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Plain English Summary 
Lymphoma is a cancer that starts in the lymphatic system, which helps the body fight infections. People 
with lymphoma often have weakened immune systems and are more at risk of infections and 
inflammation. This study examined the levels of four substances in the blood- Procalcitonin (PCT), TNF-
α, IL-6, and Zinc—in 43 lymphoma patients compared to 37 healthy individuals in Thi-Qar, Iraq. The 
findings showed that PCT, TNF-α, and IL-6 were significantly higher in patients, indicating increased 
inflammation and immune activity. Zinc levels, however, were lower, possibly due to poor nutrition or 
weakened immunity. These results suggest that measuring PCT and IL-6 may help track disease 
progression, while TNF-α and IL-6 could serve as markers of the immune response in lymphoma. Low 
zinc levels may also highlight the need for nutritional support in these patients. These biomarkers could 
help monitor lymphoma progression and guide nutritional support. 
 
Background 
The abnormal cell growth of B-cell, T-cell, and 
natural killer (NK) cell subsets of lymphocytes at 
various stages of maturity results in lymphomas, 

a diverse group of cancers (1, 2). A common 
symptom of lymphoma is painless adenopathy. In 
more aggressive variants, adenopathy may 
advance quickly, or it may wax and wane over 

Abstract 
Objective: Lymphoma is a type of cancer that starts in the immune system's lymphocytes, which fight 
infections. The spleen, thymus, bone marrow, lymph nodes, and other organs contain these cells. When 
lymphoma occurs, lymphocytes alter and proliferate uncontrollably. This study is one of the initial Iraqi efforts 
to investigate the serum Procalcitonin, TNF-α, IL-6, and Zinc levels in Lymphoma patients and compare the 
values with those of healthy controls. 
Methods: This study was a case-control study of 43 patients with Lymphoma and 37 controls recruited at the 
Oncology centre, referring hospitals, private clinic and laboratories in Thi-Qar, province of Iraq. Smokers, 
alcoholics, and recent antibiotic users were excluded from the study to mitigate the confounding effect. Serum 
Procalcitonin, TNF-α, IL-6, and Zinc levels were assessed in all participants.  
Result: The participants' ages ranged from 17 to 32 years. The mean levels of serum procalcitonin (p<0.0001), 
TNF-α (p<0.0001), and IL-6 (p<0.0001) levels of patients with Lymphoma were significantly higher than those 
of the control group. However, serum zinc level was lower among the cases than the control group (p<0.0001). 
Conclusion: In patients with solid tumours, the combined measurement of PCT and IL-6 may serve as 
indicators of the progression of neoplastic diseases. Serum TNF-α and IL-6 levels can serve as prognostic 
indicators for the assessment of tumour immune status in Lymphoma. Poor nutritional status at initial diagnosis 
may have affected serum zinc levels in lymphoma patients. 
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years in indolent presentations. The 
supradiaphragmatic lymph nodes are the most 
common site for Hodgkin lymphoma. Although 
non-Hodgkin lymphoma can develop anywhere 
in the body, several subtypes have their origins 
in the skin, central nervous system, or 
gastrointestinal tract. Individuals with more 
advanced disease may experience systemic 
symptoms such as fever, unexplained weight 
loss, and night sweats. Lymphomas spread to 
extra-nodal locations in two major ways: direct 
invasion or hematogenous dissemination to the 
spleen, liver, lungs, or bone marrow (3, 4, 5). 
Procalcitonin (PCT) is the 116-amino pre-
hormone of calcitonin that is typically produced 
by the thyroid's parafollicular C-cells and 
released into the bloodstream in response to 
hypercalcemia. Before entering the systemic 
circulation, the generated PCT is normally nearly 
completely transformed into its mature form, 
calcitonin (6, 7, 8). Through a different biologic 
mechanism, non-thyroid tissue types such the 
spleen, kidney, liver, pancreas, colon, brain, and 
lungs may produce PCT, which results in 
noticeably higher serum PCT levels (9, 10). On 
the other hand, activated macrophages, T-cells, 
and natural killer cells are the primary producers 
of tumour necrosis factor alpha (TNF-α), a pro-
inflammatory cytokine that is both soluble and 
membrane-bound. Although TNF-α has been 
linked to anticancer properties, it has been 
discovered that cancer patients' tumour and 
plasma samples had higher TNF-α receptor 
levels. This finding has been interpreted as a 
mechanism of cancer survival to mitigate high 
levels of cytokines (11). Whereas IL-6 is the 
cytokine most connected with anaemia (12). It is 
a multifunctional cytokine that influences the 
activity of cancer cells" (13).  
Zinc is an essential component of transcriptional 
gene control, cellular differentiation and 
proliferation, and the catalytic activity of carbonic 
anhydrase. It is a cofactor for over 200 enzymes 
in the body (14). Red blood cells have a high 
quantity of enzymes (15). 
Lymphoma patients face significant risk of 
infections, inflammation, and immune 
dysfunction, which are critical to management, 
disease progression and prognosis. Investigating 
the biochemical indicators of these phenomena 
is, therefore, vital. Elevated PCT indicates 
bacterial infections, while TNF-α and IL-6 reflect 
disease activity and inflammation. Zinc 
deficiency, on the other hand, may predispose to 
impaired immunity (16). 
The objective of this study is to evaluate the role 
of serum Procalcitonin (PCT), TNF-α, IL-6, and 
Zinc in lymphoma patients to assess infection 
risk, inflammation, and immune dysfunction, 
which are critical for lymphoma prognosis and 

