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Abstract

Objective: This study aimed to investigate the relationship between 18Fluorine-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) parameters and hematological parameters in squamous cell lung
cancer without distant metastasis and to investigate the prognostic value of these parameters.

Patients and Methods: This study included 155 patients who underwent 18F-FDG PET/CT imaging for squamous cell
lung cancer. Metabolic and hematological parameters were analyzed. Metabolic parameters included maximum and
mean standardized uptake values (SUVmax and SUVmean), metabolic tumor volume (MTV), total lesional glycolysis
(TLG), and maximum tumor-to-blood SUV ratio (SURmax). Hematological parameters included neutrophil,
lymphocyte, platelet, neutrophil/lymphocyte count ratio (NLR), and platelet/lymphocyte count ratio (PLR)

Results: Overall survival was significantly shorter in patients with TLG > 194, NLR > 3.3, and PLR > 157.2 (p < 0.001,
p = 0.001, and p = 0.001, respectively). There was a poor correlation between TLG and NLR (p < 0.001, r = 0.302),
TLG and PLR (p < 0.001, r = 0.304). TLG (> 194; hazard ratio 1.704, 95% CI 1.056-2.751, p = 0.027) and Tumor-
Node-Metastasis (TNM)-based staging (stage Il; hazard ratio 1.965, 95% CI 0.739-5.227, p = 0.019) were independent
prognostic factors for overall survival.

Conclusion: While PET/CT metabolic parameters had both predictive and independent prognostic values in squamous
cell lung cancers, PLR and NLR had only predictive values. It shows that PET/CT metabolic parameters related to the
course of the disease are more valuable than hematological parameters in squamous cell lung cancer.
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Introduction

are prognostic factors in patients with non-small cell lung

Cancer is the leading cause of death for people under 70 |
cancer (NSCLC) (4-6). In these studies, SUVmax, volume-

years old in many countries worldwide. Lung cancer is also

the most common type of cancer. Also, it is the most
common cause of cancer-related death in males and second
in women after breast cancer (1). Good knowledge of the
prognostic factors associated with the type of cancer can
guide the clinician in planning treatment and contribute to
predicting recurrence and survival during follow-up. Well-
known prognostic factors in lung cancer include TNM
classification, age, sex, histological subtype, and some
genetic factors that can be related to lung cancer (2).

18F-FDG PET/CT is an imaging modality that is frequently
applied for oncologic purposes and allows for monitoring
the metabolic activity of the tumor. 18F-FDG PET/CT
imaging is recommended for the diagnosis of suspected
lung masses (3) and is frequently used in lung cancer
staging and treatment response evaluation. Studies have
shown that PET metabolic parameters of primary tumors

based MTV and TLG have been considered as important
prognostic factors.

While the search for prognostic biomarkers continues in
lung cancer, some published studies have revealed some
inflammatory parameters in the blood that may be related to
prognosis. Neutrophil count in tumor stroma has been
shown to predict undesirable outcomes and tumor-
associated lymphocytes are associated with a better
prognosis (7). According to another studies, the NLR value
has been dedicated as a prognostic factor (8-10).

This study aimed to investigate the prognostic value of
18F-FDG PET/CT metabolic parameters and hematological
parameters in patients with squamous cell lung cancer
without distant metastasis. Another aim was to investigate
the relationship between them
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Material and Methods
Patients

Included in this retrospective study were 155 patients who
underwent 18F-FDG PET/CT imaging in our clinic
between May 2016 and December 2017 who had squamous
cell lung cancer without distant metastasis. Patients whose
pre-treatment PET CT imaging results and hematological
parameter counts were measured simultaneously were
enrolled in the study. Patients who had distant metastasis or
whose clinicopathological information could not be reached
were excluded. The staging of the patients was performed
with the 8th edition of the TNM staging system of the
International Lung Cancer Study Association (IASLC). The
median follow-up period of patients was 23 months (1-33).
Neutrophil, lymphocyte, and platelet counts of patients
were recorded. NLR was calculated by the
neutrophil/lymphocyte count ratio. PLR value was
calculated by the platelet/lymphocyte count.

