linear combinations of the original normalized variables. The principal components with Eigen values higher than one were defined as: PC1 = (0.397) (age in years) + (0.0658) (NLR) – (0.588) (AGR) + (0.252) (tumor size in cm), and PC2 = (0.563) (age in years) – (0.226) (NLR) + (0.418) (AGR) + (0.676) (tumor size in cm). These first two principal components explained 72.2% of total data variability. As a result, much of the variation existing in the data was reduced to two dimensions (Figure 7). This analysis showed that the majority of dogs with G II tumors and all dogs with G III tumors clearly segregated apart from dogs with benign and G I tumors (Figure 7). The group of dogs at the left side of the dotted line was designated as having “good prognosis”, while the group at the right side of the dotted line was designated as having “poor prognosis” (Figure 7). All dogs in the “good prognosis” group survived up to 18 months after surgery. The observed relative risk was 3.8 (95% CI 2.3–6.3), meaning that the risk of not surviving up to 18 months after surgery is 3.8 times greater for dogs in the “poor prognosis” group than for dogs in the “good prognosis” group. Interestingly, the one dog with a benign tumor and the one dog with a G I tumor that segregated in the poor prognosis group were the oldest dogs (13 and 12 years old, respectively) and had the largest tumors in their group (Table 1). Among the dogs with G II tumors, four segregated within the good prognosis group. All these dogs survived up to 18 months after surgery (Figure 8). In contrast, the dogs with GII tumors that segregated within the poor prognosis group presented a lower survival rate (Figure 8). Similarly, all dogs with G III tumors were in the poor prognosis group and had the lowest survival rate (Figure 8). Hence, with only simple pre-treatment indicators, the PCA is capable of predicting a good survival rate for the dogs segregating in the good prognosis group, independently of the grade of tumor they have (Figure 9). Conversely, a dog segregating in the poor prognosis group has a much lower probability of survival (Figure 9). Together, these results confirm that pre-treatment PCA provide a useful predictive tool for canine mammary tumors.
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FIGURE 7
 Principal component analysis offers prognostic advantage. The pre-treatment indicators neutrophil to lymphocyte ratio (NLR), albumin to globulin ratio (AGR), size of tumor, and age of dog were included in a principal component analysis (PCA). PCA identifies new variables, the principal components (PC1 and PC2), which are linear combinations of the original variables. The majority of dogs with G II tumors and all dogs with G III tumors clearly segregated apart (right side of the red dotted line) from dogs with benign and G I tumors (left side of red dotted line). The group of dogs at the left side of the dotted line was designated as having “good prognosis”, while the group at the right side of the dotted line was designated as having “poor prognosis”. The equations for the principal components are: PC1 = (0.397) (age in years) + (0.0658) (NLR) − (0.588) (AGR) + (0.252) (tumor size in cm), and PC2 = (0.563) (age in years) – (0.226) (NLR) + (0.418) (AGR) + (0.676) (tumor size in cm).
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FIGURE 8
 Dogs with grade II tumors and within the good prognosis group had a higher survival rate. Dogs with grade II (G II) tumors that segregated either within the good prognosis group or the bad prognosis group defined in the principal components analysis (PCA) were monitored for survival after surgery for 18 months. Dogs with grade III (G III) tumors in the poor prognosis group had the lowest survival rate.



[image: Figure 9]
FIGURE 9
 Pre-treatment principal component analysis provide a useful predictive tool for dogs with mammary tumors. Principal component analysis (PCA) of simple pre-treatment indicators segregates dogs in two groups, namely good prognostic or bad prognostic groups. The survival rate of dogs in each group was estimated for 18 months after surgery. All dogs in the good prognosis group (white symbols) had a high survival rate. Dogs in the poor prognosis group (black symbols) had a much lower probability of survival.





4. Discussion

Inflammation is now recognized as a hallmark for cancer development (17, 18) because it influences each step of tumorigenesis, including tumor initiation, growth, and metastatic progression (19, 20). In consequence, cellular and biochemical blood markers of systemic inflammation, such as the neutrophil to lymphocyte ratio (NLR) and the albumin to globulin ratio (AGR) have been proposed as prognostic factors for human cancer development (21, 22). These biomarkers have not been explored as prognostic factors for cancer development in veterinary medicine. Therefore, in this study we investigated the prognostic value of NLR and AGR in canine mammary tumors. In addition, other clinical data such as age, breed, tumor size, and survival time after surgery were considered. It was found that a higher pre-treatment NLR value (NLR > 5) was associated with a less survival rate. In contrast, the AGR did not show any predictive value on the malignancy of tumor. Multivariate logistic regression could then be used to analyze our data. Unfortunately, in order to perform this analysis with four explanatory variables, a much larger sample size than the one we had, was required. For this reason, a principal component analysis (PCA) (39) was performed instead. By combining the NLR with other parameters, such as AGR, age of the dog, and tumor size, in a PCA, the grade of the tumor and survival after surgery could be appropriately predicted. Thus, pre-treatment NLR values have a prognostic value for the survival rate after surgery of dogs with mammary tumors. Also, the NLR in combination with other indicators in a principal component analysis can be even a better predictor of the grade of the tumor and survival after surgery.