treatment. Based on literature, the author 
hypothesised that PCT, TNF-α, and IL-6 would 
be elevated, while Zinc would be reduced, in 
lymphoma patients. 
 
Materials and Methods 
Collection of Blood Sample 
The investigator obtained 5ml of blood samples 
from Lymphoma patients and controls and 
allowed the blood to clot at room temperature in 
empty disposable tubes. Then, the samples were 
centrifuged at 3000 xg for ten minutes, and the 
serum samples were separated and were either 
stored at -20ºC until use or used immediately to 
analyse biochemical parameters. 
 
Study Design 
This study was designed as a case-control study. 
All samples were taken from patients who were 
recruited consecutively among those attending 
the Oncology Centre in Thi-Qar and other 
specialist clinics. All diagnosed of all types of 
lymphoma, irrespective of stage during the study 
period were recruited. The study participants 
included 80 subjects, 43 of which were patients 
with Lymphoma (20 females and 23 males) and 
37 (17 females and 20 males), from healthy 
individuals who served as controls. Controls were 
recruited from age and sex-matched (to account 
for demographic influences on immune and 
inflammatory markers) blood donors (to mitigate 
selection bias). The controls underwent physical 
examination and baseline screening to confirm 
the absence of infections, autoimmune disorders, 
malignancies, and chronic inflammatory 
conditions. The study excluded people who had 
recently been vaccinated, used antibiotics or 
steroids, were pregnant, smokers or alcoholics to 
avoid skewing the biomarker levels, especially 
Zinc and IL-6 (17). 
 
Biochemical Parameters 
Serum Procalcitonin, TNF-α, and IL-6 were 
estimated by enzyme linked immunoassay 
method by ELISA Reader, USA. Using kits 
supplied by Elabscience, USA. Serum Zinc was 
analysed by colourimetric method by UV/VIS 
spectrophotometer, Japan using kit supplied by 
Spectrum diagnostics, Germany (18,19). Quality 
control samples were run in duplicate, with intra- 
and inter-assay coefficients of variation (CVs) 
<10% and <15%, respectively, as per 
manufacturer specifications and CLSI guidelines 
(EP05-A3). 
 
