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ABSTRACT

Purpose: To quantify medical costs of an 18F-Fluorodeoxyglucose Positron Emission Tomography 

(18F-FDG PET) based diagnostic strategy in patients with suspected recurrent laryngeal cancer with 

prior definitive (chemo-)radiotherapy. 

Methods: REcurrent LAryngeal carcinoma PET Study (RELAPS), a prospective multicenter 

randomized controlled trial, recruited 150 patients from eight collaborating centers, members 

of the Dutch Head and Neck Society, and one Belgian center. Diagnostic algorithms comprised 

conventional work-up (CWU), direct laryngoscopy with biopsy under general anesthesia, and 
18F-FDG PET followed by laryngoscopy, only for positive or equivocal findings. Standard reference 

comprised histopathology and clinical follow-up at 6- and 12-months, respectively. Health 

outcomes were diagnostic performance and percentage of unnecessary procedures. Dutch 

healthcare perspective was used to obtain input parameters from hospital databases, patient 

records, literature and publicly available sources. 

Results: Indication for direct laryngoscopy was classified unnecessary in 49 CWU patients [68%, 

95%CI: 56-79] compared to 21 PWU patients [28%, 95%CI: 18-40, p<0.0001]. The absolute 

difference was 40%. PWU had a sensitivity of 96% [95%CI, 78-100], specificity of 59% [95%CI, 

44-72], a PPV of 52% [95%CI, 37-68] and a NPV of 97% [95%CI, 83-100]. At 12-months, total 

mean medical costs per patient for PWU and CWU were €12,670 and €13,776, respectively. 

An incremental cost advantage of €1,105 was achieved in favor of PWU (at 6-months; €482). 

Sensitivity analysis showed that the most influential parameters were hospitalization, operations 

and the cost of PET. 

Conclusions: The PWU-based diagnostic work-up is favorable from clinical and economic 

perspectives in patients with suspected recurrent laryngeal cancer after radiotherapy. 
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INTRODUCTION

Laryngeal cancer is the most frequently diagnosed squamous cell carcinoma of the head and 

neck. Early stage laryngeal carcinomas are often treated with radiotherapy. In the past three 

decades, treatment paradigm for patients with advanced stage laryngeal carcinoma has shifted 

from surgery to radiotherapy with or without chemotherapy, and salvage in reserve for eventual 

residual or recurrent disease (1,2). Clinically, differentiation between recurrent disease and effects 

after radiation is often difficult. Conventionally, direct laryngoscopy with biopsy under general 

anesthesia has been the preferred method for detecting recurrent disease. However, biopsy 

may exacerbate post-radiation changes (such as edema, radionecrosis and fibrosis) and initiate 

infection (2-4). Approximately, 50% of patients with severe edema or necrosis after radiotherapy 

are shown to have recurrence (4). Precise selection based on noninvasive techniques is essential 

to reduce the number of unnecessary direct laryngoscopy practices. Imaging modalities that rely 

solely on morphologic criteria, such as computed tomography (CT) or (conventional) magnetic 

resonance imaging (MRI), have limited accuracy. Whilst, 18F-Fluorodeoxyglucose (18F-FDG) Positron 

Emission Tomography (PET) with or without CT has shown to have a promising role in the diagnosis 

of recurrent laryngeal cancer (5-8).

REcurrent LAryngeal carcinoma PET Study (RELAPS), a prospective multicenter randomized 

controlled trial, was conducted from 2005 until 2009 to assess the implementation of 18F-FDG 

PET in the diagnostic work-up of patients suspected of recurrent laryngeal carcinoma treated with 

radiotherapy (3,9). The RELAPS trial, designed in collaboration with the Dutch Head and Neck 

Society, compared conventional work-up (CWU), direct laryngoscopy with biopsy under general 

anesthesia, with the 18F-FDG PET work-up (PWU), direct laryngoscopy only for positive or equivocal 

PET findings. 

