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Background

The correlation between high white blood cell (WBC) count and poor prognosis has been identified in various types of cancer; however, the clinical significance and immune context of WBC count in colorectal cancer remains unclear.



Methods

Between February 2009 and November 2014, 7,433 patients at the Shanghai Cancer Center who had undergone elective surgery for colorectal cancer were enrolled in this retrospective cohort study. Patients were divided into two groups: low and high preoperative WBC groups. Propensity score matching was used to address the differences in baseline characteristics. The Kaplan–Meier method and Cox regression analysis were used to identify independent prognostic factors in colorectal cancer patients. Tumor-infiltrating immune cells in the high and low preoperative WBC groups were compared using immunohistochemical staining.



Results

Of the 7,433 patients who underwent colorectal cancer surgery and were available for analysis, 5,750 were included in the low preoperative WBC group, and 1,683 were included in the high preoperative WBC group. After propensity score matching, 1,553 patients were included in each group. Kaplan–Meier survival curves showed that a high preoperative WBC count was associated with a decreased overall survival (P = 0.002) and disease-free survival (P = 0.003), and that preoperative WBC count was an independent risk factor for overall survival (hazard ratio, 1.234; 95% confidence interval, 1.068–1.426; P = 0.004) and disease-free survival (hazard ratio, 1.210; 95% confidence interval, 1.047–1.397, P = 0.01). Compared to the low preoperative WBC group, the high preoperative WBC group exhibited higher expression of regulatory T cells (P = 0.0034), CD68+ macrophages (P = 0.0071), and CD66b+ neutrophils (P = 0.0041); increased expression of programmed cell death protein 1 (P = 0.005) and programmed cell death ligand 1 (P = 0.0019); and lower expression of CD8+ T cells (P = 0.0057) in colorectal cancer patients.



Conclusions

Our research indicates that a high preoperative WBC count is a prognostic indicator in colorectal cancer patients and is associated with an immunosuppressive tumor microenvironment, which could aid in future risk stratification.
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Introduction

Colorectal cancer (CRC) is the third most common tumor in the world and one of the leading causes of cancer-related deaths worldwide (1). In China, CRC ranks fifth among the main causes of death caused by cancer among men and women; however, the death rates from CRC have been on the rise in recent decades (2, 3). Although great progress has been made in surgery, chemotherapy, and radiotherapy, the mortality rate of CRC remains high. A large proportion of CRC patients still develop resistance to chemotherapy and eventually relapse within two years after undergoing surgery (4). Thus, a prognostic indicator is urgently needed to predict the outcome of CRC patients, which is very important for risk stratification and determining treatment strategies (5).

CRC is an inflammation-related tumor characterized by the infiltration of heterogeneous immune cells into tumor microenvironment and peripheral hematological disorders (6), which create a complex microenvironment that allows for the development of tumors (7). During acute inflammation, white blood cells (WBCs) are considered the first line of defense against microbial infection, protecting the host from pathogens (8). However, in the state of long-term activation, continuous production of growth factors and reactive oxygen species may lead to permanent genomic changes and hinder the recruitment of lymphocytes by interacting with the DNA of the proliferating epithelium. Moreover, leukocytosis inhibits the activation of CD8+ tumor infiltrating lymphocytes by upregulating programmed death protein 1 (PD-1) on T lymphocytes and myeloid cells (7, 9). In malignant diseases, leukocytes and neutrophils can dilate locally and throughout the body, promoting anti-cancer treatment resistance and tumor progression through angiogenesis, invasion, and inhibitory factors (10). Tumor-infiltrating immune cells and inflammatory cells are the main components of the tumor microenvironment (TME) and are critical for the immune function of the host and the biological behavior of the tumor (11). Chronic inflammation is thought to lead to the development of various malignant lesions and an increased risk of recurrence (12).

As indicators of prognosis, various serum molecular markers, such as basophil, neutrophil, and lymphocyte counts, are easy to acquire from conventional preoperative examinations and are useful in diagnosing and evaluating treatment and predicting the prognosis of CRC patients (13–15). The correlation between a high WBC count and poor prognosis has been identified in various cancer types, such as oropharyngeal, cervical, and esophageal cancer (16–18). Although several groups have reported the adverse effects of peripheral leukocytosis on the prognosis of patients with various malignant tumors, this is limited by a retrospective mismatch, uneven treatment options, short follow-up, lack of multivariable analysis, and a small number of patients (5, 19, 20). The mechanism underlying this phenomenon has not yet been clarified.