Dogs are nowadays more than just companion animals, and are considered family members. As such, their health is an important issue for their owners. Dogs, similarly to humans, develop spontaneously different types of cancer (2, 4) exhibiting a global incidence of around 50% (7–10). Cancer is the leading cause of death among family dogs, with mammary gland tumors being the most common type of cancer (1). Just as with humans, an early diagnosis allows for better therapeutic options. However, for canine mammary tumors, the best diagnosis method continues to be the pathological examination of the suspected tissue (12). This entails a biopsy or surgical removal of the tissue (13), imposing not only clinical and technical difficulties but also economic burden. Therefore, there is a lot of interest in finding ways that could predict the biological behavior of a tumor, before performing any surgery. A biomarker suggesting whether a tumor is more likely to be either benign or malignant would be a very useful tool deciding what the best therapeutic options are (14). Several clinical parameters have been considered as potential indicators of the biological behavior of a tumor, including age, race of the dog, and tumor size (42). Unfortunately, these parameters are susceptible to varying degrees of subjectivity and consequently none of them has proven to be useful (11, 15).

Biochemical and cellular indicators of systemic inflammation are good candidates as pre-surgery prognostic markers for cancer. For example, elevated C-reactive protein (CRP) (43), globulin (22), and certain cytokines (44) have been used as prognostic tools in patients with cancer. These substances however are not easy to measure since they require special equipment and expensive reagents. Instead, leukocytes can be more easily and conveniently measured than biochemical markers (45). In systemic inflammation, lymphopenia and neutrophilia are commonly seen (46). Lymphocytes play a relevant role in immune surveillance of tumors, and particularly cytotoxic T lymphocytes are important anti-tumor effector cells (47). Neutrophils are the first leukocytes to respond to inflammatory conditions (48, 49) and may promote tumor growth in several ways (50–52). Based on these findings and the fact that peripheral blood leukocytes are easily available, neutrophil and lymphocyte counts have been explored as markers of inflammation and immune response in cancer patients. However, independent leukocyte counts cannot provide a clear picture of the whole inflammatory state of an individual. A better picture is obtained when variations in several leukocytes are considered together. To this end, a particular parameter, the neutrophil to lymphocyte ratio (NLR) seems much more useful in predicting the inflammatory state.

The NLR can indicate an inflammatory condition by relating both changes in neutrophils and lymphocytes at the same time, and hence it is more useful than either neutrophil count or lymphocyte count alone, as the ratio reduces the effect of variations in either cell type (53). An elevated NLR is thought to exhibit the protumor activity of neutrophils and the reduced antitumor activity of lymphocytes (26). In addition, because NLR can be easily calculated from peripheral blood test results, it is also relatively inexpensive. Consequently, NLR is a promising marker to predict the outcome of cancer. Many studies have shown the correlation between high pretreatment NLR values and poor prognosis in many types of cancer (45, 54, 55). Particularly, in early breast cancer, higher NLR values associate with worse outcome in multiple ethnic groups (56). However, despite the fact that NLR has proven to be a good pre-surgery biomarker with prognostic value in human breast cancer, in the case of companion animals with canine breast mammary tumors, the NLR has not been explored. Few studies have shown a correlation between higher NLR values and some types of cancer in dogs, including sarcoma (26), mast cell tumors (13), lymphomas (24), and oropharyngeal tumors (57).

Now, we report that also in mammary tumors NLR is indeed a good prognostic biomarker for the outcome of canine mammary tumors after surgery. In healthy dogs the NLR was 3.8. However, NRL values increased in dogs with higher grade tumors. These dogs also showed a poor survival rate after surgery. A threshold value of NLR = 5 was established to separate dogs with no tumors and with low-grade tumors from dogs with more aggressive (grade II and grade III) tumors (Figure 2). With this value, it was found that the risk of not surviving up to 18 months after surgery in dogs with an NLR > 5 is 3.5 times higher than the risk of dogs with an NLR <5 (Figure 3). This indicated that pre-treatment NLR alone can predict the outcome of many dogs. Therefore, NLR becomes an easy and inexpensive tool that could help making therapeutic decisions right from the start. In the case of dogs, this becomes a valuable indicator because a proper diagnosis always requires a more invasive and usually expensive procedure (biopsy and or surgery). However, NLR alone is not an ideal biomarker (42). About half of the dogs with NLR > 5 had a good survival rate after surgery. There is no easy way to distinguish these animals from the ones that had a poor outcome. This is not surprising since NLR being primarily an inflammation biomarker is influenced by many other factors (e.g., infection, strenuous exercise, stress, etc.) (58). In fact, inflammation in any type of cancer is extremely complex with both stimulation and inhibition elements playing a role at the same time in the tumor microenvironment (59). Still, NLR remains a good indicator of poor prognosis that will help both the veterinarian and dog owner to make better decisions.

