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Abstract

Introduction: Central nervous system (CNS) involvement is reported to represent 5% of
extranodal diffuse large B cell lymphoma (DLBCL) at diagnosis. To stratify patients’ risk of
CNS involvement, the CNS-International Prognostic Index (CNS-IPI) score was developed.
Serum uric acid level has not been incorporated into IPI or CNS-IPI score and its correlation
with CNS-IPI risk groups and the CNS relapse has not been studied to date. Therefore, we
aimed to retrospectively analyze the relationship between uric acid levels and CNS relapse
risk in patients with newly diagnosed adult DLBCL. Methods: Ninety-four adult newly
diagnosed DLBCL patients were retrospectively assessed via electronic records and patient
files. Demographic data, IPI and CNS-IPI scores, hematologic parameters, serum lactate de-
hydrogenase, beta-2 microglobulin, serum uric acid and creatinine levels at diagnosis were
recorded for analysis. Uric acid levels were compared between CNS-IPI low-intermediate
and high groups and cumulative incidence of CNS relapses were analyzed between normal
and elevated uric acid levels. Results: Uric acid levels were found to be significantly higher
in CNS-IPI high-risk patients (p = 0.008). Elevated serum uric acid levels at diagnosis were
significantly associated with high CNS-IPI risk in the logistic regression analysis (OR 1.34,
95% CI1.05-1.78, p = 0.047). Uric acid also higher than 5.39 mg/dL showed a discriminatory
ability in ROC analyses (AUC 0.633, 95% CI 0.495-0.771, p = 0.05). In the competing risks
regression analysis, accounting for non-CNS-related death and progression as the compet-
ing events, CNS-IPI subgroups and uric acid levels were not significantly associated with
the cumulative incidence of CNS relapse (SHR 0.81, 95% CI 0.12-5.59; Fine-Gray, p = 0.834),
(SHR 0.55, 95% CI 0.09-3.47; Fine-Gray, p = 0.526), respectively. Conclusions: Even though
uric acid levels are significantly higher and showed a discriminatory ability to detect the
CNS-IPT high subgroup, elevated uric acid levels could not predict the CNS relapses.

Keywords: diffuse large B cell lymphoma; central nervous system involvement; International
Prognostic Index; uric acid

1. Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common lymphoma in west-
ern populations; accounting for nearly one-third of non-Hodgkin lymphomas. Nearly
150,000 cases of DLBCL are diagnosed worldwide each year [1,2]. DLBCL is more fre-
quently seen in the seventh to eighth decades of life, and average age at diagnosis is
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66 years; however, in some parts of the world, the median age at diagnosis is as low as
472 years [3,4]. DLBCL is clinically highly aggressive and biologically heterogenous; 40%
of patients have extranodal involvement at time of diagnosis [5,6]. Central nervous system
(CNS) involvement is reported to represent 5% of extranodal DLBCLs at diagnosis. CNS
disease may also occur in relapsed/refractory settings, either isolated or synchronous with
the systemic disease [7,8]. Primary CNS prophylaxis in DLBCL is still highly controversial
in many aspects, like mode of prophylaxis (intrathecal versus intravenous) and patient
selection. The prognosis of CNS relapse is extremely poor, with median survival ranging
from 2 to 6 months [9,10].

To stratify patient’s risk of CNS involvement, CNS-International Prognostic Index
(CNS-IPI) score was developed. Age, stage, number of extranodal sites, serum lactate
dehydrogenase (LDH) level, performance status and kidney/adrenal involvement are the
elements of CNS-IPI and each is assigned one point. Four points or greater is considered
as high-risk of CNS relapse, where the risk of CNS disease development in 2 years is
10.2% [11]. Nevertheless, CNS-IPI lacks desired sensitivity; it predicted only half of CNS
relapses in the study cohort. Anatomical location, cell of origin and double/triple hit status
are not part of CNS-IPI but have been demonstrated to impact CNS relapse risk [10-13].

Tumor burden has been proposed as a prognostic variable in DLBCL and is correlated
with LDH levels [14]. LDH is already incorporated into both the IPI and CNS-IPI score
distinct from the stage itself [11,15]. In addition to LDH, uric acid—a degradation product
of purine nucleotides—serves as a marker of nucleic acid metabolism within cells [16].
Values of 6.4 mg/dL or greater have been found to be an adverse prognostic finding for
newly diagnosed, chemo or chemoimmunotherapy-treated patients [16]. Additionally,
it was demonstrated that serum uric acid level is also an independent prognostic factor,
beyond the established NCCN-IPI prognostic scoring system [17]. This was the first study
that demonstrated that elevated serum uric acid is an unfavorable prognostic factor for
overall and progression-free survival [17].

Current evidence regarding CNS-IPI driven prophylaxis with either intrathecal or
systemic therapies is inconsistent. Therefore, there is an unmet need for tools that can
predict the CNS relapses better than the CNS-IPI score. The heterogenous biology of DLBCL
is considered as the major culprit for these uncertainties. This underscores the importance
of exploring newer biomarkers to predict and reduce the CNS relapses [18,19].

Although serum uric acid level has not been incorporated into IPI or CNS-IPI scores,
there is some evidence for its relevance to inferior outcomes, and its correlation with
CNS-IPI risk groups has not been studied to date. Therefore, we aimed to analyze the
relationships between uric acid levels, CNS-IPI risk stratification and CNS relapse rates.

