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Background: Idiopathic Multicentric Castleman disease (iMCD) is a type of the rare lymphoproliferative diseases. C-reactive protein (CRP) is a well-recognized biomarker of inflammation, frequently exhibits elevated levels in individuals diagnosed with iMCD. However, its prognostic value of this factor in iMCD remains uncertain.

Methods: The clinical manifestations, biochemical information, treatment plan and overall survival time (OS) of 68 iMCD patients with basic information such as age, sex, time of first diagnosis, blood routine and serum CRP level data from 6 medical institutionsin China and abroad were retrospectively analyzed. The median follow-up time of the study was 44.47 months. The serum CRP level was divided into two groups according to the prognostic relationship by X-tile software, and then it was included in the risk model CRP-A for predicting death, together with the age of first visit > 60 years old, Hemoglobin (HGB) ≤ 80g/L, hepatomegaly and/or splenomegaly and plasma cell (PC) type. The predictive ability of the clinical model was evaluated by drawing calibration curve and ROC curve. The factors affecting the level of serum CRP were analyzed.

Results: Using the Kaplan-Meier method, our analysis suggested that a higher serum CRP level (>26.8 mg/L) was associated with worse overall survival in patients (p = 0.004). We developed a multivariable prognostic model based on serum CRP levels to assess survival outcomes in iMCD. The discriminative performance of the model for mortality events was validated through calibration plots and receiver operating characteristic (ROC) curves highlighting CRP as a key biomarker associated with disease prognosis. Additionally, analyzing by chi-square test and Fisher’s exact test showed that age, B-symptoms, hypoalbuminemia, ECOG and plasma cell type were significantly associated with high serum CRP level in patients with iMCD, and that fibrinogen levels was positively correlated with CRP level.

Conclusion: High serum CRP levels are associated with a variety of clinical manifestations and laboratory abnormalities.
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Introduction

Castleman disease (CD) is a heterogeneous lymphoproliferative disorder classified histologically into hyaline vascular (HV), plasma cell (PC), and mixed cellularity (MCD) subtypes, with unicentric (UCD) and multicentric (MCD) forms distinguished by lesion distribution (1–3). UCD generally has a favorable prognosis (5-year survival rate > 90%) after local therapy, while MCD often presents with systemic symptoms (fever, weight loss) and is frequently associated with HHV-8 infection, particularly in immunocompromised patients (e.g., HIV-positive individuals) (4–6). Approximately 30–50% of MCD cases are idiopathic multicentric Castleman disease (iMCD), which can range from mild inflammation to life-threatening cytokine storms or organ failure. iMCD is further subdivided into TAFRO syndrome (thrombocytopenia, anemia, myelofibrosis, organomegaly, and renal failure) and non-specific (iMCD-NOS) subtypes, with a 5-year survival rate of 51–77% (7–9).

Its pathogenesis remains unclear but may involve immune dysregulation, viral infections, or paraneoplastic mechanisms (10). Current treatment for iMCD lacks standardized guidelines and relies on risk-stratified strategies proposed by the CDCN (11). Therapeutic options include corticosteroids, anti-CD20/IL-6/IL-6R agents, and immunosuppressants, applied variably based on disease severity (12, 13). Prognostic modeling remains challenging due to disease heterogeneity and limited biomarkers.

Serum C-reactive protein (CRP), a marker of acute inflammation, has emerged as a potential prognostic indicator in iMCD. Previous studies reported elevated CRP levels in MCD patients and its inclusion as a minor criterion in the 2020 CDCN diagnostic consensus (>10 mg/L) (14–16). However, its prognostic significance in iMCD requires validation. This multicenter analysis of 68 patients evaluated CRP’s role in stratifying overall survival and developed a simplified clinical prognostic model for iMCD characterizing CRP-associated survival risk.