Statistical Analysis 
Statistical analysis was done using the IBM 
SPSS Software version 20.0. The results were 
expressed as mean ± standard deviations (mean 
± SD). Data normality was confirmed via the 
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Shapiro-Wilk test. To compare parameters in 
various study groups, the one-way ANOVA test 
was performed. P-values (p ≤ 0.05) were used to 
determine statistical significance. Pearson 
correlation coefficients (r) will be used to describe 
relationships among various parameters within 
each group. 
 
 
 

Results 
The participants’ ages ranged from 17 to 32 
years. The present study included eighty 
subjects, categorised into two groups: the 
Lymphoma patients’ group, which comprised 
forty-three patients and the healthy controls 
group of thirty-seven individuals. The mean ages, 
Body Mass Index, and sex distribution of the two 
groups were similar (p > 0.05). The characteristic 
data for all studied groups is shown in Table 1.

 
Table 1: Details of numbers and age of the groups studied 

Groups 
 

N Age (years) 
Mean ± SD 

BMI (kg/m2) 
Mean ± SD 

Sex (M/F) 

Patients 43 26.2 ± 6.1 25.2 ± 5.5 23 /20 
Controls 37 25.3 ± 4.2 23.6 ± 3.4 20 / 17 
p-value  0.4519 0.1290 0.9596 

N: Number of subjects, M: male, F: Female, BMI: body mass index 
 
Table 2 shows the levels of Procalcitonin in 
patients and controls.  In this table, it is observed 
that there was a significant increase in the levels 

of serum Procalcitonin in the patient group 
compared to the control group (p<0.0001).

 
Table 2: Serum levels of Procalcitonin in Lymphoma patients and controls group 

Groups 
 

N Procalcitonin (pg/mL) 
Mean ± SD 

p-value 

Patients 43 2110.5 ± 303.4  <0.0001 
Controls 37 1033.8 ± 247.1   

Each value represents mean ± SD values with non-identical superscript (a and b) were considered 
significantly differences (p ≤ 0.05). N: number of subjects.  SD: standard deviation 

 
Table 3 shows the levels of Tumour Necrosis 
Factor-ɑ and Interleukin – 6 in patients and 
controls.  In this table, it was observed that there 

was a significant increase in the levels of serum 
TNF-α and IL- 6 in the patients’ group in 
comparison to the control group (p<0.0001).

 
Table 3: Serum level of TNF-α and IL-6 in Lymphoma patients and controls group 

Groups 
 

N TNF-α (pg/ml) 
Mean ± SD 

IL-6 (pg/ml) 
Mean ± SD 

 

Patients 43 552.2 ± 44.1 122.3 ± 21.4  
Controls 
p-value 

37 391.3 ± 17.98 
<0.0001  

74.7 ± 11.8 

<0.0001 
 

Each value represents mean ± SD values with non-identical superscript (a and b) were considered 
significantly differences (p ≤ 0.05). N: number of subjects.  SD: standard deviation 

 
According to Table 4, the serum Zinc 
concentration of the patients' group was 

noticeably lower than that of the controls 
(p<0.0001).

 
Table 4: Serum level of Zinc in Lymphoma patients and controls group 

Groups 
 

N Zinc (µmol /L) 
Mean ± SD 

p-value 

Patients 43 8.41 ± 1.2 <0.0001 
Controls 37 14.9 ± 3.1   

Each value represents mean ± SD values with non-identical superscript (a and b) were considered 
significantly differences (p ≤ 0.05). N: number of subjects.  SD: standard deviation 

 
Pearson's correlation explains the link between 
procalcitonin and other parameters in this 
research. Table 5 reveals a statistically 
significant positive correlation among 

procalcitonin, TNF-α, and IL-6. A weak but 
significant negative correlation (r = -0.29, p = 
0.027) was seen between procalcitonin and Zinc.
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Table 5: Correlation between Procalcitonin and other parameters 

