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The Importance of Serum Procalcitonin and C-reactive Protein Levels in
Patients with Lymphoma
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Abstract

Objective: Increased inflammatory cells in the tumor microenvironment are important in the formation and progression of
lymphomas. C-reactive protein (CRP) and procalcitonin (PCT) are biomarkers that can be used to detect infection and inflammation.
We investigated the clinical significance of CRP and PCT levels in lymphoma cases.

Materials and Methods: We evaluated 82 Hodgkin and 120 diffuse large B-cell lymphoma (DLBCL) cases. Pre- and post-treatment
PCT and CRP values were compared. The relationship between pre-treatment CRP and PCT levels and response to chemotherapy
treatment, disease stage, performance score, extranodal involvement, presence of bulky mass, and bone marrow involvement was
determined.

Results: In the Hodgkin lymphoma group, the CRP level was increased in 40 (48.8%) patients and the PCT level was increased in
16 (19.5%) patients. The CRP level was high in 36 (30%) cases and the PCT level was high in 34 (18.3%) cases in the DLBCL group.
CRP and PCT levels were significantly lower after chemotherapy treatment in all of our cases compared to pretreatment (p<0.001,
p<0.001, respectively).

Conclusion: The decrease in CRP and PCT levels after chemotherapy treatment in our Hodgkin and DLBCL cases compared with
pretreatment supports the role of inflammation in the pathogenesis. In addition, these parameters may contribute to the determination
of prognosis.
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Amag: Fazla enflamatuvar hicrenin bulundugu timor mikro gevresi, lenfomalarin olusumunda ve ilerlemesinde énemlidir. C-reaktif
protein (CRP) ve prokalsitonin (PCT), enfeksiyon ve enflamasyonu tespit etmek igin kullanilabilen biyobelirteglerdir. Biz lenfoma
olgularinda CRP ve PCT duzeylerinin klinik 6nemini arastirdik.

Gereg ve Yontemler: Seksen iki Hodgkin ve 120 difftiz buytk B-hucreli lenfoma olgusunu degerlendirdik. Tedavi 6ncesi ve sonrasi
PCT ve CRP degerleri karsilastirildi. Tedavi 6ncesi CRP ve PCT dizeyleri ile kemoterapi tedavisine yanit, hastalik evresi, performans
skoru, ekstranodal tutulum, hacimli kitle varligi ve kemik iligi tutulumu arasindaki iliski belirlendi.

Bulgular: Hodgkin lenfoma grubunda 40 (%48,8) hastada CRP duzeyi, 16 (%19,5) hastada PCT dizeyi yiksek idi. Difftiz btyluk
B-hicreli lenfoma grubunda CRP duizeyi 36 (%30) olguda, PCT duzeyi 34 (%18,3) olguda ytksekti. CRP ve PCT duzeyleri kemoterapi
tedavisi sonrasi tim olgularimizda tedavi éncesine gore anlamli olarak dusikti (sirasiyla p<0,001, p<0,001.

Sonug: Hogkin ve diffiiz buyik B-hicreli lenfoma olgularimizda kemoterapi tedavisi sonrasi CRP ve PCT dizeylerinin tedavi éncesine
gore azalmasi inflamasyonun patogenezdeki roliint desteklemektedir. Ayrica bu parametreler prognozun belirlenmesinde de katki
saglayabilir.

Anahtar Kelimeler: Prokalsitonin, C-reaktif protein, Hodgkin lenfoma, diffiz buytk B-htcreli lenfoma, prognoz
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Introduction

Chronic  inflammation  causes genetic  instability
and oncogenic mutations, creates the appropriate
microenvironment  for  tumor  development (1,2).

Inflammation plays an important role in the pathogenesis
of breast, lung, and liver cancer, multiple myeloma,
Hodgkin lymphoma (HL) and non-Hodgkin lymphoma
(NHL) (3-5). In classic HL, Hodgkin/reed Steinberg (HRS)
cells constitute approximately 1% of the tumor tissue (6).
Lymphocytes, eosinophils, neutrophils, and plasma cells
form an inflammatory microenvironment around HRS cells
(7). These inflammatory cells contribute to the survival
and proliferation of HRS cells through the cytokines they
secrete and also allow them to escape from the body’s
immune system (6,7). The JAK-STAT pathway activated by
interleukin (IL) 2, IL-6, IL-10 secreted from inflammatory
cells contributes to the pathogenesis of the disease in
diffuse large B-cell lymphoma (DLBCL) (8).