2. Methods
2.1. Study Design and Subjects

We conducted this single-center retrospective non-randomized observational study;
a total of 107 adult newly diagnosed DLBCL patients in Dicle University, Diyarbakar-
Ttirkiye, between 2020 and 2025 were assessed via electronic records and patient files. All
patients included in the study were 18 and older. Exclusion criteria included patients
with incomplete or missing key information, patients with other hematologic or non-
hematologic malignancies, chronic inflammatory/rheumatic diseases and treatments other
than rituximab plus cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP)
(Chart 1).

https://doi.org/10.3390/jcm15041642


https://doi.org/10.3390/jcm15041642

J. Clin. Med. 2026, 15, 1642

30f15

Adult patients diagnosed with DLBCL
between 2020-2025 (n = 107)

Excluded (n = 13):
Missing or incomplete data

Any other synchronous tumor
Chronic inflammatory/rheumatic

diseases
Not treated with R-CHOP back-
bone

Serum creatinine level 1.2 mg/dL
\4

or greater

Eligible for final analysis
(n=94)

Chart 1. CONSORT diagram for study entry.

Demographic data, IPI and CNS-IPI scores, hematologic parameters, serum LDH,
beta-2 microglobulin, serum uric acid and creatinine levels at diagnosis were recorded for
analysis and those with a serum creatinine level of 1.2 mg/dL or greater were excluded as
some biochemical parameters such as uric acid and beta-2 microglobulin are affected by
renal functions [20]. Based on our center’s standard operation procedure, all biochemistry
evaluations were completed before any therapeutic intervention (prophylaxis or chemoim-
munotherapy). Our diagnostic workflow for suspected lymphoma remained unchanged
between 2020 and 2025, and includes histopathologic examination, flow cytometry, com-
plete blood count, chemistry and hepatitis panel. At final, a total of 94 patients were
qualified as evaluable. Patients were divided into two groups according to the CNS-IPI:
high (score of 4 or greater, n = 25) or CNS-IPI intermediate-low (scores between 0 and 3,
n =69).

2.2. Ethics Approval

Ethical approval was obtained from Diyarbakir Dicle University in accordance with
the Declaration of Helsinki (approval number: 388/25), and written informed consent was
obtained from all patients authorizing the use of their data for research purposes prior to
the treatment.

2.3. Definitions

The Eastern Cooperative Oncology Group (ECOG) performance status is a standard-
ized scale used to assess a patient’s functional status and ability to perform daily activities,
ranging from 0 (fully active) to 4 (completely disabled) [21]. “Bulky” disease refers to the
presence of a large tumor mass, and a cutoff of >7.5 cm is considered as bulky [22]. The term
“B symptoms” refers to systemic manifestations used in lymphoma staging and prognosti-
cation: fever > 38 °C, drenching night sweats, and unexplained weight loss > 10% within
6 months [23]. The International Prognostic Index (IPI) was introduced to stratify patients
with aggressive non-Hodgkin lymphomas based on five clinical factors: age > 60 years,
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stage III/1V disease, elevated LDH, ECOG > 2, and >1 extranodal site. Risk groups are
determined by summing these factors [24]. The CNS-IPI extends the original IPI by adding
renal or adrenal involvement to identify patients at higher risk of central nervous system
relapse. It stratifies DLBCL patients treated with R-CHOP into low-, intermediate-, and
high-risk groups [11]. Progression-free survival (PFS) was estimated as the time between
the first treatment and relapse, death, or last contact. Overall survival (OS) was defined as
the time between the first treatment and death or last contact. In the cumulative incidence
function (CIF) analyses of CNS relapse, progression rather than CNS relapse and death
were regarded as the competitive risk factors.

2.4. Endpoints

The primary endpoint of this analysis was the correlation between plasma uric acid
level and CNS-IPI scores and cumulative incidences of CNS relapse across two groups.
Secondary endpoints were OS and PFS of the CNS-IPI subgroups.

2.5. Statistical Analysis

IBM SPSS Statistics version 26 and Stata SE v. 19.5 for Windows (Stata Corporation,
College Station, TX, USA) were used to perform all the statistical analyses. The normality
of distribution of continuous variables was assessed with the Kolmogorov-Smirnov test.
Continuous variables were summarized as median and interquartile ranges, while cate-
gorical variables were expressed as numbers and percentages. For normally distributed
variables, the independent samples t-test was applied; for non-normally distributed vari-
ables, the Mann-Whitney U test was used. Categorical variables were compared with
the Chi-square test, or Fisher’s exact test when expected frequencies were <5. To identify
the independent risk factors associated with high CNS-IPI, univariate logistic regression
models were applied. Results were reported as odds ratios (ORs) with 95% confidence
intervals (CIs). ROC curve analysis was performed to find the cut-off values of serum
uric acid in high CNS-IPI patients. Reverse Kaplan-Meier analysis was used for median
follow-up times. Survival function was assessed by the Kaplan-Meier method. Groups
were compared using the log-rank test. CIF analyses of CNS relapse—progression rather
than CNS relapse and death were regarded as the competitive risk factors—were performed
for CNS-IPI high and low-intermediate groups. Patients who did not experience the failure
event for the cumulative analyses were censored. Also, CIF analyses of CNS relapse were
performed for all CNS-IPI parameters along with elevated uric acid levels. Continuous
variables were dichotomized to avoid assuming a linear relationship with the outcome.
Fine—Gray’s test was performed to determine the differences in the CIFs between groups.
Confidence intervals (CI) were used as an estimate of variation within each group. A
two-sided p value < 0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

A total of 94 patients were included in the study: 52 patients (55.3%) were male and
42 patients (44.7%) were female, 51 patients (54.3%) were younger than 60 years, whereas
43 patients (45.7%) were aged 60 years or older. In total, 77.2% of cases presented with an
ECOG performance status of 0-1, while 22.8% had an ECOG score > 2. The advanced-stage
population constituted more than half of cases, and 54.3% of patients were classified as
stage IV, followed by 10.6% stage III, 22.3% stage II, 10.6% stage I, and 2.1% stage IE.

