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Baseline C-reactive protein (CRP) has been determined as a prognostic factor in nasopharyngeal carcinoma (NPC). This study was designed to further evaluate the impact of CRP kinetics on NPC patients. Thousand three hundred and seventy eight NPC patients from February 2001 to June 2011 were retrospectively reviewed. CRP were measured at beginning, middle, and the end of the treatment. The endpoints were overall survival (OS) and distant metastasis free survival (DMFS). Patients were divided into three groups according to baseline CRP and CRP kinetics: (1) continuously normal group: patients whose baseline CRP normal and never elevated, (2) ever-elevated group: patients whose CRP ever elevated regardless time points, (3) continuously elevated group: patients whose baseline CRP elevated and never normalized. Baseline CRP, CRP after treatment, and CRP kinetics were correlated with TNM stage, T stage, and N stage. Univariate and multivariate analysis identified that elevated baseline CRP and CRP after treatment had significant association with worse survival than normal CRP. Oppositely, elevated CRP during treatment was not associated with survival. Patients with continuously elevated CRP significantly had poor OS and DMFS (HR:2.610, 95%CI: 1.592–4.279, p < 0.001; HR:2.816, 95%CI: 1.486–5.302, p = 0.001, respectively). In multivariate analysis, CRP kinetics assessment is an independent prognostic factor for OS and DFMS in NPC patients (HR:2.512, 95%CI: 1.452–4.346, p = 0.001; HR:3.389, 95%CI: 1.734–6.625, p = 0.001, respectively). In conclusion, elevated CRP at baseline and after treatment are predictive factors of poor prognosis for NPC. The study of CRP kinetics shows that continuously elevated CRP during treatment might indicate an unfavorable prognosis for NPC.

Keywords: C-reactive protein, nasopharyngeal carcinoma, radiotherapy, kinetics, prognosis

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is prevalent in Southern China and Southeast Asia, with a peak incidence of 50 cases per 1,00,000 individuals (1, 2). Radiotherapy with or without chemotherapy is the primary treatment for NPC patients (3). With the rapid development of radiotherapy technology and chemotherapy regimens, the overall 5-year survival rate of NPC is over 75% (4, 5). However, a mysterious heterogeneity remains in clinical outcomes of NPC with the same TNM staging system (6). Recently, numerous evidence has shown that specific biomarkers such as serum lactate dehydrogenase levels (7) and plasma Epstein-Barr virus (EBV) DNA (8) can successfully distinguish prognosis of NPC patients. However, plasma EBV DNA testing has not been routinely applied in clinical practice. It is urgent to explore additional biomarkers that are simple to use and complementary to TNM staging system (9).

Many non-specific inflammatory markers have been detected and proven to play important roles in predicting tumor progression and prognosis (10–12). C-reactive protein (CRP) is one of the most representative markers in the acute phase of systemic inflammatory response (13, 14). It has been reported with increased levels of CRP was relevant to poor prognosis in colorectal cancer (15), hepatocellular carcinoma (16), and esophageal carcinoma (17). Similarly in NPC patients, baseline levels of CRP and CRP/albumin ratio have been both proposed as a potentially useful biomarker (18–21). Besides, dynamic change in CRP levels, known as CRP kinetics, has been reported as a prognostic marker of long-term survival for metastatic NPC patients treated with palliative chemotherapy (22). To our knowledge, the prognostic value of CRP kinetics in non-metastatic NPC remains obscured.

We herein conducted a large-scale retrospective study in a single center and aimed to investigate the role of CRP and CRP kinetics in predicting prognosis of non-metastatic NPC patients treated with radical radiotherapy.

MATERIALS AND METHODS

Patients

From February 2001 to June 2011, 1,378 consecutive patients who had confirmed diagnosis of non-metastatic NPC and received radical radiotherapy in Sun Yat-Sen University Cancer Center were enrolled for initial screening. The selection criteria included: (1) good performance status (KPS ≥ 80); (2) normal renal, cardiac and liver function; (3) at least one CRP record during treatment; and (4) complete follow-up data. This study was approved by the Institutional Review Board of our hospital, with written informed consent exempted from all subjects due to the retrospective study design.