C-reactive protein (CRP) and procalcitonin (PCT) are acute-
phase reactants (9,10). CRP increases in cases of bacterial
and viral infections, collagen tissue diseases, burns and
cancer. IL-6 secreted by HRS cells also stimulates CRP
synthesis in HL cases. PCT used to distinguish bacterial
infections from non-bacterial infections (10). PCT level
increases extensive metastatic solid cancers, thyroid
cancers, and neuroendocrine tumors (11).

Although there are many different factors that play a role
in the pathogenesis of HL and DLBCL, inflammation is
important in the pathogenesis. Inflammatory biomarkers
are important in both the diagnosis and prognosis of HL
(12). In DLBCL cases, CRP contributes to the determination
of prognosis both alone and in combination with the
international prognostic index score.

Inflammation is a factor that negatively affects cancer
development and prognosis, and CRP and PCT are
inflammatory biomarkers. Therefore, we investigated CRP
and PCT levels and their clinical significance in HL and
DLBCL.

Materials and Methods

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the
Ethics Committee of Atatirk University (decision no: 33,
date: 25.11.2021). The requirement for informed consent
was waived because the data used in the study were
anonymous and the study was designed as a retrospective
file review. We analyzed the files of 339 patients with
HL and DLBCL. Two hundred-two cases who were given
adriamycin, bleomycin, vinblastine, dacarbazine treatment
for HL and rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisolone treatment for DLBCL treatment
were included in the study. The lymphoma diagnosis and
subgroup determination of the cases were made according
to the World Health Organization 2016 criteria. Patients

with fever, signs of active infection, and a history of
inflammatory disease were not included in this study.

Age, gender, Ann Arbor stage, extranodal involvement, bone
marrow infiltration, Eastern Cooperative Oncology Group
(ECOG) performance score, presence of bulky mass, lactate
dehydrogenase (LDH), beta 2 (f2) microglobulin, CRP, and
PCT values at the time of admission were recorded. CRP
and PCT values of the cases were also recorded after the
first course of chemotherapy (15-30 days), and these values
were accepted as post-treatment. Bone marrow biopsy was
not performed in HL cases with bone marrow involvement
in positron emission tomography/computerized tomography
(PET-CT) and were considered stage 4. Bone marrow
involvement was evaluated by bone marrow biopsy in all
other cases. The response of the cases to chemotherapy
was evaluated by PET-CT. Deauville criteria were used for
PET-CT response evaluation of patients with HL. Response
to treatment was classified as complete remission, partial
remission, stable disease, and progressive disease.

Statistical Analysis

Statistical analyzes were performed using the SPSS
(Statistical Package for the Social Sciences) 20 program.
The distribution normality of the data was analyzed with
the Kolmogorov-Smirnov test. Comparisons between
the two groups were made with the independent t-test
if the data were normally distributed, otherwise with the
Mann-Whitney U test. One-Way analysis of variance was
used for comparisons between groups of more than two
normally distributed quantitative variables. Comparisons
of more than two groups without normal distribution were
made with Kruskal-Wallis and Dunn-Bonferroni tests. For
correlation analysis, Pearson correlation analysis was
used if the data were normally distributed, and Spearman
Rank correlation analysis was used if the data were not
normally distributed. Survival analyzes were performed
with the Kaplan-Meier test. P<0.05 value was considered
statistically significant.

Results

Eighty-two (40.6%) of our cases were HL and 120 (59.4%)
were DLBCL. The mean age of HL cases was 40.68+15.26
years; 38 (46.3%) were female and 44 (53.7%) were male. In
the DLBCL group, the mean age was 51.95+11.95; 44 (36.7%)
were female and 76 (63.3%) were male. Laboratory findings
and clinical features of our cases were shown in Table 1.

