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Abstract
The aim of this study was to evaluate the relationship between maximum standardized uptake value (SUVmax) with tumor size and
tumor pathological characteristics as well as suggesting equations between SUVmax and tumor size in patients with nonsmall cell lung
cancer (NSCLC) to help differentiate between pathology types.
We retrospectively analyzed the fluorodeoxyglucose-positron emission tomography/computed tomography (FDG-PET/CT)

findings of 98 patients with NSCLC. Statistical differences were considered significant when P< .05. Correlation between SUVmax

and other variables was determined by Pearson and Spearman correlation. Both linear and nonlinear regression analysis were used
to determine equations between SUVmax and tumor size to help differentiate between pathology types.
The mean SUVmax in patients with squamous cell carcinoma was significantly higher than that of adenocarcinoma (21.35±1.73 vs

13.75±0.89, P= .000). The results of regression analysis indicated that among all equations determined with relative accuracy, the
“cubic equation” has the highest accuracy when considering the relationship between SUVmax and tumor size in patients with
adenocarcinoma. In patients with squamous cell carcinoma, the most accurate equation was obtained using the “quadratic
equation.”
There was a significant correlation between SUVmax and tumor differentiation and tumor size in patients with adenocarcinoma.

SUVmax of patients with squamous cell carcinoma also had a significant correlation with tumor size. Overall SUVmax of patients with
NSCLC could be predicted by tumor size value. In patients with squamous cell carcinoma compared with those with
adenocarcinoma, SUVmax with less accuracy can be determined by tumor size. Linear regression analysis line slope can be used as
an index for distinguishing adenocarcinoma from squamous cell carcinoma.

Abbreviations: CT = computed tomography, FDG-PET = fluorodeoxyglucose-positron emission tomography, NSCLC =
nonsmall cell lung cancer, SCC = squamous cell carcinoma, SUVmax = standardized uptake value (maximum).
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1. Introduction

Nonsmall cell lung cancer (NSCLC) is one of the most frequent
tumors, which mainly include squamous cell carcinoma and
adenocarcinoma. Squamous cell carcinoma is the second most
common subtype after adenocarcinoma in NSCLC patients. The
prognosis of the tumors with squamous cell carcinoma
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component has been reported to be worse than that of
adenocarcinoma.[1,2]

Fluorodeoxyglucose-positron emission tomography/computed
tomography (18F-FDG PET/CT) imaging is based on glucose
metabolism of tumor cells and has been applied primarily as a
staging and restaging tool that can guide subsequent patient care.
Furthermore, 18F-FDG PET/CT is useful for the assessment of an
indeterminate lung nodule, metastatic nodules, and assessment of
response to chemotherapy.[3–19] Quantification of FDG uptake
by the tumor cells using SUVmax index

[20] can be easily performed
and is the most widely used quantitative parameter for the
analysis of 18F-FDG PET images and estimation of metabolic
activity.
Some researchers have shown that NSCLC with different

pathological types and sizes produce different SUVmax values on
PET/CT.[21–26] Zhu et al[21] demonstrated that higher primary
tumor SUVmax predicts higher extensional or metastatic potential
in patients with NSCLC. Khalaf et al[22] demonstrated that the
SUVmax cutoff of 2.5 is a useful tool in the evaluation of large
pulmonary nodules (> 1.0cm); however, it has no or minimal
value in the evaluation of small pulmonary nodules (�1.0cm). It
can be concluded that the SUVmax of individual mediastinal
lymph nodes is a predictor of malignancy.[23] The results of Sim
et al[24] indicated that the likelihood of malignancy increases with
increasing SUVmax. Ming et al[25] demonstrated that increasing
SUVmax is associated with increasing tumor, node, andmetastasis
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(TNM) stage. They found no evidence of an association of
increasing SUVmax with a shorter survival. Özgül et al[26]

concluded that SUVmax was significantly associated with tumor
size. Hsu et al[27] demonstrated that patients with a reference
tumor � 3cm and SUV � 3.1 had an expected 5-year survival of
100%. Patients with a reference tumor > 3cm and SUV > 3.1
had an expected 5-year survival rate of 53.3%. Eugene et al[28]

concluded that in patients with stage I NSCLC, circulating blood
counts showed weak but significant correlation to tumor FDG
uptake. They indicated that although total white blood cell
(WBC) count was a significant univariate variable, tumor FDG
uptake was a superior and independent predictor of outcome.
Oikonomou et al[29] showed that adding radiomic features in
staging PET/CT improves the prognostication in early-stage lung
cancer patients treated with stereotactic body radiotherapy and
may impact decision-making for identifying patients who will
benefit from adjuvant therapy or even surgery. Shanyuan et al[30]