Materials and methods


Patients and methods

We identified a total of 68 patients who were diagnosed with iMCD between January 2005 and February 2017 at six prominent medical centers, namely the Affiliated Cancer Hospital of Sun Yat-sen University, The First Affiliated Hospital of Zhejiang University, The Second Affiliated Hospital of Zhejiang University, Shandong Cancer Hospital, The University of Texas M.D. Anderson Cancer Center, and Shanxi Cancer Hospital. The diagnosis of iMCD was made based on accepted guidelines that consider histopathologic features observed in biopsy specimens from affected lymph nodes, tissues, or organs. These diagnoses underwent thorough review by at least two experienced pathologists. Patients with co-morbid malignancies or those who tested positive for EBV or HIV were excluded from the study. Additionally, patients with HHV-8-associated diseases such as Kaposi’s sarcoma or primary effusion lymphoma (PEL), POEMS syndrome and those lacking sufficient clinical information were also excluded. This research received approval from our institutional review board and was conducted in accordance with the principles outlined in the Declaration of Helsinki. Patient data, including gender, age, B symptoms, large masses (Defined as a mass greater than 5 cm in diameter), past history, pathology type, laboratory test results, and imaging findings, were recorded and analyzed. Treatment options and overall survival time (OS) were also evaluated. Hepatosplenomegaly, large masses, and edema were confirmed by ultrasound type B (USG-B) or computed tomography (CT) of the involved areas and of superficial lymph nodes or organs; some patients underwent systemic PET-CT. B symptoms were defined as night sweats, a temperature of more than 38°C or weight loss of more than 10% within the past 6 months. The treatment options for iMCD vary depending on the severity of clinical symptoms and drug accessibility. They include combinations of rituximab ± steroid therapy, two or more chemotherapeutic agents, individual chemotherapeutic agents, IL-6 targeted therapy, glucocorticoids alone, immunotherapy, watchful waiting (including surgery).

The follow-up for all patients with iMCD was conducted from the date of initial diagnosis until December 31, 2018, or the time of death or last follow-up. The median duration of follow-up was 44.47 months (95% CI: 29.29 ~ 59.65 months). OS was defined as the time from death, loss to follow-up, or last recorded contact. Follow-up data were primarily obtained from medical records, telephone records, and WeChat records.



Statistical analysis

Statistical analysis of the data was conducted using IBM SPSS version 25 and R language version 4.0 software. Measurement data following a normal distribution were reported by the mean ± standard deviation, while data not following a normal distribution were expressed using quartiles. The non-parametric rank sum test was employed for analyzing differences between two groups. CRP levels were stratified using X-TILE (Yale University, USA). Univariate survival analysis was performed using the Kaplan–Meier method, and the log-rank test was used to compare survival between the two groups. Survival-related factors were analyzed using univariable and multivariable Cox regression models. The prognostic utility of the model for death in iMCD patients was assessed through a calibration curve analysis the discriminative performance of the model in patient survival at 1-, 3-, and 5-year was evaluated using receiver operating characteristic (ROC) curves. Correlation analyses were conducted using the chi-square test, Fisher’s exact probability method, and Spearman’s rank correlation coefficient. Statistical significance was defined as p-values <0.05 in two-sided tests.



Clinical information and prognostic information

We conducted data analysis on 68 patients with iMCD from 6 medical institutions. Among these patients, 33 (48.53%) were male and 35 (51.47%) were female. The average age of the patients was 45.49 years, and 16.18% (11/68) of them were over the age of 60. In 68 patients with iMCD, 55.88% (38/68) had elevated serum CRP (normal value 0-10 mg/L), and the median CRP was 17.76 mg/L. The median hemoglobin (HGB) was 122 g/L, 16.18% of patients ≤80 g/L, 83.82% of patients >80 g/L. Serum albumen (ALB) is ≤35.00 g/L in 32.43% of patients (12/37). Detailed laboratory results are shown in Table 1.



TABLE 1 The demographic and laboratory characteristics of all iMCD patients.
[image: Table1]

By the end of follow-up, the mortality rate of iMCD patients was 29.41% (20/68), the survival rate was 70.59% (48/68), and the survival rate was 63.33% (19/30) in the chemotherapy group (including single-drug chemotherapy, combination chemotherapy, chemotherapy plus surgery). The prognostic information of different treatment regimens is shown in Table 2.