In addition to NLR, cytological examination of suspected tissue remains as a routine simple, and relatively inexpensive method utilized as pre-surgical diagnosis of canine mammary tumors (60, 61). Cytological examination is important for establishing the histopathological grade of malignancy and by this means estimate the prognosis (12). However, due to the heterogeneous morphology of canine tumors, cytological examination exhibits relatively lower sensitivity and specificity than examination of human tumors (60). Still, when proper samples are obtained, the accuracy of diagnosing malignancy can be as high as 95% (61). Nevertheless, when samples of tissue are obtained by fine-needle aspiration, cytological diagnosis of canine mammary tumors suffers from relatively low accuracy and sensitivity (around 60%) because needle samples usually do not provide a complete vision of the tissue, particularly for complex or mix tumors (61). Therefore, even though cytological examination remains as the gold standard for diagnosis of canine mammary tumors (12), it would be helpful to have other means to foresee the behavior of the tumor, before performing any surgery. This is particularly important in cases of older dogs and when dog owners' finances are limited.

Other parameters have also been explored as possible indicators of severity of disease in canine cancers. Among these parameters, tumor size, age of the dog, and some biochemical indicators have been considered (16, 22, 42). Our own data showed that canine mammary tumors develop more frequently in older dogs than in younger dogs, and that the malignancy of the tumor increased with the age of the dog. Thus, tumor size and age of the dog are clearly connected to the malignancy of the tumor. Also, the albumin to globulin ratio (AGR) has been proposed to have a predictive value for cancer patients (22, 62). In veterinary medicine, AGR was altered during bacterial infections in cats (63) and during parasitic infections in dogs (64). But there are not reports on AGR in canine mammary tumors. Now, we report here that the AGR did not change among dogs with or without mammary tumors. Therefore, the AGR alone does not provide any prognostic value for canine mammary tumors. Nonetheless, combining NLR and AGR was proposed to have a better predictive value in patients with triple negative breast cancer (65). Consequently, we explored whether combining several pre-treatment indicators could offer a better prognostic tool.

The principal component analysis (PCA) is a method that transforms a large set of variables into a smaller one that still contains most of the information in the large set (38). PCA allows for the identification of new variables, the principal components, which are linear combinations of the original normalized variables (39). We used PCA to combine the easily accessible indicators NLR, AGR, size of tumor, and age of dog. As a result, two principal components, PC1 and PC2, were defined, reducing in the process our data to two dimensions (Figure 7). This analysis showed that the majority of dogs with G II tumors and all dogs with G III tumors clearly segregated apart from dogs with benign and G I tumors (Figure 7). Thus, we defined two groups of dogs, one with “good prognosis” and another with “poor prognosis” (Figure 7). All dogs in the “good prognosis” group presented a good survival rate, independently of the grade of tumor they had (Figure 9). In contrast, dogs in the “poor prognosis” group has a much lower probability of survival (Figure 9). As a result, the combination of a few simple pre-treatment indicators in the PCA is capable of predicting a good survival rate for dogs with canine mammary tumors. We propose that the use of the principal components defined in this study could help veterinarians and dog owners to make better pre-treatment decisions about the health of the dog.

There are some limitations in this study. First, this is a retrospective analysis from a single institution, the number of cases included is relatively small, and the time of recruitment was also short (18 months). Second, patients varied considerably in age, breed, and disease stage, and consequently also in immune responses. Due to the small number of patients, we could not conduct an analysis of these dog subgroups. A large number of dogs were excluded from further analysis due to incomplete data, or diagnosis of a different type of tumor. Third, analysis of the relationship between NLR and overall survival after surgery was limited to the information in clinical records. We did not have access to patients after surgery. Furthermore, this study did not evaluate actual tumor-associated neutrophils or lymphocytes in parallel to peripheral blood counts to determine NLR. Future studies, should include analysis of both circulating leukocytes and tumor-associated neutrophils. The limitations of this study mean that prospective studies should be conducted to further validate the NLR threshold value recommended, as well as the predictive value of the PCA.

In conclusion, we have found that a higher pre-treatment NLR value (NLR > 5) is associated with less survival rate of dogs with mammary tumors, suggesting that NLR can be used as a prognostic marker for disease severity. In addition, by combining the NLR with AGR, age of the dog, and tumor size in a principal component analysis (PCA), a much stronger predictive tool was developed. With the PCA the grade of the tumor and survival after surgery could be more accurately predicted. These simple indicators should be used in the clinic to improve the decision making regarding possible treatments.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Approval by the Committee for the Care of Experimental Animals was not required, since all dogs underwent laboratory tests and surgery for medical treatment with the approval from their owners. Written informed consent for participation was not obtained from the owners because the data in this study was obtained from clinical records.



