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PET/CT findings and dose distribution during radiotherapy
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Abstract

Objective: To investigate the positron emission tomography/computed tomography (PET/CT) findings of
T1/T2NOMO glottic cancer (hereafter referred to as T1/T2) and dose distribution in radiotherapy. Subjects and
Methods: We retrospectively collected data from patients diagnosed with T1/T2NOMO glottic cancer who re-
ceived radiotherapy. The extent of fluorine-18-fluorodeoxyglucose (°F-FDG) accumulation in primary tu-
mors, maximum standardized uptake value (SUVmax), total lesion glycolysis (TLG), tumor volume of primary
tumors on PET/CT were compared. Furthermore, the tumor identified on PET/CT was incorporated into the
radiotherapy plans. Adummy plan (radiation field 6x6cm, prescription point facing the vertebral body, maxi-
mum dose <107%, T1/T2 66Gy/33 fractions) was developed for three-dimensional conformal radiotherapy;,
and the dose distribution of primary tumors was calculated. Results: Twenty-nine patients (27 men and two
women) were included; their mean age was 67.2+15.0 years. Increased “F-FDG accumulation in primary tu-
mors was observed on PET/CT in 22/29 (78.5%; T1: 14/21 [67%], T2: 8/8 [100%]) patients. The median SUVmax,
TLG, and primary tumor volume were significantly different betweenT1 and T2 (SUVmax, T1:4.56 vs.T2: 8.43,
P=0.035; TLG, T1:1.01 vs.T2:3.71 SUVxmL, P<0.01; primary tumor volume, T1:0.38mL vs.T2: 0.80mL, P=0.01).
At a TLG cut-off value of 3.470, the area under the curve was 0.875, sensitivity was 0.875, and specificity was
0.929 for T1-T2 differentiation. In 20 patients with *F-FDG accumulation, the minimum radiation dose was sig-
nificantly different between T1 and T2 (66Gy vs. 64Gy, P<0.01) at the same 66Gy prescription. The minimum
radiation dose and primary tumor volume show the correlation value (r=—0.516, P=0.02). Conclusion: In glot-
tic cancer, T1 and T2 can be differentiated by the extent of “F-FDG accumulation in primary tumors on PET/
CT.The minimum radiation dose rate decreases as volume increases.
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Introduction

lottic cancer is a malignant tumor that develops in the glottis. In early-stage TTNO-

MO-T2NOMO glottic cancer, endoscopic laser surgery or radiotherapy is preferred

for preserving vocal function and morphology [1]. A review of 13,808 cases in the
UK, comparing 1988-1993, 1994-1999, and 2000-2006, reported an increase in the use of
radiotherapy [2]. Forty-one patients with T2ZNOMO glottic cancer reportedly had a good qu-
ality of life, reduced symptoms, and improved vocal function after radiotherapy [3]. The
2020 Radiotherapy Planning Guidelines in Japan specify that for TINOMO-T2NOMO glottic
cancer treatments, the field size should range from 5x5cm to 6x6cm across all TINOMO-
T2NOMO cases. The prescribed radiation dose is set at 60-66Gy across 30-33 fractions for
T1NOMO and 70Gy over 35 fractions for T2NOMO [4]. A Japanese report stated that a 60-66
Gy radiotherapy dose applied to 96 TINOMO and 32 T2NOMO cases (>70Gy for some T2NO-
MO cases) resulted in a 5-year local control rate of 85% for TINOMO cases and 71% for T2NO-
MO cases [5]. An overseas report stated that radiotherapy with a median dose of 63Gy for
315 TINOMO cases and 83 T2NOMO cases resulted in a 5-year local control rate of 85% in
T1NOMO cases and 70% in T2ZNOMO cases [6]. In glottic cancer, the T1 classification is confi-
ned to the vocal cords, including either the post-anterior or posterior commissure, with
normal glottal movements. The T2 classification, however, refers to supraglottic or sub-
glottic extension and/or a limitation of vocal fold movement [7]. However, these definitions
alone cannot sufficiently explain the difference in the local control rate of radiotherapy bet-
ween the TINOMO and TTNOMO cases. Meanwhile, positron emission tomography/compu-
ted tomography (PET/CT) using fluorine-18-fluorodeoxyglucose (““F-FDG) is performed to
diagnose malignant tumors. Positron emission tomography/CT can semi-quantitatively
evaluate the extent of “F-FDG accumulation. This study aimed to investigate whether the-
re is a difference in the extent of ""F-FDG accumulation in TTNOMO-T2NOMO glottic cancer
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cases and if there is a factor that explains the difference in the
local control rate in radiotherapy from that in the extent of
accumulation.