Evaluation of extranodal involvement showed that 38.3% of patients had no extranodal
disease, 40.4% had involvement of a single extranodal site, and 21.3% had involvement of
two or more extranodal sites. Bone marrow involvement was identified in only two patients
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(2.1%). Bulky disease was present in 21.3% of patients, and B symptoms were observed
in 19.1%. Regarding histopathological subtypes, 54.3% of cases exhibited a non-germinal
center B cell phenotype, 31.9% were of germinal center origin, and 13.8% were classified as
unclassifiable. Laboratory evaluation revealed elevated lactate dehydrogenase (LDH) levels
in 46.8% of patients, while 53.2% had LDH levels within the reference range of our center.

Risk stratification according to the CNS-International Prognostic Index (CNS-IPI)
demonstrated that 46.8% of patients were categorized as low-risk, 26.6% as intermediate-
risk, and 26.6% as high-risk. During follow-up, 12 patients died (12.8%), whereas CNS
relapse was documented in five patients (5.3%). Relapse occurred in seven patients (7.4%)
within follow-up while 10 patients (10.6%) exhibited primary refractory disease. The
demographic and clinical data are presented in Tables 1 and 2.

Table 1. Demographics and laboratory values of the patients.

Vari CNS-IPI High-Risk CNS-IPI Low or Intermediate Risk
ariables B B p Value
(n = 25) (n =69)
Age, years 64.0 (60.0-70.5) 58.0 (43.5-66.0) 0.002 2
Gender, n (%)
Male 11 (44) 41 (59.4) 0184 b
Female 14 (56) 28 (40.6) '
Leucocyte count, /uL 10,000 (6800-10,725) 8320 (4350-6000) 0.152 4@
Lymphocyte count, /uL 1400 (895-2200) 1640 (1315-2145) 0.236 2
Neutrophil count, /uL 5670 (3685-8790) 5330 (3740-7050) 0.928 €
Monocyte count, /uL 700 (525-1020) 520 (395-800) 0.029 @
Hemoglobin, g/dL 11.30 (9.60-12.95) 13.60 (12.05-15.00) <0.001 €
Platelet, /uL 310,000 (227,500-401,000) 277,000 (207,500-333,500) 0.432 ¢
Beta-2 microglobulin, mg/L 3.62 (2.21-5.30) 2.16 (1.64-3.00) 0.002 2
LDH, U/L 467 (346-804) 221 (186-289) <0.001 2
Creatinine, mg/dL 0.72 (0.62-0.86) 0.76 (0.65-0.88) 0.560 ©
Uric acid, mg/dL 6.30 (4.30-7.10) 5.10 (4.05-6.40) 0.008 ¢
Mann-Whitney U 2, Pearson chi-square ®, independent samples t-test ; continuous variables were expressed as
median-interquartile ranges; categorical variables were expressed as numbers and percentages. Abbreviations:
LDH: Lactate Dehydrogenase.
Table 2. Clinical characteristics of the patients.
Vari CNS-IPI High-Risk CNS-IPI Low or Intermediate Risk
ariables p Value
(n =25) (n=69)
ECOG, n (%)
0-1 9 (36) 62 (89.8)
2-3 16 (64) 7 (10.2) <0.001%
Bulky disease, n (%) 9 (36) 11 (15.9) 0.036 2
B symptoms, n (%) 10 (40) 8 (11.6) 0.006 P
Cell of origin, n (%)
Germinal 2(8) 28 (40.6)
Non-Germinal 17 (68) 34 (49.3) 0.007 2
Undetermined 6 (24) 7 (10.1)
Extranodal Involvement, n (%)
None 2 (8) 34 (49.3)
Single 8 (32) 30 (43.5) <0.001 2
Two or more 15 (60) 5(7.2)
Stage, n (%)
1-2 1(4) 32 (46.3) <0.0012
34 24 (96) 37 (53.7)

Pearson chi-square ?, Fisher exact test P. Variables were expressed as numbers and percentages. Abbreviations:
ECOG: Eastern Clinical Oncology Group.
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3.2. Comparison of Hematologic and Biochemical Parameters According to CNS-IPI Risk Groups

All elements of the CNS-IPI score were consistently correlated with high CNS-IPI score.
A total of 84% of the high CNS-IPI cohort had higher LDH,; this ratio dropped to 33.3% in
the low-intermediate cohort (p < 0.001). Patients with two or more extranodal disease were
also greater in the CNS-IPI high cohort than intermediate-low (60% vs. 7.2%, p < 0.001),
respectively. Age, ECOG of equal to or greater than two and advanced-stage disease were
also statistically more prevalent in the CNS-IPI high cohort (p < 0.001 for all three variables).
Neutrophil, platelet, and creatinine were not correlated with CNS-IPI risk scores (p = 0.92,
p = 0.432 and p = 0.586). Mean hemoglobin level was nearly 2 gr/dL, much lower than
the CNS-IPI low-intermediate and high-risk group, and this was statistically significant
(p < 0.001). Mean uric acid level was also higher in the CNS-IPI high-risk group, and this
was statistically significant but the difference was not pronounced as CNS-IPI elements or
hemoglobin in the independent ¢-test (p = 0.046). Bulky disease (p = 0.036) and B symptoms
(p = 0.002) were also significantly more prevalent among patients with high CNS-IPI scores.
Similarly, beta-2 microglobulin levels were significantly higher among high-risk patients
(p=0.002). Pearson correlation analysis revealed a statistically significant correlation
between serum LDH and uric acid levels (p = 0.019, Pearson’s r = 0.241) (Figure 1).

