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Positron emission tomography/computed tomography (PET/CT) using fluorodeoxyglucose (FDG) is essential in
oncology for precise tumor delineation. This study evaluated FDG PET/CT’s impact on therapeutic decisions in
head and neck cancer, comparing metabolic tumor volumes (MTV) measured by different methods with radio-
therapy targets, crucial for treatment planning and patient outcomes.

We retrospectively analyzed 46 patients with histologically confirmed head and neck cancer who underwent
FDG PET/CT examination before radiotherapy. The mean age was 62 years (46-78 years). Then, we calculated
MTV of the primary tumor or local recurrence using a local threshold of 41% of the standard uptake volume
(SUV) corrected for lean body mass (SULmax) of the lesion and absolute threshold of SUV 2.5. Descriptive anal-
ysis of the recruited patients was assessed based on the clinical database (Medsol).

The study included 45 patients with squamous carcinoma and 1 with sarcoid cell carcinoma. PET/CT exami-
nation led to therapeutic decision changes in 11 cases. No significant difference was found in median values
of Gross Tumor Volume (GTV) and MTV absolute (p=0.130). However, significant differences were observed in
MTV local, MTV absolute, and GTV median values (p<0.001), with both MTVs showing significant correlation
with GTV (p<0.01), especially MTV absolute (r=0.886).

FDG PET/CT examination prior to radiotherapy significantly influences therapeutic decisions in head and neck
cancer patients. Based on our findings, the absolute threshold method (SUV: 2.5) appears to be an effective
approach for calculating MTV for radiotherapy planning purposes.
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Background

According to global data in 2012, head and neck cancer is the
6" most common malignancy globally, accounting for 5% of
total cancer [1]. Based on histological classification, squamous
cell carcinoma is the most common type.

The management of head and neck cancer requires a com-
plex multi-disciplinary approach, in which imaging for radio-
therapy planning has an important role [2]. The intricate ge-
ometry and high radiation-associated toxicity of the head and
neck make them excellent targets for conformal radiotherapy.
Often, there are only a few millimeters separating the gross
tumor volume (GTV) or the clinical target volume (CTV), which
represents areas at high risk of microscopic illness, from im-
portant tissues such the optic nerve, spinal cord, brainstem,
and salivary gland [3].

Curative radiation for head and neck cancer requires precise
delineation of the primary tumor and the associated lymph
nodes. Thus, one of the most important first steps toward bet-
ter radiation therapy is improving tumor target volumes. At
present, structural imaging techniques such as computed to-
mography and magnetic resonance imaging are considered
the gold standard for tumor identification. MRI can provide
additional information to help physicians detect soft tissue
tumors and nodal diseases as it has superior soft tissue con-
trast resolution [4].

However, these techniques have several limitations such as
poor contrast between tumor and normal tissues; or fail to
detect the microscopic extent of the disease, as well as in-
ability to detect metastatic lymph nodes of small size [5]. For
these reasons, a visual method using fused PET/CT has been
increasingly used and proved to perform better than CT or MRI
in identifying tumor extension, nodal disease, and staging. The
use of 2-deoxy-2-[fluorine-18]fluoro-D-glucose (18F-FDG), an
analogue of glucose, in Positron Emission Tomography (PET)
offers useful functional information based on the increased
uptake of glucose and glycolysis of cancer cells. It also shows
metabolic anomalies prior to morphological modifications.
18F-FDG PET/CT has an impact on the assessment of both new-
ly diagnosed and previously treated patients with head and
neck cancer [6]. When Syed, N Bomanji, N Nagabhushan et al.
looked at the effects of combined FDG PET/CT on HNC in 24
patients, they found that PET/CT dramatically improved the
confidence in disease localization of FGD-avid lesions by 51%
and increased interobserver agreement [7]. Van den Wyngaert,
Helsen N, Carp L, et al confirmed that FDG PET/CT can rule out
residual neck illness, but its sensitivity is highly time-depen-
dent, and this was shown 12 weeks following concurrent ra-
diochemotherapy. In other words, PET/CT has a high sensitiv-
ity for detecting residual disease in patients who relapse up
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to 9 months after imaging, but its sensitivity is lower for indi-
viduals in whom residual disease was diagnosed up to twelve
months after imaging (59.7%). The widely varying follow-up
times in this significant finding may account for part of the
heterogeneity observed in the literature now under publica-
tion [8]. Nevertheless, pre-therapeutic FDG PET/CT is current-
ly only recommended to assess distant extension and/or to
detect synchronous primary cancer (SPC) in advanced HNSCC
and not in early-stage cancers [9]. The potential impact of FDG
PET/CT on therapeutic decisions still remains largely unresolved.

