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The Maximum Standardized fiuorodeoxyglucose FDG Uptake on
Positron Emission Tomography/Computed Tomography PET/CT in Evaluation
ef-Patients with Non-Small Cell Lung Cancer

Abstract

Background: fluorodeoxyglucose Positron Emission Tomography/Computed Tomography
(FDG-PET/CT) functional imaging has shown to be an invaluable non-invasive, diagnostic
method, enhancing the accuracy in the presenting of Non-Small Cell Lung Cancer (NSCLC).
The purpose of this research was to evaluate the role of the maximum standardized uptake
value (SUV max) in PET-CT in staging and follow-up of operable and non-operable patients
with NSCLC.

Methods: This prospective research carried on 50 cases with histopathological diagnosis of
NSCLC were mentioned to done PET/CT scanning for initial staging of the disease (17
patients died, 28 survived, and five were lost to follow-up so 28 patients out of 50 came for
follow-up after treatment with either surgery, radiotherapy, or chemotherapy). All cases
underwent to intravenous contrast media, 18F-FDG Dosage Administration, CT Technique,
PET Technique, PET-CT Fusion, and PET/CT Interpretation.

Results: SUV max is a semi-quantitative technique of determining 18F-FDG uptake by
tumor cells. Adenocarcinomas have lower 18F-FDG uptake and lower SUV max
measurements compared to the squamous cell carcinoma. The average SUVs of tumours > 4
were significant increased compared to those < 4, and additional analysis showed that SUV
max was significant correlated with tumor size. SUV max is a prognostic factor of T and N
stages as T1 lesions had a decrease average SUV max compared to T2 and a lower mean
SUV max than T3/T4 lesions, also we found that the mean SUV max of NO is lower
compared to that of NI, NII, and lower than NIII. there was a strong association among
ASUYV and A size.

Conclusion: FDG-PET/CT was a valuable, efficient, and reliable method of analysis in the
initial staging and follow-up of lung cancer cases, and lately became a portion of the
international standards in the diagnosis and the follow-up of cases had bronchogenic
carcinoma.
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Introduction:

Lung cancer is the 2" most prevalent kind of cancer in males and females.; by far the most
common reason for cancer mortality cause about 25% of all cancer deaths. Histologically, it
IS categorized into two major types: non-small cell lung cancer (NSCLC) and small cell lung
cancer (SCLC).

NSCLC was approximately 85% of lung cancer and includes the histological subtypes
adenocarcinoma, large cell undifferentiated carcinoma, squamous cell carcinoma, and mixed
histologies, the remaining 10-15% of cases are SCLC. !

Adenocarcinoma is the most prevalent NSCLC subtype and represents over 40% of
malignant tumours; It originates from alveolar cells in the epithelium of tiny airways.
Squamous cell carcinomas were 25% to 30% of lung cancers; They often originate from cells
in the airway epithelium. Large cell cancers were about 5% to 10% all lung tumours, and the
prevalence is decreasing owing to modern immunophenotyping methods, enabling a more
accurate categorization of badly discriminated squamous cell and adenocarcinomas.
Typically, these tumours are comprised of big cells with an abundance of cytoplasm and huge
nucleoli. 3

The evaluation of cases with expected lung tumor has usually involved morphology image
estimation, using X-rays of the chest or Computed Tomography (CT) chest. More recently,
the emergence of combined Positron Emission Tomography/Computed Tomography
(PET/CT) imaging has significantly assisted the study of lung cancer by enabling even more
precise identification of regions with elevated tracer uptake. This modality has assisted
radiologists in avoiding the technical challenges connected to the independent combining of
PET and CT exams, which resulted in significant artefacts; Consequently, PET/CT is now
used as a diagnostic technique, as well as for disease staging and post-therapy assessment in
lung cancer cases. (4!

Fluorodeoxyglucose PET-CT determines the standardized uptake value (SUV) of a lung
tissue, that assesses the tumour’s glucose avidity. Fluorodeoxyglucose PET-CT has showed
to be efficient for assessing staging mediastinal lymph nodes, an unspecified pulmonary
nodule, and evaluating local nodal and distant metastases, also associated with tumour
proliferative activity and is an independent predictive factor in cases of lung cancer.l®! The
purpose of this research was to evaluate the role of the SUV max in PET-CT in staging and
follow-up of operable and non-operable patients with NSCLC.