The assessment of expensive medical technologies is increasingly important to inform stakeholder 

and future investment decisions. The aim of our study was to quantify the potential health 

benefits and cost consequences of introducing 18F-FDG PET as a non-invasive selection tool (for 

direct laryngoscopy) in the diagnostic work-up of patients with suspected recurrent laryngeal 

cancer after radiotherapy. 
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MATERIALS AND METHODS

Patients

Eligible to participate were patients of ≥18 years, with suspected residual or recurrent local disease 

after (chemo-) radiotherapy with curative intent, for stage T2-T4 laryngeal cancer. 150 patients 

were randomly assigned from eight collaborating centers of the Dutch Head and Neck Society, and 

one Belgian hospital (seven university and two community/categorical hospitals). Stratification of 

patients was performed based on the treating institute, tumor stage and smoking status. Table 

I depicts baseline characteristics of the patients included in the study. Exclusion criteria were 

<2 months interval between radiotherapy and suspicion of recurrence, pregnancy, lactation 

and clinically evident recurrence. The independent ethics committees, in the Netherlands and 

Belgium, approved the study protocol. All patients provided written informed consent. Further 

details of the clinical study are presented elsewhere (9).

Diagnostic Algorithms

In the PET work-up (PWU), patients underwent 18F-FDG PET scans within two weeks following 

inclusion. Patients fasted six hours before each scan. Head and neck acquisition started one hour 

after injection of 370MBq 18F-FDG. Focally enhanced PET uptake other than physiological uptake 

was interpreted as recurrent laryngeal cancer. The larynx was assessed for degree of abnormal 

uptake, anatomical confidence, site and side, which resulted in a three-point scale: negative (no 

recurrence), equivocal or positive (local recurrence) (9). In the event of a positive or equivocal 

finding, direct laryngoscopy under general anesthesia with or without biopsy was performed. If the 

biopsy indicated recurrent disease, the patient was scheduled for laryngectomy. A negative 18F-FDG 

PET scan was followed by a minimum period of three months without additional investigation, 

unless clinical signs and symptoms progressed. Results were compared with the true lesion status 

obtained by histopathology or at 6- and 12-months clinical follow-up, respectively. As in all clinical 

studies concerned with diagnostic techniques: true-positive (TP), false-positive (FP), true-negative 

(TN), and false-negative (FN) outcomes were assessed. In the conventional work-up (CWU), if the 

biopsy showed recurrent disease, the patient was scheduled for laryngectomy. If there was no 

recurrent disease (negative biopsy), the patient was evaluated every 4-8 weeks (depending on the 

local preference) for the duration of clinical follow-up. 

Outpatient clinic visits, hospital admissions, operative procedures, additional imaging, histological 

recurrence of tumor, the results of any surgical procedure and death were documented during the 

follow-up period. The primary endpoint was the number of unnecessary direct laryngoscopy with 

or without biopsy, which was defined as tumor-negative laryngoscopy, as well as 6- and 12-months 

absence of local recurrence (9). Sensitivity, specificity, positive and negative predictive values  

were reported. 
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Table 1. Patient and disease characteristics of the RELAPS randomized trial (Intention-To-Treat).

Patient and Disease Characteristics

Parameter CWU (n=74) 18F-FDG PET (n=76) 

Age (%)                               

Median (range) 60 (40-81) 64 (39-90)

<65yr 52 (70%) 38 (50%)

≥65yr 22 (30%) 38 (50%)

Sex (%)                                

Female 16 (22%) 16 (21%)

Male 58 (78%) 60 (79%)

Primary Tumor Site (%)                               

Supraglottic 39 (53%) 43 (57%)

Glottic 34 (46%) 33 (43%)

Subglottic 1 (1%)  -

Primary Tumor Stage (%)                           

T2 43 (58%) 44 (58%)

T3 27 (37%) 25 (33%)

T4 4 (5%) 7 (9%)

Primary Node Stage (%)                               

N0 60 (81%) 61(80%)

N1 6 (8%) 6 (8%)

N2a - -

N2b 2 (3%) 3 (4%)

N2c 6 (8%) 6 (8%)

N3 - -

Prior Treatment (%)                                

Radiotherapy 70 (95%) 72 (95%)

Chemo-radiotherapy 4 (5%) 4 (5%)

Abbreviations: CWU: conventional strategy; PWU: 18F-FDG PET-based strategy

Cost analysis 

The RELAPS trial database was reviewed by two investigators (RZ, SG) to collect detailed information 

for the cost analysis. The reported period of 6- and 12-months after randomization were analyzed. 