Procalcitonin versus r p-value Result 

TNF-α pg /ml 0.44 0.005 Significant positive correlation 
IL-6 pg /ml 0.56 0.012 Significant positive correlation 
Zinc µmol /l - 0.29 0.027 Insignificant negative correlation 

 
Discussion 
Tumours of immune cells, lymphomas are solid 
growths found in lymphoid tissues such lymph 
nodes and bone marrow. Examples include 
Hodgkin's and non-Hodgkin's lymphomas (20, 
21). It might be difficult to interpret high PCT 
concentrations in blood in cancer patients 
because they can be affected by several factors, 
including the presence of metastases or the 
neuroendocrine activity of malignant tissue (e.g., 
small-cell lung cancer). In these situations, there 
may be an increase in PCT concentrations 
independent of infections, indicating a low 
specificity for bacterial infections (21). Patients 
with widespread metastatic illness have reported 
contradictory PCT concentrations. According to 
previous studies (22, 23). PCT levels were much 
higher in patients with solid tumours and 
metastases with no signs of infection, particularly 
in those with broad metastatic illness. According 
to other scientists, PCT might be a useful early 
predictor of neoplastic disease development 
(23). 
TNF-α is mostly produced in peripheral tissues 
and/or adipocytes, and it causes tissue-specific 
inflammation by activating many transcriptional-
mediated pathways and generating reactive 
oxygen species (24, 25). Cytokines such as TNF-
α, IL-6, IL-8, and IL-10 have a close 
immunological connection with lymphoid cells, 
and their aberrant expression has been related to 
the poor prognosis of NHL (26). An important part 
of the lymphoma microenvironment, IL-6 is a 
powerful cytokine that stimulates the growth and 
differentiation of B lymphocytes. It also causes 
angiogenesis in tumours, interferes with tumour 
cell adhesion, and strongly inhibits the body's 
antitumor effects, thereby encouraging tumour 
cell growth and proliferation while preventing 
apoptosis and starting a vicious cycle (27, 28). 
Although the specifics of this mechanism are still 
understood, tumour-induced expenditure and a 
decline in nutritional status may lower serum zinc 
levels in malignant tumours. Zinc depletion in 
lifestyle disorders, ageing, and carcinogenic 
processes can be caused directly or indirectly by 
active oxygen. Ninety per cent of diseases are 
caused by active oxygen, and zinc is a potent, 
active oxygen-inhibiting component. The active 
core of superoxide dismutase, an active oxygen-
scavenging enzyme, is linked to metals like Cu, 
Zn, Mn, Fe, and Se. Prior research has 
demonstrated a correlation between zinc 
deficiency and low T-lymphocyte counts in 

patients with head and neck cancer (29, 30). A 
zinc deficit causes the thymus and bone marrow 
to produce fewer T and B cells, which makes the 
body more vulnerable to infection and erodes its 
defences (31, 32). 
The study findings are limited by the absence of 
exploration of lymphoma subtypes and potential 
confounders. Future studies must investigate 
these issues. 
                                                
Conclusion    
Blood PCT evaluation may be highly beneficial 
for the treatment of cancer patients who are 
prone to recurrent infections. PCT and IL-6 
measurements taken together may even be 
utilised as markers for the advancement of 
neoplastic disorders in patients with solid 
tumours. In lymphoma, serum TNF-α and IL-6 
levels can be used as prognostic markers to 
evaluate the tumour's immunological state. 
Additionally, they may serve as potential 
predictors of the prognosis of lymphoma and 
serve as a foundation for the targeted therapy's 
development and direction. Other trace elements 
like iron and copper were not measured. 
Nonetheless, this study suggests a link between 
zinc and malignant lymphoma. Serum zinc levels 
in lymphoma patients may have been impacted 
by their poor nutritional state at the time of 
diagnosis. Routine Zinc supplementation may 
benefit malnourished lymphoma patients. Also, 
longitudinal tracking of biomarkers during 
treatment is warranted. 
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