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SUMMARY 

 

Background: This investigation aimed to assess the diagnostic relevance of procalcitonin (PCT) in non-Hodgkin's 

lymphoma (NHL) and determine factors impacting its diagnostic precision. Additionally, the study endeavored to 

delineate its judicious application in clinical settings.  

Methods: By employing a retrospective analysis of clinical records, serum PCT levels were gauged utilizing an 

automated immunoassay, followed by the generation of a receiver operating characteristic (ROC) curve.  

Results: The established threshold for serum PCT in diagnosing infection was identified as 0.120 ng/mL. Serum 

PCT levels were markedly elevated in patients with bloodstream infections compared to those with localized infec-

tions. Infections due to Gram-negative bacilli manifested higher PCT levels relative to those caused by Gram-posi-

tive cocci. Within the bloodstream infection cohort, patients with coagulase-negative staphylococci infections ex-

hibited increased PCT levels compared to those in the contamination cohort. The interplay of various elements in-

duces the onset of tumor metastasis and progression as notable risk factors that augment serum PCT levels in 

NHL patients. 

Conclusions: Serum PCT levels are heightened in NHL patients, influenced by tumor stage and evolution. The 

diagnostic application of a solitary PCT test is limited for infection detection. It is recommended that NHL pa-

tients be hospitalized to establish a baseline serum PCT level, facilitating its use as a benchmark in infection diag-

nostics. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250418) 
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INTRODUCTION 

 

NHL refers to one of the common malignancies in the 

clinic. Given the latest global cancer statistics in 2018, 

there are 509,590 new cases with NHL and 248,724 

deaths, taking up 2.8% and 2.6% of all cancer cases, 

respectively [1]. In China, the incidence rate increased 

significantly, with a population incidence rate of nearly 

7/100,000 [2]. The co-infection acts as one of the com-

mon complications and causes of death in NHL pa-

tients, as impacted by the nature of the disease and the 

decrease of autoimmune system activity attributed to ra-

diotherapy and chemotherapy [3,4]. Early detection of 

tumors complicated with infection is critical to an 

appropriate anti-infection treatment and prognosis im-

provement.  

PCT, an acute time-limited reaction protein, is impor-

tant in diagnosing infectious diseases [5-7]. Some 

studies have shown that patients exhibit signs of infec-

tion, but the pathogen or infection site is unknown. The 

increase in PCT level can be an important basis for the 

initial use of antibiotics [8,9]. Numerous studies report-

ed that PCT is highly significant for diagnosing infec-

tion in tumor patients [10-12]. The change in PCT level 

can act as a laboratory test index for early predicting 

postoperative infection of colorectal cancer [13]. PCT is 

highly accurate in diagnosing lung cancer patients' in-

fections and cancerous fever and can act as a clinical 

diagnosis method [14]. However, although PCT is 

closely associated with inflammation, it may not be 

completely specific for infection; studies have sug-

gested that the serum PCT level of not infected malig-

nant tumor patients can be higher than that of normal 

people [15-17], but few reports exist on serum PCT and 

its role in diagnosing NHL with infection. 

Serum PCT is used as a diagnostic marker for NHL 

with infection, as it is more suitable for clinical use. In 

this paper, the clinical data of NHL patients were col-

lected, the ROC curve was drawn by comparing the in-

fected group with the not infected group, and the cutoff 

value was calculated in order to analyze the changes in 

serum PCT level in the same patient before infection, 

during infection, and after anti-infection treatment, to 

analyze its diagnostic value in the infection site and 

pathogenic bacteria species differences in the infection 

group, to further analyze the influencing factors of se-

rum PCT detection in NHL patients, and to explore its 

rational application in NHL patients. 

 

 

 

 

 

MATERIALS AND METHODS 

 

Research data 

The research objects were 736 NHL inpatients at the 

Clinical Oncology School of Fujian Medical University, 

Fujian Cancer Hospital, from January 1, 2018, through 

December 31, 2021, i.e. 412 males and 324 females, 

aged 58 years on average (10 - 84 years). A total of 

1,106 PCT cases were collected, with 260 cases (306 

times) in the infection group and 476 cases (800 times) 

in the non-infection group. Among them, 326 (578 

cases) were in the non-infected state on the first day of 

admission. Moreover, there were 80 cases with com-

plete data of serum PCT detection before, during, and 

after the effective anti-infection treatment. All cases 

were diagnosed as NHL by pathology. The pathological 

diagnosis and classification complied with 2016 WHO 

Classification Standard for Lymphocyte Tumors. Fur-

thermore, the clinical staging abided by the Ann Arbor 

Staging Standard modified by Lugano, and the prog-

nosis score followed the NCCI International Prognostic 

Index (IPI). Upon admission, the patients signed an in-

formed consent form and were informed that their rele-

vant clinical data (anonymized) could be used for relat-

ed scientific research. 