TABLE 2 Treatment and prognosis information for patients with iMCD.
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Establish a new prognostic model CRP-A for iMCD patients

We utilized X-TILE software to stratify serum CRP levels for assessing the outcomes of iMCD patients. The optimal cut-off value for stratification was determined as 26.8 mg/L (Figure 1). A total of 68 iMCD patients were included in this study, among whom 41 had a serum CRP level of ≤26.8 mg/L and 27 had a serum CRP level of >26.8 mg/L. Subsequently, we employed the Kaplan–Meier method to plot survival curves for different serum CRP groups. The results demonstrated that higher levels of serum CRP (>26.8 mg/L) were significantly associated with worse OS in these 68 iMCD patients, with a p-value of 0.004 (Figure 2).

[image: Figure 1]

FIGURE 1
 CRP at the best prognostic cutoff value for OS in patients with iMCD.
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FIGURE 2
 Survival curves for iMCD patients in different CRP groups.


As shown in Table 3, the Cox proportional hazards model analysis demonstrated that both age (p = 0.004) and CRP levels (p = 0.007) exhibited significant associations with OS in univariate analysis. After adjusting for potential confounders including age, tumor histology, hepatosplenomegaly, and serum albumin levels through multivariable Cox regression modeling, elevated CRP levels remained independently associated with shortened overall survival (hazard ratio HR = 2.977, 95% confidence interval CI: 1.139–7.784, p = 0.026). These findings suggest that CRP may serve as an independent prognostic biomarker for this patient population. Based on our previously identified prognostic risk factors for iMCD—namely hepatosplenomegaly, HGB ≤80 g/L, age > 60 years, and pathological subtype PC-type—this study innovatively developed the CRP-A prognostic model by integrating CRP measurement (Figure 3). Through systematic incorporation of these four established risk factors alongside CRP variables, the model demonstrated significantly improved the model’s prognostic stratification capacity for survival outcomes in patients with iMCD. In this model, these four elements all receive corresponding scores displayed at the top section of the plot. The total score obtained by summing the scores of all variables corresponds to the score at the bottom of the nomogram. The total risk score derived from the model is aligned with the probability scales to estimate survival probabilities at 1-, 3-, and 5-year post-diagnosis. Within this prognostic stratification framework, age > 60 years and CRP levels >26.8 mg/L contribute the highest weights to the composite risk score, followed by hepatosplenomegaly and PC-type pathology, while HGB <80 g/L demonstrates a comparatively lower impact.



TABLE 3 Univariate and multivariate Cox hazards analysis for OS in iMCD.
[image: Table3]

[image: Figure 3]

FIGURE 3
 CRP-A nomogram model. Age > 60 years was 1 and ≤ 60 years was 0; presence of hepatomegaly and/or splenomegaly was 1 and absence of hepatosplenomegaly was 0. Pathologic type PC was 2, otherwise 1; HGB(Hemoglobin) ≤ 80 g/L was 1 and HGB >80 g/L was 0; CRP (C-reactive protein) ≤ 26.8 mg/L was 0 and CRP >26.8 mg/L was 1.


To evaluate the effectiveness of the modeling results, we created calibration plots of CRP-A model stratifying death in patients with iMCD at year 1, 3, and 5 after diagnosis. The calibration plots indicated close alignment between model-derived and observed outcomes, while ROC curves demonstrated high discriminative accuracy, especially when the model-derived risk of death was ≥0.2, the model had a high the model showed high discriminative accuracy for mortality events for the actual death rate (Figure 4A). The ROC curve was then plotted, revealing that the prognostic model CRP-A prognostic model exhibited favorable discriminative accuracy for survival. The corresponding area under the curve (AUC) values for the 1st, 3rd, and 5th were determined to be 0.782, 0.802 and 0.797, respectively (Figure 4B).

[image: Figure 4]

FIGURE 4
 Calibration curve of the CRP-A model for the predicted risk of death in patients with iMCD. (A) Calibration curve of the predicted risk of death and actual risk of death in iMCD patients by CRP-A model. (B) ROC curves for CRP-A model predicting survival at years 1, 3 and 5 in patients with iMCD.