Author contributions

EU-Q designed the research, analyzed data, and prepared figures. LR-R provided all clinical records and performed the histopathological analysis. TG performed graphical and statistical analysis. CR designed the research, analyzed data, organized the references, and wrote the paper. All authors reviewed and approved the manuscript.



Funding

Research was supported by Grant PAPIIT IN202520 (to CR) from Dirección General de Asuntos del Personal Académico, Universidad Nacional Autónoma de México (UNAM).



Acknowledgments

Authors thank Edgar González Gallegos (Facultad de Veterinaria y Zootecnia, UNAM, Mexico) for collecting clinical records and preparing histological samples and also Nancy Mora (Instituto de Investigaciones Biomédicas, UNAM, Mexico) for her excellent technical assistance.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Sleeckx N, de Rooster H, Veldhuis Kroeze EJ, Van Ginneken C, Van Brantegem L. Canine mammary tumours, an overview. Reprod Domest Anim. (2011) 46:1112–31. doi: 10.1111/j.1439-0531.2011.01816.x

 2. Rivera P, von Euler H. Molecular biological aspects on canine and human mammary tumors. Vet Pathol. (2011) 48:132–46. doi: 10.1177/0300985810387939

 3. Sorenmo KU, Rasotto R, Zappulli V, Goldschmidt MH. Development, anatomy, histology, lymphatic drainage, clinical features, and cell differentiation markers of canine mammary gland neoplasms. Vet Pathol. (2011) 48:85–97. doi: 10.1177/0300985810389480

 4. Carvalho MI, Silva-Carvalho R, Pires I, Prada J, Bianchini R, Jensen-Jarolim E, et al. A comparative approach of tumor-associated inflammation in mammary cancer between humans and dogs. Biomed Res Int. (2016) 2016:4917387. doi: 10.1155/2016/4917387

 5. Sopik V. International variation in breast cancer incidence and mortality in young women. Breast Cancer Res Treat. (2021) 186:497–507. doi: 10.1007/s10549-020-06003-8

 6. Salas Y, Márquez A, Diaz D, Romero L. Epidemiological study of mammary tumors in female dogs diagnosed during the period 2002-2012: a growing animal health problem. PLoS One. (2015) 10:e0127381. doi: 10.1371/journal.pone.0127381

 7. Vascellari M, Capello K, Carminato A, Zanardello C, Baioni E, Mutinelli F. Incidence of mammary tumors in the canine population living in the Veneto region (Northeastern Italy): Risk factors and similarities to human breast cancer. Prev Vet Med. (2016) 126:183–9. doi: 10.1016/j.prevetmed.2016.02.008

 8. Zheng HH, Du CT Yu C, Zhang YZ, Huang RL, Tang XY, et al. Epidemiological investigation of canine mammary tumors in mainland China between 2017 and 2021. Front Vet Sci. (2022) 9:843390. doi: 10.3389/fvets.2022.843390

 9. Ariyarathna H, Aberdein D, Thomson N, Gibson I, Munday JS. Canine mammary gland disease in New Zealand: a review of samples from 797 dogs. N Z Vet J. (2022) 70:95–100. doi: 10.1080/00480169.2021.2004953

 10. Aupperle-Lellbach H, Grassinger JM, Floren A, Törner K, Beitzinger C, Loesenbeck G, et al. Tumour Incidence in dogs in Germany: a retrospective analysis of 109,616 histopathological diagnoses (2014-2019). J Comp Pathol. (2022) 198:33–55. doi: 10.1016/j.jcpa.2022.07.009

 11. Burrai GP, Gabrieli A, Moccia V, Zappulli V, Porcellato I, Brachelente C, et al. A statistical analysis of risk factors and biological behavior in canine mammary tumors: a multicenter study. Animals. (2020) 10:1687. doi: 10.3390/ani10091687

 12. Goldschmidt M, Peña L, Rasotto R, Zappulli V. Classification and grading of canine mammary tumors. Vet Pathol. (2011) 48:117–31. doi: 10.1177/0300985810393258

 13. Macfarlane MJ, Macfarlane LL, Scase T, Parkin T, Morris JS. Use of neutrophil to lymphocyte ratio for predicting histopathological grade of canine mast cell tumours. Vet Rec. (2016) 179:491. doi: 10.1136/vr.103650

 14. Raditic DM, Bartges JW. Evidence-based integrative medicine in clinical veterinary oncology. Vet Clin N Am Small Anim Pract. (2014) 44:831–53. doi: 10.1016/j.cvsm.2014.06.002

 15. Diessner BJ, Marko TA, Scott RM, Eckert AL, Stuebner KM, Hohenhaus AE, et al. A comparison of risk factors for metastasis at diagnosis in humans and dogs with osteosarcoma. Cancer Med. (2019) 8:3216–26. doi: 10.1002/cam4.2177