 

Criteria for inclusion and exclusion 

Pathology diagnosed all cases as NHL (referencing the 

WHO Classification Standard for Lymphocyte Tumors 

in 2016 for diagnosis and classification [18]). Besides, 

the PCT test was performed routinely or during hospi-

talization, and the infection diagnosis standard was as 

follows: patients were diagnosed as being infected by 

clinical manifestations, physical examination, imaging 

examination, microbiological examination, and others, 

and the anti-infection treatment was effective. 

The exclusion criteria included the existence of factors 

affecting serum PCT level (e.g. autoimmune diseases, 

trauma, severe acute pancreatitis, cardiogenic shock, 

poisoning, acute renal insufficiency), antibiotics used 

one week before admission, and missing case data. 

 

Object group 

According to whether the patients were infected, they 

were assigned to the infection group or the non-infec-

tion group. Given the IPI score (0 - 4 points), the pa-

tients were divided either into the 0 - 2 points group or 

the 3 - 4 points group. According to the pathological 

types, the patients were divided into the T cell, the B 

cell, or the NK cell groups. By complying with the Ann 

Arbor Staging Standard modified by Lugano, the pa-

tients were split into stage I, stage II, stage III, and stage 

IV. Moreover, according to tumor progression, the pa-

tients were assigned to the cured/partially cured group 

and the progressive group. In line with the number of 

neutrophils, the patients were separated into two groups, 

i.e. neutropenia and non-neutropenia group. Based on 

the infection site, the patients were divided into the 

bloodstream infection group and the local infection 
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group. Furthermore, based on the types of pathogens, 

they were split into Gram-positive and Gram-negative 

bacteria groups. 

 

Data collection and detection methods 

The present study conducted a retrospective analysis, 

and the general clinical data of NHL patients were col-

lected (e.g. genders, ages, serum PCT levels, granulo-

cyte counts, pathological tumor types, tumor stages, IPI 

scores, tumor progression, infection sites, and microbial 

species). All specimens were collected on the first day 

of admission, within 24 hours of fever, or from the 

fasting venous blood collection in the early morning of 

the hospitalized patients. Furthermore, the serum was 

taken for PCT detection after 3,000 rpm/min centrifuga-

tion. All study protocols were approved by the Clinical 

Research Ethics Committee of Fujian Cancer Hospital. 

In addition, all experiments were performed in accor-

dance with relevant guidelines and regulations. 

 

Instruments and reagents 

The PCT was detected by the electrochemiluminescence 

automatic immunoassay analyzer (Cobas E411) of 

Roche Diagnostics GmbH. The concentration of serum 

PCT ranged from 0.03 to 100 ng/mL. For the microbial 

detection, Americal BD BactecTM FX and BD Pho-

niexTM 100 were used, and all reagents acted as the in-

strument. PCT quality control products were purchased 

from Roche Diagnostics Co., Ltd., in Germany, and mi-

crobial identification quality control products originated 

from Staphylococcus aureus ATCC29213, ATCC25 

923, Escherichia coli ATCC25922, and Pseudomonas 

aeruginosa ATCC27853 by National Center for Clinical 

Laboratories. 

 

Statistical analysis 

The data were analyzed and processed with SPSS 26.0. 

As indicated by the Kolmogorov-Smirnov test, the sam-

ple data of this study displayed a skewed distribution, 

and the median and quartile M (25%, 75%) was used to 

describe the distribution of quantitative data. The non-

parametric Mann-Whitney U and chi-squared tests were 

performed to draw the inter-group comparison, and lo-

gistic regression analysis was used to explore indepen-

dent risk factors. GraphPad Prism (version 5.0) was 

used to draw ROC to evaluate the sensitivity, specifici-

ty, positive predictive value, and negative predictive 

value of serum PCT for diagnosing infection. p < 0.05 

was considered a statistically significant difference. 