Patients and Methods:

This prospective research was performed in the period from June 2021 to May 2022, a total
of 50 cases had histopathological diagnosis of NSCLC were involved in this research, their
ages ranged from 22 to72 years. They were assigned to the department of diagnostic
radiology and medical imaging at Tanta University to perform PET/CT scanning for initial
staging of the disease (17 cases died, 28 survived, and five were lost to follow-up so 28
patients out of 50 came for follow-up after treatment with either surgery, radiotherapy, or
chemotherapy). The research was performed after approval from the Ethical Committee
Tanta University. Informed written consent was obtained from the patient’ guardians or
relatives. The inclusion criteria were patients who were proven histopathologically to have
NSCLC regardless of their sex. The exclusion criteria were cases with histopathology other



than NSCLC, contraindication to the procedure (severe diabetes, severe illness, active
infection, and renal disease). Uncontrolled hyperglycemia. If the patient is unable or not
willing to remain still for a prolonged period. Patients have recent chemotherapy or
radiotherapy (within three weeks).

PET/CT was done for all patients using a current hybrid PET/CT system [Philips Medical
System (Cleveland), Germinin TF (Time-of-Flight) 16 MDCT scanner, USA], consisting of a
donated PET scanner combined with a 16 multi detector CT scanner. Both CT and PET
abilities in two sequential gantries, avoiding the demand for cases motion between CT and
PET components. This devoted system permitted the purchase of co-recorded CT and PET
images.

Imaging Technique: All cases were requested to fast for 6 hours prior to the scan. All our
cases were urged to avoid consuming beverages containing caffeine or alcohol and asked to
void prior to scanning. were advised to avoid a diet strong in carbohydrates and permitted a
high protein diet and liquids, good control of blood glucose is important.

Serum glucose regularly calculated before 18F-FDG injection. Diabetic cases ought not to
have routine insulin taken subcutaneously in 4 hours from FDG administration.
Pre-procedural evaluation of the cases’ height, weight, and serum creatinine were made. The
ante-cubital intravenous cannula and 18F-FDG injection were administered. Prior to the
procedure, patients were urged to remain calm in the injection room for 60 minutes and to
refrain from any intense activity, including chewing.

The contrast media used: Intravenous contrast media was used in 46 patients out of 50
patients with NSCLC participated in this study, while it was contraindicated in 4 patients as
they had renal impairment and their serum creatinine levels (> 2 mg/dl).

18F-FDG Dosage Administration: An average of 5-10 mCi (0.14 mCu/kg) of 18FDG was
administered for each patient. The cases waited 45 to 60 minutes following receiving FDG.,
This period, known as the absorption phase, is necessary for the biodistribution of FDG
properly and delivered into the cells of the case, cases were instructed to consume as much
water as possible to flush away any residual radioactive particles, stay in a quiet place, and
they preserve their motility.

The cases were presented with the PET-CT device, sitting supine with the head immobilized
and the arms raised for image enhancement.

A PET scan of the entire body (neck to pelvis) is followed by an improved CT scan of the
entire body. Approximately, The CT scan takes 60—70 seconds, while the PET scan takes 20—
30 minutes.

CT Technique: Single-phase contrast material-enhanced helical CT is done after injection of
125 mL of a low-osmolarity iodinated contrast medium (ioversol; Optiray 350) at a range of
4 mL/sec by a power injector. Overall CT coverage size equals the number of scanned bed
positions through the gathering of PET information. At 2.4 mm intervals, the helical data are
retrospectively rebuilt.

PET Technique: The PET scanner is situated within the same lengthy gantry as the CT
scanner and is placed behind it. After the CT scan, PET is done without moving the patient.
In the three-dimensional acquisition mode, approximately six to seven bed postures are
scheduled for imaging the complete case, with an acquisition time of five to seven minutes



each bed position. 145 centimetres is the longest length which may be examined using the
existing PET-CT scanner.

