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IntRoductIon

Worldwide, about 75% of all lymphomas are non‑Hodgkin 
and 25% are Hodgkin’s lymphoma; but in Turkey, this ratio is 
80% for non‑Hodgkin and 20% for Hodgkin’s lymphoma.[1] 
Among cancer‑related deaths, lymphoma is the ninth‑most 
common cause of death in men and the sixth‑most common 
in women.[2] According to 2008 data from the Turkish 
Ministry of Health, lymphoma is the seventh‑most common 
cause of death in men and the eighth‑most common in 
women.[3]

After the first examination of patients with lymphoma 
diagnosis, it is recommended to perform important laboratory 
tests such as complete blood count; albumin, kidney and 

liver function tests; uric acid, β2‑microglobulin; C‑reactive 
protein (CRP); erythrocyte sedimentation rate (ESR); and 
lactate dehydrogenase (LDH) examinations.

Computed tomography (CT) and magnetic resonance 
imaging are commonly used for lymphoma as imaging 
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techniques, but guidelines recommend that positron emission 
tomography (PET)/CT should be performed instead of CT 
at the time of diagnosis. Therefore, staging with PET/CT 
is important in predicting early‑ and advanced‑disease 
treatment success.[1] CRP is an acute‑phase reactant produced 
in the liver[4] and also has an important role in diagnosis, 
prognosis, and follow‑up of all types of lymphoma.[5] ESR is 
an inflammation indicator showing the amount of sediment 
forming in a vertical tube over a 1‑h period. It is also an 
acute‑phase reactant. Several studies showed that elevation 
of ESR is related with infection, malignant neoplasms, 
and inflammatory diseases.[6] LDH is a common enzyme 
in several types of cells, which is released in response to 
any kind of tissue damage. It is recommended that serum 
LDH should be assessed in lymphoma patients at diagnosis, 
after treatment, and during follow‑up.[7] PET scanning is a 
type of nuclear medicine imaging which has an important 
role in cancer detection, staging, metastasis, and treatment 
evaluation, and disease relapse determination.[8]

This study was to determine the relationship between 
laboratory parameters and maximum standard uptake 
value (SUVmax) measurements in patients with lymphoma 
at the diagnosis and after treatment.

Methods

Ethical approval
The study was designed according to the Declaration of 
Helsinki and, as it is a retrospective study, patient consent 
was not taken.

Patients
Thirty‑four lymphoma patients treated at Mustafa Kemal 
University Internal Medicine Clinic between 2014 and 2017 
were included in this retrospective study. These patients 
were treated with various chemotherapy regimens and were 
followed up with PET scan before and after treatment.

Laboratory tests
Results of CRP, ESR, LDH, albumin, and white blood 
cell (WBC) count were recorded before each PET scan 
(Biograph MCT, Siemens, Germany). Serum CRP 
concentrations were measured by nephelometric immunoassay, 
which is a chemical quantitative analysis method for measuring 
agglutination of particles based on scattered light (OQIY21; 
Siemens BN™ II System, Germany).[9] ESR determinations 
were performed with infrared spectroscopy, which is one of 
the most common and widely used methods to analyze the 
interaction of infrared light with matter (Mindray BC‑6800, 
China). LDH activity was measured by spectrophotometric 
monitoring (2P56‑21; Abbott ARCHITECT c800, USA). 
Serum albumin levels were studied by photometric method 
(7D53‑23; Abbott ARCHITECT c800, USA).

Positron emission tomography/computed tomography 
imaging
All the 34 patients underwent PET/CT scans before and 
after treatment. PET/CT scan images were obtained using 

a Biograph MCT PET‑CT scanner (Siemens, Germany) 
after intravenous injection of 376.29 ± 66.60 MBq 
18F‑fluorodeoxyglucose (18F‑FDG). Before the injection, 
patients fasted for at least 6 h and blood glucose levels 
were under 200 mg/ml. After injection, during the waiting 
period, all patients stayed in a quiet room. All patients 
were told to empty their bladders. Whole‑body 18F‑FDG 
PET/CT imaging at 1 h was acquired from the skull base 
to the mid‑thighs in supine position. CT imaging was first 
performed using the integrated PET/CT scanner with the use 
of a standardized protocol using 120 kV, which automatically 
calculated mAs for patient weight, with a tube rotation 
time of 0.75 s per rotation, a pitch of 0.85, and a section 
thickness of 3.3 mm. Afterward, PET/CT images were 
acquired immediately for 3 min per bed position. PET/CT 
images were reconstructed using CT data for attenuation 
correction and were regulated with iterative reconstruction 
and attenuation correction. The images of 18F‑FDG PET/CT 
were evaluated by visual inspection in transaxial, coronal, 
and sagittal planes. Foci of intense uptake in nodes were 
noted. The lesion with the highest uptake was taken and 
SUVmax value for this lesion was calculated automatically 
by a computer according to patient’s height and weight, 
injected dose, and imaging time. The same imaging protocol 
was performed after treatment.