There was no significant correlation between LDH value
and pre-treatment PCT and CRP values in the HL (r=0.09,
p=0.57; r=0.08, p=0.52, respectively) and DLBCL groups
(r=0.198, p=0.21; r=0.04, p=0.75; respectively). There was no
significant correlation between pre-treatment CRP and 2
microglobulin values in the HL group (r=0.238, p=0.23), but
a significant correlation was found between pre-treatment
PCT and B2 microglobulin values (r=0.63, p=0.015).
Pretreatment PCT and CRP values and 32 microglobulin
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levels were not significantly correlated in the DLBCL group
(r=0.14, p=0.51; r=0.03, p=0.89; respectively).

CRP values were high in 40 (48.8%) of the HL patients
and 36 (30%) of the DLBCL patients, and PCT values in 16
(19.5%) of the HL group and 34 (18.3%) of the DLBCL group.
Pre-treatment CRP and PCT values were significantly
higher than post-treatment CRP and PCT values in HL
and DLBCL groups (Table 2). The relationship between
the response status of lymphoma cases to chemotherapy
treatment and pre-treatment CRP and PCT levels was
shown in Table 3. The association with pre-treatment CRP
and PCT levels and ECOG score, extranodal involvement
status, presence of bulky mass, bone marrow infiltration,

and Ann Arbor stages of our HL and DLBCL cases were
shown in Tables 4 and 5.

The mean follow-up period of the cases was 24+11 months.
Six cases in the HL group and 12 cases in the DLBCL group
died due to disease-related reasons. The mean survival
time of patients with high and normal CRP values in the HL
group was 15+2.1 months and 19+3.1 months, respectively
(p=0.04). The survival time of patients with high and
normal PCT levels in the HL group was 14£1.8 months and
18+2.4 months, respectively (p=0.03). In the DLBCL group,
the survival time of patients with high CRP value (1221
months). In the DLBCL group, the survival time was shorter
in patients with high CRP (12+2.1 months) value than in

Table 1. Laboratory findings and clinical features of HL and DLBCL cases

Group
Parameters HL DLBCL All patients
Lactate dehydrogenase (135-225 U/L) 293+156.73 445.39+168.74 500.91£1303
B2 microglobulin (0.8-2.4 mg/L) 2.49+1.33 3.34+2 297+1.8
Sedimentation (0-20 mm/h) 19+6.2 14+51 15+4.8
ECOG performance score HL n (%) DLBCL n (%) All patients n (%)
ECOG 1 8 (9.8%) 22 (18.3%) 30 (14.9%)
ECOG 2 60 (73.2%) 66 (55%) 126 (62.4%)
ECOG 3 14 (17%) 22 (18.3%) 36 (17.8%)
ECOG 4 0 (0%) 10 (8.3%) 10 (5%)
Ann Arbor stage HL DLBCL All patients
Stage 1 4 (4.9%) 10 (8.3%) 14 (6.9%)
Stage 2 24 (29.3%) 48 (40%) 72 (35.6%)
Stage 3 36 (44%) 44 (36.7%) 80 (39.6%)
Stage 4 18 (22%) 18 (15%) 36 (17.8%)
Bulky mass (present) 12 (14.6%) 18 (15%) 30 (14.9%)
Extranodal involvement (present) 20 (2.4%) 18 (15%) 38 (18.8%)
Bone marrow infiltration (present) 18 (22%) 18 (15%) 36 (17.8%)

HL: Hodgkin lymphoma, DLBCL: Diffuse large B cell lymphoma,

ECOG: Eastern Cooperative Oncology Group

Table 2. CRP and PCT values of our cases before and after treatment

Group Parameters Pre-treatment Post-treatment p-value
CRP 52.51+531 10.47£15.44 <0.001
HL
PCT 3.23+315 0.48 £1.95 0.002
DLBCL CRP 39.12+49.3 10.79+14.01 0.045
PCT 1.69+2.64 0.36 +1.61 0.006
CRP 44.23+£50.91 10.67+14.49 <0.001
All patients
PCT 2.16+2.87 0.4 1.7 <0.001

range: 0-0.5 ng/mL)

HL: Hodgkin lymphoma, DLBCL: Diffuse large B cell lymphoma, CRP: C-reactive protein (normal range: 0-5 mg/L), PCT: Procalcitonin (normal
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Table 3. The relationship between pre-treatment CRP and PCT levels and response to chemotherapy