Subjects and Methods

Patient selection

Patients diagnosed with TINOMO-T2NOMO glottic cancer at
Tokyo Medical University Hospital between 1 July 2019 and
31 March 2023, and for whom radiotherapy planning was de-
veloped in the radiotherapy department, were included in
this retrospective, case-control study. The inclusion criteria
were the diagnosis of histopathological squamous cell carci-
noma, PET/CT performed at this hospital before radiotherapy
planning, and age 20-100 years at the time of diagnosis and
treatment. The exclusion criteria were untreated double can-
cers detected by histopathological examination, endoscopy,
CT, PET/CT, and magnetic resonance imaging at the time of
glottic cancer diagnosis and a high possibility of untreated
double cancers; metastasis or recurrence of other malignant
tumors at the time of glottic cancer diagnosis and undergo-
ing drug, radiation, or surgical treatment; one glottic cancer
lesion on each side at the same time, removal of part of glottic
cancer by laryngeal microsurgery before PET/CT; PET/CT not
performed; refusal to consent to data use; and participation in
other research or clinical trials. However, even in patients with
a history of malignant tumors, those who had not undergone
radiotherapy for glottic cancer or who were being followed
up were included in the study.

In this study, a total of 29 patients (27 men and two women)
were included; their mean age was 67.2+15.0 years. All pati-
ents were diagnosed with squamous cell carcinoma. There
were 21 patients with TINOMO and eight with T2NOMO. The
glottic cancer sites were the right vocal cord (21 cases), left vo-
cal cord (seven cases), and anterior commissure (one case).
The data of 22 patients with "F-FDG accumulation in the pri-
mary tumor on PET/CT were examined. The mean blood glu-
cose level was 111.7+13.1mg/dL, while the mean "F-FDG do-
se was 242.1+42.5MBq. Characteristics of patients are shown
inTable 1.

T1NOMO and T2NOMO diagnosis

In addition to PET/CT findings and examination by an oto-
laryngologist with a laryngoscope, TINOMO-T2NOMO glottic
cancer was diagnosed based on the comprehensive deter-
mination from in-hospital cancer boards, weekly radio-
therapy department and otolaryngology conferences for
patients undergoing radiotherapy, and conferences within
theradiotherapy department.

PET/CT and analysis of PET/CT images

Fluorine-18-FDG (Nihon Medi-Physics Co., Ltd., Tokyo, Ja-

pan) was administered intravenously according to the pati-

ent's body weight, and PET/CT (Discovery MI, use SiPM, Q

clear: GE Healthcare, Hino, Japan) was performed after ap-

proximately 60min of rest. The "*F-FDG dose is 3.7MBq/kg.
Positron emission tomography/CTimages were analyzed

Table 1. Patients characteristics.