Therefore, the purpose of this study was to investigate the prognostic value of preoperative WBC count on overall survival (OS) and disease-free survival (DFS) after CRC surgery in a larger matched sample cohort and the functional relevance of WBC in an immunological context. We speculated that high preoperative WBC count predicts a poorer survival outcome in CRC patients undergoing selective surgery and is associated with an immunosuppressive TME in CRC.



Materials and methods


Study design

This retrospective study was approved by the Ethics Committee of the Shanghai Cancer Center at Fudan University in Shanghai, China (IRB2105235-6). All the participants signed an informed consent form.



Study population

Between February 2009 and November 2014, 12,636 patients underwent elective surgery for CRC, and 7,433 patients with clinical characteristic data, OS records, and DFS records were included in this study (Figure 1). The inclusion criteria were as follows CRC diagnosed according to histological evidence, patients undergoing elective radical surgery for CRC, and patients older than 20 years.




Figure 1 | A. Flow chart of patient selection.



We excluded patients with incomplete medical information, benign tumors or carcinoma in situ, emergency surgery, an American Society of Anesthesiologists physical status of > 3, or those with a history of other malignant tumors during the initial visit (Figure 1). According to the preoperative WBC count, patients were classified into a high preoperative WBC group (WBC count ≥ 7,000/µL) and low preoperative WBC group (WBC count < 7,000/µL). The cut-off value for WBC count was calculated using the receiver operating characteristic (ROC) curve; the threshold was associated with an increased risk of postoperative mortality and was within the normal range of the WBC count (21).



Variables and outcomes

We reviewed and recorded the following variables from the clinical information system of the Shanghai Cancer Center: sex, age, preoperative adjuvant chemotherapy, surgical approach, tumor location, tumor histology, vascular tumor thrombus, nerve invasion, surgical margin positivity, T, N, M, and TNM stages, infiltrating lymph nodes > 12, number of cancer nodules ≥1, preoperative hemoglobin, surgery again within 30 days, death, intraoperative transfusion, and blood loss.

The main endpoints of the study were OS and DFS. OS was defined as the interval between the date of diagnosis and the date of death from any cause. DFS was defined as the interval between the date of diagnosis and the date of recurrence, metastasis, occurrence of a secondary primary tumor, or death.



Immunohistochemical staining

Among patients underwent elective surgery for CRC in 2014, 30 patients were randomly selected from the high preoperative WBC group and 30 patients from the low preoperative WBC group. These 60 CRC tissues were used for IHC. Paraffin-embedded tissues were stained with antibodies. Two experienced pathologists determined the staining score. Six high-power fields (×200 magnification) were randomly counted by two independent pathologists (each experts in three fields), and the densities of CD8+ T cells, Foxp3+ regulatory T (Treg), CD68+ macrophages, CD66b+ neutrophils, PD-1+ cells, and programmed cell death ligand 1 (PD-L1)+ cells were recorded. The immunohistochemical antibodies used are listed in Supplementary Table 1.



Statistical analysis

In this study, the baseline characteristics of the patients were expressed by the values and percentages of the classified variables. The chi-square test was used to evaluate differences in baseline characteristics between the two groups. To reduce the possible confounding effect of each variable and the difference in baseline characteristics between the two groups, propensity score matching was performed. The paired variables were sex, age, preoperative adjuvant chemotherapy, tumor histology, TNM stage, and infiltrating lymph nodes > 12. The R software package “MatchIt” was used to match the propensity score. After matching, 1,553 patients were included in each group (Figure 1
; Table 1).


Table 1 | Patients baseline Characteristics in the total study cohort and the propensity score matched cohort.



In the propensity score matched cohort, the Kaplan–Meier method was used to compare OS and DFS using the log-rank test. The Cox proportional hazards model was used to identify independent prognostic factors in CRC patients. All variables were adjusted using a univariate Cox proportional hazards model. A multivariate Cox proportional hazard model was used in stepwise entry to select prognostic factors. Meanwhile, the hazard ratio and the corresponding 95% confidence interval (CI) were calculated. The densities of infiltrating immune cells between two groups were evaluated using an independent t-test or Mann-Whitney U test. All analyses were performed using IBM SPSS Statistics 25 (SPSS Inc., USA). Statistical significance was set at P < 0.05.