Treatments

Before any treatment, patients would receive a routine staging work-up, which included a review of patient history, physical examination, magnetic resonance imaging (MRI) scan of nasopharynx and neck, chest radiography, abdominal sonography, and a whole-body bone scan or whole-body fluorodeoxyglucose positron emission tomography-computed tomography (FDG PET/CT). Afterwards, they were staged based on the 8th edition of the International Union against Cancer/American Joint Committee on Cancer (UICC/AJCC) system. Radiotherapy with or without concurrent chemotherapy was followed, with detailed techniques summarized as our previously report.

Serum levels of CRP were measured from peripheral venous blood samples. Baseline CRP was defined as CRP level before any anti-tumor treatment, with CRP during treatment and after treatment defined as values during any cycle of chemotherapy or radiotherapy and in the end of radical radiotherapy, respectively. The cut-off value of CRP was set at 10 mg/L according to previous studies (15, 16, 23). Accordingly, all subjects were intentionally divided into three groups according to baseline CRP and CRP kinetics: (1) non-elevated group: patients whose baseline CRP < 10 mg/L and not elevated after the treatment, (2) ever-elevated group: patients whose baseline CRP or CRP after treatment ever elevated, (3)non-normalized group: patients whose baseline CRP and CRP after treatment were both >10 mg/L.

After treatment, patients were scheduled for regular follow-up visits, who were routinely asked every 3 months during the first 2 years, every 6 months till the 5th year, and then yearly thereafter. Evaluations during each out-patient visit included physical examination, hematology, and biochemistry profiles, MRI scan, chest radiography, abdominal sonography, and a whole-body bone scan.

Study Outcomes

The primary endpoints were the overall survival (OS) and distant metastasis-free survival (DMFS) after the radical treatment. OS and DMFS were calculated from the first day of treatment to death and the first distant metastasis, respectively.

Statistical Analyses

All data was stored and analyzed using the statistical package SPSS for Windows (Vers. 22.0, SPSS Inc., Chicago, IL). Pearson's Chi-squared test was used to analyze correlations between different CRP levels and the patients' clinicopathological features. The actuarial survival rates were estimated by the Kaplan-Meier method and survival curves were compared with the log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Two-tailed p-value < 0.05 were considered statistically significant.

RESULTS

Clinical Outcomes

Within the study period, a total of 1,378 non-metastatic NPC patients were included for the final analysis. The median age was 45 years (12–90 years), with 1016 (73.7%) males, and 362 (26.3%) females. The demographic and baseline characteristics of included patients are summarized in Table 1. Briefly, all patients were treated with radiotherapy, including 773 patients with 2-dimensional radiotherapy, 37 patients with 3-dimensional conformal radiation therapy (3D-CRT), and 568 patients with Intensity Modulated Radiation Therapy (IMRT). Additionally, 81.3% (974/1,198) patients received platinum-based chemotherapy, including neoadjuvant, concurrent, or adjuvant chemotherapy for advanced-stage disease. Until the last date of follow-up, the median follow-up period was 52 months (range, 2–106 months), with 150/1,378 (10.8%) and 102/1,378 (7.4%) patients suffering distant metastasis and cancer-related death, respectively. The 5-year OS and DMFS rates were 89.1 and 92.7%, respectively.


Table 1. Patient characteristic.
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CRP and CRP Kinetics

In the entire cohort, 109 (8.3%) patients had elevated CRP levels at baseline measurement, 1,211 (87.9%) patients had normal CRP levels, and 58 (4.2%) patients had missing values. After treatment, 330 of 1,211 patients with previous normal baseline CRP still had non-elevated CRP, but 8 of 109 patients with previous elevated CRP still had elevated CRP. On the basis of our grouping method, 330, 67 and 8 patients were assigned into non-elevated group, ever-elevated group, and non-normalized group, respectively (Figure 1).
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FIGURE 1. Flow chart of the different patients group according to CRP kinetics.



Association of CRP Kinetics With Tumor Stage

The chi-squared test results showed that our data was relatively balanced.