PET-CT Fusion: After PET acquisition is complete, PET images reconstructed with
attenuation correction, CT, and fused images of corresponding PET and CT scans are
accessible for evaluation using the manufacturer's review station in axial, coronal, and sagittal
planes and in maximum-intensity projections, 3-dimensional cine mode.

PET/CT Interpretation: The CT, PET, and fused PET-CT images were assessed regarding
the primary tumor and existence of lymph nodes and distant metastases. Using the SUV max,
a semiquantitative analysis was conducted, and the lesion of the highest SUV max was
determined for every group. SUV = mean region of interest activity (MBg/g)/injected dose
(MBqg)/body weight was the default method used to calculate SUV (g). Each case's main
tumours were arranged based on the TN eighth edition category. Between pre and post-
treatment follow-up 18F-FDG-PET/CT scans, a average gap of 4 months (range: 3-5 months)
was observed.

Based on the recommendations of the European Organization for Research and Treatment of
Cancer (EORTC) characteristics for PET, the time point of the metabolic reaction was
determined.!”? Complete metabolic response (CMR) was attained after the SUVs of all lesions
dropped to the same point as the surrounding tissues. PMR was percent alteration of the sum
of SUVs (ASUV%) < —25%; stable metabolic disease (SMD) was —25% < ASUV% < 25%;
and progressive metabolic disease (PMD) was ASUV% > 25%, when the degree of 18F-FDG
improved greater than 20% in the greatest distance, or when new 18F-FDG uptake occurred
in metastatic lesions. The gold standard for CT interpretation was the RECIST criteria. On
CT images, NSCLC was evaluated based on its size. According to RECIST criterial, patients
having a complete response (CR) or partial response (PR) were later categorized as
responders.’®! Those that experienced stable disease (SD) or progressing disease were
considered nonresponses. ASUV% and Alesion size% determined by the subsequent
formulas: ASUV= [(post-treatment SUV max-Pre-treatment SUV max)/Pre-treatment SUV
max] x 100 %, A lesion size = [(post-treatment lesion size-Pre-treatment lesion)/pretreatment
size] x100%.

Case No. 1

74-year-old female case had recent histological diagnosis of right lung large cell carcinoma
for staging. PET CT findings: Incomplete ring of abnormal increased metabolic activity
consistent with the margin of a right upper lobe irregular thick-walled cavitary pulmonary
lesion maximum thickness 2.1 cm with SUV max 11.2 (dimensions of the cavitary lesion
5.7x5.11x5.3 cm), (Liver SUV max. 2.5). Incomplete ring of abnormal increased metabolic
activity is seen at the left ala of the sacrum, SUV max 12.4 (dimensions of the lesion are 5.8
x4x5cm). No pathologic FDG activity or abnormally enlarged lymph nodes.

OPINION: Known case of bronchogenic large cell carcinoma before therapy revealed:
Metabolic active right upper lobe thick-walled cavitary lung lesion with osseous metastases
as described. PET/CT stage T3NOM1b, Stage IVa.
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Image 1 : Axial, sagittal, and coronal CT, PET, and PET/CT images showing metabolic

active right upper lobe thick-walled cavitary lung lesion.
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Image 2 : Axial CT, PET and PET/CT image shows the left ala of the sacrum metastatic

deposit.
Case No. 2

A female patient aged 24 years presented with left lung Neoplastic growth (moderately
distinguished adenocarcinoma), proven by biopsy during therapy, and assigned for follow-up
four months later. Reason for study: For primary staging and post-chemotherapy assessment.



Primary PET/CT findings: Metabolically active pleural-based soft tissue lesion is found at the
lateral segment of the left lower lung lobe with surrounding consolidation measured 4.7 x 3.5
cm with SUV max 17.5, (Liver SUV max. 2.3). Metabolic active left hilar lymph node
measured 1.5 x 1.5 cm with SUV max 11.2 associated. Metabolic active Subcarinal lymph
node measured 1x1 cm, SUV max 7.8. No distant metastases. Primary PET/CT staging
T2bN2MO(IIA).