showed that SUVmax of primary tumor was a predictor of lymph
node involvement for potential stereotactic body radiotherapy
candidates. Katsuyuki et al[31] reported that pretreatment
SUVmax is a prognostic indicator for outcomes in patients with
stage I NSCLC treated with carbon ion radiotherapy. Other
methods based on diffusion magnetic resonance (MR) imaging
for detection, characterization, grading, and staging of lung
cancer were presented.[32–35] Razek et al[32] demonstrated the
correlation between the apparent diffusion coefficient (ADC)
value and prognostic parameters of lung cancer in patients
underwent diffusion weighted MRI. In this paper, ADC values of
31 patients with lung cancer were calculated and correlated with
tumor grade and size as well as associated mediastinal lymph
nodes. They concluded that there was a significant difference in
the ADC value between poorly and well-differentiated to
moderately differentiated lung cancer (P= .03) as well as
between patients with N0 and N3 mediastinal lymphadenopathy
(P= .043). The ADC value of lung cancer correlated with tumor
grade (r=�0.481, P= .043) and metastatic mediastinal nodes
(r=�0.422, P= .018). They concluded that lower ADC value of
the lung cancer is associated with higher pathological tumor
grade and metastatic lymph nodes. Razek[33] concluded that the
diffusion MR imaging can be used in detection, characterization,
grading, and staging of lung cancer as well as it can be used for the
diagnosis and characterization of mediastinal and pleural
tumors. There is no exposure to ionizing radiation, and no need
for administration of external tracer or contrast medium.
Furthermore, Razek et al[34] concluded that ADC value is a
noninvasive, reliable, and reproducible imaging parameter that
may help to assess and characterize thymic epithelial tumors.
Razek et al[35] also reported that there is a significant difference
(P< .001) in ADC of benign and malignant mediastinal lesions
in children.
However, it is still unclear whether there is a linear or

nonlinear relationship between SUVmax of NSCLCs and tumor
size, and what is the best representation of the relationship
between these 2 variables. Therefore, one of the main purposes
of this study is to determine the most accurate equation
between SUVmax and tumor size in patients with different
pathological types of NSCLC. Furthermore, a new index for
distinguishing adenocarcinoma from squamous cell carcinoma
based on the FDG-PET/CT data is suggested in this paper. The
work limit is that the nodules less than 1cm were hard to image
by PET/CT. The spatial resolution of current generation of PET
scanners is 7 to 8mm, which can hardly image pulmonary
nodules <1cm.[36]
2

2. Materials and methods

2.1. Patients

Ninety-eight patients, diagnosed with NSCLC at our hospital, were
retrospectively evaluated. These patients underwent FDG PET/CT
scans before the initiation of treatment. Study design and protocol
were reviewed and approved by institutional review board (IRB).
2.2. F-FDG PET/CT imaging

All PET/CT imaging was acquired using a Discovery 690 VCT
(GE Healthcare, Milwaukee, WI) that is equipped with 64-slice
CT (Light Speed VCT; GE Healthcare, Milwaukee, Wisconsin).
All patients fasted for at least 4 to 6hours before 18F-FDG PET
scanning and whole-blood glucose concentrations were less than
150mg/dL before 18F-FDG administration. Whole-body image
acquisition was started about 45 to 60minutes after intravenous
injection of 370 to 555MBq of 18F-FDG (4.6MBq/kg or 0.125
mCi/kg). The emission scan time per bed position was 2.5
minutes. The PET data were reconstructed using a standard
iterative algorithm with attenuation correction based on the CT
scan data. SUVmax was determined by drawing regions of interest
on the attenuation corrected FDG-PET images around the tumor.
It was then calculated by the software contained within the
advantage work station (GE, ADW 4.5PET/CT work station)
according to the following formula[37]:

SUVmax ¼ CðμCi=mlÞ
IDðμCiÞ
wðkgÞ

:

Maintenance and calibration of PET/CT camera and also the
work station remained optimal according to manufacturer
guideline to assure consistent and reproducible results. Figures 1
and 2 demonstrate FDG-PET/CT scan in 2 NSCLC patients
with adenocarcinoma and squamous cell carcinoma pathology,
respectively.
2.3. Statistical analysis

The SPSS software version 22.0 (The International Business
Machines Corporation (IBM), Armonk, NewYork) was used to
perform the statistical analysis and construct figures. The
statistical differences of SUVmax among the groups (categorized
according to the patients’ age, gender, tumor size, pathological
type, and tumor differentiation) were evaluated by independent
sample t test. Descriptive data were expressed as the mean±
standard error of mean. Correlation between SUVmax and tumor
size and patients’ age was calculated by Pearson correlation.
Spearman correlation was used to evaluate the correlations
between SUVmax and pathological type, tumor differentiation,
and patients’ gender. Both linear and nonlinear (including
Logarithmic, Inverse, Quadratic, Cubic, Compound, Power, S-
curve, Growth, Exponential) regression equations were fitted to a
scatter curve of SUVmax and tumor size. Results were considered
to be statistically significant when a P value was less than .05.
3. Results

There were 98 patients with NSCLC and their characteristics are
demonstrated in Table 1. All patients underwent FDG PET/CT
scans before the initiation of treatment. The mean age of these
98 patients was 63.59±1.02 years (range: 35–88). Among them,
72 patients were male with a mean age of 66.01±1.05 years



Figure 1. FDG-PET/CT scan, which was performed for the staging of a patient with adenocarcinoma type of NSCLC.