Results

The results are presented in Figure 1 and Table 1. Our median postoperative follow-up period was 69.4 months (95% CI: 68.7–70.0) for all the patients, 69.5 months (95% CI: 68.8–70.2) for the low preoperative WBC group, and 69.0 months (95% CI: 67.5–70.4) for the high preoperative WBC group (P = 0.677).

Generally, a high WBC classification is defined as a preoperative WBC count of ≥ 7,000/µL. Based on this definition, 22.6% (1,683/7,433) of patients were in the high preoperative WBC group and 77.4% (5,750/7,433) were in the low preoperative WBC group. The patient characteristics are shown in Table 1. More men (65.0% vs. 57.7%, P < 0.001) were in the high preoperative WBC group than in the low preoperative WBC group. Patients in the high preoperative WBC group were less likely to undergo preoperative adjuvant chemotherapy (5.7% vs. 8.9%, P < 0.001) and were more prone to have a tumor located on the left-side of the colon (23.0% vs. 20.6%, P < 0.001), right-side colon (27.0% vs. 23.8%, P < 0.001), and the transverse colon (can’t tell right or left) (1.6% vs. 1.2%, P < 0.001), had more mucinous adenocarcinoma (14.3% vs. 11.1%, P < 0.001), signet-ring cell carcinoma (2.0% vs. 1.3%, P < 0.001), and positive surgical margins (2.0% vs. 1.3%, P < 0.001). Furthermore, the high preoperative WBC group also had had a worse T (P < 0.001) and M stage (P = 0.002), a higher TNM stage (P < 0.001), more infiltrating lymph nodes > 12 (81.6% vs. 77.3%, P = 0.001) and more hemoglobin < 90 g/L (8.9% vs. 5.8%, P < 0.001). There were no significant differences in age, surgical approach, vascular tumor thrombus, nerve invasion, N stage, or the number of cancer nodules ≥ 1 (P > 0.05). The results indicated that a high preoperative WBC count was more likely to correlate with more malignant clinicopathological features in CRC patients.

Preoperative WBC counts, neutrophil counts, lymphocyte counts, monocyte counts, neutrophil-lymphocyte ratio (NLR), systemic immune-inflammation index (SII) was markedly higher in the high preoperative WBC group than in the low preoperative WBC group (all P<0.0001, Figures 2A–F). However, preoperative lymphocyte-monocyte ratio (LMR) was significantly higher in the low preoperative WBC group than in the high preoperative WBC group (P<0.0001, Figure 2G). There were no significant differences in platelet-lymphocyte ratio (PLR) between two groups (Figure 2H). It showed that a high preoperative WBC count was associated with more elevated inflammation-related biomarkers.




Figure 2 | The level of inflammation-related biomarkers between high preoperative WBC group and low preoperative WBC group before matching. (A-H). The level of WBC, neutrophils, lymphocyte, monocyte, NLR, PLR, LMR, SII between high preoperative WBC group and low preoperative WBC group before matching. Differences were considered significant at ****P < 0.0001, compared to the low preoperative WBC group. ns, no significance.



The propensity score matching was chosen to reduce the imbalance due to the differences in baseline characteristics between the two groups. After matching, 1,553 patients remained in each group. There were no significant differences in patient characteristics between the two groups in the matched cohort, except for surgical margin positivity and preoperative hemoglobin (Table 1). In the propensity score matched cohort, the overall mortality rate was significantly higher in the high preoperative WBC count group (26.3% vs. 22.2%, P = 0.007) than in the low preoperative WBC count group during follow-up for more than 5 years. Furthermore, a greater percentage of patients in the high preoperative WBC count group required blood transfusion (3.9% vs. 1.8%, P = 0.001, Table 1). There was no significant difference in blood loss between the two groups (0.8% vs. 0.8%, P=1.000, Table 1). However, the occurrence of blood transfusion is significantly different, which may be related to the different degree of anemia between the two groups before operation. Summarizing this propensity score matched cohort, a high preoperative WBC count was associated with a higher mortality rate and more blood transfusions after CRC surgery.