FDG PET / CT Imaging and Analysis

After a 6-hour fasting period, patients with blood glucose <
200 mg / dL received intravenous administration of 8-11
mCi 18F-FDG. 18F-FDG PET/CT images were performed
using the PHILIPS GEMINI TF 16 Slices PET/CT device.
The vertex-upper femoral area was scanned one hour after
injection. CT imaging (140 kV, 100mAs, 5 mm slice) was
performed firstly and thereafter PET imaging was
conducted. PET and CT images were uploaded to a
workstation and then interpreted. In axial images, the area
of interest (VOI) was drawn to include tumor tissue in the
lung semi-automatically. 41% SUV was accepted as the
threshold to calculate SUVmean and MTV of each lesion
automatically at the workstation. TLG was calculated by
multiplying SUVmean with MTV. For SURmax, a
SUVmean measurement of blood was measured from the
descending aorta.

Statistical Analysis

All statistical analyses were performed with SPSS version
17.0 (SPSS Inc, Chicago, IL). Overall survival time was
calculated as the time between death or last follow-up from
the initial FDG-PET/CT imaging. The area under the curve
(AUC) and cut-off values were calculated using the
Receiver Operator Characteristic (ROC) analysis to
evaluate the overall life prediction of PET/CT metabolic
parameters and hematological parameters. A Spearman
correlation test was used for correlation evaluation. To
evaluate the effect of age, sex, histopathological and
hematological parameters, and PET parameters on survival,
a multivariate Cox regression analysis was used. Survival
analyses were performed using Kaplan—Meier with log-
rank test. P < 0.05 was considered statistically significant.

Results

Of the 155 patients included in the study, 11 (7%) were
female and 144 (93%) were male. The mean age of the
patients was 67.6 + 7.2 years. Median survival was 21 (1-
33) months. Patients were followed up for 33 months. At
the end of the follow-up period, 100 (64.5%) patients died
and 55 (35.5%) patients were alive. During the follow-up,
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110 (71%) patients had progression and 45 (29%) patients
had stable disease or complete response. While 40 (26%)
patients underwent the surgical operation for treatment, 115
(74%) patients had received only chemotherapy and
radiotherapy. The demographic and clinicopathological
characteristics of the patients are summarized in Table 1.

Table 1. Demographic and
characteristics of the patients

All patients (n = 155)

clinicopathological

n (%)
Gender
Female 11 (7.1)
Male 144 (92.9)

Status

Alive 55 (35.5)

Dead 100 (64.5)
Stage TNM (8" edition)

lal 1(0.6)

la2 6 (3.9)

la3 10 (6.5)

1b 7 (4.5)

2a 8(5.2)

2b 21 (13.5)

3a 50 (32.3)

3b 33(21.3)

3c 19 (12.3)
Age 67.6 7.2
SUVmax 16 (4-48)
SUVmean 8,51+2.9
MTV 34 (1-591)
TLG 314 (3.3-5674.6)
SURmMax 10.02+4.2
Neutrophil 6.9 (2.8-17.3)
Lymphocyte 2.0+0.87
Platelets 334 (73-771)
NLR 3.6 (1.7-17.3)
PLR 174.62 (53.4-830)

SUVmax: maximum standardized uptake value; SUVmean: mean
standardized uptake value; TLG: total lesion glycolysis; MTV: metabolic
tumor volume; SUR max: maximum standard tumor-to-blood, NLR:
neutrophil/lymphocyte ratio, PLR: Platelets/lymphocyte ratio.

For predicting overall survival, the AUC for the 18F-FDG
PET/CT metabolic parameters belonged to TLG (0.719, p <
0.001) (Figure 1). When the cut-off value of TLG is taken
as 194, sensitivity was 73% and specificity was 62%. AUC
values were 0.689 for SUVmax, 0.697 for SUVmean, 0.707
for MTV, and 0.595 for SURmax.

For predicting overall survival, the AUC for the
hematological parameters belonged to NLR (0.647, p =
0.002) and PLR (0.652, p = 0.002) (Figure 2). When the
cut-off value for NLR was taken as 3.3, sensitivity was
66% and specificity was 58%. When the cut-off value for
PLR was taken as 157.2, sensitivity was 69% and
specificity was 56%. AUC value was 0.62 for platelets (p =
0.01).
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Figure 1. ROC curves for 18F-FDG PET/CT parameters
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Figure 2. ROC curves for hematologic parameters
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There was a poor correlation between TLG and NLR (p <
0.001, r = 0.302) and TLG and PLR (p < 0.001, r = 0.304)
(Figure 3).