R? Linear = 0.058

1200.00

1000.00

500.00 ®

600,00

LDH, UIL

400.00

200.00

0.00

2.00 4.00 6.00 8.00 10.00 12.00

Uric Acid, mgldL

Figure 1. Pearson correlation analysis of LDH and uric acid (r: 0.241, p = 0.019).

3.3. Logistic Regression Analyses for Factors Associated with High CNS-IPI Risk

Univariate logistic regression analyses demonstrated that poor performance status
(ECOG > 2) was strongly associated with high CNS-IPI risk (OR 22.0, 95% CI 6.5-74.9,
p < 0.001). Moreover, involvement of two or more extranodal sites was independently
associated with high CNS-IPI risk (OR 19.2, 95% CI 5.7-64.5, p < 0.001). Elevated LDH
was significantly associated with high CNS-IPI classification (OR 10.5, 95% CI 3.22-34.2,
p <0.001). Advanced stage was also independently associated with high CNS-IPI risk (OR
20.7,95% CI12.6-162.1, p = 0.004). Age > 60 years was associated with a higher CNS-IPI score
(OR 5.9, 95% CI 2.1-16.5, p = 0.001). Elevated serum uric acid levels were also significantly
associated with high CNS-IPI risk in logistic regression analysis (OR 1.34, 95% CI 1.05-1.78,
p =0.047).
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3.4. Receiver Operating Characteristic (ROC) Analysis

Receiver operating characteristic (ROC) curve analyses were performed to assess the
discriminative ability of selected variables for identifying high CNS-IPI risk. ECOG > 2
demonstrated the highest diagnostic performance (AUC 0.783, 95% CI 0.662-0.904,
p <0.001), followed by >2 extranodal sites (AUC 0.763, 95% CI 0.638-0.888, p < 0.001),
elevated LDH (AUC 0.748, 95% CI 0.639-0.858, p < 0.001), advanced stage (III-1V) (AUC
0.719, 95% CI 0.614-0.824, p = 0.001), and age > 60 years (AUC 0.701, 95% CI 0.582-0.820,
p = 0.003). Serum uric acid also exhibited discriminative capacity (AUC 0.633, 95% CI
0.495-0.771, p = 0.05). Uric acid levels greater than 5.39 mg/dL indicated high CNS-IPI risk
with 64% sensitivity and 57% specificity in ROC analysis (Figure 2).

ROC Curve

Source of the
Curve

Age>60 years
— LDH>Normal
—ECOG >1

Stage 3 or 4

Uric Acid

- Extranodal>1

Reference Line

0.0

0.2 0.4 0.6 08 1.0

1 - Specificity

Diagonal segments are produced by ties.

Figure 2. ROC curve analysis of discriminatory ability of age, LDH, ECOG > 1, advanced stage,
>1 extranodal disease and uric acid.

3.5. Survival Analysis

Median follow-up was 27 months (1-63) in the CNS-IPI high group and 15 months
(1-51) for the CNS-IPI low-intermediate group. Median OS was not reached both in CNS-IPI
low-intermediate and high groups, while median PFS was 46 and 49 months, respectively.
Kaplan—Meier analyses demonstrated a significant difference in OS according to CNS-IPI
risk status (log-rank p = 0.003) (Figure 3), whereas no significant difference in PFS was
observed across the risk groups (log-rank p = 0.168) (Figure 4).
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Figure 3. Kaplan—-Meier plot for OS (log-rank p = 0.003).
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Figure 4. Kaplan—-Meier plot for PFS (log-rank p = 0.168).

3.6. Cumulative Incidence of CNS Relapse

Five patients had CNS relapse during the follow up time. Two female patients, 62
and 78 years old, had in the CNS-IPI high group, where relapses occurred at the 13th and
48th months, respectively; two female patients, 58 and 77 years old, had in the CNS-IPI
intermediate group, where relapses occurred at the 12th and 13th months, respectively; and
only one male patient, 67 years old, had in the CNS-IPI low group, and relapse occurred in
this patient at the 46th month. In the competing risks regression analysis for the CNS-IPI
low-intermediate and high groups accounting for non-CNS-related death and progression
rather than CNS relapse as competing events, CNS-IPI was not significantly associated with
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the cumulative incidence of CNS relapse (SHR 0.81, 95% CI 0.12-5.59; Fine—-Gray, p = 0.834)
(Figure 5).

-8
1

[¥%]
1

95% ClI 95% CI
—— CNS-IPI L-l —— CNS-IPIH

Cumulative Incidence of CNS Relapse
- ¥
1 |

L]
1

0 6 12 18 24 30 36 42 48
Analysis time, Months
Number at risk
CNS-IPIL-l 89 58 37 27 16 11 8 5 1
CNS-IPIH 25 19 13 11 10 8 5 3 3

Figure 5. Cumulative incidence of CNS relapse across groups. Progression and death were the
competitive risk factors.

