
Introduction 

High rates of local control and laryngeal preservation can be 

achieved with transoral laser stripping, partial laryngectomy, or ra-

diotherapy (RT) for early glottic cancer [1]. The incidence of lymph 

node or distant metastases is very low in early-stage laryngeal 

cancers due to poor lymphatic drainage in the glottis [2,3]. Primary 

RT of the larynx without elective nodal irradiation facilitates a high 

cure rate and preservation of the larynx [4]. RT also provides a 

comparable local control rate and voice quality for T1a cases and a 

better cure rate for T1b cases than transoral laser excision [5,6]. 

Purpose: To evaluate the prognostic value of the pretreatment maximum standardized uptake value 
(SUVmax) for locoregional control (LRC) of early glottic cancer treated with primary radiotherapy. 
Materials and Methods: We retrospectively reviewed the medical records of 101 patients with T1-
T2N0 glottic cancer treated with helical tomotherapy between 2013 and 2016. The clinical T-stages 
were T1 in 87 (86.1%) and T2 in 14 (13.9%) patients. The median total dose was 63 Gy (63–67.5 Gy) 
in 2.25 Gy per fraction. The survival outcomes were plotted using Kaplan-Meier curves. Receiver op-
erating characteristic curves were used to assess the optimal SUVmax cut-off value for predicting lo-
coregional recurrence. 
Results: The median follow-up period was 58 months (range, 11 to 90 months). The 5-year overall 
survival (OS) and locoregional recurrence-free survival rates were 96.8% and 85.4%, respectively. The 
median pretreatment SUVmax of the primary tumor for all 101 patients was 2.3 (range, 1.1 to 9.1). 
The best cut-off value for SUVmax for predicting LRC was 3.3, with a sensitivity of 78.6% and speci-
ficity of 73.6%. Univariate analysis showed that T-stage, overall treatment time (≥43 days), and high 
SUVmax (≥3.3) were significant predictors of LRC. Multivariate analysis showed that LRC was inde-
pendently affected by a high SUVmax (≥3.3) (hazard ratio = 5.505, p = 0.020). 
Conclusion: High pretreatment SUVmax (≥3.3) is a negative prognostic factor for LRC in early glottic 
cancer patients treated with primary radiotherapy. 
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The outcomes of salvage partial laryngectomy after RT failure are 

similar to those of primary partial laryngectomy [7]. Thus, primary 

RT is usually prescribed for early glottic cancers to protect normal 

tissues. 

Several prognostic factors for local control of early glottic carci-

noma after definitive RT have been reported, including T-stage, an-

terior commissure (AC) involvement, tumor size, dose per fraction, 

and overall treatment time (OTT) [8,9]. Tumor bulk has been pro-

posed as an important prognostic factor for local control of RT by 

several studies, but there is a limit to the objective measurement of 

tumor size using direct laryngoscopy or radiologic imaging studies 
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[10,11]. There have been reports that primary tumor size has a sta-

tistically significant correlation with the maximum standardized 

uptake value (SUVmax) of 18F-fluorodeoxyglucose positron emis-

sion tomography (FDG-PET) for non-small-cell lung and breast 

cancers [12,13]. Recently, the SUVmax of primary tumors has also 

been suggested as an adverse prognostic marker for laryngeal can-

cer [14,15]. Therefore, the aim of this study was to investigate the 

prognostic value of SUVmax for locoregional control (LRC) in early 

glottic cancer patients treated with primary RT. 

Materials and Methods 

1. Patients and radiotherapy 
Early glottic cancer patients who received primary RT between Jan-

uary 2013 and December 2016 were retrospectively evaluated. The 

109 patients with biopsy-proven T1-2N0M0 squamous cell carci-

noma of the glottis were treated at our institution. Among them, 

101 patients who underwent pretreatment FDG-PET imaging were 

included in this study. All patients were treated with the helical to-

motherapy technique. The larynx was delineated as the clinical tar-

get volume (CTV) to include both false and true vocal cords, anteri-

or and posterior commissures, arytenoids, and aryepiglottic folds, 

as well as the subglottic region. The planning target volume (PTV) 

was created by adding a 5-mm margin to the CTV in all directions, 

except for 3 mm posteriorly. A radiation dose of 63 Gy in 28 frac-

tions (2.25 Gy) was prescribed for PTV. Flexible fiberoptic laryngos-

copy was performed weekly during RT to evaluate tumor response 

in all patients. Response adaptive radiation dose escalation (65.25 

or 67.5 Gy) was applied when a persistent gross lesion was ob-

served during the laryngoscope examination after 56.25 Gy. This 

study was approved by the Institutional Review Board of Pusan Na-

tional University Hospital (No. 2106-031-104). The informed consent 

was waived. 