Group Chemotherapy response status CRP (mg/L) PCT (ng/mL)
CR 5.93+3.3 0.06+0.08

HL PR 47.62+27.62 0.14£0.34
Stable disease 93.34+26.36 0.32+0.35
Progressive disease 124.35£54.45 1.89+3.99

p-value <0.001 0.04

Group Chemotherapy response status CRP (mg/L) PCT (ng/mL)
CR 7.57+8.87 0.04+0.04
PR 33.72+31.2 0.33+0.38

DLBCL
Stable disease 98.02+46.79 0.99+0.55
Progressive disease 121.02+54.51 2.67+0.55

p-value <0.001 0.04

HL: Hodgkin lymphoma, DLBCL: Diffuse large B cell lymphoma, CRP: C-reactive protein, PCT: Procalcitonin, CR: Complete remission, PR: Partial
remission

Table 4. The relationship between pre-treatment CRP level and ECOG score, extranodal involvement, bulky mass, bone marrow
infiltration and Ann Anbor stage

Parameters CRP

ECOG performance score HL DLBCL All patients
ECOG 1 33.03+46.74 36.86+44.73 37.84+43.59
ECOG 2 46.08+48.44 39.79+£50.57 42.77+49.24
ECOG 3 60.06+57.43 32.83+51.83 41945335
ECOG 4 40.17+54.35 40.17+54.35
p-value 0.7 0.98 0.97
Extranodal involvement HL DLBCL All patients
Present 65.35+15.55 36.07+16.07 46.46+18.32
Absent 43.3+20 4811£19.69 40.11+18.89
p-value 0.04 0.03 0.04

Bulky mass HL DLBCL All patients
Present 48.25+10.16 44.T4£11.72 43.74+10.91
Absent 35.77+8.95 23.6+15.5 27.95+10.06
p-value 0.04 0.04 0.03

Bone marrow infiltration HL DLBCL All patients
Present 64.33+20.12 47.01£19.32 55.16+14.2
Absent 41.66+17.78 36.35+17.07 38.35+17.09
p-value 0.02 0.03 0.02

Ann Arbor stage HL DLBCL All patients
Stage 1 24.03£15.22 8.8+10.59 18.33+10.94
Stage 2 38+13.97 33.6+9.75 33.21£12.24
Stage 3 49+16.55 42.89+16.78 43.53+18.97
Stage 4 67.59+17.9 47.01£9.32 57.3£13.36
p-value 0.01 0.04 0.03

HL: Hodgkin lymphoma, DLBCL: Diffuse large B cell lymphoma, CRP: C-reactive protein, PCT: Procalcitonin, ECOG: Eastern Cooperative Oncology
Group
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Table 5. The relationship between pre-treatment PCT level and ECOG performance score, extranodal involvement, bulky mass,

bone marrow infiltration, and Ann Arbor stage

Parameters PCT

ECOG performance score HL DLBCL All patients
ECOG 1 0.02+0.01 0.24:0.4 0.18+0.35
ECOG 2 0.46+1.7 0.1+0.18 0.27+118
ECOG 3 0.04+0.02 0.07+0.07 0.06+0.06
ECOG 4 2.33+4.96 2.33+4.96
p-value 0.76 0.014 0.017
Extranodal involvement HL DLBCL All patients
Present 0.97+0.03 0.94+0.61 0.99+0.64
Absent 0.03+0.01 0.15+0.04 0.03+0.04
p-value 0.04 0.02 0.04

Bulky mass HL DLBCL All patients
Present 1.4+0.59 1.36+0.61 1.38+0.59
Absent 0.04+0.02 0.05+0.04 0.05+0.03
p-value 0.03 0.04 0.04

Bone marrow infiltration HL DLBCL All patients
Present 1.39+0.06 1.36+0.01 1.37+0.02
Absent 0.21+0.44 0.08+0.07 0.14+0.3
p-value 0.03 0.04 0.04

Ann Arbor Stage HL DLBCL All patients
Stage 1 0.03+0.009 0.01+0.01 0.02+0.01
Stage 2 0.7+0.08 0.7+0.02 0.420.29
Stage 3 1.21+0.44 1.36+0.07 114£0.3
Stage 4 2.66+0.03 2.36+0.05 2.63+0.08
p-value 0.03 0.04 0.04

HL: Hodgkin lymphoma, DLBCL: Diffuse large B cell lymphoma, CRP: C-reactive protein, PCT: Procalcitonin, ECOG: Eastern Cooperative Oncology

Group

patients with normal CRP (16+£3.1 months) value, and in
patients with high PCT level (13£1.8 months) compared
to those with normal PCT (15£2.4 months) level (p=0.03,
p=0.04, respectively).