3.7. Comparisons of Cumulative Incidences of CNS Relapse with All CNS-IPI Parameters and Uric
Acid Levels

Age > 60 years (SHR 3.68, 95% CI 0.43-31.01; Fine-Gray, p = 0.230); ECOG > 2
(SHR 0.79, 95% CI 0.10-6.06; Fine-Gray, p = 0.824); extranodal involvement > 2 (SHR 1.34,
95% CI 0.15-11.3; Fine-Gray, p = 0.786); elevated LDH (SHR 1.75, 95% CI 0.29-10.18; Fine—
Gray, p = 0.534); stage 3—4 (SHR 0.62, 95% CI 0.11-3.31; Fine—Gray, p = 0.578); and elevated
uric acid (SHR 0.55, 95% C1 0.09-3.47; Fine-Gray, p = 0.526) were not significantly associated
with the cumulative incidence of CNS relapse (Figures 6-11).
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Figure 6. Cumulative incidence of CNS relapse according to age. Progression and death were the
competitive risk factors.
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Figure 7. Cumulative incidence of CNS relapse according to the ECOG. Progression and death were
the competitive risk factors.
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Figure 8. Cumulative incidence of CNS relapse according to the extranodal involvement. Progression
and death were the competitive risk factors.
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Figure 9. Cumulative incidence of CNS relapse according to the elevated LDH. Progression and
death were the competitive risk factors.

B
L

(%]
1

95% CI 95% CI
—— Stage 1-2 —Stage 3-4

Cumulative Incidence of CNS Relapse
]
1

[

T T T T T T T T T
0 B 12 18 24 30 36 42 48
Analysis time, Months
Mumber at risk
Stage1-2 33 28 47 11 40 7. 5 3 1
Stage 34 61 49 33 27 16 12 8 5 3

Figure 10. Cumulative incidence of CNS relapse according to the stages. Progression and death were
the competitive risk factors.
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Figure 11. Cumulative incidence of CNS relapse according to the uric acid levels. Progression and
death were the competitive risk factors.

4. Discussion

This is the first study that has investigated whether uric acid levels predict CNS
relapses, and the main findings of our study were; (i) uric acid levels was found to be
significantly higher in CNS-IPI high-risk patients, (ii) elevated serum uric acid levels were
significantly associated with high CNS-IPI risk, (iii) uric acid levels greater than 5.39 mg/dL
indicated high CNS-IPI risk with 64% sensitivity and 57% specificity, and (iv) CNS-IPI
parameters and uric acid levels were not significantly associated with the cumulative
incidence of CNS relapse.

As mentioned earlier, tumor burden is an important prognostic measure [14]. LDH
and number of extranodal sites are robust markers of tumor burden and therefore they are
closely related to outcomes [25]. Kim et al. have demonstrated that an LDH level exceeding
x3 ULN is a strong predictor of CNS relapse [25]. Disease sites are constantly being subject
to debate regarding CNS dissemination. Testicular involvement was considered a high-risk
stigmata for spreading to the CNS, although studies from the rituximab era strongly ques-
tioned this concept [26-28]. In addition to the testis, bone marrow involvement is an area
of mixed evidence. Despite being dismissed by CNS-IPI creators, a Swedish group found
bone marrow disease to be an independent risk factor for CNS involvement [27]. Breast
involvement is also not included in the CNS-IPI score but a recent study demonstrated
its high-risk [28]. Kidney and/or adrenal involvement are the only factors that retained
their predictive value in both univariate and multivariate analysis of the test and validation
cohorts of the study [11]. Therefore, kidney and adrenal are the only extranodal sites
featuring in the CNS-IPI model [11]. Disease stage is a direct reflection of the burden itself
and is included in the CNS-IPI score [11]. Based on its tumor burden surrogate domains,
CNS-IPI score captures elements of overall tumor bulk.

Uric acid also was proposed as a prognostic marker for newly diagnosed DL-
BCL [16,17]. Prochaska et al. set the threshold as 6.8 mg/dL for poorer outcomes, while
Tian et al. set this value slightly lower [16]. The former study has demonstrated that
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serum uric acid level at diagnosis is associated with inferior prognosis independently of
NCCN-IPI score [17]. Ywei et al. incorporated serum uric acid level into the traditional IPI
score, and the new tool performed better in terms of OS and PFS. The proposed threshold
for serum uric acid was 6.4 mg/dL in this research [16]. A retrospective analysis in Thailand
clearly indicated that serum uric acid level is well correlated with serum LDH, a reliable
marker of tumor burden [29]. Furthermore, several other studies have consistently shown
that serum uric acid level is a good reflection of overall tumor burden and prognosis for
various types of cancer [30-32]. In lung cancer but not lymphoma, higher levels of serum
uric acid was associated with asymptomatic CNS metastasis [33]. In our study, uric acid
levels were found to be significantly higher in CNS-IPI high-risk patients and elevated
serum uric acid levels were significantly associated with high CNS-IPL

Despite these intense efforts, predicting CNS relapse in DLBCL is still challenging.
CNS-IPI score is composed of clinical variables, where no genetic/immunological factors
are represented [11]. Furthermore, CNS-IPI score was found to be insufficient in some
circumstances. As an example, myeloid differentiation primary response gene 88 mutation
L265P (MYD8826°P) and /or cluster differentiation 79B gene mutation Y196 (CD7 9BY196)
(MYD88/CD79B) are two strong markers that would be strongly suggestive of CNS relapse,
even for low-intermediate CNS-IPI risk [34]. Moreover, a distinct cytokine profile was
proposed as a surrogate for CNS dissemination [35]. Newer approaches to determine CNS
relapse risk will continue being subject to further research, and, as we reported with uric
acid levels in this paper, CNS-IPI score is not accurate enough.

Certain limitations of the present study should be considered. First, it used a single-
center retrospective non-randomized study design, with a relatively small number of
patients and CNS events, and the follow-ups of the our whole cohort were short.

In conclusion, our study identifies serum uric acid as a significant biochemical indicator
for high-risk CNS-IPI scores in patients with DLBCL. The overall clinical impact of this
finding lies in providing an accessible and cost-effective tool for refined risk stratification,
potentially aiding clinicians in identifying high-risk patients who may require more vigilant
monitoring or intensive prophylactic strategies.