Karam et al. Medicine (2018) 97:32 www.md-journal.com
(range: 43–88) and 26 patients were female with a mean age of
56.88±2.02 years (range: 35–76). Of the 98 patients, 59 patients
had adenocarcinoma and 39 patients had squamous cell
carcinoma. The mean age of the 59 patients diagnosed with
adenocarcinoma was 61.32±1.29 years and the mean age of the
39 patients diagnosed with squamous cell carcinoma was 67.02
±1.59 years. Of the 59 patients diagnosed with adenocarcinoma,
37 were male with a mean age of 64.95±1.32 years and 22
patients were female with a mean age of 55.23±2.14 years. Also,
of the 39 patients diagnosed with squamous cell carcinoma, 35
were male with a mean age of 67.14±1.66 years and 4 patients
were female with a mean age of 66.00±3.58 years. The tumor
size is defined as the greatest transaxial dimension of the tumor in
the lung window (level, �700 to �550H; width, 1200–1600H).
The tumor size in 98 NSCLC patients ranged from 14 to 140mm
with a mean of 55.16±2.62mm. Mean size of tumors in male
and female patients with NSCLC were 60.27±3.09 and 41.00±
3.80mm, respectively. Mean size of tumors in patients with
adenocarcinoma was 47.44±2.86mm (range: 14–106), while
mean size of tumors in patients with squamous cell carcinoma
was 66.85±4.37mm (range: 27–140). The mean size of tumors
in patients with squamous cell carcinoma was significantly higher
than those of adenocarcinoma (P= .000).
Figure 2. FDG-PET/CT scan, which was performed for the stagin

3

Table 2 demonstrates the statistical differences of mean
SUVmax between different groups, which are classified on the
basis of patients’ age, gender, tumor size, pathological type, and
tumor differentiation degree. There was no significant statistical
difference between mean SUVmax of males and females (17.57±
1.14 vs 14.58±1.61, P= .166) with NSCLC. As the median age
of patients with NSCLC is 64 years, a comparison was made
between 2 groups of patients (<64 and ≥ 64 years). The results of
Table 2 demonstrate that there is no significant difference
between NSCLC patients under the age of 64 years and those
above 64 years (16.00±1.24 vs 17.49±1.42, P= .436). The
median size of NSCLC tumors was 52.5mm. Larger NSCLC
tumors (≥52.5mm) significantly had a higher mean SUVmax than
smaller (<52.5mm) tumors (21.13±1.38 vs 12.42±0.97,
P= .000). The mean SUVmax in patients with squamous cell
carcinoma (21.35±1.73) was significantly (P= .000) higher than
that of patients with adenocarcinoma (13.75±0.89). In patients
with NSCLC, moderately differentiated tumors significantly
showed higher mean SUVmax than well-differentiated tumors
(18.12±2.37 vs 8.19±0.88, P= .000). Also, poorly differentiat-
ed tumors significantly had higher mean SUVmax than well
differentiated tumors (19.44±1.14 vs 8.19±0.88, P= .000).
However, there was no significant difference between the mean
g of a patient with squamous cell carcinoma type of NSCLC.
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Table 2

The statistical differences of the mean SUVmax in patients with NSCLC, adenocarcinoma, and squamous cell carcinoma.

Variable Number of patients SUVmax P

Nonsmall cell lung cancer Gender
Male 72 17.57±1.14 .166
Female 26 14.58±1.61

Age, y
<64 47 16.00±1.24 .436
≥ 64 51 17.49±1.42

Tumor size, mm
<52.5 49 12.42±0.97 .000
≥ 52.5 49 21.13±1.38

Pathological type
Adenocarcinoma 59 13.75±0.89 .000
Squamous cell carcinoma 39 21.35±1.73

Tumor differentiation
Well 21 8.19±0.88 .000
Moderate 19 18.12±2.37
Well 21 8.19±0.88 .000
Poor 58 19.44±1.14
Moderate 19 18.12±2.37 .584
Poor 58 19.44±1.14

Adenocarcinoma Gender
Male 37 13.77±1.01 .983
Female 22 13.73±1.71

Age, y
<61 27 15.14±1.29 .153
≥ 61 32 12.58±1.21

Tumor size, mm
<49 29 9.69±1.04 .000
≥ 49 30 17.68±1.02

Tumor differentiation
Well 18 7.02±0.67 .000
Moderate 6 13.05±1.78
Well 18 7.02±0.67 .000
Poor 35 17.33±1.01
Moderate 6 13.05±1.78 .103
Poor 35 17.33±1.01

Squamous cell carcinoma Gender
Male 35 21.59±1.88 .695
Female 4 19.30±4.38

Age, y
<67 17 19.97±2.60 .492
≥ 67 22 22.42±2.36

Tumor size, mm
<78 29 18.84±1.57 .012
≥ 78 10 28.64±4.43

Tumor differentiation
Well 3 15.23±1.79 .460
Moderate 13 20.46±3.20
Well 3 15.23±1.79 .267
Poor 23 22.65±2.31
Moderate 13 20.46±3.20 .578
Poor 23 22.65±2.31

NSCLC=nonsmall cell lung cancer, SUV= standard uptake value.

Table 1

Patients characteristics.

Number
Male/Female
(number) Age, y Male/Female age, y Tumor size, mm Male/Female tumor size, mm

NSCLC 98 72/26 63.59±1.02 (66.01±1.05) /(56.88±2.02) 55.16±2.62 (60.27±3.09) /(41.00±3.80)
Adenocarcinoma 59 37/22 61.32±1.29 (64.95±1.32) /(55.23±2.14) 47.44±2.86 (53.62±3.68) /(37.04±3.64)
Squamous cell carcinoma 39 35/4 67.02±1.59 (67.14±1.66) /(66.00±3.58) 66.85±4.37 (67.31±4.79) /(62.75±9.19)

NSCLC=nonsmall cell lung cancer.