Patients with T3-4, N2-3, and Stage III-IVa disease had significantly higher baseline levels of CRP than those with T1-2, N0-1, and Stage I-II disease (p = 0.001, 0.017, and 0.001, respectively). Similarly, there is a trend that patients with worse T, N, and total stage had relatively higher CRP after treatment (p = 0.090, 0.084, and 0.045, respectively) and CRP kinetics (p = 0.053, 0.01, and 0.016, respectively) in comparison with early stage patients. However, elevated CRP during treatment was not associated with advanced tumor stage (p = 0.191, 0.389, and 0.082, respectively).

CRP Levels Impacting On Survival

The 1-year, 3-year, and 5-year OS rates in the normal baseline CRP group were 99, 91, and 88%, respectively (Figure 2A). Meanwhile, the 1-year, 3-year, and 5-year OS rates in the elevated baseline CRP group were 94, 80, and 71%, respectively, with a significant difference observed between the two groups (Table 2; HR: 2.541; 95%CI: 1.673–3.943; p < 0.001). Similarly, the 1-year, 3-year, and 5-year DMFS rates in the elevated baseline CRP group were markedly poorer than those in normal group (91 vs. 96%, 83 vs. 94%, and 79 vs. 93%; Figure 2B) respectively, suggesting a significant difference (HR: 3.001; 95%CI: 1.817–4.955; p < 0.001). Other risk factors, including advanced tumor stage, elevated CRP after treatment and CRP kinetics, were correlated with poor OS and DMFS rates (Table 2). By further, multivariate analysis (Table 3) was also performed, incorporating patient factors (age, gender, family history, smoking, hypertension, diabetes, chronic hepatitis B, and BMI), tumor factors (pathological type and TNM stage), treatment methods (radiotherapy and chemotherapy) and baseline CRP level as covariates. The baseline CRP level was confirmed as an independent prognostic factor for OS and DMFS (HR: 2.502, 95%CI: 1.510–4.148, p < 0.001; HR: 3.056, 95%CI: 1.751–5.333, p < 0.001), respectively.
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FIGURE 2. (A) Kaplan-Meier analysis of OS according to baseline CRP levels. (B) Kaplan-Meier analysis of DMFS according to baseline CRP levels.




Table 2. Univariate analyses of prognosis factors for OS and DMFS.

[image: image]




Table 3. Multivariate analyses of prognosis factors for OS and DMFS.
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Besides, the OS (Figure 3A) and DMFS (Figure 3B) curves were compared between patients with elevated and non-elevated CRP level during treatment, with no significant differences found. Further, univariate analysis also suggested that CRP level during treatment was insignificant with OS (HR: 1.202; 95%CI: 0.730–1.978; p = 0.470) or DMFS (HR:1.421, 95%CI: 0.778–2.596; p = 0.253). All together confirmed that CRP level during treatment was not a prognostic factor for the current cohort (Table 2).
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FIGURE 3. (A) Kaplan-Meier analysis of OS according to CRP levels during treatment. (B) Kaplan-Meier analysis of DMFS according to CRP levels during treatment.



Lastly, the 1-year, 3-year, and 5-year OS rates in elevated and normal CRP levels after treatment were 83 and 98%, 76 and 92%, and 76 and 87%, respectively (Figure 4). It suggested that the elevated CRP after treatment was associated with a poor survival (HR:3.041, 95%CI: 1.552–5.961, p = 0.001). Similarly, elevated CRP after treatment also indicated significantly decreased DMFS compared with normal CRP after treatment (HR: 3.689, 95%CI: 1.631–8.343, p = 0.002). Multivariate analysis revealed CRP level after treatment was an independent prognostic factor of OS (HR: 2.892, 95%CI: 1.334–6.271, p = 0.007) and DMFS (HR: 4.876, 95%CI: 2.008–11.836, p < 0.001).
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FIGURE 4. (A) Kaplan-Meier analysis of OS according to CRP levels after treatment. (B) Kaplan-Meier analysis of DMFS according to CRP levels after treatment.