Even though uric acid levels showed a strong discriminatory ability to detect the
CNS-IPT high-risk subgroup, they were not independent predictors of actual CNS relapses
in this cohort. This suggests that while elevated uric acid is a robust surrogate for high
tumor burden and aggressive biology—both of which are captured by the CNS-IPI—further
studies are needed to determine if it reflects a direct biological mechanism for CNS in-
filtration. As the first paper to demonstrate this specific association, our analysis serves
as a foundational step. Integrating uric acid levels into existing prognostic models could
enhance their accuracy, and we believe these results will catalyze future prospective trials
aimed at validating metabolic biomarkers to improve the prevention and management of
CNS involvement in DLBCL.

Author Contributions: Conceptualization, A.K., V.D. and O.A.; Methodology, V.D. and U.H.; Inves-
tigation, V.D.; Writing—original draft, A.K. and U.H.; Writing—review & editing, A.K. and U.H.;
Supervision, O.A.; Project administration, O.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Diyarbakir Dicle University (protocol
code 388/25 and date of approval 26 November 2025).

Informed Consent Statement: The informed consent for participation is waived because this is a
retrospective study, we could not be able to reach all participants for consent.

https://doi.org/10.3390/jcm15041642


https://doi.org/10.3390/jcm15041642

J. Clin. Med. 2026, 15, 1642 14 of 15

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Martelli, M.; Ferreri, A J.; Agostinelli, C.; Di Rocco, A.; Pfreundschuh, M.; Pileri, S.A. Diffuse large B-cell lymphoma. Crit. Rev.
Oncol. Hematol. 2013, 87, 146-171. [CrossRef]

Berhan, A.; Almaw, A.; Damtie, S.; Solomon, Y. Diffuse large B cell lymphoma (DLBCL): Epidemiology, pathophysiology, risk
stratification, advancement in diagnostic approaches and prospects: Narrative review. Discov. Oncol. 2025, 16, 184. [CrossRef]
[PubMed]

National Cancer Institute. Surveillance, Epidemiology, and End Results (SEER) Program. Released April 2020, Based on the
November 2019 Submission (1975-2017). Available online: http://seer.cancer.gov/ (accessed on 5 August 2022).

Abid, M.B.; Nasim, F; Anwar, K,; Pervez, S. Diffuse large B cell lymphoma (DLBCL) in Pakistan: An emerging epidemic? Asian
Pac. |. Cancer Prev. 2005, 6, 531-534.

World Health Organization. Pathology and Genetics of Tumours of Haematopoietic and Lymphoid Tissues; International Agency for
Research on Cancer: Lyon, France, 2001.

Gouveia, G.R; Siqueira, S.A; Pereira, ]. Pathophysiology and molecular aspects of diffuse large B-cell lymphoma. Rev. Bras.
Hematol. Hemoter. 2012, 34, 447-451. [CrossRef]

Bernstein, S.H.; Unger, ].M.; Leblanc, M.; Friedberg, J.; Miller, T.P,; Fisher, R.I. Natural history of CNS relapse in patients with
aggressive non-Hodgkin’s lymphoma: A 20-year follow-up analysis of SWOG 8516—The Southwest Oncology Group. J. Clin.
Oncol. 2009, 27, 114-119. [CrossRef]

El-Galaly, T.C.; Cheah, C.Y.; Bendtsen, M.D.; Nowakowski, G.S.; Kansara, R.; Savage, K.J.; Connors, ].M.; Sehn, L.H.; Goldschmidt,
N.; Shaulov, A.; et al. Treatment strategies, outcomes and prognostic factors in 291 patients with secondary CNS involvement by
diffuse large B-cell lymphoma. Eur. J. Cancer 2018, 93, 57—68. [CrossRef]

Alderuccio, J.P; Nayak, L.; Cwynarski, K. How I treat secondary CNS involvement by aggressive lymphomas. Blood 2023, 142,
1771-1783. [CrossRef]

Chua, BJ.G.; Low, C.E.; Yau, C.E,; Tan, Y.H.; Chiang, J.; Chang, EW.Y,; Chan, J.Y,; Poon, E.Y.L.; Somasundaram, N.; Rashid,
M.EB.H.; et al. Recent updates on central nervous system prophylaxis in patients with high-risk diffuse large B-cell lymphoma.
Exp. Hematol. Oncol. 2024, 13, 1. [CrossRef] [PubMed]

Schmitz, N.; Zeynalova, S.; Nickelsen, M.; Kansara, R.; Villa, D.; Sehn, L.H.; Glass, B.; Scott, D.W.; Gascoyne, R.D.; Connors,
J.M,; et al. CNS International Prognostic Index: A Risk Model for CNS Relapse in Patients with Diffuse Large B-Cell Lymphoma
Treated with R-CHOP. J. Clin. Oncol. 2016, 34, 3150-3156. [CrossRef]

Klanova, M.; Sehn, L.H.; Bence-Bruckler, I.; Cavallo, F; Jin, J.; Martelli, M.; Stewart, D.; Vitolo, U.; Zaja, F.; Zhang, Q.; et al.
Integration of cell of origin into the clinical CNS International Prognostic Index improves CNS relapse prediction in DLBCL.
Blood 2019, 133, 919-926. [CrossRef] [PubMed]