 

 

RESULTS 

 

The cutoff value of serum PCT in diagnosing the in-

fection reached 0.120 ng/mL in NHL  

By comparing 800 cases in the non-infection group with 

306 cases in the infection group, the optimal critical 

value for serum PCT diagnosis of infection determined 

from the ROC curve was 0.120 ng/mL, AUC was 

0.7885, and the sensitivity and the specificity took up 

54.9% and 89%, respectively. The positive predictive 

value was 65.6%, and the negative predictive value was 

83.8% (Figure 1A - B). 

 

Changes in serum PCT level in the same patient be-

fore and after infection 

Serum PCT values of 80 NHL patients were continu-

ously monitored. As indicated from the results, the se-

rum PCT of the before infection was 0.065 ng/mL 

(0.040, 0.100), the during infection was 0.175 ng/mL 

(0.085, 0.653), and the effective anti-infection treatment 

was 0.060 ng/mL (0.040, 0.095). All three showed a 

statistically significant difference (Table 1 and Figure 

2). 

 

Comparison of serum PCT in different infection 

sites and different flora in NHL patients with infec-

tion 

Among 301 cases in the infection group, 63 (20.93%) 

were positive for blood culture. The serum PCT level of 

patients with bloodstream infection was significantly 

higher than that of local infection (p <0.001). Among 

136 NHL patients infected by pathogenic bacteria, the 

serum PCT level of G- was significantly higher than that 

of G+ (p = 0. 012) (Tables 2 and 3). 

 

Diagnostic significance of the serum PCT level in 

coagulase-negative staphylococci infection in blood 

culture of NHL patients 

Serum PCT level in the coagulase-negative staphylo-

cocci infection group was significantly higher than that 

in the contaminated group (p = 0. 007). ROC curve dis-

playing the PCT optimal cutoff value diagnosed as co-

agulase-negative staphylococci infection reached 0.165 

ng/mL, AUC was 0.7143, and the corresponding sensi-

tivity, specificity, positive predictive value, and nega-

tive predictive value reached 60%, 85.71%, 75%, and 

60%, respectively (Figure 3). 

 

Analysis of influencing factors of serum PCT detec-

tion in NHL patients 

This study showed there were significant differences in 

gender, histopathological type, and IPI score (0 - 2 

points vs. 3 - 4 points) (p < 0.05); the serum PCT level 

of stage IV was 0.070 ng/mL (95% CI: 0.040 - 0.140) 

higher than that of stages I - III (p < 0.05); serum PCT 

levels were significantly higher in the tumor progres-

sion group than in the partial cured groups (p < 0.001). 

Among NHL patients with neutropenia, serum PCT lev-

els were significantly higher in those with concurrent 

infection compared to those without infection (p = 

0.003). Tumor stage IV and progression were indepen-

dent risk factors for increased PCT levels (Table 4, 5). 
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Table 1. Comparison of serum PCT levels in tumor patients before and after infection (ng/mL). 

 

Group PCT value M (P25, P75) Z value p-value 

Before treatment group 0.065 (0.040, 0.100) -5.096 0.000 * 

Infection status 0.175 (0.085, 0.653)   

Treatment group 0.060 (0.040, 0.095) -4.626 0.000 * 

 
* Compared with the infection group, p < 0.001. 

 

 

 

 
Table 2. Comparison of serum PCT levels in different infection sites. 

 

Infection site Number of cases (％) PCT level M (P25, P75) p-value 

Bloodstream infection 58 (19.0) 0.660 (0.158, 11.067) 0.000 * 

Local infection 238 (79.07) 0.098 (0.070, 0.238)  

Lung 156 (51.83) 0.080 (0.060, 0.180)  

Soft tissue 26 (8.64) 0.110 (0.080, 0.320)  

Upper respiratory tract 16 (5.32) 0.100 (0.060, 0.413)  

Others (including urinary tract, intestinal tract, etc.) 40 (13.2) 0.140 (0.070, 0.308)  

 
* Comparison of serum PCT levels between bloodstream infection and local infection. 

 

 

 

 
Table 3. Comparison of serum PCT levels among different pathogens. 

 

Group Number of cases (%) 
PCT level M (P25, P75) 

p-value 
bloodstream infection local infection 

G+ group 62 (45.6) 0.546 (0.203, 7.574) 0.080 (0.070, 0.225) 0.003 

G- group 74 (54.4) 3.885 (0.224, 36.463) 0.240 (0.065, 0.450) 0.008 

p-value  0.012 0.137  

 

The G+ group was infected by gram-positive bacteria, and the G- group was infected by gram-negative bacteria. 