Karam et al. Medicine (2018) 97:32 Medicine
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Table 4

The correlation coefficient values between SUVmax and tumor size,
tumor differentiation, patients’ age, and gender in patients with
adenocarcinoma and squamous cell carcinoma.

Pathological type of NSCLC Correlation coefficient P

Adenocarcinoma
Tumor differentiation 0.719 .000
Tumor size 0.533 .000
Age �0.133 .314
Gender 0.030 .822

Squamous cell carcinoma
Tumor differentiation 0.216 .186
Tumor size 0.440 .005
Age 0.157 .340
Gender 0.041 .803

NSCLC=nonsmall cell lung cancer.
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SUVmax of NSCLC patients with poorly and moderately
differentiated tumors (19.44±1.14 vs 18.12±2.37, P= .584).
Table 2 also demonstrates that in patients with adenocarcino-

ma, the mean SUVmax of males was not significantly different
from females (13.77±1.01 vs 13.73±1.71, P= .983). No
significant statistical difference was observed in adenocarcinoma
patients aged under 61 years compared with those above 61 years
(12.58±1.21 vs 15.14±1.29, P= .153). In patients with
adenocarcinoma, the mean value of SUVmax in tumors greater
than or equal to 49mm was significantly higher than tumors
smaller than 49mm (17.68±1.02 vs 9.69±1.04, P= .000).
Furthermore, poorly and moderately differentiated tumors
significantly had higher mean SUVmax (17.33±1.01 and 13.05
±1.78, respectively) thanwell-differentiated tumors (7.02±0.67)
(P= .000 and P= .000, respectively). However, the mean SUVmax

of poorly differentiated tumors was not significantly different
from moderately differentiated tumors (17.33±1.01 vs 13.05±
1.78, P= .103).
Furthermore, Table 2 demonstrates that there was no

significant difference between mean values of SUVmax in males
and females with squamous cell carcinoma (P= .695), and no
significant difference was found between older and less than 67
years old patients (22.42±2.36 vs 19.30±4.38, P= .492). Larger
squamous cell carcinoma tumors (≥ 78mm) significantly showed
a higher mean value of SUVmax than smaller (<78mm) tumors
(28.64±4.43 vs 18.84±1.57, P= .012). In patients with
squamous cell carcinoma, there was no significant difference
between the mean SUVmax of poorly and well differentiated
tumors (22.65±2.31 vs 15.23±1.79, P= .267), also between
tumors with moderate and well differentiation (20.46±3.20 vs
15.23±1.79, P= .460), and between poorly and moderately
differentiated tumors (22.65±2.31 vs 20.46±3.20, P= .578).
The correlation coefficient values between SUVmax and tumor

size, pathological type, tumor differentiation, patients’ age, and
gender in patients with NSCLC are summarized in Table 3.
Pearson correlation was used to calculate the correlation between
SUVmax and tumor size and patients’ age, while correlation
between SUVmax and pathological type, tumor differentiation,
and patients’ gender was determined by Spearman correlation.
In patients with NSCLC, there was a positive and significant

correlation between the SUVmax and pathological types (R=
0.368, P= .000). Also, SUVmax of NSCLC patients had a positive
and significant correlation with tumor differentiation (R=0.526,
P= .000) and tumor size (R=0.554, P= .000). SUVmax of
NSCLC patients was not significantly correlated with patients’
age (R=0.120, P= .239) and patients’ gender (R=0.125,
P= .222).
Table 4 summarizes the correlation coefficient values between

SUVmax and tumor size, tumor differentiation, patients’ age, and
gender in patients with adenocarcinoma and squamous cell
Table 3

The correlation coefficient values between SUVmax and tumor size,
pathological type, tumor differentiation, patients’ age, and gender
in patients with NSCLC.

Correlation coefficient P

Pathological type 0.368 .000
Tumor differentiation 0.526 .000
Tumor size 0.554 .000
Age 0.120 .239
Gender 0.125 .222

NSCLC=nonsmall cell lung cancer, SUV= standard uptake value.

5

carcinoma. This table summarizes a positive and significant
correlation between SUVmax and tumor differentiation (R=
0.719, P= .000) in patients with adenocarcinoma. Furthermore,
a positive and significant correlation was observed between
SUVmax and tumor size (R=0.533, P= .000). There was no
significant correlation between SUVmax and patients’ age (R=�
0.133, P= .314) and patients’ gender (R=0.030, P= .822).
Furthermore, SUVmax of patients with squamous cell carcino-

ma had a positive and significant correlation with tumor size (R=
0.440, P= .005), while a significant correlation was not found
between SUVmax of patients with squamous cell carcinoma and
tumor differentiation (R=0.216, P= .186). Also, SUVmax of these
patients was not significantly correlated with patients’ age (R=
0.157, P= .340) and patients’ gender (R=0.041, P= .803).
Regression analysis was used to determine the relation between

the SUVmax and tumor size. In this regard, 2 types of linear and
nonlinear regression analysis have been used. In both types of
analyses, the algorithm uses the least squared error value to
determine the pattern between the 2 variables. The SUVmax was
considered as a dependent variable and tumor size was
considered as an independent variable. Also, analysis of variance
(ANOVA) was used to determine whether the regression model
can significantly predict the relationship between variables
(SUVmax and tumor size).
Figure 3 and Table 5 summarize the results of linear and