CRP Kinetics and Survival

The 1-year, 3-year, and 5-year OS rates for patients with non-elevated CRP was 98, 93, and 89%, which were significantly improved compared with those with ever-elevated (91, 84, and 79%) and non-normalized CRP (72, 58, and 58%; Figure 5). As for the DMFS rates, the non-elevated CRP group had 1, 3, 5-year rates of 98, 96, and 94%, respectively. The ever-elevated group and non-normalized group had 1, 3, 5-year rates of 91 and 87%, 89 and 69%, and 97 and 69%, respectively. There were significantly differences in OS (HR:2.610, 95%CI: 1.592–4.279, p < 0.001) and DMFS (HR:2.816, 95%CI: 1.486–5.302, p = 0.001) among three groups. Multivariate analysis demonstrated that CRP kinetics was an independent prognostic factor of OS (HR:2.512, 95%CI: 1.452–4.346, p = 0.001) and DMFS (HR:3.389, 95%CI: 1.734–6.625, p = 0.001).
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FIGURE 5. (A) Kaplan-Meier analysis of OS according to CRP kinetics. (B) Kaplan-Meier analysis of DMFS according to CRP kinetics.



DISCUSSION

In the present study, we found that pre-treatment and post-treatment levels of CRP, rather than CRP during treatment, were helpful to predict prognosis of non-metastatic NPC patients. Furthermore, we assessed the effect of CRP kinetics during treatment and found that CRP kinetics was an independent prognostic factor for prognosis of NPC patients. To the best of our knowledge, this study was the first report to confirm the prognostic significance of pre-treatment CRP, post-treatment CRP, and CRP kinetics during treatment for non-metastatic NPC patients.

Inflammation is known as the seventh hallmark of tumor formation and development, which is recognized to promote the initiation, progression and metastasis of cancer (24–27). CRP, as an acute-phase protein, is a non-specific protein reacting to acute inflammation, infection, and tissue damage (13). It has been regarded as a valuable inflammatory marker in cardiovascular disease (28), diabetes (29), and chronic hepatitis B (30, 31). Recently, further researches have demonstrated a correlation of high CRP level with a poor prognosis in colorectal cancer (15), osteosarcoma (32), hepatocellular carcinoma (16), and other cancers, as well as in NPC patients (19, 21). The current study has demonstrated pre-treatment CRP and post-treatment CRP are both independent and significant prognostic indicators of non-metastatic NPC patients, and the finding is consistent with previous studies.

We further analyzed the relationship of the CRP level in different treatment phases with prognosis, which was relatively lacking in previous studies. Interestingly, CRP level during treatment showed no relationship with OS and DMFS in NPC patients. As we know, acute radiotherapy-induced mucosal reaction, bacterial and fungal infections, chemotherapy-induced hepatic injury, renal impairment, and cardiac damage commonly happened during the whole process of radical radiotherapy and induction and concurrent chemotherapy. The elevation of CRP during treatment may be due to the inflammation, infection and tissue damage mentioned above, therefore the effect of predicting prognosis is covered over.

Recently, research of relationship between tumor biomarker kinetics and patient prognosis has been attracting more attention. As an EBV-related malignance, EBV DNA has been used in diagnosis, predicting prognosis, and monitoring in NPC patients (8, 33, 34). However, there is still no unified detection method in circulating EBV DNA quantification. CRP kinetics has also been revealed as a prognostic indicator in metastatic renal cell carcinoma treated with TKIs (35). Xia et al. reported that baseline CRP level and CRP kinetics may be useful to predict prognosis of metastatic NPC patients treated with palliative chemotherapy (22). To date, there is no related research revealing the relationship with CRP and prognosis in non-metastatic NPC patients treated with radical radiotherapy. Our current study has demonstrated that CRP kinetics is an independent prognostic indicator in non-metastatic NPC patients. The prognosis of patients with non-elevated CRP during radical treatment is better than patients with ever-elevated and non-normalized CRP. Since CRP is more regular carried out in basic hospitals in China, the CRP monitoring may be an effective and economical in basic hospitals in China during follow-up.

This study had several limitations. First, this was a retrospective, single-center analysis and patient-selection bias was inescapable. Second, EBV DNA test was not regularly performed in this cohort due to the limitation of times. Therefore, the interaction of EBV DNA expression and CRP level was not explored in the current study. At last, biological mechanisms that unravel the prognostic value of CRP level and kinetics in NPC were not revealed.

In conlusion, the pretreatment CRP level, CRP after treatment, and CRP kinetics may be a useful prognostic indicator in non-metastatic NPC patient treated with radical radiotherapy. Further research including large prospective studies is required to draw more definitive conclusions.
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p < 0.05 was considered statistically significant.
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