Post therapy PET/CT: Metabolic and morphologic regression of the left lower lung lobe
hypermetabolic neoplastic mass (presently reaching 6.6 SUV max and calculating 2.5 x2 cm
(compared to 17.5 SUV max and 4.7x3.5 cm previously). Metabolically active left hilar
lymph node is seen measuring 1.5x1.5 with SUV max 4.7 (compared to SUV max 11.2 of the
previous study). Near-totalal resolution of the previously described subcarinal lymph nodes.
Post chemotherapy staging: T1c N1 MO (l1B).

Impression: Regressive course of the disease in the form of decreased dimension and
metabolic process of the left peripheral lung mass, decreased metabolic activity of the left
hilar lymph node and total resolution of the subcarinal lymph node.

Baseline study Follow up study
CT
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Image 3: (A-D): Axial CT and fused PET/CT images before and after therapy showing
metabolic and morphological regression of the left lower lung lobe hypermetabolic neoplastic
mass. (E, F): Whole-body MIP images before and after therapy showing marked metabolic

therapeutic response.



Statistical analysis

Statistical analysis was done by SPSS v26 (IBM Inc., Chicago, IL, USA). Numerical
variables were represented as mean and standard deviation (SD). Categorical variables were
presented as frequency and percent (%). Standard student "t test”: test of significance of the
difference between two means. Analysis of variance [ANOVA] tests (f): According to the
computer program SPSS for Windows. ANOVA test was used for comparison among more
than two means in quantitative data.

Results:

Demaographic data of the studied cases with NSCLC presented in table 1

Table 1: Demographic data of the studied patients with NSCLC (n = 50)

N | %
Range 23-69
Age Mean + SD 56.56 £ 9.72
Median 57.5
Sex Male 36 72
Female 14 28
. No 18 36
Smoking Yes 32 64
Range 50-125
Weight Mean £ SD 85.32£17.43
Median 86
Range 155-180
Height Mean £ SD 167.42 £ 6.16
Median 168
Range 75-104
Blood glucose Mean £ SD 104.22 £21.47
Median 100

Clinical presentation and Lobar distribution of the primary lung lesions of the studied cases
presented in table 2

Table 2: Clinical presentation and Lobar distribution of the primary lung lesions of the
studied patients

Clinical data N %

Cough &dyspnea 40 80

Chest pain 12 32

Hemoptysis 15 30

Paraneoplastic Syndromes 5 10

Pancoast syndrome 1 2

Other (generalized fatigue, epigastric pain, 5 10

headache)

Distribution

RLL 15 30

RML 12 24

RUL 5 10

LLL 10 20




LUL 4 5

Both lungs 4 8

Total 50 100

RLL = right lower lung lobe, RUL = right upper lung lobe, ML = Middle lobe, LLL = left lower lung lobe,
LUL = left upper lung lobe.

Distribution of the studied patients according to histopathology, degree of differentiation and
metastatic lesions by PET CT in the studied patients. Table 3

Table 3: Distribution of the studied patients according to histopathology, degree of
differentiation and metastatic lesions by PET CT in the studied patients

Histopathology N %
Squamous cell carcinoma 25 50
Adenocarcinoma 19 38
Other (large cell carcinoma or undifferentiated 6 12
carcinoma)

Total 50 100

Degree of differentiation
Well 8 16
Moderate 16 32
Poor 26 52
Total 50 100

Site of metastatic lesion
Bony lesions 15 30
Hepatic lesions 8 16
Brain lesions 10 20
Adrenal lesions 16 32

The staging of patients with the 8th edition TNM system. Table 4
Table 4: The staging of patients with the 8th edition TNM system (n=50)

Stage grouping No of patients Percentage
1A 1 2
1B 1 2
1A 0 0
11B 1 2
1A 5 10
1B 4 8
1nic 3 6
IVA 22 44
VB 13 26
Total 50 100

Regarding correlation between SUV max and histopathology, it showed that squamous cell
carcinoma had a higher mean SUV max than other histopathological kinds, also regarding
Correlation among SUV max and degree of variation, results were statistically significant,
also according to primary tumor size it showed that SUV max in tumours > 4 was higher than
that of tumours < 4. Table 5