nonlinear (including Logarithmic, Inverse, Quadratic, Cubic,
Compound, Power, S-curve, Growth, Exponential) regression
analysis and the obtained equations between SUVmax and tumor
size in patients with NSCLC.
Regarding the results, using linear and nonlinear regression

analysis, tumor size can significantly (P= .000) predict SUVmax

in patients with NSCLC. Although all linear and nonlinear
equations with relative precision determine the behavior between
SUVmax and tumor size, the most accurate [the lowest P value
(P=2.20�10�10) and the maximum R2=0.344] relationship
between SUVmax and tumor size was obtained using the “power
equation.”
The results of linear and nonlinear regression analysis between

SUVmax and tumor size in patients with adenocarcinoma are
summarized in Fig. 4 and Table 6.
On the basis of these results, SUVmax significantly (P= .000)

can be predicted by tumor size value in patients with
adenocarcinoma. Among all types of linear and nonlinear
equations with relative accuracy to determine the relationship
between SUVmax and tumor size in patients with adenocarcino-

http://www.md-journal.com


Figure 3. Results of regression analysis between SUVmax and tumor size in patients with NSCLC.
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ma, the “cubic equation” has the highest accuracy (P=6.49�
10�7 and R2=0.434).
Figure 5 and Table 7 demonstrate linear and nonlinear

regression analysis between SUVmax and tumor size in patients
with squamous cell carcinoma.
The obtained results demonstrate that in patients with

squamous cell carcinoma compared with those with adenocarci-
noma, tumor size with less precision can determine the SUVmax.
In these patients, the most accurate equation was obtained using
the “quadratic equation.”
Using linear regression analysis, it can be assumed that the

linear regression analysis line slope in patients with squamous cell
carcinoma is more significant than in patients with adenocarci-
noma, which can be used as an index (with a threshold level of
Table 5

The linear and nonlinear equations betweenSUVmax and tumor size
in patients with NSCLC.
Linear SUVmax=0.2� (Tumor size) + 5.728
Logarithmic SUVmax=�23.452+10.327� ln(Tumor size)
Inverse SUVmax=24.730–342.619/(Tumor size)
Quadratic SUVmax=�0.01� (Tumor size)2+0.298� (Tumor size)+3.047
Cubic SUVmax=1.814�10–5� (Tumor size)3–0.05� (Tumor size)2+

0.535� (Tumor size)–0.872
Compound SUVmax=7.140�1.013(Tumorsize)

Power ln(SUVmax)= ln(0.945)+0.698� ln(Tumor size)
S SUVmax= e[3.223–24.140/(Tumor size])

Growth SUVmax= e[1.966+0.013� (Tumor size])

Exponential SUVmax=7.14�e0.013�(Tumorsize)

NSCLC=nonsmall cell lung cancer, SUVmax= standardized uptake value (maximum).

6

0.170) for the diagnosis of these 2 types of tumors based on the
linear regression curve.
4. Discussion

Although some papers have previously reported that NSCLC
with different pathological types and sizes produce different
SUVmax values on PET/CT,[21–26] we found no previous reports
demonstrating statistical differences of SUVmax for different
groups classified based on patients’ age, gender, tumor size,
pathological type, and tumor differentiation degree. Zhu et al[21]

showed statistical differences of SUVmax for tumor size and tumor
differentiation degree, while Khalaf et al[22] demonstrated
statistical differences of SUVmax only based on tumor size. Sim
et al[24] showed SUVmax values for groups classified based on
pathological type and tumor differentiation degree and Ming
et al[25] showed statistical differences of SUVmax based on
patients’ gender, tumor size, and pathological type. In our paper,
the statistical differences of mean SUVmax between different
groups (patients’ age, gender, tumor size, pathological type and
tumor differentiation degree) are summarized in Table 2.
The results of the present study indicated that there was no

significant statistical difference between mean SUVmax of males
and females in patients with NSCLC. No significant difference
was found between patients under the age of 64 years and those
who were over 64 years old. Larger NSCLC tumors (≥ 52.5mm)
exhibited a significantly higher mean SUVmax than smaller
NSCLC tumors (<52.5mm).
We found that the mean value of SUVmax in patients with

squamous cell carcinoma was significantly higher than that of



Figure 4. Results of regression analysis between SUVmax and tumor size in patients with adenocarcinoma.
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patients with adenocarcinoma. The obtained results show that
poorly and moderately differentiated tumors had higher
mean SUVmax than well-differentiated tumors in patients with
NSCLC; however, no significant difference was found between
themean SUVmax of NSCLC patients with poorly andmoderately
differentiated tumors.
In our study, we also found that in patients with adenocarci-

noma, there was no significant difference between males and
females, as well as between the patients younger than 61 years
compared with those over 61 years of age. Larger adenocarcino-
ma tumors (≥ 49mm) significantly had a higher mean value of
SUVmax than smaller adenocarcinoma tumors (<49mm).
Furthermore, the mean SUVmax values of poorly and moderately
Table 6