Discussion

There is systemic inflammation in cancer cases and
it causes an increase in the level of IL-6. It triggers an
increase in CRP levels. Legouffe et al. (13) reported that the
CRP value was high in 42% of the NHL cases. Wieland et al
found that the CRP value was high in 54% of the HL cases
(14). In our study, 48.8% of HL cases and 30% of DLBCL
cases had elevated CRP values, and these rates were lower
than in the literature. This may be because we included only
DLBCL cases from the NHL group in our study and excluded
cases with signs of infection from our study.

Inflammation affects not only the development of cancer but
also its spread. Weinstein et al. (15) evaluated solid tumor

or hematologic malignancy cases and found a correlation
between disease stage and CRP level. It has been reported
that CRP value before treatment is associated with disease
stage and IP| score in DLBCL cases (16). There were also
studies reporting a relationship between disease stage and
pre-treatment CRP value in HL cases (14,17). A relationship
was found between CRP value and the presence of extranodal
involvement in HL (18). In our study, a correlation was found
between pre-treatment CRP and extranodal involvement,
presence of bulky mass, bone marrow infiltration, and
disease stage in HL and DLBCL.

Da Silveira da Rocha et al. (17) stated that after the first
course of chemotherapy treatment in HL cases, the CRP
value decreased to near normal levels. In our study, the
post-treatment CRP value was significantly lower than
the pre-treatment CRP value in HL and DLBCL. This result
supports the role of inflammation in the pathogenesis
of both HL and DLBCL. We think that the reason for the
decrease in CRP value is the corticosteroid treatment
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used in the chemotherapy protocol in DLBCL cases, and
the decrease in HRS cells, which ensures the continuity
of inflammatory cells in HL cases. Therefore, we think that
the pre-treatment CRP value may be a biomarker to predict
response to chemotherapy treatment.

It was reported high PCT levels in 30.6% of patients with
hematological malignancies. In our study, PCT values were
elevated in 19.5% of the HL group and 18.3% of the DLBCL
group, and these rates were lower compared to the literature.
This may be because cases with signs of infection were not
included in our study.

Very few studies investigate the diagnostic and prognostic
importance of PCT levels in solid organ cancers. Chaftari et
al. (19) stated that PCT levels can be used as a biomarker
to predict cancer in cases without fever. The significant
decrease in the post-treatment PCT level compared to
the pre-treatment PCT level in our study supports this
hypothesis for HL and DLBCL cases. PCT level is elevated
in patients with medullary thyroid cancer, and elevated
PCT level is associated with short surveillance. Matzaraki
et al. (1) stated that PCT level is high if primary tumors
have liver metastases. Our study is the first in the literature
to investigate the relationship between PCT level, disease
severity, and treatment response in lymphoma cases. We
found a significant correlation between pre-treatment PCT
level and response to chemotherapy treatment, extranodal
involvement, presence of bulky mass, and disease stage.
This result supports that PCT level is a laboratory test that
can be used to evaluate disease prognosis and response to
treatment.

Kawaguchi et al. (20) detected that progression-free survival
was significantly shorter in follicular lymphoma patients
with a high CRP value (5 mg/dL). In our study, we found
that the survival time was shorter in patients with high CRP
and PCT levels in both HL and DLBCL groups compared to
patients with normal levels. This supports that increased
inflammation at the time of diagnosis may be associated
with worse response to treatment and worse prognosis.

Conclusion

A better understanding of the pathogenesis of lymphoma
disease will provide a better determination of prognostic
factors. As etiopathogenesis is better understood, the
parameters used in the prognostic scoring of lymphoma
are updated. PCT and CRP are inexpensive biochemical
tests that can be performed in almost every hospital. In our
study, we found that CRP and PCT values can be used as
additional biomarkers in predicting prognosis and response
to chemotherapy in HL and DLBCL cases.
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