2. FDG-PET study 
FDG-PET was prescribed after a confirmed pathologic diagnosis of 

glottic cancer. FDG-PET scans were acquired after a minimum of 4 

hours of fasting. In addition, 4.0 MBq/kg of FDG was administered 

intravenously 1 hour before imaging. Skull to mid-thigh PET images 

were acquired using a 3D acquisition mode at 3 minutes per bed 

position. The PET scans were reconstructed using computed tomog-

raphy (CT) attenuation maps. The SUV was calculated as follows: 

SUV =                     
  

After all hypermetabolic tumor foci were segmented, the soft-

ware calculated the SUVmax, which was defined as the highest 

pixel value of the SUV within the region of interest. 

3. Statistical analysis 
The primary endpoint was LRC. Locoregional recurrence-free sur-

vival (LRFS) was measured from the first day of radiotherapy to the 

date of histologic confirmation of local and/or regional disease re-

currence. Overall survival (OS) was defined as the duration between 

the initiation of RT and the date of death from any cause. Receiver 

operating characteristic (ROC) curve analysis was used to deter-

mine the optimal cut-off value for SUVmax for LRC. The Ka-

plan-Meier method was used to analyze the LRC and OS rates. The 

log-rank test was used for univariate analysis to compare the clini-

cal variables. The Cox proportional hazards model was used for the 

multivariate analysis. Statistical significance was defined as a 

p-value of <0.05. SPSS version 25.0 (IBM Corp. Armonk, NY, USA) 

was used for all the statistical analyses. 

Results 

1. Clinical characteristics 
The clinical characteristics of the patients are summarized in Table 1. 

Measured activity concentration (MBq/mL)

Injected activity (MBq) / Body weight (g) 

Table 1. Patient and treatment characteristics

Characteristic n (%)
Age (yr)
 ≥65 56 (55.4)
 <65 45 (44.6)
Sex
 Male 99 (98.0)
 Female 2 (2.0)
T-stage
 T1a 61 (60.4)
 T1b 26 (25.7)
 T2 14 (13.9)
AC involvement
 Negative 59 (58.4)
 Positive 42 (41.6)
Visible mass on CT
 Negative 64 (64.2)
 Positive 37 (35.8)
FDG uptake (SUVmax)
 <3.3 67 (66.3)
 ≥3.3 34 (33.7)
Total dose (Gy)
 <64.0 64 (63.4)
 ≥64.0 37 (36.6)
Overall treatment time (day)
 <43 75 (74.3)
 ≥43 26 (25.7)

AC, anterior commissure; CT, computed tomography; FDG, 18F-fluorode-
oxyglucose.
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The median age was 66 years (range, 43 to 82 years), and the me-

dian follow-up period was 58 months (range, 11 to 90 months). The 

clinical T stages were T1 in 87 (86.1%) patients and T2 in 14 

(13.9%) patients. Laryngeal masses were detected on CT images of 

37 patients (35.8%), which were reconstructed with 2.0 mm sec-

tion thickness. AC involvement was present in 41.6% of patients. 

Thirty-seven patients (36.6%) received a dose above 64.0 Gy of 

irradiation, and five of them were treated with 67.5 Gy/30 frac-

tions. The median OTT was 39 days (range, 37 to 52 days); 75 pa-

tients (74.3%) completed treatment within 43 days. The two 

non-compliant patients were treated for a long period (50 and 52 

days, respectively). They frequently missed treatment fractions vol-

untarily and received 65.25 Gy in 29 fractions, resulting in a pro-

longed OTT. 

The median pretreatment SUVmax of the primary tumor for all 

101 patients was 2.3 (range, 1.1 to 9.1). ROC curve analysis showed 

that the area under the curve (AUC) for LRC was 0.785 (95% confi-

dence interval, 0.673-0.897; p =  0.001). The best cut-off value of 

SUVmax was 3.3, and the sensitivity and specificity were 78.6% 

and 73.6%, respectively (Fig. 1). Thirty-four patients (33.7%) had a 

high SUVmax (≥3.3). The median duration between laryngeal biop-

sy and PET scanning was 12 days (range, 1 to 35 days). There was 

no significant correlation between the biopsy interval to PET and 

SUVmax (p =  0.797), and FDG uptake was not affected by the la-

ryngeal biopsy. 

2. Survival analysis 
The 5-year OS and LRFS rates were 96.9% and 85.4%, respectively 

(Fig. 2). Four patients expired during the follow-up. Only one pa-

tient died of recurrent glottic cancer 13 months after treatment. 