Statistical analysis
Statistical analysis was performed by Statistical Package 
for the Social Sciences version 13.0 (SPSS, Chicago, IL, 
USA). All descriptive data were expressed as median 
(interquartile range). All data analyses were performed with 
Spearman’s correlation coefficient test and the Wilcoxon test.

Results

A total of 34 patients (19 males and 15 females) with a mean 
age of 49 ± 17 years were enrolled in this study. Thirteen 
patients had Hodgkin’s lymphoma and 21 had non‑Hodgkin’s 
lymphoma (NHL). Seven of Hodgkin’s lymphoma were 
nodular sclerosing type, while 6 were mixed; 16 of 21 NHL 
were diffuse B‑cell lymphoma, one was small lymphocytic 
lymphoma, three were follicular lymphoma, and one was 
mantle cell lymphoma.

Table 1 shows the SUVmax values and CRP, ESR, LDH, WBC 
count, and albumin levels before and after treatment. When 
we compared the before‑ and after‑treatment laboratory 
parameters with before‑treatment PET/CT imaging 
SUVmax values, there was no correlation (Spearman’s 
correlation test: for before‑treatment parameters: LDH, 
ESR, WBC count, albumin, and CRP, R2: 0.211, 0.050, 
−0.317, −0.257, and 0.101, P = 0.232, 0.770, 0.055, 0.148, 
and 0.378, respectively; and for after‑treatment, R2: −0.210, 
−0.320, −0.150, 0.101, and 0.780, P = 0.925, 0.860, 0.935, 
0.578, and 0.661, respectively). We also found no correlation 
between after‑treatment SUVmax values and before‑treatment 
blood values (Spearman’s correlation test: for LDH, ESR, 
WBC count, albumin, and CRP, R2: 0.276, −0.120, −0.170, 
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0.082, and 0.510, P = 0.114, 0.797, 0.395, 0.651, and 
0.775, respectively). However, when the after‑treatment 
SUVmax values were analyzed, we found that they were 
significantly correlated with the after‑treatment LDH, ESR, 
and CRP values (Spearman’s correlation test: for LDH, ESR, 
and CRP, R2: 0.453, 0.426, and 0.351, P = 0.007, 0.012, and 
0.042, respectively). On the other hand, as albumin and 
WBC count had other factors affecting their values, they did 
not show a significant correlation with the after‑treatment 
SUVmax values (Spearman’s correlation test: for WBC count 
and albumin, R2: −0.123 and −0.312, P = 0.494 and 0.077, 
respectively).

dIscussIon

It is important to predict the biological behavior, prognosis, 
and follow‑up results in patients with lymphoma. There 
are several methods used for this prediction (e.g., tumor 
markers and imaging techniques), but it is unclear which is 
the best. CT scanning is the standard for lymphoma staging 
which reveals the size of lymph nodes but does not indicate 
the metabolic state of the lymph nodes.[10] With the onset of 
clinical use of PET/CT, its clinical significance in lymphoma 
has been demonstrated in various studies.[11]

There are several prognostic indexes used to identify these 
high‑risk patients at diagnosis including the Follicular 
Lymphoma International Prognostic Index (FLIPI) 4, 
FLIPI‑2.5, the International Prognostic Index (IPI), and 
conventional radiological assessment. The IPI consists of 
patient age, performance status, serum LDH, tumor stage, and 
number of sites of extranodal involvement. Using these factors 
in aggressive NHL gives prediction of survival. Prognostic 
factors alter the efficacy of applied treatments since new 
effective therapies are now available for identified patients.