Factors Details
Number of patients 29

Age, years 67.2+15.0

Sex 27 males, 2 females

T1NOMO: 21 patients

TNM classification T2NOMO: 8 patients

Right vocal chord: 21 patients
Left vocal chord: 7 patients
Anterior commissure: 1 patient

Glottic cancer site

TNM: Tumor, Node, Metastasis.

by a radiation oncologist (Y.0), nuclear medicine specialist,
and certified PET nuclear medicine specialist. Visual evalu-
ation was performed to evaluate the depiction of cancer le-
sions on PET/CT. Positron emission tomography/CT images
were imported into MIM Maestro (Euro Meditech Co. Ltd, To-
kyo, Japan/MIM Software Co. Ltd, Cleveland, OH, USA) for
analysis, and PET/CT accumulation was observed through
visual evaluation. Maximum standardized uptake value
(SUVmax), primary tumor volume (mL), and total lesion gly-
colysis (TLG) were measured by setting a region of interestin
the primary tumor for cases at MIM Maestro by visual evalu-
ation.We used the following formula: TLG= SUVmean (mean
standard uptake value)xprimary tumorvolume.

Radiation treatment plan by dummy plan

A dummy plan was created for patients who had previously
undergone radiotherapy. In all patients, radiotherapy was
administered with the patient immobilized on a treatment
table by a fixture (thermoplastic shell). Images were acqu-
ired with a 16-slice radiotherapy planning CT scanner (Aqui-
lion: Canon Medical Systems Co., Ltd., Otawara, Japan), fe-
aturing a slice thickness of 2mm. Positron emission tomo-
graphy/CT images were then co-registered using MIM Ma-
estro. Lesions identified through visual assessment on PET/
CTimages in the radiotherapy planning CT scans were deli-
neated as the gross tumor volume (GTV). Subsequently, da-
ta were imported into Eclipse (Varian Medical Systems Co.,
Ltd., Palo Alto, CA, USA) for the development of a radiothe-
rapy plan. AAA 1612 was used as the calculation algorithm.
A radiation oncologist (Y.O) (a radiation oncologist speci-
alist, nuclear medicine specialist, and certified PET nuclear
medicine specialist) drafted a radiotherapy plan using a
dummy plan. The linear accelerator was True Beam STx (Va-
rian Medical Systems Co., Ltd.). Three-dimensional confor-
mal radiotherapy was performed as the radiation method
and was set into four fixed fields on the left and right using
the in-field technique. Based on the 2020 Radiotherapy
Planning Guidelines, the radiation field measured 6x6cm in

Hellenic Journal of Nuclear Medicine °

January-April 2024

www.nuclmed.gr



Original Article

width, the superior margin was marked above the thyroid
notch to the inferior margin of the hyoid, the inferior margin
was the inferior border of the cricoid cartilage, the anterior as-
pect was present at 5-10mm from the occipital skin surface,
and the posterior aspect was detected along the anterior bor-
der of the vertebral body [4]. The X-ray energy was set to 6MV
because the treatment outcome was poor at 10MV, and the
local control rate was satisfactory at 6MV in TINOMO-T2NOMO
cases [4, 8,9]. The anterior border of the vertebral body was de-
signated as the prescription point, with a prescribed dose of 66
Gy over 33 fractions for TINOMO and T2NOMO, facilitating stra-
ightforward comparison. The maximum dose within the radi-
ation range was set at 105%-107%, and the high dose region
above 108% was shielded using the in-field technique. The mi-
nimum, maximum, and average doses were measured for GTV
using a dose-volume histogram. Furthermore, we used round-
off for radiation dose.

Statistical analysis

Eazy ZR (EZR) developed by the Jichi Medical University Sa-
itama Medical Center, was used as the statistical software
[10]. The Mann-Whitney U test and Fisher's test were perfor-
med to compare the two groups. Cut-off values were calcu-
lated using receiver operating characteristic (ROC) analysis.
The correlation between the two groups was evaluated by
Spearman's rank correlation coefficient. Statistical signifi-
cance was set at P <0.05. Given the small sample size, we used
non-parametric tests.

Ethical considerations

The study was conducted with the approval of Tokyo Medi-
cal University Hospital (Ethics Committee Approval No. 2022-
0203). Informed consent was obtained for the questionnaire
survey from all patients in the radiotherapy department. This
research employed an opt-out method on the hospital web-
site.