 16. Salas-Araujo YJ, Aburto E, Alonso R, Márquez-Alvarado AA, Corona-Monjaras H, Romero-Romero L. Association of histological features with potential risk factors and survival in canine mammary tumors. Vet Mex. (2016) 3:1–13. doi: 10.21753/vmoa.3.1.359

 17. Hanahan D, Weinberg R. Hallmarks of cancer: the next generation. Cell. (2011) 144:646–74. doi: 10.1016/j.cell.2011.02.013

 18. Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov. (2022) 12:31–46. doi: 10.1158/2159-8290.CD-21-1059

 19. Balkwill F. The chemokine system and cancer. J. Pathol. (2012) 226:148–57. doi: 10.1002/path.3029

 20. McAllister SS, Weinberg RA. The tumour-induced systemic environment as a critical regulator of cancer progression and metastasis. Nat Cell Biol. (2014) 16:717–27. doi: 10.1038/ncb3015

 21. Roxburgh CS, McMillan DC. Role of systemic inflammatory response in predicting survival in patients with primary operable cancer. Future Oncol. (2010) 6:149–63. doi: 10.2217/fon.09.136

 22. Azab BN, Bhatt VR, Vonfrolio S, Bachir R, Rubinshteyn V, Alkaied H, et al. Value of the pretreatment albumin to globulin ratio in predicting long-term mortality in breast cancer patients. Am J Surg. (2013) 206:764–70. doi: 10.1016/j.amjsurg.2013.03.007

 23. Colombe P, Béguin J, Benchekroun G, Le Roux D. Blood biomarkers for canine cancer, from human to veterinary oncology. Vet Comp Oncol. (2022) 20:767–77. doi: 10.1111/vco.12848

 24. Mutz M, Boudreaux B, Kearney M, Stroda K, Gaunt S, Shiomitsu K. Prognostic value of baseline absolute lymphocyte concentration and neutrophil/lymphocyte ratio in dogs with newly diagnosed multi-centric lymphoma. Vet Comp Oncol. (2015) 13:337–47. doi: 10.1111/vco.12045

 25. Camerino M, Giacobino D, Iussich S, Ala U, Riccardo F, Cavallo F, et al. Evaluation of prognostic impact of pre-treatment neutrophil to lymphocyte and lymphocyte to monocyte ratios in dogs with oral malignant melanoma treated with surgery and adjuvant CSPG4-antigen electrovaccination: An explorative study. Vet Comp Oncol. (2021) 19:353–61. doi: 10.1111/vco.12679

 26. Macfarlane L, Morris J, Pratschke K, Mellor D, Scase T, Macfarlane M, et al. Diagnostic value of neutrophil-lymphocyte and albumin-globulin ratios in canine soft tissue sarcoma. J Small Anim Pract. (2016) 57:135–41. doi: 10.1111/jsap.12435

 27. Skor O, Fuchs-Baumgartinger A, Tichy A, Kleiter M, Schwendenwein I. Pretreatment leukocyte ratios and concentrations as predictors of outcome in dogs with cutaneous mast cell tumours. Vet Comp Oncol. (2017) 15:1333–45. doi: 10.1111/vco.12274

 28. Henriques J, Felisberto R, Constantino-Casas F, Cabeçadas J, Dobson J. Peripheral blood cell ratios as prognostic factors in canine diffuse large B-cell lymphoma treated with CHOP protocol. Vet Comp Oncol. (2021) 19:242–52. doi: 10.1111/vco.12668

 29. Weinekötter J, Gurtner C, Protschka M, von Bomhard W, Böttcher D, Schlinke A, et al. Tissue S100/calgranulin expression and blood neutrophil-to-lymphocyte ratio (NLR) in dogs with lower urinary tract urothelial carcinoma. BMC Vet Res. (2022) 18:412. doi: 10.1186/s12917-022-03513-z

 30. Naito E, Yuki M, Hirano T, Kainuma D, Aoyama R. Prognostic utility of preoperative neutrophil-lymphocyte ratio in cats with malignant mammary tumors. Res Vet Sci. (2021) 135:349–54. doi: 10.1016/j.rvsc.2020.10.015

 31. Petrucci GN, Lobo L, Queiroga F, Martins J, Prada J, Pires I, et al. Neutrophil-to-lymphocyte ratio is an independent prognostic marker for feline mammary carcinomas. Vet Comp Oncol. (2021) 19:482–91. doi: 10.1111/vco.12686

 32. Chiti LE, Martano M, Ferrari R, Boracchi P, Giordano A, Grieco V, et al. Evaluation of leukocyte counts and neutrophil-to-lymphocyte ratio as predictors of local recurrence of feline injection site sarcoma after curative intent surgery. Vet Comp Oncol. (2020) 18:105–16. doi: 10.1111/vco.12534

 33. Owen LN World Health Organization Veterinary Public Health Unit and WHO Collaborating Center for Comparative Oncology. TNM classification of tumours in domestic animals. In:Owen LN, , editor. World Health Organization. Available online at: https://apps.who.int/iris/handle/10665/68618 (accessed May 10, 2023).