Okada et al.[12] reported that PET/CT gives functional and 
anatomical information and should be the current standard 
in lymphoma treatment in order to know the exact stage. 
Several studies mentioned that there is a relationship between 
higher FDG uptake and aggressiveness of NHL.[11,13] Wu 
et al.[14] and Tang et al.[15] found a correlation between high 
SUV and rapid cellular proliferation in different types of 
NHL. The uptake of 18F FDG in PET/CT is dependent on 
the subtypes of lymphoma. In our study, all patients had 
PET/CT 18F FDG avid subtypes of lymphoma as stated in 
the WHO classification in 2003.[16]

Several studies assessed the possible relationships among 
cancer risk, identification of patients for staging, serum 
CRP levels, ESR, lymphocyte count, albumin, and LDH 
levels.[17] It is known that cytokines can cause clinical 
and histopathological alterations of the disease[18] and 
that cytokine release and inflammatory processes can 
affect albumin and hemoglobin levels, as well as WBC 
counts.[19] In our study, we found that after‑treatment 
SUVmax values are related to the results of after‑treatment 
laboratory parameters such as CRP, LDH, albumin, ESR, 
and WBC count. Hasenclever and Diehl[20] found that, in 
advanced‑stage disease, low hemoglobin, low albumin, high 
ESR level, and increased leukocyte levels are common. Tatcı 
et al.[8] did not observe a significant correlation between 
metabolic parameters and ESR, levels of albumin, and WBC 
count (P > 0.05), but they found that standard uptake value 
normalized by body surface area (SUVbsa) and standard 
uptake value normalized by lean body mass (SUVlbm) were 
higher in patients with anemia. Khalifa et al.[18] reported 
that LDH and CRP levels were significantly higher, while 
albumin level was significantly lower among patients with 
Stage IV as compared to patients with Stages I/II or III. 
Cao et al.[5] studied the association of serum CRP level with 
Ann Arbor clinical stage, B‑symptoms, and bulk disease in 
lymphoma patients and found that higher CRP level was a 
negative prognostic factor in these patients.

Wu et al.[21] analyzed serum LDH, thymidine kinase, CRP, 
and β2‑microglobulin correlation with both whole‑body 
metabolic tumor volume and metabolic tumor burden. They 
found that these serum tumor markers could be clinically 
useful in malignant NHL because they are widely available 
and inexpensive. They also concluded that these could 
be used as independent prognostic factors.[10,11] Albumin 
is the most important plasma protein; it is synthesized in 
the adult liver and its synthesis is regulated by a variety of 
factors, including nutritional status, serum oncotic pressure, 
cytokines, and hormones.[22] Since the half‑life of albumin in 
serum is approximately 20 days, responses to acute events 
are slow, which is why we could not find a correlation with 
SUVmax values and albumin after treatment. Milanovic 
et al.[23] found a relationship between serum LDH levels and 
tumor burden and aggressiveness in NHL. We also found the 
same correlation between LDH and tumor aggressiveness, 
and there was a good correlation between after‑treatment 
SUVmax values and LDH. The correlation between CRP and 

Table 1: Before‑ and after‑treatment SUVmax values of PET/CT and laboratory parameters of lymphoma patients (n = 34)

Items Before treatment After treatment Z P
SUVmax 11.25 (5.21–13.91) 3.72 (1.68–7.98) −2.97 0.003
LDH (U/L) 235.00 (196.25–312.50) 239.00 (201.50–301.00) −0.84 0.400
ESR (mm/h) 33 (15–66) 21 (6–40) −2.13 0.033
WBC count (cells/µl) 6850 (5150–10,640) 7110 (4070–9520) −0.59 0.557
CRP (mg/L) 18.00 (3.25–63.50) 5.40 (3.40–32.00) −1.31 0.191
Albumin (g/dl) 3.60 (3.33–4.00) 4.00 (3.60–4.40) −1.63 0.104
Data are shown as median (IQR). SUVmax: Maximum standard uptake value; LDH: Lactate dehydrogenase; CRP: C‑reactive protein; ESR: Erythrocyte 
sedimentation rate; IQR: Interquartile range; WBC: White blood cell; PET/CT: Positron emission tomography/computed tomography.
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PET/CT scan results is not a well‑studied issue. However, 
several studies found that CRP is also a poor prognostic 
factor in other cancers.[24] Grivennikov et al.[25] reported that 
disease metastatic potential might be determined by high 
serum CRP levels since CRP can stimulate angiogenesis 
and increase vascular permeability. Serum CRP levels can 
also be elevated by some comorbidities.[26] Our data show 
that after‑treatment CRP and SUVmax values are significantly 
correlated. Since CRP is an important prognostic variable, 
it is also associated with SUVmax values. If PET/CT is not 
available, we recommend that CRP should be performed to 
follow up lymphoma patients before and after treatment.

In conclusion, after‑treatment PET/CT imaging is a good 
predictor of treatment success.  Meanwhile, CRP, ESR, and 
LDH values could also be good predictors in patients who 
could not reach the PET/CT imaging facility or in whom 
PET/CT could not be performed.
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