Table 5: Correlation between SUV max and histopathology, tumor differentiation and
primary lesion size

SUV max Histopathology
Squamous Adenocarcinoma Other
Range 6.4-18.7 51-125 3.1-105
Mean + SD 12.86 £ 2.95 9.14+252 6.88 + 3.27
f. test 15.667
P. value 0.001*
Tumor differentiation
Well (n=8) | Moderate (n=16) | Poor (n=26)
Mean = SD 5.8+26
f. test 4,524
P. value 0.017*
Primary lesion size
<4 >4
Range 3.1-99
Mean £ SD 5.89+£1.93
T. test 5.782
P. value 0.001*
T stages
T1 T2 T34
Range 3.1-106 45-13 7.1-18.7
Mean £ SD 6.13 £ 2.65 8.90 + 3.32 12.38 £ 2.61
f. test 16.161
P. value 0.001*
N stage
N O NIT-1 N I
Range 3.1-14 8.5-15.2 7.3-18.7
Mean + SD 8.51+3.29 11.41+1.89 13.16 £ 3.05
f. test 12.193
P. value 0.001*

SUV max was significant correlated with tumor size. They raised in a tumor size-dependent
manner. Figure 1

Primary lesion size
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Figure 1: Showing correlation between SUV max and primary tumor size (n=50).

he SUV max of the primary lung lesions was significant increased than that of the metastatic
lesions. Table 6

Table 6: Comparison between SUV max of the primary lung lesions and metastatic
lesions

Site of the lesion SUV primary SUV metastatic T P
Bone 84+31 6.2+26 2.108 0.044*
Adrenal 9.4+4.2 55£3.9 2.706 0.011*
Pleural 9.1+49 51+32 2.903 0.007*
Mediastinal lymph node 9.1+48 6.3+4.2 2.482 0.016*
Liver 9.7+3.2 6.0+27 2.501 0.025*
Intrapulmonary 9.3+43 3.3x21 3.958 0.001*

Type of treatment for patients came for follow-up. Figure 2

Treatment

Figure 2: An image histogram showing distribution of the studied cases (n=28)
according to treatment.

The responder post-treatment SUV and A SUV were decreased compared to the non-
responder value. Whereas insignificant difference among the pre-treatment SUV of two
groups. Table 7

Table 7: Comparison between pre-treatment SUV, post-treatment SUV, and % change
in SUV (ASUV) of the responder and non-responder groups (n=28):

Responder Non-responder P-value
Pre-TREATMENT Range 53-18.7 3.1-14 0.084
SUV Mean + SD 12.31+3.41 8.97 £3.52
Median 12 9.6
Post - Range 0-94 4-17.5 0.001*
TERATMENT Mean £ SD 572+3.15 12.26 + 4.63
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SUvV Median 6.5 13.5
A SUV Range -100 - -32.86 -21.57 - 129.69 0.001*
Mean + SD -53.38 £ 23.98 40.14 + 34.58
Median -45.38 34.62

Table 8: Metabolic response by PET/CT after treatment of the 28 patients:

Metabolic response N %
Complete 3 10.7
Partial 12 42.9
Stable 4 14.3
Progressive 9 32.1
Total 28 100
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Figure 3: Scatter diagram displaying the strong positive correlation between ASUV and
ASIZE in all patients.

Discussion:

NSCLC is regarded as a rapidly growing disease. Surgery, radiation therapy, chemotherapy,
and genotype-driven medicines are among the treatment methods.  Currently, concurrent
chemoradiation therapy (CRT) is the preferred neoadjuvant therapy for patients with operable
illness. !

Recently, 18F-Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography
(18F-FDG PET/CT) has become a powerful tool in the management of lung cancer due to its
ability to assess regional lymph node spread more precisely than CT scan and to detect
metastatic lesions that would be missed or ambiguous with conventional imaging. !

Our agreed with the study done by Duan, et al. ™ studied 74 patients and found that 54
patients were males while 14 were females, however, Kohutek, et al. ™ found that 92
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patients were men, and 119 cases were women and cases ranged in age from 23 to 69, with a
average age of 56.56+ 9.72 years.