The causes of the deaths of the other three patients were second-

ary primary colon cancer (one patient) and pneumonia (two pa-

tients), respectively, during a period of no evidence of laryngeal 

cancer. Disease failure was observed in 14 patients (13.9%), and all 

relapses were confirmed by biopsy. Thirteen patients (12.9%) expe-

rienced local recurrence, and one patient had a regional lymph 

node recurrence without local failure. After recurrence, they under-

went salvage surgery including 10 total laryngectomies, two laser 

cordectomies, one supracricoid partial laryngectomy for local re-

currence, and one modified radical neck dissection for regional re-
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Fig. 1. Receiver operating characteristic (ROC) curve for the relation-
ship of pretreatment SUVmax with the locoregional control.

100

80

60

40

20

0

100

80

60

40

20

0

O
ve

ra
ll 

su
rv

iv
al

 (%
)

Lo
co

re
gi

on
al

 re
cu

rr
en

ce
-f

re
e 

su
rv

iv
al

 (%
)

Time (mo) Time (mo)
12 1224 2436 3648 4860 6072 7284 8496 96

BA

Fig. 2. (A) Overall survival curve and (B) locoregional recurrence-free survival curves.
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currence. Twelve patients (85.7%) were alive and had no evidence 

of disease after salvage treatment. 

The mean LRFS time was 86.5 months for patients with low SU-

Vmax (<3.3) and 62.0 months for patients with high SUVmax 

(≥3.3) (p <  0.001). Univariate analysis revealed that the significant 

prognostic factors for LRC were clinical T-stage (p =  0.005), high 

SUVmax (≥3.3) (p <  0.001), and OTT (≥43 days) (p =  0.004). The 

Kaplan-Meier survival curves for these prognostic factors are 

shown in Fig. 3. The visible mass on CT images and total treatment 

dose had marginal correlation with LRC (p =  0.081 and p =  0.091, 

respectively). Multivariate analysis showed that high SUVmax 

(≥3.3) was an independent negative prognostic factor (hazard ra-

tio =  5.505, p =  0.020) (Table 2). 

T-stage was the only significant prognostic factor in the univari-

ate analysis for overall survival (p =  0.032). The 5-year OS rates 

were 97.4% and 92.9% for patients with T1 and T2 disease, respec-

tively (Fig. 4A). There was no significant difference in OS between 

the two groups: patients with SUVmax of ≥3.3 and those with SU-

Vmax of <3.3 (p =  0.829) (Fig. 4B).  

Discussion and Conclusion 

This study evaluated the prognostic value of the SUVmax of glottic 

lesions for local control in early glottic cancer. Pretreatment SUV-

max was the only significant independent prognostic factor for re-

currence in RT for early glottic cancer (p <  0.001) (Fig. 3B). This is 

consistent with a report that showed that SUVmax of >3.4 was a 

significant prognostic factor in patients with T1 and T2 glottic can-

cers treated by RT [14]. The 18F-FDG-PET scan was analyzed to de-

termine its prognostic value for various head and neck cancer sub-

types. A previous study reported that PET imaging has no clinical 

benefit for laryngeal cancer [16]; however, several previous reports 

have shown that high FDG uptake (SUVmax >3.4–10.0) is signifi-

cantly associated with local recurrence in head and neck cancers 

[14,17,18]. The results of this study suggest that a higher SUVmax 

is associated with a more aggressive nature and lower RT response 

rate [17]. Kitajima et al. [18] showed that a high nodal SUVmax 

(≥4.0) was a significant factor for progression-free survival (PFS) in 

patients with laryngeal cancer, including advanced stages treated 

with RT with or without chemotherapy. They demonstrated that 

the high primary tumor SUVmax was not correlated with PFS. 

The tumor bulk has been considered an important tumor-related 

prognostic factor in laryngeal cancer and has been proposed to be 

included in the current staging systems for laryngeal cancer 

[19,20]. A previous study reported that disease recurrence in-

creased dramatically up to 26% when the laryngeal mass size was 

more than 15 mm [21]. However, there is concern about the reli-
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Fig. 3. Locoregional recurrence-free survival curves according to (A) 
T-stage, (B) pretreatment SUVmax of 18F-fluorodeoxyglucose positron 
emission tomography (FDG-PET) and (C) overall treatment time (OTT).

ability of objectively measuring tumor volume. Several reports have 

shown significant intra- and interobserver variabilities in laryngeal 

https://doi.org/10.3857/roj.2021.00507300

Donghyun Kim et al.