Results

F-FDG accumulation in primary tumors

Overall, 22 (78.5%) patients exhibited "*F-FDG accumulation
in the primary tumor of glottic cancer: 14 (67%) patients in
the TINOMO group and eight in the T2ZNOMO group (100%).
The data of 22 patients with "*F-FDG accumulation in the pri-
mary tumor on PET/CT were examined, and SUVmax, TLG,
and primary tumor volume were calculated.

Primary SUVmax

The mean SUVmax of the primary tumor was 6.22+3.01. There
was a significant difference in median SUVmax between T1NO-
MO0 and T2NOMO (4.56 vs. 8.43, P=0.035).

In the ROC analysis, with an SUVmax cut-off value of 7.82,
the area under the curve reached 0.777, exhibiting a 95%
confidence interval of 0.566-0.988. The sensitivity and speci-
ficity for distinguishing between TINOMO and T2NOMO were
0.750and 0.786, respectively.

TLG

The mean TLG of primary tumors was 2.70+2.85 SUVxmL. The-
re was a significant difference in median TLG between T1NO-
MO0 and T2NOMO (1.01 vs. 3.71 SUVxmL, P<0.01; Figure 1). In
ROC analysis, at a TLG cut-off value of 3.470 SUVXmL, the area
un-der the curve was 0.875, 95% confidence interval was
0.703-1, sensitivity was 0.875, and specificity was 0.929 for dif-
ferentiating between TINOMO and T2NOMO (Figure 2).

Primary tumor volume

The mean primary tumor volume was 0.61+0.42mL. There was
a significant difference in median primary tumor volume bet-
ween TTINOMO and T2NOMO (0.38mL vs. 0.80mL, P<0.01) (Figu-

Total lesion glycolysis{SUY ml)

[e]

T1INOMO

T2ZNOMO

Figure 1. Differences in total lesion glycolysis of primary tumors between TINOMO and T2NOMO glottic cancer.
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re 3). In ROC analysis, at a primary tumor volume cut-off value
of 0.59mL, the area under the curve was 0.84, the 95% confi-
dence interval was 0.635-1, sensitivity was 0.875, and speci-
ficity was 0.857 for differentiating between TINOMO and T2NO-
MO (Figure 4).

Notably the results for the comparison between TTNOMO
and T2NOMO based on age, sex and PET/CT data are shown in

Table 2.

Radiation treatment plan by dummy plan

A dummy plan was developed for 20 of the 22 patients with
PET/CT findings showing "F-FDG accumulation in the prima-
ry tumor. One T2NOMO patient was excluded due to challen-
ges encountered during the fusion of radiotherapy planning

3.470(0.929, 0.875)
0.8 T

0.6 7

Sensitivity

0.2

1 1 \
1.0 08 06

Specificity

1 I 1
0.4 02 0.0

Figure 2. Receiver operating characteristic analysis for total lesion glycolysis of primary tumors to differentiate between TINOMO and T2NOMO glottic cancer.

1555

1.0

Primary Tumor Yolume(ml)
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T1NOMO
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Figure 3. Difference in primary tumor volume between TINOMO and T2NOMO glottic cancer.
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CT and PET/CT. One patient with a TINOMO anterior commis-
sure tumor was excluded as an outlier due to their minimum
radiation dose rate being significantly lower than that obser-
ved in other cases (minimum radiation dose 27Gy, markedly
distinct from other minimum radiation dose) The global ma-

ximum dose within the radiation range for both TINOMO and
T2NOMO cases was 106%, with no statistically significant diffe-
rence observed between the two groups at the same 66Gy
prescription (P=0.86).

The minimum radiation dose was 66Gy for TINOMO and 64Gy

0.590 (0.857, 0.875)
08

06

Sensitivity

04

T T T
1.0 08 06

T T T
04 02 0.0

Specificity

Figure 4.Receiver operating characteristic analysis for primary tumor volume to differentiate between TINOMO and T2NOMO glottic cancer.

Table 2. Comparison T1NOMO and T2NOMO patients' data.