To assess the association between preoperative WBC count and prognosis, we performed a Kaplan–Meier survival analysis for OS and DFS after propensity score matching. The OS and DFS in the high preoperative WBC group were shorter than those in the low preoperative WBC group (Figures 3A, B; median survival time in OS: 136.933 months vs. 134.667 months; 5-year OS rate: 79.9% vs. 75.7%; P = 0.002; median survival time in DFS: 136.933 months vs. 134.667 months; 5-year DFS rate: 77.5% vs. 73.5%; P = 0.003). After matching, the high preoperative WBC count group exhibited worse outcomes than the low preoperative WBC count group.




Figure 3 | (A) Kaplan–Meier survival curve for overall survival (OS) according to preoperative WBC (pre-WBC) in the propensity score-matched cohort. The OS rates, median survival time, and number at risk are shown. (B) Kaplan–Meier survival curve for disease-free survival (DFS) according to preoperative WBC (pre-WBC) in the propensity score-matched cohort. The DFS rates, median survival time, and number at risk are shown. Significance with P < 0.05.



In the propensity score matched cohort, the Cox proportional hazards model was created to evaluate the association between the preoperative WBC count and survival, as shown in Tables 2 and 3. OS and DFS were compared in a univariate Cox model and later in a multivariate Cox regression. After adjustment, multivariable Cox regression showed that a high preoperative WBC count was strongly associated with poorer OS (hazard ratio, 1.234; 95% CI, 1.068–1.426; P = 0.004) and worse DFS (hazard ratio, 1.210; 95% CI, 1.047–1.397, P = 0.01) when compared to the low preoperative WBC count group. Other adverse prognostic factors for OS and DFS after multivariate analysis were age (≥65 years), preoperative neoadjuvant chemotherapy, tumor histology (signet-ring cell carcinoma), vascular tumor thrombus, nerve invasion, surgical margin positivity, TNM stage (III and IV), infiltrating lymph nodes > 12, number of cancer nodules ≥ 1, and intraoperative blood transfusion. In summary, high preoperative WBC count is an independent predictor of OS and DFS in CRC patients.


Table 2 | Univariable and multivariable cox regression analysis for overall survival in the propensity score matched cohort.





Table 3 | Univariable and multivariable cox regression analysis for disease-free survival in the propensity score matched cohort.




To explore the potential mechanism, we performed immunohistochemical staining of tumor-infiltrating immune cells in the high and low preoperative WBC groups (n = 60). Compared with the low preoperative WBC group, the high preoperative WBC group showed higher expression of Treg cells (P = 0.0034), CD68+ macrophages (P = 0.0071), and CD66b+ neutrophils (P = 0.0041), but lower expression of CD8+ T cells (P = 0.0057), suggesting a more immunosuppressive TME with increased Treg cells, macrophages, and neutrophil infiltration in the high preoperative WBC group (Figures 4A–D, G–J). We also found that the expression of PD-1 and PD-L1 increased in the high preoperative WBC count group (P = 0.005; P = 0.0019) (Figures 4E–F, K–M). Taken together, these data suggest that a high preoperative WBC count is associated with an immunosuppressive environment in CRC.




Figure 4 | High preoperative WBC group was associated with immunosuppressive contexture in CRC. (A–F). Representative immunohistochemical (IHC) staining of CD8+ T cells, Foxp3+ Tregs, CD68+ Macrophages, CD66b+ Neutrophils, and immunosuppressive checkpoints (PD-1, PD-L1) between high and low preoperative WBC groups. (G–M) Comparison of CD8+ T cells, Foxp3+ Tregs, CD68+ Macrophages, CD66b+ neutrophils and immunosuppressive checkpoints (PD-1, PD-L1) between two groups. n=30 in each group. Differences were considered significant at **P < 0.01, compared to the low preoperative WBC group.





Discussion

Even after the use of propensity score matching, our findings suggested that the high preoperative WBC count group exhibited worse outcomes than the low preoperative WBC count group. We confirmed that high preoperative WBC count is an independent prognostic indicator for predicting OS and DFS in CRC patients. Additionally, the analysis showed that age (≥65 years), preoperative neoadjuvant chemotherapy, tumor type (signet-ring cell carcinoma), vascular tumor thrombus, nerve invasion, positive surgical margin, stage of TNM (III and IV), infiltrating lymph nodes > 12, number of cancer nodules ≥ 1, and intraoperative blood transfusion were also independent risk factors for worse survival outcomes. A high preoperative WBC count was associated with an immunosuppressive environment in CRC, with higher infiltration of Treg cells, neutrophils, and macrophages and increased levels of PD-1 and PD-L1, but less infiltration of CD8+ T cells. Overall, this study demonstrated that a high WBC count was independently linked with worse outcomes and an immunosuppressive environment in CRC.