 

 

 

 

DISCUSSION 

 

NHL is a general term for a group of independent dis-

eases with strong heterogeneity attributed to heteroge-

neous B and T lymphocytes or natural killer (NK) cells 

[19]. NHL acts as a common tumor in China. Research-

ers generally consider NHL related to patients' autoim-

mune dysfunction, chemical stimulation, and virus in-

fection [20]. The infection is a highly common compli-

cation and cause of death in NHL patients [21]. PCT is 

an inactive propeptide substance of calcitonin, with an 

extremely low content in healthy people (p < 0.05 

ng/mL) [22]. However, under pathological conditions, 

almost all tissues and organs can secrete PCT, and its 

production is regulated by numerous factors (e.g. bac-

terial toxins and inflammatory cytokines). Serum PCT 

levels increase in severe bacterial infection, sepsis, and 

multiple organ failures, whereas the values are normal 

or only slightly increased in aseptic inflammation and 

viral infection [23]. 

Serum PCT, a biomarker of infectious diseases, exhibits 

high sensitivity and great specificity. In immunocompe-

tent patients with infection, elevated serum PCT levels 

typically correlate with infection severity and can guide 

antibiotic therapy decisions. However, the diagnostic 

significance of PCT in cancer patients remains contro-

versial, as tumor cells may either directly secrete PCT 

or stimulate its production, leading to non-infectious 

PCT elevation and consequently limiting its utility as an 

infection marker in this population [14,24]. Neverthe-

less, one study reported that serum PCT levels in pediat-

ric cancer patients effectively excluded bloodstream in-
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Table 4. Correlation analysis of serum PCT levels in 326 not infected NHL patients. 

 

Item Grouping 
Number of cases 

(%) 

PCT level 

ng/mL (P25, P75) 
Z value X2 value p-value 

Gender 
male 184 (56.4) 0.070 (0.040, 0.110) 

- 5.044 0.025 ∆ 
female 142 (43.6) 0.060 (0.030, 0.070) 

Age  

(years) 

< 65 218 (66.9) 0.060 (0.037, 0.073) 
-1.272 - 0.496 

≥ 65 108 (33.1) 0.060 (0.040, 0.100) 

IPI score 
0 - 2 128 (39.3) 0.052 (0.020, 0.170) 

-2.898 - 0.004 ∆ 
3 - 4 198 (60.7) 0.125 (0.020, 0.390) 

Pathologic 

staging 

B lymphoma 248 (76.1) 0.065 (0.020, 0.360) 
- 4.114 0.043 ∆ 

T lymphoma 52 (21.0) 0.107 (0.020, 0.260) 

Tumor 

staging 

Stage I 32 (9.8) 0.040 (0.030, 0.070) -3.734 

- 

0.000 *, ∆ 

Stage II 60 (18.4) 0.040(0.030, 0.080) -2.844 0.004 *, ∆ 

Stage III 76 (23.3) 0.060 (0.030, 0.080) -2.551 0.025 *, ∆ 

Stage IV 158 (48.5) 0.070 (0.040, 0.140)    

Treatment 

situation 

progress 242 (74.2) 0.070 (0.040, 0.100) 
- 64.015 0.000 ∆ 

partial cure 84 (25.8) 0.050 (0.030, 0.070) 

Neutrophil 

count 

neutropenia 18 (5.5) 0.080 (0.040, 0.173) 

-2.932 

- 

0.003 a, ∆ 

-1.877 0.066 b 

0.533 0.521 c 

non-neutropenia 308 (94.5) 0.060 (0.040, 0.080)    

 

* Comparison with stage IV, p < 0.01, a comparison between neutropenia and infection group and non-neutropenia and non-infection group,    
b comparison between non-neutropenia and non-infection group and neutropenia and non-infection group, c comparison between neutropenia 

and infection group and non-neutropenia and infection group, ∆ difference is statistically significant. 

 

 

 

 
Table 5. Logistic regression analysis of serum PCT levels in 326 not infected NHL patients. 