The linear and nonlinear equations betweenSUVmax and tumor size
in patients with adenocarcinoma.
Linear SUVmax=0.166� (Tumor size)+5.880
Logarithmic SUVmax=�14.703+7.602� ln(Tumor size)
Inverse SUVmax=20.090–234.053/(Tumor size)
Quadratic SUVmax=�0.003� (Tumor size)2+0.495� (Tumor size)–1.416
Cubic SUVmax=�0.000122� (Tumor size)3+0.019� (Tumor size)2–

0.607� (Tumor size)+13.778
Compound SUVmax=5.840�1.015(Tumorsize)

Power ln(SUVmax)= ln(0.982)+0.666� ln(Tumor size)
S SUVmax= e[3.011–19.889/(Tumor size])

Growth SUVmax= e[1.765+0.015� (Tumor size])

Exponential SUVmax=5.84� e0.015�(Tumorsize)

SUVmax= standardized uptake value (maximum).

7

differentiated adenocarcinoma tumors were significantly higher
than those of well-differentiated tumors; however, no significant
difference was observed between the mean SUVmax of poorly and
moderately differentiated tumors.
In patients with squamous cell carcinoma, no significant

difference was observed between mean values of SUVmax in males
and females, as well as between the patients <67 years and those
≥ 67 years of age. Larger squamous cell carcinoma tumors (≥ 78
mm) significantly demonstrated a higher mean value of SUVmax

than smaller (<78mm) ones. No significant difference was found
between the mean SUVmax of poorly, moderately, and well-
differentiated tumors in patients with squamous cell carcinoma.
Compared with our study, in which the correlation coefficient

values between SUVmax and tumor size, pathological type, tumor
differentiation, patients’ age, and gender in patients with NSCLC
were investigated (Tables 3 and 4), previous reports have been
demonstrated correlation coefficient values between SUVmax and
only 2 or 1 of the aforementioned variables. Zhu et al[21]

demonstrated correlation coefficient values between SUVmax and
tumor size and tumor differentiation degree, while Khalaf et al[22]

and Ming et al[25] calculated correlation coefficient values
between SUVmax and pathological type. Sim et al[24] showed
correlation coefficient values between SUVmax and tumor
differentiation degree and pathological type.
We performed further analysis and found that SUVmax of

NSCLC patients exhibited a positive and significant correlation
with pathological types. In these patients, there was a positive and
significant correlation between the SUVmax and tumor differenti-
ation, as well as between SUVmax and tumor size, while SUVmax

http://www.md-journal.com


Figure 5. Results of regression analysis between SUVmax and tumor size in patients with squamous cell carcinoma.
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of NSCLC patients was not significantly correlated with patients’
age and patients’ gender.
A positive and significant correlation between SUVmax and

tumor differentiation in patients with adenocarcinoma was
found. Furthermore, SUVmax of adenocarcinoma patients had a
positive and significant correlation with tumor size. There was no
significant correlation observed between SUVmax and patients’
age and gender.
Statistical analysis demonstrated that SUVmax of patients with

squamous cell carcinoma exhibited a positive and significant
correlation with tumor size, whereas a significant correlation was
not observed between SUVmax of these patients and tumor
differentiation. It may be due to themore invasive behavior of this
tumor. Furthermore, SUVmax of patients with squamous cell
Table 7

The linear and nonlinear equations betweenSUVmax and tumor size
in patients with squamous cell carcinoma.
Linear SUVmax=0.175� (Tumor size)+9.678
Logarithmic SUVmax=�26.916+11.697� ln(Tumor size)
Inverse SUVmax=32.245–627.208/(Tumor size)
Quadratic SUVmax=�0.000378� (Tumor size)2+0.114� (Tumor size)+11.759
Cubic SUVmax=�1.442�10�5� (Tumor size)3+0.004� (Tumor size)2–

0.153� (Tumor size)+17.684
Compound SUVmax=12.253�1.007(Tumorsize)

Power ln(SUVmax)= ln(2.882)+0.458� ln(Tumor size)
S SUVmax=e[3.389–25.266/(Tumor size])

Growth SUVmax=e[2.506+0.007� (Tumor size])

Exponential SUVmax=12.253� e0.007�(Tumorsize)

SUVmax= standardized uptake value (maximum).
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carcinoma had no significant correlation with patients’ age and
patients’ gender.
The results of the both linear and nonlinear regression analysis

indicated that SUVmax of patients with NSCLC could be
significantly predicted by tumor size value. Among all the linear
and nonlinear equations that with relative accuracy determine the
relationship between SUVmax and tumor size in patients with
NSCLC, the “power equation” has the highest accuracy (the
lowest P value and the maximum R2).
We found that in patients with adenocarcinoma, tumor size

significantly predicted the SUVmax value. Although all linear and
nonlinear equations with relative precision determine the
behavior between SUVmax and tumor size in patients with
adenocarcinoma, the most accurate (the lowest P value and the
maximum R2) relationship between SUVmax and tumor size was
obtained using the “cubic equation.”
Our analysis showed that in patients with squamous cell

carcinoma, the most accurate equation was obtained using the
“quadratic equation,” and in these patients, tumor size with less
precision can determine the SUVmax of tumor than patients with
adenocarcinoma.
The results of our study indicated that the linear regression

analysis line slope in patients with squamous cell carcinoma is
more than in patients with adenocarcinoma, which can be used as
an index (with a threshold level of 0.170) for the diagnosis of
these 2 types of tumors based on the linear regression curve.
In addition to evaluate the relationship and correlation

between SUVmax and tumor size and tumor pathological
characteristics, we, for the first time, proposed and determined
mathematical equations between SUVmax and tumor size in