Research has shown that up to 50% of cancers may be associated with inflammation, which is involved in the initiation, promotion, malignant progression, invasion, and metastasis of cancer (22). Our study indicated that leukocytosis before surgery was present in 22.6% of CRC patients and was strongly associated with worse OS and DFS. Several studies have shown that multiple types of malignant tumors are related to inflammation or infection, such as lung, gastric, and skin cancer (23–25). In addition, the host inflammation reaction can inhibit antitumor immune function, thereby leading to poor prognosis of patients (26). At present, the correlation between higher levels of circulating inflammatory markers and prognosis has been revealed in various malignant tumors (27–30). Inflammation is an immune response characterized by a dramatic increase in the number of leukocytes in circulation and infectious tissue (31). Various studies concluded that inflammatory markers such as the neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, and C-reactive protein can all predict the prognosis of CRC (32, 33). Although several groups have reported adverse effects of peripheral leukocytosis on the prognosis of patients with various malignant tumors, this is limited by a retrospective mismatch, uneven treatment options, short follow-up, lack of multivariable analysis, and a small number of patients (5, 15, 19, 34). Our larger sample-matched cohort validated that a higher preoperative WBC count was correlated with poorer OS and DFS in CRC, which was in line with previous research (7, 35). Multivariate analysis validated that a high preoperative WBC count was an independent prognostic marker for malignancy in CRC. Our results showed that the mortality rate of patients with leukocytosis increased by 4.1%. Moreover, preoperative leukocytosis is associated with increased mortality, morbidity, and postoperative complications in CRC surgery (36, 37). Therefore, based on the potential role of leukocytosis in predicting prognosis, it could be used for disease management and follow-up to improve the OS of CRC patients.

Immunomodulatory cytokines and systemic inflammatory markers play a key role in the occurrence and development of cancer. The mechanism underlying the relationship between systemic inflammation and survival outcomes in CRC patients remains unclear. The TME may be one of the main factors involved in its pathogenesis. Many inflammatory cells represent innate and acquired immune responses in the microenvironment of solid malignant tumors (38). Our study used CD8 as a cytotoxic T cell marker, Foxp3 as a Treg cell marker, CD66b as a neutrophil marker, and CD68 as a macrophage marker, which are the key components of the TME. Our study showed that a high preoperative WBC count was associated with an immunosuppressive environment in CRC, with higher infiltration of Treg cells, neutrophils, and macrophages and increased levels of PD-1 and PD-L1, but less infiltration of CD8+ T cells. Several studies have reported that a high baseline WBC count is associated with a low infiltration of CD8+ T cells in tumors, which is consistent with the findings of our study (5, 7). However, to the best of our knowledge, there are no reports on the functional relevance of leukocytosis in the immunosuppressive TME in CRC; thus, our research fills this gap. Simultaneously, we provided a reasonable explanation for the relationship between leukocytosis and poor prognosis.

Several studies have shown that the immune microenvironment in tumors is closely related to clinical outcomes and therapeutic drug resistance (39). Treg cells play a role in the promotion of tumors by inhibiting adaptive antitumor immunity (40). Tumor growth factors, pro-inflammatory cytokines, pro-angiogenic factors, and reactive oxygen species rich in the TME, together with a large number of Treg cells, can lead to cytotoxic T-lymphocyte dysfunction and poor prognosis (41). Tumor-associated macrophages, which tend to be pro-tumor M2 subsets, may induce cancer cell proliferation by secreting growth factors and angiogenesis. They may also promote tumor growth by secreting matrix metalloproteinases (42, 43). Neutrophils are crucial regulators of both inflammation and immune responses, accounting for 50–70% of leukocytes in the circulation, and are the major elements of WBC (44). Neutrophils can be transformed into a tumor-promoting state in the TME (45). In addition to cytotoxicity, neutrophils can promote the spread of tumor cells by secreting metalloproteinases and elastase to degrade the extracellular matrix. It also regulates immunosuppression by secreting reactive oxygen species and arginase-1, thus limiting T cell-dependent antitumor immunity (46). It is an immunosuppressive TME that leads to poor prognosis in CRC.