 

Factors β value SE value Wald value Exp (β) 95% CI p-value 

Gender 0.245 0.330 0.553 1.278 0.670 - 2.437 0.457 

Tumor type 0.622 0.419 2.198 1.862 0.819 - 4.234 0.138 

IPI score 0.042 0.324 0.017 1.043 0.553 - 1.967 0.896 

Whether progress has occurred 0.871 0.357 5.947 2.390 1.187 - 4.812 0.015 

Whether there is tumor stage IV 0.914 0.325 7.911 2.495 1.319 - 4.718 0.005 

Constant -2.271 0.499 20.683 0.103  0.000 

 

 

 

 

fections [25]. For immunocompetent infected patients, 

PCT monitoring has been widely implemented in clini-

cal practice, particularly for respiratory infections and 

sepsis cases. It serves to complement clinical judgment, 

guide antibiotic therapy, improve patient outcomes, sup-

port antimicrobial stewardship programs, and potential-

ly reduce antibiotic resistance [9,26]. In this study, 80 

NHL patients were analyzed before infection, during in-

fection stage, and after the effective anti-infection treat-

ment. The serum PCT level was continuously monitored 

to be 0.065 ng/mL vs. 0.175 ng/mL vs. 0.060 ng/mL, re-

spectively, demonstrating that the serum PCT level 

could act as an early diagnosis index of NHL patients 

with infection and monitoring the effect of anti-infec-

tion treatment. Notably, our study observed that NHL 

patients may not achieve the same magnitude of PCT 

reduction as immunocompetent patients following ef-

fective anti-infective therapy, likely attributed to persis-

tently elevated PCT level associated with underlying 

malignancy. Consistent with prior literature [27], serial 

PCT monitoring may serve as a valuable tool for anti-

biotic de-escalation and stewardship in cancer patients 
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Figure 1. Comparison of serum PCT levels in NHL patients with and without infection.  
 

A Serum PCT levels of not infected and infected NHL patients. B ROC curve of serum PCT levels in the diagnosis of NHL patients with infec-

tion. The optimal critical value for serum PCT diagnosis of infection determined from the ROC curve was 0.120 ng/mL, the AUC was 0.7885, 

and the sensitivity and specificity took up 54.9% and 89%, respectively. The positive predictive value was 65.6%, and the negative predictive 

value was 83.8%. 

 

 

 

 

 

 

 
 

 
 

Figure 2. Serum PCT levels before and after appropriate treatment in NHL patients with infection. 

 

 

 

with concurrent infections, with studies demonstrating a 

median 30% reduction in PCT level following success-

ful treatment of infection. Some studies reported that 

the optimal cutoff value of PCT in diagnosing infection 

in patients with and without tumor infection was 0.17 

ng/m [28]. In this study, the optimal critical value for 

serum PCT to diagnose infection was 0.120 ng/mL, and 

the negative predictive value was 83.8%, suggesting 

that 83.8% of NHL patients with a PCT level higher 

than 0.120 ng/mL at the hospital studied may develop 

the infection. 

As suggested from the comparison of the difference in 

serum PCT level in different infection sites in the infec-

tion group, the serum PCT level in patients with blood-
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Figure 3. ROC curve for identification of coagulase-negative staphylococci caused by bloodstream infection and contamination 

by serum PCT level in NHL. 
 

The PCT optimal cutoff value diagnosed as coagulase-negative staphylococci infection reached 0.165 ng/mL, the AUC was 0.7143, and the cor-

responding sensitivity, specificity, positive predictive value, and negative predictive value reached 60%, 85.71%, 75%, and 60%, respectively. 

 

 

 

 

stream infection was significantly higher than that in 

those with local infection, complying with the literature 

report [29]. Thus, it was demonstrated that the signifi-

cant increase in the PCT level could commonly indicate 

adverse results (e.g. bloodstream infection and septic 

shock). The serum PCT level of Gram-negative bacteria 

infection was significantly higher than that of Gram-

positive cocci (3.885 ng/mL vs. 0.546 ng/mL), demon-

strating that serum PCT level was different, as impacted 

by various infectious pathogens. On that basis, the diag-

nosis of clinical infectious pathogens can be expedited. 

As reported in existing studies, serum PCT levels can 

distinguish Gram-negative bacterial sepsis from Gram-

positive bacterial and fungal sepsis, with a cutoff value 

of 2.44 ng/mL [30,31]. Besides, this study reported a 

difference in the PCT level between the bloodstream in-

fection and the contamination attributed to coagulase-

negative staphylococci. The optimal cutoff value of the 

ROC curve was 0.165 ng/mL, and the AUC was 0.7143. 

As revealed in the abovementioned results, the PCT 

level can help identify the contamination and the coagu-

lase-negative staphylococcus bloodstream infection, as 

well as provide a reference for the clinical and labora-

tory determination of the blood culture contamination. 