 34. Brereton M, McCafferty R, Marsden K, Kawai Y, Etzell J, Ermens A, et al. Recommendation for standardization of haematology reporting units used in the extended blood count. Int J Lab Hematol. (2016) 38:472–82. doi: 10.1111/ijlh.12563

 35. Doane DP, Seward LE. Measuring skewness: a forgotten statistic? J. Statist. Educ. (2011) 19:1–18. doi: 10.1080/10691898.2011.11889611

 36. Metz CE. Basic principles of ROC analysis. Semin Nucl Med. (1978) 8:283–98. doi: 10.1016/S0001-2998(78)80014-2

 37. Institute of Medicine (US) and National Research Council (US). ROC analysis: key statistical tool for evaluating detection technologies. In:Joy JE, Penhoet EE, Petitti DE, , editors. Saving Women's Lives: Strategies for Improving Breast Cancer Detection and Diagnosis. Washington, DC: The National Academies Press. (2005). 384 p.

 38. Jolliffe IT. Principal component analysis. In: Springer Series in Statistics. New York, NY: Springer Science & Business Media (2002). doi: 10.1007/978-1-4757-1904-8

 39. Ringnér M. What is principal component analysis? Nat Biotechnol. (2008) 26:303–4. doi: 10.1038/nbt0308-303

 40. van der Vaart AW. Asymptotic statistics. In: Cambridge Series in Statistical and Probabilistic Mathematics. Cambridge: Cambridge University Press (1998). doi: 10.1017/CBO9780511802256

 41. Keng B,. The Empirical Distribution Function. (2016). Available online at: https://bjlkeng.io/posts/the-empirical-distribution-function/ (accessed January 25, 2021).

 42. Kaszak I, Ruszczak A, Kanafa S, Kacprzak K, Król M, Jurka P. Current biomarkers of canine mammary tumors. Acta Vet Scand. (2018) 60:66. doi: 10.1186/s13028-018-0417-1

 43. Lee SA, Kwon SO, Song M, Choi JY, Shin A, Shu XO, et al. The association of serum high-sensitivity C-reactive protein level with the risk of site-specific cancer mortality: The health examinees (HEXA) study cohort. Am J Epidemiol. (2022) 191:2002–13. doi: 10.1093/aje/kwac141

 44. Lin WW, Karin M. A cytokine-mediated link between innate immunity, inflammation, and cancer. J Clin Invest. (2007) 117:1175–83. doi: 10.1172/JCI31537

 45. Chen J, Deng Q, Pan Y, He B, Ying H, Sun H, et al. Prognostic value of neutrophil-to-lymphocyte ratio in breast cancer. FEBS Open Bio. (2015) 5:502–7. doi: 10.1016/j.fob.2015.05.003

 46. Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan DC, Clarke SJ. The systemic inflammation-based neutrophil-lymphocyte ratio: experience in patients with cancer. Crit Rev Oncol Hematol. (2013) 88:218–30. doi: 10.1016/j.critrevonc.2013.03.010

 47. Farhood B, Najafi M, Mortezaee K. CD8+ cytotoxic T lymphocytes in cancer immunotherapy: A Review. J Cell Physiol. (2019) 234:8509–21. doi: 10.1002/jcp.27782

 48. Fine N, Tasevski N, McCulloch CA, Tenenbaum HC, Glogauer M. The neutrophil: constant defender and first responder. Front Immunol. (2020) 11:571085. doi: 10.3389/fimmu.2020.571085

 49. Nicolás-Ávila JÁ, Adrover JM, Hidalgo A. Neutrophils in homeostasis, immunity, and cancer. Immunity. (2017) 46:15–28. doi: 10.1016/j.immuni.2016.12.012

 50. Uribe-Querol E, Rosales C. Neutrophils in cancer: two sides of the same coin. J Immunol Res. (2015) 2015:983698. doi: 10.1155/2015/983698

 51. Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in cancer: neutral no more. Nat Rev Cancer. (2016) 16:431–46. doi: 10.1038/nrc.2016.52

 52. Galdiero MR, Varricchi G, Loffredo S, Mantovani A, Marone G. Roles of neutrophils in cancer growth and progression. J Leukoc Biol. (2018) 103:457–64. doi: 10.1002/JLB.3MR0717-292R

 53. Paramanathan A, Saxena A, Morris DL. A systematic review and meta-analysis on the impact of pre-operative neutrophil lymphocyte ratio on long term outcomes after curative intent resection of solid tumours. Surg Oncol. (2014) 23:31–9. doi: 10.1016/j.suronc.2013.12.001