Correlation analysis of serum CRP

We employed the chi-square test and the Fisher exact probability method to examine the associations between different serum CRP groups (the threshold value was set at 26.8 mg/L) and age groups (the threshold age is set at 60 years), serum ALB groups (The cut-off value was 35 g/L), HGB groups (The cut-off value was 80 g/L), as well as the relationship between serum CRP and ECOG ≥2, liver and/or splenomegaly, large masses, and PC type. The results showed that age > 60 years (p = 0.035), presence of B symptoms (p = 0.002), hypoalbuminemia (p = 0.008), ECOG ≥2 (p < 0.001) and pathological type PC (p = 0.008) were associated with high serum CRP level (CRP >26.8 mg/L). However, the different HGB groups (p = 0.151), large masses (p = 0.585) and the presence of liver and/or splenomegaly (p = 0.863) showed no significant association with serum CRP levels (Table 4). In addition, we analyzed the distribution of HGB, age, and albumin among patients with different CRP groups, which showed that patients with high serum CRP levels (CRP >26.8 mg/L) tended to have lower HGB, albumin levels, and a higher age at first diagnosis.



TABLE 4 Correlation analysis of serum CRP levels in patients with iMCD.
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Spearman rank correlation analysis was used to examine the correlation between continuous biochemical indicators in iMCD patients and the total serum CRP levels in patients. The results revealed a significant negative correlation between HGB levels (p < 0.001), serum albumin levels (p < 0.001), and serum IgA levels (p = 0.023) in iMCD patients with the overall CRP level. Conversely, there was a positive correlation observed between fibrinogen levels (p = 0.025) and ECOG scores (p = 0.002) and the overall CRP levels.




Discussion

The identification of prognostic factors and development of prognostic models are imperative for enhancing treatment decisions and facilitating early prognosis. While the research on prognostic factors for iMCD remains relatively limited, further investigation is warranted. As a whole, our study determined the clinical characteristics and prognostic outcomes of 68 patients with CD with different serum CRP levels. Our study found that high serum CRP level (>26.8 mg/L) was a risk factor for the survival of patients with iMCD. we built the CRP-A nomogram model based on serum CRP level (>26.8 mg/L), age > 60 years, hepatomegaly and/or splenomegaly, HGB ≤80 g/L, and PC type, which demonstrated robust discriminative performance in stratifying the 1-year, 3-year, and 5-year survival of iMCD patients. The aim of this study was to identify the correlation between clinical presentation, prognostic factors and serum CRP levels in patients with iMCD, and to construct a simple clinical model for stratifying mortality in patients with iMCD.

Serum CRP, an acute phase protein synthesized by the liver, not only reflects the degree of inflammatory response in the body at an early stage, but also have been shown to be a prognostic indicator for certain tumors in several studies (17, 18). As a minor criterion for the diagnosis of CD and an adverse prognostic factor in patients with CD identified by CDCN, serum CRP has been studied in relatively few cases for prognostic analysis in patients with iMCD. In the present study, we observed a significant association between higher serum CRP levels and inferior OS in patients (p = 0.004). The optimal cut-off value of serum CRP was found to be 26.8 mg/L as determined using the X-TILE software. Elevated serum CRP levels represent the presence of inflammatory response in patients, and the tendency to anemia may be due to the fact that most patients with iMCD also have elevated expression of serum IL-6 in inflammatory states, which has been found to be a major inducer of the production of hepcidin, a key regulator of iron homeostasis in vivo, and whose increase is associated with inflammatory anemia (19).