In agreement with Sheikhbahaei et al. 4 who stated that a history of smoking was existing in
156 cases (77.6%).

In agreement with Ganie et al. ™! who stated that cough occurs in between 70 and 90 % of
patients.

As detected by Mavi et al. ' who found that the right lung sends metastasis to the right hilar
and paratracheal lymph nodes, while the left lung sends metastasis to the left hilar and
paratracheal lymph nodes. Lower-lobe cancers also can send metastases to paraesophageal,
and subdiaphragmatic lymph nodes. "

Our results agreed with Al-Sarraf et al. ¥ who found squamous cell carcinoma the most
popular kind and in contrast with Evangelistaa et al. ™ who found adenocarcinoma the most
common type.

Our outcomes were like to those of Qiu et al. % who noticed that the most common sites for
distant metastases at presentation were bone, adrenal, and liver.

Our findings were similar to what had been previously reported by many investigators as few
signs and symptoms are present at an early stage of NSCLC, leading to more advanced
disease when patients present to their physicians. Reade and Ganti et al. ! showed that close
to 75% of patients with NSCLC were presenting with illness that is localised or metastatic
disease at the time of diagnosis.

In agreement with Mattoli, et al. ¥ who stated that adenocarcinoma subtype had a average
SUV max that was less compared to that of squamous cell subtype. This may because
Adenocarcinomas express less Glut-1 transporters, resulting in reduced 18FDG absorption
and SUVmax values compared to squamous cell types. In contrast to Budak et al. ! who
stated that no statistically significant difference was identified between adenocarcinoma
(16.8+13.5) and SCC (17.945.6) in regard to mean SUV max (p=0.2).

In our research there was a relation among tumour SUV max and degree of differentiation as
tumour SUV max was higher in poorly differentiated NSCLSC, that agreed with Ishibashi et
al. 24,

That agreed with Duan et al. ! who found that The average size of the initial tumour was
3.05 c¢cm, and the average SUVs of tumours larger than 3 cm were significantly greater
compared to those smaller than 3 cm (P 0.0001) and in contrast Shaheen et al. *® with who
stated that insignificant association among SUV max and primary tumor size values (P =
0.16).

In agreement with Al-Sarraf, et al. 8 who stated that T1 lesions exhibited a decrease average
SUV max compared to T2 lesions and T3/T4 lesions (p =0.0001).The progression of T
phases and the observed increase in SUV max could be partially illustrated by tumour volume
and size. The most curable stage (stage 1) had the lowest average SUV max of all phases.

In our research we found The SUV max of the primary lesions was substantially greater
compared to that of the metastatic lesions (p 0.05), allowing the SUV max of the primary
lung lesions to indicate the seriousness of the tumour more accurately. That agreed with Qiu,
etal. 2%,
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In agreement with Huang et al. ! who stated that variations in SUV max were significant
decreased in responders compared to in non-responders based on RECIST criteria (84) that
served as the standard.

Our results agreed with Fattah et al., Cappabianca et al. ?® %! who stated that the tumor
dimension and the entity of necrosis are factors that impact the SUV max of a tumor with a
positive correlation among tumor diameter and SUV max.

Limitations: PET-CT is comparatively more costly than other techniques modalities, and This
must be assessed considering the present economic context., the small sample size and it does
not consider the spatial distribution of metabolic activity, as it calculates 18-FDG uptake
from a single hot pixel in the tumor mass.

Conclusions:

FDG-PET/CT established itself as a valuable, efficient, and reliable method of analysis in the
primary staging and follow-up of lung cancer cases, and lately became a portion of the
international standard in the diagnosis and the follow-up of cases with NSCLC.
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List of Abbreviations
FDG fluorodeoxyglucose
PET/CT Positron Emission Tomography/Computed
Tomography
NSCLC Non-Small Cell Lung Cancer
SUV max maximum standardized uptake value
GLUT glucose transporters
RT radiation therapy
CH chemotherapy
CRT concurrent chemo-radiotherapy
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