OKi, Y;; Noorani, M.; Lin, P; Davis, R.E.; Neelapu, S.5.; Ma, L.; Ahmed, M.; Rodriguez, M.A.; Hagemeister, F.B.; Fowler, N.; et al.
Double hit lymphoma: The MD Anderson Cancer Center clinical experience. Br. J. Haematol. 2014, 166, 891-901. [CrossRef]
[PubMed]

Jagannath, S.; Velasquez, W.S.; Tucker, S.L.; Fuller, L.M.; McLaughlin, PW.; Manning, ].T.; North, L.B.; Cabanillas, F.C. Tumor
burden assessment and its implication for a prognostic model in advanced diffuse large-cell lymphoma. J. Clin. Oncol. 1986, 4,
859-865. [CrossRef]

Maurer, M.J. The International Prognostic Index in aggressive B-cell lymphoma. Haematologica 2023, 108, 2874-2879. [CrossRef]
[PubMed]

Li, Y;; Shi, P; Xie, Y.; Qian, S. Serum uric acid level is a prognostic indicator and improves the predictive ability of the IPI score in
diffuse large B-cell lymphoma. Int. J. Clin. Exp. Med. 2018, 11, 2223-2231.

Prochazka, K.T.; Melchardt, T.; Posch, E; Schlick, K.; Deutsch, A.; Beham-Schmid, C.; Weiss, L.; Gary, T.; Neureiter, D.; Klieser, E.;
et al. NCCN-IPI score-independent prognostic potential of pretreatment uric acid levels for clinical outcome of diffuse large
B-cell lymphoma patients. Br. ]. Cancer 2016, 115, 1264-1272. [CrossRef]

Bobillo, S.; Khwaja, J.; Ferreri, A.J.M.; Cwynarski, K. Prevention and management of secondary central nervous system lymphoma.
Huaematologica 2023, 108, 673-689. [CrossRef]

Wilson, M.R.; Bobillo, S.; Cwynarski, K. CNS prophylaxis in aggressive B-cell lymphoma. Hematology 2022, 2022, 138-145.
[CrossRef]

Tian, J.; Barrantes, F.; Amoateng-Adjepong, Y.; Manthous, C.A. Rapid reversal of acute kidney injury and hospital outcomes: A
retrospective cohort study. Am. J. Kidney Dis. 2009, 53, 974-981. [CrossRef]

https://doi.org/10.3390/jcm15041642


https://doi.org/10.1016/j.critrevonc.2012.12.009
https://doi.org/10.1007/s12672-025-01958-w
https://www.ncbi.nlm.nih.gov/pubmed/39954204
http://seer.cancer.gov/
https://doi.org/10.5581/1516-8484.20120111
https://doi.org/10.1200/JCO.2008.16.8021
https://doi.org/10.1016/j.ejca.2018.01.073
https://doi.org/10.1182/blood.2023020168
https://doi.org/10.1186/s40164-023-00467-2
https://www.ncbi.nlm.nih.gov/pubmed/38173015
https://doi.org/10.1200/JCO.2015.65.6520
https://doi.org/10.1182/blood-2018-07-862862
https://www.ncbi.nlm.nih.gov/pubmed/30617197
https://doi.org/10.1111/bjh.12982
https://www.ncbi.nlm.nih.gov/pubmed/24943107
https://doi.org/10.1200/JCO.1986.4.6.859
https://doi.org/10.3324/haematol.2023.284070
https://www.ncbi.nlm.nih.gov/pubmed/37916449
https://doi.org/10.1038/bjc.2016.325
https://doi.org/10.3324/haematol.2022.281457
https://doi.org/10.1182/hematology.2022000331
https://doi.org/10.1053/j.ajkd.2009.02.007
https://doi.org/10.3390/jcm15041642

J. Clin. Med. 2026, 15, 1642 15 of 15

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Oken, M.M.; Creech, R.H.; Tormey, D.C.; Horton, J.; Davis, T.E.; McFadden, E.T.; Carbone, P.P. Toxicity and response criteria of
the Eastern Cooperative Oncology Group. Am. J. Clin. Oncol. 1982, 5, 649-655. [CrossRef]

Cheson, B.D.; Fisher, R.I; Barrington, S.F.; Cavalli, F; Schwartz, L.H.; Zucca, E.; Lister, T.A. Recommendations for initial
evaluation, staging, and response assessment of Hodgkin and non-Hodgkin lymphoma: The Lugano classification. J. Clin. Oncol.
2014, 32, 3059-3068. [CrossRef] [PubMed]

Lister, T.A.; Crowther, D.; Sutcliffe, S.B.; Glatstein, E.; Canellos, G.P,; Young, R.C.; Rosenberg, S.A.; Coltman, C.A.; Tubiana, M.
Report of a committee convened to discuss the evaluation and staging of patients with Hodgkin’s disease: Cotswolds meeting. .
Clin. Oncol. 1989, 7, 1630-1636, Erratum in J. Clin. Oncol. 1990, 8, 1602. [CrossRef]

International Non-Hodgkin’s Lymphoma Prognostic Factors Project. A predictive model for aggressive non-Hodgkin’s lymphoma.
N. Engl. ]. Med. 1993, 329, 987-994. [CrossRef] [PubMed]

Kim, S.J.; Hong, ].S.; Chang, M.H.; Kim, J.A.; Kwak, J.Y,; Kim, J.S.; Yoon, D.H.; Lee, W.S.; Do, Y.R; Kang, H.J.; et al. Highly
elevated serum lactate dehydrogenase is associated with central nervous system relapse in patients with diffuse large B-cell
lymphoma: Results of a multicenter prospective cohort study. Oncotarget 2016, 7, 72033-72043. [CrossRef]