Clinically, the TNM staging system is the most used indicator for risk stratification of CRC patients and guides treatment decisions (47). However, TNM staging is often performed postoperatively, and it is difficult to predict survival preoperatively and choose further treatment strategies. Moreover, TNM staging can only reflect the biological behavior of tumors. However, patients tend to have different survival outcomes even at the same TNM stage (48). The prognosis of tumors is not only related to the clinicopathological characteristics of the tumor but is also affected by tumor-host interactions, including inflammatory and immune responses (49). Recently, owing to the repeatable, inexpensive, and convenient features of hematological indices, inflammatory markers established on the basis of blood cell counts have been regarded as potential prognostic indicators for CRC patients (50). These inflammatory indicators are helpful for anesthesiologists and surgeons for comprehensive evaluation before surgery. The first contribution of our study is that we can predict the prognosis of CRC patients using a simple and feasible method before surgery. At present, anesthesiologists and surgeons are paying increasing attention to the short- and long-term prognosis of patients (51–53). Enhanced recovery after surgery also requires anesthesiologists to focus on these factors (54). This suggests that anesthesiologists and surgeons should pay more attention to patients with a higher preoperative inflammation status and take measures to inhibit perioperative stress response and inflammation to improve the prognosis of patients (55–57). This implies good clinical application of these implications. The second contribution of our research is that we are the first to report that leukocytosis is associated with an immunosuppressive microenvironment in CRC, which will provide a better understanding of the relationship between leukocytosis and worse outcomes and help us tailor more precise strategies for CRC patients.

Thus, our research has important implications. The advantage of our clinical research is that our overall sample size (>7000) and allocation (>1500) in each group is much larger than those in previous studies (5, 10, 15, 19, 20), with data from one of the largest cancer centers in China. Another advantage of this study is that we focused on the long-term prognosis of CRC patients. Our median postoperative follow-up period was >5 years (median: 69.6 months), which is much longer than that in previous studies (5, 15, 19). Additionally, we used propensity score matching and multiple Cox regression analyses to correct for confounding factors. Therefore, our study provides high-quality evidence. Previous studies have suggested that leukocytosis is associated with decreased levels of CD8+ T cells in the CRC TME; however, the evaluation of other immunosuppressive cells has not been reported. We found that the preoperative WBC count was correlated with several immunosuppressive cells, shaping an immunosuppressive TME. Our study not only explored a new mechanism behind the clinical significance of preoperative WBC count in CRC malignancy but also stratified patients for personalized treatment. Further research is needed to determine whether leukocytosis could be an immunological biomarker in patients who are sensitive to immunotherapy.

Our study had some limitations. First, the study was retrospective and non-randomized, and patient information was obtained from a cancer center. Second, due to the various perioperative factors associated with leukocytosis, we were unable to eliminate the potential effects of unmeasured confounding factors. Third, although we have determined the effect of leukocytosis on the tumor immunosuppressive microenvironment in the malignant process of CRC, the potential mechanism of these immune cell interactions needs to be further studied. Well-designed prospective and basic studies are helpful to explore the clinical significance and immune environment of preoperative leukocytosis in the long-term prognosis of CRC patients.

In conclusion, preoperative leukocytosis was independently associated with increased overall mortality and cancer recurrence after CRC surgery, and it was associated with an immunosuppressive TME, which might be useful for risk stratification and follow-up scheduling.
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No 4391 (76.4) 1225 (72.8) 1208 (77.8) 1144 (73.7)

Yes 1359 (23.6) 458 (27.2) 345 (22.2) 409 (26.3)

Blood Transfusion, n (%) <0.001 0.001

No 5635 (98.0) 1618 (96.1) 1525 (98.2) 1493 (96.1)

Yes 115 (2.0) 65 (3.9) 28 (1.8) 60 (3.9)

Blood loss, n (%) 0.954 1.000

<400ml 5703 (99.2) 1669 (99.2) 1540 (99.2) 1540 (99.2)

2400ml 47 (0.8) 14 (0.8) 13 (0.8) 13 (0.8)
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