Figure 3. Correlations between TLG and both PRL and
NRL
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The Kaplan—Meier analysis for the overall survival, taking
into account the cut-off values for TLG, is shown in Figure
4. When 194 cut-off values were used for TLG, there was a
significant difference in overall survival (p < 0.001).

The mean survival was 25 months in patients with TLG <
194 and 17 months in patients with TLG = 194.

Figure 4. Kaplan—Meier curve depicting the overall
survival according to TLG (p < 0.001)
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The Kaplan—Meier analysis for the overall survival, taking
into account the cut-off values for NLR and PLR are shown
in Figure 5. There was a significant difference in overall
survival when the cut-off value of 3.3 was used for NLR (p
= 0.001) and when the cut-off value of 157.2 was used for
PLR (p = 0.001).

Mean survival was 24 months in patients with NLR < 3.3
and 18 months in patients with NLR = 3.3. Mean survival
was 24.9 months in patients with PLR < 157.2 and 17.3
months in patients with PLR = 157.2.

In the multivariate Cox regression analysis for overall
survival, TNM stage (stage I11; hazard ratio 3.362, 95% ClI
1.360-8.310, p = 0.009) and TLG (> 194; hazard ratio
1.704, 95% CI 1.056-2.751, p = 0.029) were independent
prognostic factors (Table 2). However, gender, age, NLR,
and PLR were not.
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Figure 5. Kaplan—Meier curve depicting the overall survival according to NLR (p = 0.001) (a) and PLR (p = 0.001) (b)
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Table 2. Results of multivariate Cox regression analysis for overall survival

Variables Wald HR 95 % CI P |
Sex (M) 0.095  0.876 0.378-2.033 0.830
Age (>65) 0.560  1.181 0.763-1.828 0.559
TNM stage 8.538 NA NA 0.033"
I 1.832  1.965 0.739-5.227 0.019
" 6.895  3.362 1.360-8.310 0.106
TLG (>194) 4763  1.704 1.056-2.751 0.027*
NLR (<3.3) 3.016  1.478 0.951-2.297 0.294
1.710 0.721 0.441-1.177 0.191

TNM: The TNM Classification of Malignant Tumors; TLG: total lesion glycolysis; NLR: neutrophil/lymphocyte ratio, PLR: Platelets/lymphocyte

ratio.

Discussion

In our study, TLG was the most valuable metabolic
parameter in estimating general life expectancy in
squamous cell lung cancer without distant metastasis, while
the most valuable hematological parameters were NLR and
PLR. There was a poor correlation between TLG and the
hematological parameters. In multivariate analysis, in terms
of overall survival, the TNM stage and TLG were
independent prognostic factors, whereas NLR and PLR
were not.

18F-FDG PET/CT is widely used for staging, detecting of
the recurrence, determining target volume for RT, and
evaluating responses to chemotherapy and
chemoradiotherapy in lung cancer patients (11). Studies
have shown that SUVmax and volumetric parameters of
primary tumors at 18F-FDG PET/CT are important
prognostic factors in NSCLC patients (4,12,13). In a study
by Dong et al., the patients with high SUVmax in their
primary tumors had shorter overall survival and a higher
risk of distant metastasis (12). In the meta-analysis
conducted by Liu et al. found a higher risk of recurrence
and death in NSCLC patients with high SUVmax, MTV,
and TLG values of primary tumors (13). In the study by Im
et al., the risk of death was higher in NSCLC patients with
high MTV or TLG, and MTV and TLG were significant
prognostic factors in both stage I/11 and stage 111/1V patients
(4). There are a few studies in the literature investigating
the prognostic value of PET/CT in patients with squamous
cell lung cancer, a subtype of NSCLC. One of them was the
work of Zhang and his colleagues (14).
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In this study, overall survival was significantly lower in
patients with SUVmax greater than 11.2. Also, SUVmax
was an independent risk factor. In the study of Ito et al.
(15), the SUVmax of the tumor was associated with
recurrence in both adenocarcinoma and squamous cancer
subtypes in patients with lung cancer. In our study, the
most valuable 18F-FDG PET/CT parameter in estimating
the risk of death was found to be TLG. According to these
results, a significantly shorter overall survival is expected
in patients with TLG > 194. In addition to this, they had a
predictive value for survival in SUVmax, SUVmean, and
MTV, and had similar AUC values.