 54. Dolan RD, Laird BJA, Horgan PG, McMillan DC. The prognostic value of the systemic inflammatory response in randomised clinical trials in cancer: a systematic review. Crit Rev Oncol Hematol. (2018) 132:130–7. doi: 10.1016/j.critrevonc.2018.09.016

 55. Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja P, Ocaña A, et al. Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis. J Natl Cancer Inst. (2014) 106:dju124. doi: 10.1093/jnci/dju124

 56. Ethier JL, Desautels D, Templeton A, Shah PS, Amir E. Prognostic role of neutrophil-to-lymphocyte ratio in breast cancer: a systematic review and meta-analysis. Breast Cancer Res. (2017) 19:2. doi: 10.1186/s13058-016-0794-1

 57. Rejec A, Butinar J, Gawor J, Petelin M. Evaluation of complete blood count indices (NLR, PLR, MPV/PLT, and PLCRi) in healthy dogs, dogs with periodontitis, and dogs with oropharyngeal tumors as potential biomarkers of systemic inflammatory response. J Vet Dent. (2017) 34:231–40. doi: 10.1177/0898756417731775

 58. Ivars Rubio A, Yufera JC, de la Morena P, Fernández Sánchez A, Navarro Manzano E, García Garre E, et al. Neutrophil-lymphocyte ratio in metastatic breast cancer is not an independent predictor of survival, but depends on other variables. Sci Rep. (2019) 9:16979. doi: 10.1038/s41598-019-53606-3

 59. Raposo TP, Beirão BC, Pang LY, Queiroga FL, Argyle DJ. Inflammation and cancer: till death tears them apart. Vet J. (2015) 205:161–74. doi: 10.1016/j.tvjl.2015.04.015

 60. Dolka I, Czopowicz M, Gruk-Jurka A, Wojtkowska A, Sapierzyński R, Jurka P. Diagnostic efficacy of smear cytology and Robinson's cytological grading of canine mammary tumors with respect to histopathology, cytomorphometry, metastases and overall survival. PLoS ONE. (2018) 13:e0191595. doi: 10.1371/journal.pone.0191595

 61. Sontas BH, Yüzbaşioglu Öztürk G, Toydemir TF, Arun SS, Ekici H. Fine-needle aspiration biopsy of canine mammary gland tumours: a comparison between cytology and histopathology. Reprod Domest Anim. (2012) 47:125–30. doi: 10.1111/j.1439-0531.2011.01810.x

 62. Lv GY, An L, Sun XD, Hu YL, Sun DW. Pretreatment albumin to globulin ratio can serve as a prognostic marker in human cancers: a meta-analysis. Clin Chim Acta. (2018) 476:81–91. doi: 10.1016/j.cca.2017.11.019

 63. Hartmann K, Binder C, Hirschberger J, Cole D, Reinacher M, Schroo S, et al. Comparison of different tests to diagnose feline infectious peritonitis. J Vet Intern Med. (2003) 17:781–90. doi: 10.1111/j.1939-1676.2003.tb02515.x

 64. Ribeiro RR, da Silva SM, Fulgêncio Gde O, Michalick MS, Frézard FJ. Relationship between clinical and pathological signs and severity of canine leishmaniasis. Rev Bras Parasitol Vet. (2013) 22:373–8. doi: 10.1590/S1984-29612013000300009

 65. Xuan Q, Yang Y, Ji H, Tang S, Zhao J, Shao J, et al. Combination of the preoperative albumin to globulin ratio and neutrophil to lymphocyte ratio as a novel prognostic factor in patients with triple negative breast cancer. Cancer Manag Res. (2019) 11:5125–31. doi: 10.2147/CMAR.S195324



OPS/images/fvets-10-1187271-g005.gif





OPS/images/fvets-10-1187271-g006.gif
o a7

0 12





OPS/images/fvets-10-1187271-g003.gif
Survival ~ (percontage)

Time  (months)






OPS/images/fvets-10-1187271-g004.gif





OPS/images/fvets-10-1187271-g009.gif





OPS/images/fvets-10-1187271-g007.gif
bl






OPS/images/fvets-10-1187271-g008.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neutrophil to lymphocyte ratio and principal component analysis offer prognostic advantage for dogs with mammary tumors



		1. Introduction



		2. Materials and methods



		2.1. Study subjects



		2.2. Histology



		2.3. Laboratory data



		2.4. Survival time



		2.5. Statistical analysis







		3. Results



		3.1. Dog characteristics of tumor-bearing female dogs



		3.2. Dogs with grade III tumors had a poor survival rate



		3.3. High neutrophil to lymphocyte ratio associates with more aggressive tumors



		3.4. Albumin to globulin ratio did not correlate with tumor grade



		3.5. Principal component analysis offers prognostic advantage







		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
, frontiers | Frontiers in Veterinary Science

Neutrophil to lymphocyte ratio
and principal component analysis
offer prognostic advantage for
dogs with mammary tumors





OPS/images/fvets-10-1187271-t003.jpg
Hematological parameter Reference interval
White blood cells 6.0-17.0 x 10°/L
Neutrophil count 30-115 x 10°/L
Lymphocyte count 1.0-4.8 x 10°/L
Albumin 29-40g/L
Globulin 23-39 g/L

g gram; L, liter.