[8] Jeremy DR, David LB. The efficacy of PET staging for small-cell lung
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patients with different pathological types of NSCLC to help
differentiate between pathology types. Furthermore, we pro-
posed a new index for distinguishing adenocarcinoma from
squamous cell carcinoma based on the FDG-PET/CT data. To
our best of knowledge, this research work is unique in terms of
suggesting mathematical equation for relationship between
SUVmax of lung tumors with tumor size and pathology, which
can be potentially helpful to differentiate tumor type based on
PET/CT findings. The limitation of our study is that the nodules
less than 1cm were hard to image by PET/CT. The spatial
resolution of current generation of PET scanners is 7 to 8mm,
which can hardly image pulmonary nodules <1cm.[36]
5. Conclusion

There is a significant correlation between SUVmax and tumor
differentiation and tumor size in patients with adenocarcinoma.
SUVmax of patients with squamous cell carcinoma also had a
significant correlation with tumor size. Overall SUVmax of
patients with NSCLC could be predicted by tumor size value. In
patients with squamous cell carcinoma compared with those with
adenocarcinoma, SUVmax with less accuracy can be determined
by tumor size. Linear regression analysis line slope can be used as
an index for distinguishing adenocarcinoma from squamous cell
carcinoma.
Author contributions

Conceptualization: Abtin Doroudinia.
Data curation: Bahareh Behzadi, Payam Mehrian.
Formal analysis: Bahareh Behzadi.
Investigation: Bahareh Behzadi, Payam Mehran.
Methodology: Bahareh Behzadi, Abbas Yousefi Koma.
Project administration: Abtin Doroudinia.
Software: Abtin Doroudinia, Bahareh Behzadi.
Supervision: Mehrdad Bakhshayesh Karam.
Validation: Abbas Yousefi Koma.
Writing – original draft: Bahareh Behzadi.
Writing – review & editing: Abtin Doroudinia.
Author name: orcid number
References

[1] Sawabata N, Asamura H, Goya T, et al. Japanese Lung Cancer Registry
Study: first prospective enrollment of a large number of surgical and
nonsurgical cases in 2002. J Thorac Oncol 2010;5:1369–75.

[2] Ito R, Iwano S, Ito S, et al. Correlation between FDG-PET/CT findings
and prognosis of pulmonary squamous cell carcinoma. Eur Radiol
2014;1–6. DOI: 10.1594/ecr2014/C-0385.

[3] Andrea LHA, Kenneth WM, Erica MM. Utility of 18F-FDG PET for
predicting histopathologic response in esophageal carcinoma following
chemoradiation. J Thorac Oncol 2017;12:121–8.

[4] Rosario M, Alba F, Gioacchino D, et al. Stereotactic ablative radiation
therapy for lung oligometastases: predictive parameters of early response
by 18FDG-PET/CT. J Thorac Oncol 2017;12:547–55.

[5] Lertbutsayanukul C, Tharavej C, Klaikeaw N, et al. High dose radiation
with chemotherapy followed by salvage esophagectomy among patients
with locally advanced esophageal squamous cell carcinoma. Thorac
Cancer 2017;8:219–28.

[6] Cerfolio RJ, Bryant AS, Ohja B, et al. The maximum standardized uptake
values on positron emission tomography of a non-small cell lung cancer
predict stage, recurrence, and survival. J Thorac Cardiovasc Surg
2005;130:151–9.

[7] Lee JW, Lee SM, YunM, et al. Prognostic value of volumetric parameters
on staging and posttreatment FDG PET/CT in patients with stage IV
non–small cell lung cancer. Clin Nucl Med 2016;41:347–53.
9

cancer: a systematic review and cost analysis in the Australian setting. J
Thorac Oncol 2012;7:1015–20.

[9] Cerfolio RJ, Buddhiwardhan O, Bryant AS, et al. The role of FGDPET
scan in staging patients with non small cell carcinoma. Ann Thorac Surg
2003;76:861–6.

[10] Kay-Leong K. Mediastinal re-staging of non small-cell lung cancer.
Thorac Cancer 2012;3:145–9.

[11] Cerfolio RJ, Bryant AS, Winokur TS, et al. Repeat FDG-PET after
neoadjuvant therapy is a predictor of pathologic response in patients
with non–small cell lung cancer. Ann Thorac Surg 2004;78:1903–9.

[12] Hiroaki N, Hidekatsu S, Kimiichi U, et al. 11C-Acetate can be used in
place of 18F-fluorodeoxyglucose for positron emission tomography
imaging of non-small cell lung cancer with higher sensitivity for well-
differentiated adenocarcinoma. J Thorac Oncol 2008;3:1427–32.

[13] Dhital K, Saunders CA, Seed PT, et al. (18)FFluorodeoxyglucose
positron emission tomography and its prognostic value in lung cancer.
Eur J Cardiothorac Surg 2000;18:425–8.

[14] Kurtipek E, Çayc M, Düzgün N. 18F-FDG PET/CT mean SUV and
metabolic tumor volume for mean survival time in non–small cell lung
cancer. Clin Nucl Med 2015;40:459–63.