O
ve

ra
ll 

su
rv

iv
al

 (%
)

O
ve

ra
ll 

su
rv

iv
al

 (%
)

Time (mo) Time (mo)
12 1224 2436 3648 4860 6072 7284 8496 96

p = 0.032 p = 0.835

T1
SUVmax < 3.3

SUVmax ≥ 3.3

T2

Table 2. Univariate and multivariate analysis of factors associated with locoregional recurrence-free survival

Variable
Univariate Multivariate

5-yr rate (%) p-value HR (95% CI) p-value
Age (yr)
 <65 83.3 0.712 -
 ≥65 87.3 -
Sex
 Male 85.0 0.570 -
 Female 100 -
T-stage
 T1 88.7 0.005* 1.858 (0.586–5.890) 0.292
 T2 64.3 -
AC involvement
 Negative 88.7 0.190 -
 Positive 81.0 -
Visible mass on CT
 Negative 90.5 0.081 -
 Positive 76.2 -
FDG uptake (SUVmax)
 <3.3 95.4 <0.001* 5.505 (1.315–23.054) 0.020*
 ≥3.3 65.4 -
Total dose (Gy)
 <64 90.4 0.091 -
 ≥64 76.5 -
Overall treatment time (day)
 <43 91.9 0.004* 1.819 (0.573–5.776) 0.310
 ≥43 67.5 -

AC, anterior commissure; CT, computed tomography; FDG, 18F-fluorodeoxyglucose; HR, hazard ratio; CI, confidence interval.
*p < 0.05.
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Fig. 4. Overall survival curves according to (A) T-stage and (B) pretreatment SUVmax of 18F-fluorodeoxyglucose positron emission tomography 
(FDG-PET).

tumor volume measurements based on CT images [22,23]. They 

suggested that reliable tumor volume measurements could be ob-

tained by a single trained reader. There are still limitations related 

to reproducibility across the measurements by various observers 

from different institutions. In our study, laryngeal masses observed 

on CT images did not help predict the outcome of RT (p =  0.081). 
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Univariate analysis showed a significant correlation between the 

T-stage and local control (p =  0.005); however, multivariate analy-

sis showed no significant prognostic value (p =  0.292). Of the 14 

patients with T2 stages, 10 (71.4%) had a greater SUVmax (≥3.3), 

which showed that SUVmax rather than the T-stage was correlated 

with lower tumor control rates in these patients. Based on an eval-

uation of a larger number of T2 stage patients, the T-stage may 

have independent prognostic values for LRC. There was a signifi-

cant correlation between T-stage and OS, but only one patient with 

T2 stage died of recurrent cancer. A much longer follow-up is re-

quired for better reliability on this result. 

Patients with an OTT of 43 days or more also showed signifi-

cantly lower LRC rates in the univariate analysis (p =  0.004). This 

is in agreement with previous reports [9,24]. A shorter OTT using 

hypofractionation with 2.25 Gy per fraction was associated with 

higher local control rates [9]. In the present study, all patients 

were treated with a daily fraction size of 2.25 Gy. Multivariate 

analysis showed no significant correlation between the OTT and 

DFS (p =  0.310). 

A higher total dose showed a borderline significant association 

with a lower LRC rate in the univariate analysis (p =  0.091). Pa-

tients with a lower radiation response of the tumor were prescribed 

a higher radiation dose because we increased the prescription dose 

above 65 Gy when the gross lesion had remained until the end of 

treatment. There was a significant correlation between a higher 

SUVmax and a higher radiation dose (p =  0.002). Of the 34 pa-

tients with higher SUVmax (≥3.3), 20 (58.8%) required higher ra-

diation doses. On the other hand, only 14 of 67 patients (20.9%) 

with lower SUVmax (<3.3) received doses above 65 Gy. 

Anterior commissure infiltration was reported to be an adverse 

prognostic factor for early glottic cancer [25]. However, there are 

various conflicting reports on this [26,27]. AC is considered a weak 

point for tumor spread because of the lack of thyroid cartilage 

perichondrium to resist tumor invasion [28]. Another suggestion is 

that the air-tissue interface of AC is associated with the risk of un-

derdosing, which may lead to poor coverage by the prescribed dose 

[29]. However, the negative impact of AC involvement could be 

overcome by delivering a fraction dose of more than 2.0 Gy [30]. 

Our study that used 2.25 Gy per fraction also showed no significant 

relationship between AC invasion and LRC (p =  0.190).  

This study was limited by its retrospective design performed at a 

single institution and the varied time intervals between the laryn-

geal biopsy and PET scan. Further prospective controlled studies 

with more patients are needed to confirm the results of this study. 

Nevertheless, our results suggest that a high SUVmax (≥3.3) in pa-

tients with early glottic cancer treated with primary RT showed a 

lower disease control rate. Therefore, alternative treatment strate-

gies such as concurrent chemoradiotherapy should be considered 

for these patients.  
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