Kridel, R;; Telio, D.; Villa, D.; Sehn, L.H.; Gerrie, A.S.; Shenkier, T.; Klasa, R.; Slack, G.W.; Tan, K.; Gascoyne, R.D; et al. Diffuse
large B-cell lymphoma with testicular involvement: Outcome and risk of CNS relapse in the rituximab era. Br. |. Haematol. 2017,
176, 210-221. [CrossRef]

Harrysson, S.; Eloranta, S.; Ekberg, S.; Enblad, G.; Jerkeman, M.; Wahlin, B.E.; Andersson, P.O.; Smedby, K.E. Incidence of
relapsed/refractory diffuse large B-cell lymphoma (DLBCL) including CNS relapse in a population-based cohort of 4243 patients
in Sweden. Blood Cancer J. 2021, 11, 9. [CrossRef] [PubMed]

Hosein, PJ.; Maragulia, ]J.C.; Salzberg, M.P,; Press, O.W.; Habermann, T.M.; Vose, ].M.; Bast, M.; Advani, R.H.; Tibshirani, R.;
Evens, AM,; et al. A multicentre study of primary breast diffuse large B-cell lymphoma in the rituximab era. Br. . Haematol. 2014,
165, 358-363. [CrossRef] [PubMed]

Kunlayawutipong, T.; Rattanathammethee, T.; Punnachet, T.; Hantrakun, N.; Piriyakhuntorn, P.; Hantrakool, S.; Chai-
Adisaksopha, C.; Rattarittamrong, E.; Tantiworawit, A.; Norasetthada, L.; et al. Prevalence and risk factors for hyperuricemia and
hyperuricosuria in patients with hematologic malignancies. Front. Med. 2024, 11, 1343000. [CrossRef]

Yue, C.E; Feng, PN.; Yao, Z.R,; Yu, X.G.; Lin, W.B,; Qian, YM.; Guo, YM,; Li, L.S,; Liu, M. High serum uric acid concentration
predicts poor survival in patients with breast cancer. Clin. Chim. Acta 2017, 473, 160-165. [CrossRef]

Wu, L; Yang, W.; Zhang, Y.; Du, X,; Jin, N.; Chen, W,; Li, H.; Zhang, S.; Xie, B. Elevated Serum Uric Acid is Associated with
Poor Survival in Advanced HCC Patients and Febuxostat Improves Prognosis in HCC Rats. Front. Pharmacol. 2021, 12, 778890.
[CrossRef]

Yan, J.; Zhu, C. Hyperuricemia is an Adverse Prognostic Factor for Colon Cancer Patients. Int. J. Gen. Med. 2021, 14, 3001-3006.
[CrossRef]

Agtas, G.; Alkan, A.; Tanriverdi, O. Serum uric acid level can predict asymptomatic brain metastasis at diagnosis in patients with
small cell lung cancer. ]. EQypt. Natl. Cancer Inst. 2024, 36, 28. [CrossRef] [PubMed]

Suzuki, T,; Fujii, K.; Matsunaga, N.; Sasaki, H.; Kanamori, T.; Asano, A.; Kinoshita, S.; Narita, T.; Masaki, A.; Sanda, T.; et al.
Impact of MYD88 and /or CD79B mutations on central nervous system relapse in patients with diffuse large B-cell lymphoma. Br.
J. Haematol. 2025, 207, 92-100. [CrossRef] [PubMed]

Wen, J.; Nie, X.; Zhou, Q.; Liu, Y.; Yue, J.; Zhang, Y.; Xu, F; Su, J.; Liang, X. Elevated serum IL-10/IL-6 ratio as a novel biomarker
for secondary central nervous system lymphoma and poor prognosis in DLBCL. Front. Immunol. 2025, 16, 1656044. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15041642


https://doi.org/10.1097/00000421-198212000-00014
https://doi.org/10.1200/JCO.2013.54.8800
https://www.ncbi.nlm.nih.gov/pubmed/25113753
https://doi.org/10.1200/JCO.1989.7.11.1630
https://doi.org/10.1056/NEJM199309303291402
https://www.ncbi.nlm.nih.gov/pubmed/8141877
https://doi.org/10.18632/oncotarget.12459
https://doi.org/10.1111/bjh.14392
https://doi.org/10.1038/s41408-020-00403-1
https://www.ncbi.nlm.nih.gov/pubmed/33414443
https://doi.org/10.1111/bjh.12753
https://www.ncbi.nlm.nih.gov/pubmed/24467658
https://doi.org/10.3389/fmed.2024.1343000
https://doi.org/10.1016/j.cca.2017.08.027
https://doi.org/10.3389/fphar.2021.778890
https://doi.org/10.2147/IJGM.S314834
https://doi.org/10.1186/s43046-024-00235-1
https://www.ncbi.nlm.nih.gov/pubmed/39343808
https://doi.org/10.1111/bjh.20099
https://www.ncbi.nlm.nih.gov/pubmed/40263702
https://doi.org/10.3389/fimmu.2025.1656044
https://www.ncbi.nlm.nih.gov/pubmed/40881684
https://doi.org/10.3390/jcm15041642

	Introduction 
	Methods 
	Study Design and Subjects 
	Ethics Approval 
	Definitions 
	Endpoints 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Comparison of Hematologic and Biochemical Parameters According to CNS-IPI Risk Groups 
	Logistic Regression Analyses for Factors Associated with High CNS-IPI Risk 
	Receiver Operating Characteristic (ROC) Analysis 
	Survival Analysis 
	Cumulative Incidence of CNS Relapse 
	Comparisons of Cumulative Incidences of CNS Relapse with All CNS-IPI Parameters and Uric Acid Levels 

	Discussion 
	References