The literature reports indicate that serum PCT levels of 

patients with tumor non-complicated infection are 

higher than that of healthy humans [32-34]. In this 

study, the serum baseline PCT level in NHL patients 

was higher than that in healthy humans, which might be 

associated with the particular state of NHL patients, 

similar to inflammation. According to previous studies 

[35,36], tumor cells can stimulate the body's immune 

system to produce a sustained inflammatory state, there-

by facilitating the proliferation and differentiation of tu-

mor cells and further inhibiting apoptosis. This study 

analyzed the factors in depth. For IPI score, group 0 - 2 

was significantly higher than group 3 - 4, which demon-

strated that the higher the IPI score of NHL patients, the 

worse the prognosis and the higher the PCT level would 

be, consistent with a previous study [10]. Tumor stage 

IV and tumor progression acted as independent factors 

of higher serum PCT level in non-infectious NHL pa-

tients. Cytokines (e.g. IL-6, IL-2, and TNF) could medi-

ate the production of PCT during tumor metastasis [32]. 

The value of PCT in patients with liver metastasis of 

lung cancer significantly increased, allowing PCT to 

predict tumor metastasis and the advanced stage. The 

results also indicated that the serum PCT level of NHL 

patients with tumor progression was higher than that of 

partially cured or cured patients (0.070 ng/mL vs. 0.050 

ng/mL). Next, a previous study suggested that serum 

PCT was positively correlated with the disease progres-

sion of small cell lung cancer [37]. According to our in-

depth results, the serum PCT level in the infection 

group of NHL patients with neutrophil count deficiency 

was significantly higher than that in the non-infection 

group, which indicated that PCT level could act as an 

infection diagnostic marker for patients with neutrophil 
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count deficiency, consistent with a previous study [38]. 

Several important limitations in our study should be 

acknowledged. The relatively small cohort size and in-

complete ancillary biomarker data precluded meaning-

ful comparison between PCT levels and established pro-

gression markers in NHL patients, as well as assessment 

of potential synergistic effects when combining PCT 

with conventional biomarkers. The critical question of 

whether PCT possesses incremental prognostic value 

for monitoring disease progression and treatment re-

sponse in NHL remains unresolved in our analysis, 

highlighting an important area for future research. 

 

 

CONCLUSION 

 

In brief, serum PCT is a good diagnostic marker for 

NHL patients with infection and anti-infection monitor-

ing. The cutoff value is 0.12 ng/mL. However, due to 

the influence of multiple factors, a single PCT measure-

ment test cannot establish the diagnosis of infection. It 

is recommended that patients with NHL be admitted to 

the hospital to detect serum PCT baseline level as a con-

trol for the diagnosis of infection. 

 

 

Declaration of Interest: 

The authors declare that there are no conflicts of interest 

regarding the contents of this article. 

 

 

References: 

 
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 

A. Global cancer statistics 2018: GLOBOCAN estimates of inci-

dence and mortality worldwide for 36 cancers in 185 countries. 

CA Cancer J Clin 2018;68(6):394-424. (PMID: 30207593) 
  

2. Liu W, Liu J, Song Y, et al. Burden of lymphoma in China, 2006-

2016: an analysis of the Global Burden of Disease Study 2016. J 
Hematol Oncol 2019;12(1):115. (PMID:31744509) 

 

3. Mei M, Wang Y, Zhang M. Causes of mortality in cases with 
extra nodal natural killer/T-cell lymphoma, nasal type: A cohort 

study. PLoS One 2019;14(4):e0214860. (PMID: 30995261) 

 
4. Meza-Meneses P, Cornejo-Juárez P, Vilar-Compte D, Volkow-

Fernández P. Infectious complications as a predictor of mortality 

in patients with non-hodgkin lymphoma receiving rituximab-con-
taining chemotherapy. Rev Invest Clin 2019;71(4):275-82. 

(PMID: 31448779) 

 
5. Riedel S, Melendez JH, An AT, Rosenbaum JE, Zenilman JM. 

Procalcitonin as a marker for the detection of bacteremia and sep-

sis in the emergency department. Am J Clin Pathol 2011;135(2): 
182-9. (PMID: 21228358) 

 

6. Hatzistilianou M. Diagnostic and prognostic role of procalcitonin 
in infections. ScientificWorldJournal 2010;10:1941-6.  