Factors T1NOMO T2NOMO P-value
Age 66.0 69.5 0.76
Sex 2 fomales 0 fomaies 1.00
Blood glucose level 109mg/dL 112mg/dL 0.88
*F-FDG dose 238.5MBq 243.1MBq 0.90
Accumulation by PET/CT 14/21 (67%) 8/8 (100%) 0.14
SUVmax of the primary tumor 4.56 8.43 0.035
TLG 1.01 SUVmL 3.71 SUVmL <0.01
Primary tumor Volume 0.38 mL 0.80 mL <0.01

“F-FDG dose: Fluorine-18 Fluorodeoxyglucose dose; PET/CT: Positron Emission Tomography/Computed Tomography;
SUVmax: Maximum Standardized Uptake Value; SUVmL: Standardized Uptake Value per milliliter; TLG: Total Lesion Gly-

colysis.
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for T2NOMO, indicating a statistically significant difference
between the two groups at the same 66 Gy prescription (P<
0.01;Figure 5).

The maximum radiation dose was 68Gy for TINOMO and
69Gy for T2ZNOMO, with no statistically significant difference
between the two groups at the same 66Gy prescription (P=
0.073).

The average dose was 68Gy for both TINOMO and T2NOMO,

with no statistically significant difference between the two
groups at the same 66Gy prescription (P=1.00).

Theseresults are showninTable 3.

The minimum radiation dose and primary tumor TLG,
along with primary tumor volume, demonstrate a correla-
tion value (primary tumor TLG: r=-0.43, P=0.056; primary tu-
morvolume:r=-0.516,P=0.02; see Figure 6).
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Figure 5. Difference in minimum radiation dose (prescription 66Gy) between TINOMO and T2NOMO in 20 cases.
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Figure 6. Correlation between primary tumor volume and Minimum radiation dose (prescription: 66Gy) in 20 cases.
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Discussion

The usefulness of PET/CT in glottic cancer has been repor-
ted. In a study of 54 patients, the primary tumor detection
rate by PET/CT was 96.3% (52/54) [11]. However, alarge num-
ber of T3-T4 and N1-N2 advanced cases were selected [11].
Here, 14 (67%) patients with TINOMO and eight (100%) pati-
ents with T2NOMO exhibited "*F-FDG accumulation in prima-
ry tumors. Moreover, there are statistically significant diffe-
rences in the primary tumor SUVmax, TLG, and primary tu-
mor volume between TINOMO and T2NOMO in glottic cancer.
We believe that these PET/CT data are useful for initial stag-
ing.The staging of glottic cancer is based on gross evaluation
and can be influenced by the subjective judgment of the at-
tending physician. In other words, there is a risk of over-or
under-radiation dose prescription due to staging errors.
However, it is conceivable that PET/CT can be used for objec-
tive diagnosis of TINOMO and T2NOMO. In this study, the ab-
sence of "F-FDG accumulation in primary tumors on PET/CT
was considered TINOMO. However, TINOMO was diagnosed
based on "“F-FDG accumulation and can be differentiated
from T2NOMO based on SUVmax, TLG, and primary tumor vo-
lume. Moreover, total lesion glycolysis was considered the
most useful indicator for differentiating between TINOMO
and T2NOMO by sensitivity, specificity, and AUC value. For this
reason, we believe that PET/CT is beneficial for the initial sta-
ging, as it helps not only in detecting lymph node metastasis
(N factor) or distant metastasis (M factor) but also in iden-
tifying the primary tumor (T factor). This study allows us to
explore the reasons behind the variation in local control rates
among TTNOMO-T2NOMO cases. Tumors are hypoxic and me-
tabolized mainly by glycolysis, which can produce energy
even under hypoxic conditions [12]. Glycolysis is inefficient in
energy metabolism and requires multiple energy sources, re-
sulting in "F-FDG accumulation in tumors. In a review of 55
cases of glottic or hypopharyngeal cancer, the expression of
glucose transporter 1, a glucose carrier, and the transcription
factor hypoxia-inducible factor-1 increased under hypoxic
conditions; moreover, hypoxia-inducible factor-1, a glucose
transporter 1,and SUVmaxare reportedly correlated [13]. Re-