[15] Cristina G, Rafael R, Alejandro F, et al. PET/CT fusion scan in lung
cancer: current recommendations and innovations. J Thorac Oncol
2006;1:74–7.

[16] McCain TW, Dunagan DP, Chin R, et al. The usefulness of positron
emission tomography in evaluating patients for pulmonarymalignancies.
Chest 2000;118:1610–5.

[17] Gupta NC, Graeber GM, Bishop HA, et al. Comparative efficacy of
positron emission tomography with fluorodeoxyglucose in evaluation of
small, intermediate and large lymph node lesions. Chest 2000;117:773–8.

[18] Pieterman RM, van Putten JWG,Meuzelaar JJ, et al. Preoperative staging
of non–small cell lung cancer with positron emission tomography. N
Engl J Med 2000;343:254–61.

[19] Dejust S, Morland D, Fabre G, et al. 18F-FDG PET/CT evaluation of
ceritinib therapy in metastatic ALK-positive non–small cell lung cancer.
Clin Nucl Med 2016;41:879–80.

[20] Wang Y, Ma S, Dong M, et al. Evaluation of the factors affecting the
maximum standardized uptake value of metastatic lymph nodes in
different histological types of non-small cell lung cancer on PET-CT.
BMC Pulm Med 2015;15:20.

[21] Zhu SH, Zhang Y, Yu YH, et al. FDG PET-CT in non-small cell lung
cancer: relationship between primary tumor FDG uptake and extensional
or metastatic potential. Asian Pacific J Cancer Prev 2013;14:2925–9.

[22] Khalaf M, Abdel-Nabi H, Baker J, et al. Relation between nodule size
and 18F-FDG-PET SUV for malignant and benign pulmonary nodules. J
Hematol Oncol 2008;1:13.

[23] Bryant AS, Cerfolio RJ, Klemm KM, et al. Maximum standard uptake
value of mediastinal lymph nodes on integrated FDG-PET-CT predicts
pathology in patients with non-small cell lung cancer. Ann Thorac Surg
2006;82:417–23.

[24] Sim YT, Goh YG, Dempsey MF, et al. PET–CT evaluation of solitary
pulmonary nodules: correlation with maximum standardized uptake
value and pathology. Lung 2013;191:625–32.

[25] Ming YL, Muzo W, Sinead B. Absence of a relationship between tumor
18f-fluorodeoxyglucose standardized uptake value and survival in
patients treated with definitive radiotherapy for non–small-cell lung
cancer. J Thorac Oncol 2014;9:377–82.

[26] Özgül MA, Kirkil G, Seyhan EC, et al. The maximum standardized FDG
uptake on PET-CT in patients with non-small cell lung cancer.
Multidiscip Respir Med 2013;8:69.

[27] Hsu HH, Ko KH, Chou YC, et al. SUVmax and tumor size predict
surgical outcome of synchronous multiple primary lung cancers.
Medicine (Baltimore) 2016;95:e2351.

[28] Eugene J, Seung HH, Seung HM, et al. Relation between tumor FDG
uptake and hematologic prognostic indicators in stage I lung cancer
patients following curative resection. Medicine 2017;96:e5935.

[29] Oikonomou A, Khalvati F, Tyrrell PN, et al. Radiomics analysis at PET/
CT contributes to prognosis of recurrence and survival in lung cancer
treated with stereotactic body radiotherapy. Sci Rep 2018;8:4003.

[30] Shanyuan Z, Shaolei L, Yuquan P, et al. Impact of maximum
standardized uptake value of non-small cell lung cancer on detecting
lymph node involvement in potential stereotactic body radiotherapy
candidates. J Thorac Dis 2017;9:1023–31.

[31] Katsuyuki S, Takanori A, Jun-Ichi S, et al. Maximum standardized
uptake value on FDG-PET predicts survival in stage I non-small cell lung
cancer following carbon ion radiotherapy. Oncol Lett 2017;13:4420–6.

http://www.md-journal.com


[32] Razek AA, Fathy A, Gawad TA. Correlation of apparent diffusion [35] Razek AA, Soliman N, Elashery R. Apparent diffusion coefficient

Karam et al. Medicine (2018) 97:32 Medicine
coefficient value with prognostic parameters of lung cancer. J Comput
Assist Tomogr 2011;35:248–52.

[33] Razek AA. Diffusion magnetic resonance imaging of chest tumors.
Cancer Imaging 2012;12:452–63.

[34] Razek AA, Khairy M, Nada N. Diffusion-weighted MR imaging in
thymic epithelial tumors: correlation with World Health Organization
classification and clinical staging. Radiology 2014;273:268–75.
10
values of mediastinal masses in children. Eur J Radiol 2012;81:
1311–4.

[36] Zejun Z, Ping Z, Jiajia J, et al. The imaging of small pulmonary nodules.
Transl Lung Cancer Res 2017;6:62–7.

[37] Nabi HA, Zubeldia JM. Clinical applications of F18-FDG in oncology.
J Nucl Med Technol 2002;30:3–9.


	Correlation of quantified metabolic activity in nonsmall cell lung cancer with tumor size and tumor pathological characteristics
	Outline placeholder
	1 Introduction
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Author contributions

	References