(PMID: 20890583) 

 
7. Jiang R, Han B, Dou C, Zhou F, Cao B, Li X. Analysis of antibi-

otic usage for viral community-acquired pneumonia in adults. 

Front Med 2021;15(1):139-43. (PMID: 32535730) 
 

8. Kip MM, Kusters R, IJzerman MJ, Steuten LM. A PCT algorithm 

for discontinuation of antibiotic therapy is a cost-effective way to 

reduce antibiotic exposure in adult intensive care patients with 
sepsis. J Med Econ 2015;18(11):944-53. (PMID: 26105574) 

 

9. de Jong E, van Oers JA, Beishuizen A, et al. Efficacy and safety 
of procalcitonin guidance in reducing the duration of antibiotic 

treatment in critically ill patients: a randomised, controlled, open-

label trial. Lancet Infect Dis 2016;16(7):819-27.  
(PMID: 26947523) 

 

10. Patout M, Salaün M, Brunel V, Bota S, Cauliez B, Thiberville L. 
Diagnostic and prognostic value of serum procalcitonin concen-

trations in primary lung cancers. Clin Biochem 2014;47(18):263-

7. (PMID: 25218831) 
 

11. Vincenzi B, Fioroni I, Pantano F, et al. Procalcitonin as diag-

nostic marker of infection in solid tumors patients with fever. Sci 
Rep 2016;6:28090. (PMID: 27312877) 

 

12. Murat Sedef A, Kose F, TanerSumbul A, et al. Prognostic value 
of procalcitonin in infection-related mortality of cancer patients. J 

BUON 2016;21(3):740-4. (PMID: 27569098) 

 
13. Takakura Y, Hinoi T, Egi H, et al. Procalcitonin as a predictive 

marker for surgical site infection in elective colorectal cancer sur-

gery. Langenbecks Arch Surg 2013;398(6):833-9.  
(PMID: 23784676) 

 

14. Zhao Z, Li X, Zhao Y, et al. Role of C-reactive protein and pro-
calcitonin in discriminating between infectious fever and tumor 

fever in non-neutropenic lung cancer patients. Medicine (Balti-

more) 2018;97(33):e11930. (PMID: 30113495) 
 

15. Ilktac A, Kalkan S, Caliskan S. C-reactive protein and procalcito-

nin levels in prostate cancer. Int J Clin Pract 2021;75(4):e13935. 
(PMID: 33326672) 

 

16. Hamidi N, Gökçe MI, Süer E, Baltaci S. Evaluation of increased 
preoperative serum high sensitive C-reactive protein and procal-

citonin levels on grade and stage of clear cell renal cell carci-

noma. Clin Nephrol 2015;83(4):225-30. (PMID: 25707457) 
 

17. Giessen H, Nebiker CA, Bruehlmeier M, Spreitzer S, Mueller B, 

Schuetz P. Do you want to participate in a clinical study as a 
healthy control? - Risk or benefit? World J Clin Cases 2017; 

5(12):437-9. (PMID: 29291203) 

 
18. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of 

the World Health Organization classification of lymphoid neo-

plasms. Blood 2016;127(20):2375-90. (PMID: 26980727) 
 

19. Zhou X, Pan H, Yang P, Ye P, Cao H, Zhou H. Both chronic 
HBV infection and naturally acquired HBV immunity confer in-

creased risks of B-cell non-Hodgkin lymphoma. BMC Cancer 

2019;19(1):477. (PMID: 31113483) 
 

20. Zhou HT, Su H, Zhou ZX, et al. [Analysis of 17 cases underwent 

laparoscopic rectal cancer surgery with transanal natural orifice 

specimen extraction and resection]. Zhonghua Zhong Liu Za Zhi 

2018;40(3):206-10. (PMID: 29575840) 

 
21. Zembower TR. Epidemiology of infections in cancer patients. 

Cancer Treat Res 2014;161:43-89. (PMID: 24706221) 

 
22. Matwiyoff GN, Prahl JD, Miller RJ, et al. Immune regulation of 

procalcitonin: a biomarker and mediator of infection. Inflamm 

Res 2012;61(5):401-9. (PMID: 22354317) 
 

23. Vijayan AL, Vanimaya, Ravindran S, et al. Procalcitonin: a pro-

mising diagnostic marker for sepsis and antibiotic therapy. J In-
tensive Care 2017;5:51. (PMID: 28794881) 

 