Various methods to quantify tumor metabolic activity using
18 FDG PET/CT have been introduced. In these methods, met-
abolic tumor volume (MTV) delineation has been increasing-
ly used and has been shown effective in many tumor types.
However, the volumetric parameters of FDG PET/CT have not
yet been added to the routine procedure in clinical practice.
The main reason behind this is that the publication of an ac-
curate and optimal segmentation method for quantifying the
volumetric measurements of FDG PET/CT has not been estab-
lished [10]. Therefore, this retrospective study of 46 patients
with HNSCC at Department of Nuclear Medicine in Debrecen,
Hungary aimed to evaluate the role of FDG PET on therapeutic
decisions as well as to find the most suitable method to sup-
port radiotherapy treatment planning by measuring metabolic
tumor volumes (MTV) using local threshold of 41% of SULmax
and absolute threshold of SUV: 2.5 on FDG PET/CT images and
make a comparison to radiotherapy target volumes (GTV).

Material and Methods

Patient Selection

The study was conducted in accordance with the Declaration
of Helsinki, and approved by the local Ethics Committee of the
University of Debrecen (Ethical approval: H.0158-2019) for in-
volving humans. Due to ethics approval of this retrospective
trial, the requirement for separate patient consent was waived.

Patients who underwent a pre-therapeutic FDG PET/CT in
Debrecen Nuclear Medicine Department were retrospectively
included. They were enrolled between September 2019 and
September 2020. These patients were candidates for radiother-
apy treatment. All patients who underwent a whole body FDG
PET/CT were diagnosed with head and neck cancer. Exclusion
criteria included: previous resection of primary or nodal dis-
ease; prior radiotherapy to the head and neck district; oth-
er primary cancers. A detailed medical history of the patients
was obtained. The clinical data recording included age, gen-
der, histology, primary tumor site, indication for FDG PET/CT
procedure, and presence of distant metastasis.
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Figure 1. 49 y/o patient with squamous cell carcinoma of the left nasal cavity and nasopharynx. Tumor target delineation using
local threshold of 41% of the standard uptake volume (SUV) corrected for lean body mass (SULmax) of the lesion and
absolute threshold of SUV2.5 was done on 18F-FDG PET/CT scan. Absolute threshold of SUV 2.5 delineation is seen on axial
(A) coronal (B) and sagittal (C) fused PET/CT images with 270.5 ccm?.

Scanning Protocol

Patients with known or suspected head and neck cancer were
scanned using Philips Gemini PET/CT machine. FDG PET/CT
scan was done at the Department of Nuclear Medicine by us-
ing our standard procedure. All patients were instructed to be
fasted for at least 4 hours (preferably 6 hours) prior to FDG in-
jection. The patient’s blood glucose level was maintained be-
low 200mg/dl. After 70 minutes of FDG injection, FDG PET/CT
scan was performed.

Target Volume Definition and Margins

The gross tumor volume (GTV) was delineated in Radiology
department using data from clinical examination and imag-
ing modalities. FDG PET/CT examination was done based on
modified oncological protocol using the same position as later
did. Scans were reviewed and analyzed by one researcher and
a skilled oncology radiologist. During the evaluation, we used
the threshold-based method: local threshold of 41%SULmax
and absolute threshold of SUV2.5 to calculate MTV of the pri-
mary tumor and recurrent tumor (Figure 1).

Statistical Analysis

Statistical analyses were performed using SPSS 19.0 statis-
tical software. Descriptive analysis of the recruited patients
was assessed based on clinical history from clinical database
(Medsol). We used Shapiro-Wilk test to assess normality of the
tumor volumes (GTV, MTVs). Later, we used Wilcoxon Signed
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Ranks test to compare median values of GTV, MTV measured
by absolute threshold, and MTV measured by local threshold.
Finally, we run a non-parametric Spearman’s rho correlation
test to examine the monotonic relationship between paired
data. The two-tailed P value was significant at the level <0.05.

Results

Patient Characteristics

The characteristics of the patients are shown in Table 1. There
were total of 46 patients in our study population which was
predominantly male, accounted for 95.65%. The number of fe-
male patients accounted for 4.35%. Mean age of patients was
62 years, ranging from 46 to 78 years (Table 1).

APPROVED GALLEY PROOF

Oropharynx tumor, which made up 48%, was considerably the
most common location of head and neck cancer in our study.
Hypopharynx (26%) was slightly more common than oral cav-
ity tumor, which made up 22%. Nasopharynx is the least com-
mon location, with 4%. Squamous carcinoma accounted for
the majority of patients (97.8%) (Figure 2).