The above data indicate that CRP serves as a simple and effective indicator reflecting the disease severity and prognosis of iMCD. We then converted CRP levels into categorical variables based on a threshold of 26.8 mg/L (<26.8 mg/L and ≥ 26.8 mg/L). A nomogram model was developed, incorporating factors such as age, hepatic and/or splenic enlargement, hemoglobin (HGB) levels, and pathology type. Previous studies have shown that age > 60 years and the presence of splenomegaly are prognostic factors for progression-free survival (20). Furthermore, in a previous study conducted by our research team, we identified hepatomegaly and/or splenomegaly, HGB levels ≤80 g/L, age > 60 years, and the presence of PC pathology type as significant prognostic risk factors for patients with iMCD (21). The CRP-A model of this study and the previous iMCD-IPI model are prognosis risk assessment models for iMCD patients, and they have certain clinical guiding value. The difference is that the CRP-A model includes serum CRP, a laboratory indicator that impacts the patient’s OS, making it convenient and straightforward for clinical assessment. Subsequently, we validated the CRP-A prognostic model, both ROC curves and calibration curves showed that the nomogram discriminative accuracy in stratifying the presence of a significant number of patients. ROC curves and calibration curves demonstrated robust discriminative performance for survival outcomes in patients with iMCD. In this model, patients with serum CRP levels >26.8 mg/L and age at diagnosis >60 years were of primary importance and equal importance in stratifying their 1-, 3-, and 5-year mortality risk. This suggests that serum CRP should be routinely measured in patients with iMCD in the future, and that early control of the inflammatory response in patients with markedly elevated CRP may improve their long-term survival. Therefore, implementing early intervention strategies may enhance long-term survival in these patients.

We further analyzed the correlation of serum CRP levels with other specific clinical characteristic in iMCD patients. Our results showed that iMCD patients with elevated serum CRP levels were more likely to have B symptoms and higher ECOG scores than those with low CRP levels, which is consistent with the fact that patients with iMCD usually have a systemic inflammatory response. Serum ALB levels, HGB levels, and IgA levels were negatively correlated with serum CRP. Some earlier studies have verified that STAT3 is a major transcription factor that upregulates ferritin during inflammation via the IL-6 transduction pathway (22). Antibodies against the IL-6 receptor significantly improved systemic manifestations of MCD, including HGB levels, by blocking serum IL-6 (23). High levels of serum CRP are associated with hypoalbuminemia, which may be due to decreased hepatic capacity to synthesize albumin as a result of increased expression of a range of inflammatory factors. Elderly (>60 years of age at first diagnosis) iMCD patients are more likely to have high CRP levels than younger (≤60 years of age at first diagnosis) patients, and therefore controlling the inflammatory response in elderly patients is key to treatment. iMCD patients with PC-type desease are more likely to have elevated CRP, perhaps related to humoral immunity involving plasma cell infiltration in the lymph node growth centers of patients with PC-type iMCD.

Several limitations are associated with our study. First, this is a retrospective study with some missing data. Furthermore, some patients without obvious symptoms or with mild symptoms chose to wait for treatment under observation, while CHOP and R-CHOP were common among chemotherapy regimens. The number of patients treated with single-agent chemotherapy, steroidal single-agent therapy, and single-agent therapy with rituximab was relatively small; therefore, no comparative analysis was conducted to evaluate the OS of the various treatment regimens; In addition, all cases of treatment with IL-6 targeted therapy were foreign patients, and none of the included domestic patients were treated with IL-6 targeted therapy; Due to the rarity of this disease, the value of the prognostic model has not been validated by external cohorts, which poses certain limitations. The repetition of cases treated with IL-6-targeted therapy in both foreign and domestic settings further emphasizes the lack of external validation for the prognostic model, highlighting this limitation.



Conclusion

Our study determined the clinical characteristics and prognostic outcomes of 68 patients with CD with different serum CRP levels. Our study found that high serum CRP level (>26.8 mg/L) was a risk factor for the survival of patients with iMCD; and we built the CRP-A nomogram model based on serum CRP level (>26.8 mg/L), age > 60 years, hepatomegaly and/or splenomegaly, HGB ≤80 g/L, and PC type, which can better quantify survival risk of the 1-year, 3-year, and 5-year iMCD patients, providing a tool for risk stratification in iMCD based on CRP-associated biomarkers. Our study will clarify our understanding of MCD and that the unfavorable risk factors for serum CRP in this study will inform therapeutic decisions and prognostic assessment. During future studies, it attaches a great importance with exploring their etiology, classification, treatment, prognosis and so on.
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