garding the radiotherapy outcomes for 59 patients with ear-
ly-stage glottic cancer (44 with TINOMO and 15 with T2NO-
MO), the 5-year progression-free survival was 53.4% in the
group with a primary tumor SUVmax of >3.4, compared to
95.4% in the group with an SUVmax <3.4 [14]. This study sug-
gests that SUVmax serves as a prognostic factor for glottic
cancer. In our analysis, when comparing patients with
T1NOMO to those with T2NOMO, both the median SUVmax
and the median primary tumor volume demonstrated a two-
fold increase, while the median TLG exhibited a four-fold dif-
ference. These findings indicate significant disparities in tu-
mor malignancy (SUVmax), primary tumor volume, and me-
tabolic activity (TLG) between TINOMO and T2NOMO glottic
cancers. Furthermore, the radiation dose difference between
T1NOMO and T2NOMO ranged from 4 to 10 Gy, implying that
T2NOMO cases might have been underdosed based on tu-
mor grade and primary tumor volume.

Moreover, an increase in primary tumor volume could ha-
ve led to a decrease in the Minimum radiation dose received.
There was a statistically significant difference between T1-
NOMO and T2NOMO in terms of minimum radiation dose, and
the minimum radiation dose and primary tumor volume
showed an inverse correlation, i.e,, the former decreased as
the primary tumor volume increased, indicating that the ra-
diation dose was insufficient. The possibility of recurrence at
sites where the minimum radiation dose was declining can
also be considered. A feature of glottic cancer is that the tu-
mor is in direct contact with air. Due to build-up and rebuild-
up, relative electron equilibrium is not established in the area
in contact with air, and the dose consequently decreases.
From this study, as TLG and primary tumor volume increased,
the area of the surface in contact with air increased, and it is
hypothesized that this area caused a relative dose deficiency
due to build-up and rebuild-up. A study of 163 TTNOMO cases
reported that even T1b glottic cancer requires a dose of 67-
70Gy to achieve local control [15]. The reason for the decre-
ased local control rate in T2NOMO cases based on the extent
of accumulation on PET/CT in glottic cancer was hypothesi-
zed to be a) a difference in tumor malignancy and tumor bur-
den (biological aspect) and b) a difference in the dose radi-
ated to the tumor (physical aspect) as the primary tumor vo-

Table 3. Difference in dose distribution between dummy plans.

Factors Average (All patients) T1NOMO T2NOMO P-value
Global maximum 106+0.6% 106% 106% 0.86
Minimum

radiation dose 65.2+1.40 Gy 66Gy 64Gy <0.01
Maximum

radiation dose 68.6+1.05Gy 68Gy 69Gy 0.073
Average radiation dose 67.1+£0.85Gy 67Gy 67Gy 1.00
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lume increases. We think that the 1) hypofractionated radi-
ation therapy (increase minimum radiation dose), 2) combi-
nation chemotherapy (improve radiation sensitivity), 3) in-
tensity-modulated radiotherapy (reduce normal organ radi-
ation dose and increase glottis cancer dose), 4) image guides
radiotherapy (minimize misalignment) may improve the
outcome of T2NOMO glottis cancer. But more prospective
study is necessary. There are several limitations to this study.
First, it included a small number of cases and lacked compa-
rison based on clinical prognosis. Second, radiation oncolo-
gists, although having PET research experience [35, 36], pro-
vided target-related input, and subjective factors could not
be excluded. In the future, it will be necessary to conduct
prospective clinical trials designed to increase the number of
cases, compare them with clinical prognosis, and objectively
evaluate images using artificial intelligence-based software.

In conclusion, PET/CT is useful for accurate staging and pre-
cise radiotherapy planning for patients with early TTNOMO-
T2NOMO glottic cancer.
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