Role of FDG PET/CT in Therapeutic Decision Changing

Following the results of FDG PET/CT scan, we found that
there were changes in therapeutic decisions in 11/46 cases
(24%). We discovered that in 64% of these patients, the tu-
mor’s distant metastases required an alteration in treatment
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Table 1. Baseline characteristics of the 46 patients that were included in this study.

Characteristic

Mean

Age (Years) 000
Range
Male

Gender 0
Female
Squamous cell carcinoma

Histology

Sarcoid cell carcinoma

N Percentage (%)

62
""""""""" 678
"""""""""""" a eses
""""""""""""" 2 a3
"""""""""""" s a8
""""""""""""" T 22

Il Nasopharynx
[ Oropharynx

M Oral cavity
I Hypopharynx

I Distant metastasis — systemic therapy
[ No viable tumor — no irradiation
I Suspect other sites — extended irradiation

Figure 2. Primary locations of head and neck cancer in the study
population.

to systemic therapy. In 18% of cases, no viable primary tumor
was found hence no irradiation was needed. In the last 18%,
there was no obvious tumor in the primary site, however oth-
er sites were suspected. Treatment was changed to extended
irradiation (Figure 3).

Comparison of Different Image Segmentation Methods

P value <0.05 showed a non-normal distribution in GTV,
MTV_absolut and MTV_local. Wilcoxon Signed rank test was
performed to compare the median values between GTV, MTV
measured by absolute threshold of SUV2.5 and MTV measured
by local threshold of SUL41%. P<0.05, we found significant dif-
ferences between MTV_absolut threshold and MTV local thresh-
old as well as between GTV and MTV_local. However, when
we compared GTV and MTV_absolut value, P>0.05 showed
that there was no significant different of median values btw
GTV and MTV_absolut. Descriptive analysis was performed to
measure mean, median, Std deviation, minimum, maximum
and range value of GTV, MTV_aboslut and MTV_local. The me-
dian value measured by MTV_local was 27.2500, which was
the smallest volume compared to tumor volumes delineated

Figure 3. Reasons for therapeutic changes.

using other 2 methods. There were not many differences be-
tween median value measured by MTV_absolut (62.950) and
GTV (59.8750). MTV_absolut is significant and showed a high
correlation (p<0.001, r=0.885) with GTV. There is also a sig-
nificant and high correlation between MTV_local and GTV
(p<0.001, r=0.776) (Figures 4, 5).

Discussion

FDG PET/CT has been known to play a significant role in diag-
nostic and treatment planning in head and neck cancer. This
technique plays a crucial role in this anatomical region, due to
its complexity of the anatomy and different patterns of physi-
ological uptake. It show metabolic, physiologic, genotypic, and
phenotypic data that may improve target definition for radi-
ation therapy [11,12].

Summary of Findings

The patients in our study were those receiving radiothera-
py for head and neck cancer. It was shown that a noteworthy
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Figure 4. Correlation between Gross Tumor
120.00 Volume (GTV) (x) and Metabolic Tumor
. Volume (MTV) absolute threshold of
100.00 SUV2.5 (y).
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proportion of patients had their treatment modified subse-
quent to FDG PET/CT scans (24%). The discovery of metasta-
ses led to an alteration in treatment to systemic therapy in
64% of these instances. Due to suspected other regions of
concern, the therapy was altered for an additional 18% of pa-
tients to extended irradiation. Since the primary tumor could
not be located in the remaining 18% of instances, no irradia-
tion was necessary. This indicates that FDG PET/CT examina-
tion before radiotherapy does have an influence on radiother-
apy treatment in head and neck cancer.

In the next part of our study, we measured MTV values of all
patients using local threshold of 41%SULmax and absolute
threshold of SUV2.5. We found that between MTV measured
by local threshold (27.2500 cm®) and MTV measured by ab-
solute threshold (62.950 cm?), the median value of MTV_ab-
solut were much closer to the median value of GTV (66.3188
cm3) provided by radiotherapists. This indicated that MTV
measured by absolute threshold was a better method to seg-
ment the tumor tissue. Until now, segmentation methods us-
ing local threshold of 41% SULmax and absolute threshold of
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SUV2.5 applied to calculate MTV value for head and neck can-
cer remain unclear.

In order to further examine the accuracy of these methods,
Spearman’s rho correlation test was run to determine the as-
sociation between data. Both MTV_absolut and MTV_local
showed a significant (p<0.001) and high correlation (r=0.885
in MTV_absolut; r=0.776 in MTV_local) to GTV value. This sug-
gested that volumetric parameters were reliable, even though
the MTV values were consistently smaller than GTV values.