Recent studies have shown that inflammatory markers have
prognostic value in patients with NSCLC. One of these
studies is the work of Wang et al (16). According to this
study, the NLR rate is a useful clinical index for predicting
overall survival and treatment response in patients with
NSCLC. In a similar study by Peng et al. patients with high
NLR (> 5) had a worse prognosis and worse response to
treatment (7). Mizuguchi et al. (17) reported that NSCLC
patients with a low NLR rate had a better prognosis. In
meta-analyzes which other similar studies in the literature
are analyzed; they indicated that NLR is a prognostic factor
in lung cancer (18-20). A study by Minami et al (21).
showed that patients with NLR < 5.28 had longer overall
survival and progression-free survival in patients with
squamous cell lung cancer. In that study, they showed that
the lymphocyte monocyte ratio (LMR) also had predictive
value.
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They also reported that LMR is an independent risk factor,
unlike NLR. Significantly shorter overall survival is
expected in patients with > 3.1 NLR in our study. But NLR
and PRL were not an independent risk factor in patients
with squamous cell lung cancer. Our results were similar to
Minami et al.'s research.

Neutrophils and type T and B lymphocytes play important
roles in tumor inflammation, and the imbalance between
neutrophils and lymphocytes is thought to be secondary to
tumor hypoxia or necrosis. Therefore, the NLR may reflect
the imbalance between neutrophils and lymphocytes in
cancer patients and is thought to be indicative of systemic
inflammation (18). 18F-FDG PET/CT provides quantitative
information about the metabolic activity of the tumor. FDG
is a glucose analog. Generally, malignant cells tend to use
glucose instead of free fatty acids. Besides, if malignant
cells are hypoxic, they use anaerobic metabolism.
Anaerobic metabolism requires much more glucose than
aerobic metabolism. Even if malignant cells are not
hypoxic, malignant cells tend to use anaerobic metabolism.
Due to these mechanisms, cancer tissue is detected because
of their higher rate of glucose metabolism than surrounding
tissues (22). At the site of inflammation/infection,
inflammatory cells (neutrophils, activated macrophages,
and lymphocytes) increase the accumulation of 18F-FDG
via a common mechanism with the tumor tissue. FDG due
to such behavior in the inflammatory/infectious tissue;
guidelines recommend 18F-FDG for localization of
infection in cases such as peripheral osteomyelitis (non-
diabetic and non-diabetic foot), spinal infection, fever of
unknown origin, metastatic infection and bacteremia (23).
Both NLR and 18F-FDG PET/CT metabolic parameters
have been identified as independent risk factors in NSCLC.
There are several studies in the literature that reveal the
possible relationship with each other. Jeong et al (24).
examined the relationship between SUVmax and
hematological prognostic parameters (total white blood
cell, neutrophil, lymphocyte, and platelet count, NLR and
PLR) in patients with stage I NSCLC. In this study,
SUVmax and hematological parameters showed poor
correlation. They also indicated that the prognostic value of
SUVmax, an indicator of FDG uptake of the tumor, was
superior to hematological parameters. Another study was
performed by Mirili et al.25 in patients with small-cell lung
cancer. A moderate correlation was found between NLR
and MTV. In a Cox regression analysis, NLR, and whole-
body (WB) TLG were found to be independent risk factors
associated with prognosis. There was a poor correlation
between NLR/PLR and TLG in our study. TLG was an
independent prognostic factor, while NLR and PLR were
not.

Conclusion

As a result, PET CT metabolic parameters had both
predictive and prognostic value in squamous cell lung
cancers. Among the hematological parameters, PLR and
NLR had predictive value, but not independent prognostic
value. There was a weak correlation between TLG and PLR
and NLR. This result indicates that PET/CT metabolic
parameters related to the course of the disease are more
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valuable than hematological parameters in squamous cell
lung cancer.
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