PCT as Infection Biomarker in Lymphoma 

Clin. Lab. 3/2026 9 

24. Chaftari AM, Hachem R, Reitzel R, et al. Role of Procalcitonin 

and Interleukin-6 in Predicting Cancer, and Its Progression Inde-

pendent of Infection. PLoS One 2015;10(7):e0130999.  
(PMID: 26148092) 

 

25. R Nath S, Jayapalan S, Nair H, et al. Comparative diagnostic test 
evaluation of serum procalcitonin and C-reactive protein in sus-

pected bloodstream infections in children with cancer. J Med 

Microbiol 2017;66(5):622-7. (PMID: 28504925) 
 

26. Rios-Toro JJ, Pola-Gallego de Guzman MD, Guerrero-Marin M, 

et al. Prognostic Value of Variations in Serum Biomarkers and 
Prognostic Scores Values Between Admission and Second Day in 

Intensive Care Unit Septic Patients. Cureus 2021;13(7):e16472. 

(PMID: 34430091) 
  

27. Dagher H, Chaftari AM, Hachem R, et al. Procalcitonin Level 

Monitoring in Antibiotic De-Escalation and Stewardship Program 
for Patients with Cancer and Febrile Neutropenia. Cancers 

(Basel) 2024;16(20):3450. (PMID: 39456544) 

  
28. Blouin AG, Hsu M, Fleisher M, Ramanathan LV, Pastores SM. 

Utility of procalcitonin as a predictor of bloodstream infections 

and supportive modality requirements in critically ill cancer pa-
tients. Clin Chim Acta 2020;510:181-5. (PMID: 32679129) 

 

29. Li S, Rong H, Guo Q, Chen Y, Zhang G, Yang J. Serum procalci-
tonin levels distinguish Gram-negative bacterial sepsis from 

Gram-positive bacterial and fungal sepsis. J Res Med Sci 2016; 

21:39. (PMID: 27904585) 
 

30. Tang JH, Gao DP, Zou PF. Comparison of serum PCT and CRP 

levels in patients infected by different pathogenic microorgan-
isms: a systematic review and meta-analysis. Braz J Med Biol 

Res 2018;51(7):e6783. (PMID: 29846409) 

 
31. Ogasawara S, Saito N, Hirano R, Minakawa S, Kimura M, Kaya-

ba H. Clinical relevance of procalcitonin values in bacteremia. J 

Infect Chemother 2020;26(10):1048-53. (PMID: 32595106) 
 

32. Avrillon V, Locatelli-Sanchez M, Folliet L, et al. Lung cancer 

may increase serum procalcitonin level. Infect Disord Drug Tar-
gets 2015;15(1):57-63. (PMID: 25809625) 

 

33. Meegada S, Eisen R, Coons G, Verma R. Intrahepatic Cholangio-
carcinoma Associated with High Procalcitonin, Hypercalcemia, 

Polycythemia and Leukocytosis. Cureus 2020;12(1):e6587. 

(PMID: 32051799) 
 

34. Han X, Zhong H, Hong D, Li C, Su H, Xu K. Elevated procal-

citonin levels in primary hepatic neuroendocrine carcinoma: Case 
report and literature review. Medicine (Baltimore) 2020;99(31): 

e21210. (PMID: 32756098) 
 

35. Ismail F, Mahmoud A, Abdelhaleem H, Mamdoh A, Geneidy M, 

Kamal E. Primary Sjögren's syndrome and B-non-Hodgkin lym-
phoma: role of CD4+ T lymphocytopenia. Rheumatol Int 2013; 

33(4):1021-5. (PMID: 22886469) 

 

36. Gonzalez H, Hagerling C, Werb Z. Roles of the immune system 

in cancer: from tumor initiation to metastatic progression. Genes 

Dev 2018 Oct 1;32(19-20):1267-84. (PMID: 30275043) 
 

37. van der Galiën HT, Loeffen EAH, Miedema KGE, Tissing WJE. 

Predictive value of PCT and IL-6 for bacterial infection in chil-
dren with cancer and febrile neutropenia. Support Care Cancer 

2018;26(11):3819-26. (PMID: 29777383) 

 
38. Vassallo M, Michelangeli C, Fabre R, et al. Procalcitonin and C-

Reactive Protein/Procalcitonin Ratio as Markers of Infection in 

Patients With Solid Tumors. Front Med (Lausanne) 2021;8: 
627967. (PMID: 33777975) 

 

 