OPS/images/fvets-10-1187271-g001.gif





OPS/images/fvets-10-1187271-g002.gif
51

e
ottumor






OPS/images/fvets-10-1187271-t002.jpg
Breed Age (years) LR
Australian pastor 4 4.0
Beagle 2 15
Boxer 0.4 2.0
Chihuahua 3 4.27
Chihuahua 4 3.29
Chihuahua 8 6.57
Chihuahua 5 36
English setter 2 175
English setter 6 24
English shepherd 5 3.57
Great dane g 12.1
Husky 4 3.1
Husky 4 9.5
Labrador 7 227
Mixed-breed 1 3.79
Mixed-breed 5 3.5
Mixed-breed 0.5 4.75
Mixed-breed 4 1.52
Pomerania 0.5 3.1
Pomerania 2 7.0
Poodle 9; 1.92
Pug 2 3.1
Rottweiler 7 3.0
Schnauzer 6 335
Sharpei 4 14

NLR, neutrophil to lymphocyte ratio.





OPS/images/fvets-10-1187271-t001.jpg
Histological type of tumor Tumor Age Survival
size (cm) (years) nths)
Dachshund Benign mixed tumor Benign 038 7 213 18
Miniature Pinscher Benign mixed tumor Benign 15 9: 2.44 18
Schnauzer Benign mixed tumor Benign 08 9 4.5 18
Cocker Complex adenoma Benign 18 9 3.1 18
Chihuahua Lobular hyperplasia Benign 05 8 3.75 18
Dachshund Simple adenoma Benign 6 13 338 18
Great dane Carcinoma in situ GI 0.5 3 83 18
Poodle Tubulopapillary carcinoma G1 3 9 3.1 18
Poodle Tubulopapillary carcinoma GI 14 4 1.6 18
Rottweiler Carcinoma-mixed type GI 1 4 7.4 18
Poodle Tubular carcinoma GI 6 12 2.75 18
Schnauzer Tubulopapillary carcinoma in simple GI 08 9 2.09 18
adenoma
Poodle Tubulopapillary carcinoma in cystic GI 12 9 3.05 18
adenoma
Rottweiler Papillary carcinoma GI 0.5 6 521 18
Labrador Carcinoma-mixed type in benign mixed GII 15 12 458 18
tumor
Cocker Carcinoma-mixed type GII 7 13 31 18
Poodle Mucinous carcinoma GII 2 11 2.11 18
Labrador Carcinoma-mixed type GII 4 8 218 18
Labrador Carcinoma-mixed type GII 3 9 19 18
Mixed-breed Papillary carcinoma GII 5 12 4.0 8
Poodle Carcinoma-mixed type GII 5 13 16.4 18
Poodle Carcinoma-mixed type GII 3 8 4.0 18
Samoyed Cribriform carcinoma GII 3 15 13.5 3
Dachshund Carcinoma-complex type GII 3 12 238 18
Poodle Micropapillary carcinoma Gl 3 13 4.65 18
Poodle Carcinoma-complex type GII 2 9 322 18
Husky Tubulopapillary carcinoma GII 2 8 429 18
Mixed-breed Carcinoma-mixed type GII 3 11 7.36 18
Whelsh corgi Solid carcinoma GII 7 15 5.24 6
Labrador Osteosarcoma G 18 8 6.61 1
Cocker Carcinoma-mixed type GIII 18 15 11.1 2
Labrador Carcinosarcoma GIII 7 11 2.69 18
Cocker Carcinosarcoma GIII 4 14 8.21 18
Cocker Simple carcinoma GIII 16 12 237 3
Labrador Carcinosarcoma GIII 5 10 6.0 18
Poodle Carcinoma-mixed type GII 4 15 6.53 8
Mixed-breed Solid carcinoma GIII 4 12 4.09 18
Mixed-breed Carcinoma-mixed type GIII 0.5 13 429 18
Poodle Solid carcinoma GIII 0.5 12 4.47 18
Poodle Carcinosarcoma, Carcinoma-complex type GIII 2 10 247 18
Schnauzer Solid carcinoma GIII 3 15 4.0 1
Cocker Carcinosarcoma GIII 35 11 7.3 18
Husky Tubulopapillary carcinoma GIII 25 8 18.5 13
Dachshund Carcinoma-mixed type GIII 13 14 9.24 2
Poodle Carcinosarcoma GIII 4 12 622 2

NLR, neutrophil to lymphocyte ratio.









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Veterinary Science