Comparison to Previous Studies

As far as we know, there are approximately 10% of patients
who presents metastasis in head and neck cancer with an
additional 20-30% of cases who will develop metastasis over
the course of their disease [13]. In the majority of patients,
distant metastatic diseases will be clinically silent. The tumor
burden might be an important prognostic value. Many stud-
ies have shown the success of FDG PET/CT in detecting occult
distant cancer. Syed, N Bomanji, N Nagabhushan et al. looked
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at the effects of combined FDG PET/CT on HNC in 24 patients,
18F-FDG-avid metastatic cervical lymph nodes were accurate-
ly detected in this investigation, 2 (22%) contralateral and 7
(78%) ipsilateral. Furthermore, 2 non-nodal metastases were
found [7]. Goerres and colleagues showed distant metastases
and secondary primary cancer were found in 24% of their pa-
tients who were newly diagnosed with squamous cell carcino-
ma of the oral cavity initially screened by clinical exam, CT, and
chest x-ray [14]. Another study was run by Ha and colleagues
which found that 31% of their patients had TNM modified af-
ter PET/CT scanning [15]. These results show a correlation to
our result, emphasizing the ability to detect suspected pri-
mary cancer and distant metastasis. Moreover, various stud-
ies have demonstrated the ability of PET/CT to detect resid-
ual lesions as well as recurrent cancer with high specificities,
ranging from 92% to 97%. This method was much more reli-
able compared to conventional imaging [16]. Therefore, FDG
PET/CT is a helpful method for monitoring treatment response
in head and neck cancer.

Results from previous studies demonstrate that MTV was
computed using a maximum percentage threshold of 40-50%.
Moreover, other studies used a fixed SUV threshold, most
commonly SUV2.5, where SUV>2.5 is the absolute threshold
(MTV2.5) for tumors. This method was identified as a reason-
able decision in several prior studies. However, these stud-
ies only claimed a high correlation to other cancer types such
as cervical cancer, pancreatic cancer or small cell lung car-
cinoma [17]. As a result, we hypothesized that the 41% of
SULmax and absolute threshold of SUV2.5 would be reliable
and provide an accurate MTV value. This would be an inde-
pendent prognostic factor in head and neck cancer. Ha and
colleagues also demonstrated that the GTV was consistently
larger than the MTV because it contained the entirety of the
visualized disease when using CT whereas they assigned a
50% threshold of maximum SUV for the semi-automated de-
lineation of the MTV [15]. GTV included both the primary tu-
mor and involved lymph nodes and these values were high-
ly correlated with MTV. The correlation coefficient was 0.73
(p<0.001). Chung M.K et al also used SUV 2.5 as the method
to segment pharyngeal tumors and a positive correlation be-
tween SUV2.5 and GTV was identified with Spearman corre-
lation coefficient 0.621 and P<0.001 [18]. The positive corre-
lation they found was shown not as strong as the correlation
between SUV2.5 and GTV in our method (r=0.885). This might
be due to their patient’s selection including the heterogene-
ity of treatment modalities with a longer period of time to fol-
low up. Nevertheless, their investigation showed concordance
with the result of our study and has further strengthened the
validity of our methods.
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Limitations of the Study

We are aware that our research might have some limitations,
including the retrospective nature of our study design, the het-
erogeneity of primary tumor location, the small sample size of
the patients, and the inability to follow up. An additional source
of error was that the procedure to measure the tumor volumes
was executed in 2 different departments. GTV values were pro-
vided by radiotherapists in Radiology department while MTV
values were calculated in the Nuclear Medicine Department.
The ideal procedure would be to measure both these tumor
volumes with the same software program. Despite these diffi-
culties, we have found further evidence to support the usage
of FDG PET/CT to diagnose and perform treatment planning in
head and neck cancer patients. Moreover, we revealed high-
ly significant results which demonstrated the correlation be-
tween the methods to calculate MTV using local threshold of
41% SULmax, absolute threshold of SUV2.5 and the GTV val-
ue obtained from clinical examination and anatomical imag-
ing. After the detailing assessment, we believe that MTV mea-
sured by absolute threshold will be better than MTV measured
by local threshold to segment the tumor tissue. Analyses with
larger numbers of cases and with a period of follow-up in pro-
spective trials are required to confirm the reliability of MTV
in predicting outcomes and to test the validity of the present
study are necessary.

Conclusions

In conclusion, FDG PET/CT examination before radiotherapy has
a great influence on therapeutic decisions in head and neck
cancer patients. MTV values calculated by different threshold
methods show a correlation with GTV. Especially, MTV_abso-
lute at threshold 2.5 seems to be a more suitable and simple
segmentation method that provides metabolic data for radio-
therapy planning. We suggest applying MTV_absolut at thresh-
old 2.5 in standard clinical practice for radiotherapy treatment
planning in head and neck cancer.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.
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