The components of care were quantified by three distinct categories: initial diagnosis, subsequent 

assessment-treatment and follow-up.  Total medical costs attributable to each cost component 

were calculated. Costs of hospitalization (inpatient care episode) were calculated as the per diem 

prices multiplied by the length of stay (10). Outpatient costs were assigned based on visits to 

hospital. A list of major unit prices and their sources is presented in supplementary table 1. All 

medical costs, hospital days, daycare treatment, outpatient visits, medical procedures, diagnostic 
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tests, surgical interventions and (re-) irradiation were expressed in 2014 Euros. Where necessary, 

costs were adjusted to 2014 values using consumer price index (11). Costs were presented with 

mean, median, standard deviation, standard error and 95% confidence intervals. The analysis was 

conducted from the Dutch healthcare perspective (12).

Sensitivity Analysis 

The impact of various input parameters was examined by one-way sensitivity analysis. The ranges 

for sensitivity, specificity and recurrence were based on 95% confidence intervals (CI). All cost 

items, including the input value of PET were varied ±50%. 

Statistical Analysis

Mean medical costs per patient were calculated. Standard error and 95%CI of the mean were 

calculated by non-parametric bootstrap analysis based on 1000 samples. For continuous variables, 

comparisons between groups were performed using the Mann-Whitney U test. A p-value <0.05 

was considered statistically significant.  (SPSS Statistics Version 22.0. Armonk, New York: IBM 

Corp., USA).

Fig. 1. Schematic representation of patient randomization (per protocol).
Abbreviations: PWU: Positron Emission Tomography Work-Up; PV: Protocol Violation; N: Number of Patients; 
CWU: Conventional Work-Up; TP: True Positive; FP: False Positive, TN: True Negative; FN: False Negative  
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Supplementary Table 1. Unit Costs (2014 Euros). 

Unit Costs (2014 Euros)

 Value Source 

Diagnostics   

PET¹ scan whole-body € 1,163 Dutch Healthcare Authority

PET scan partial € 856 Dutch Healthcare Authority

Laryngoscopy with biopsy € 531 VU University Medical Center 

Operations/Treatment   

Laryngectomy/Pharyngectomy € 4,361 VU University Medical Center 

Hemithyroidectomy € 1,676 VU University Medical Center 

Total Strumectomy € 3,846 VU University Medical Center 

Neck Dissection (MR) ² € 5,134 VU University Medical Center 

Neck Dissection (S)³ € 1,998 VU University Medical Center 

Reconstruction (FRFF)4 € 2,313 VU University Medical Center 

Reconstruction (PMMF)5 € 6,230 VU University Medical Center 

Reirradiation € 3,794 VU University Medical Center

Hospital-related/Other   

Inpatient Day € 632 Dutch Healthcare  Institute

Intensive Care Day  € 2,400 Dutch Healthcare  Institute

Outpatient Visit € 142 Dutch Healthcare Institute

Daycare Treatment € 276 Dutch Healthcare Institute

Consultation by telephone € 15 Dutch Healthcare Institute

Other Imaging    

X-Thorax € 56 Dutch Healthcare Authority

CT6 € 217 Dutch Healthcare Authority

MRI7 € 278 Dutch Healthcare Authority

US8 € 86 Dutch Healthcare Authority

All values are reported in 2014 Euros. Decimal digits were rounded to the nearest whole number.

1Positron Emission Tomography 

2Modified Radial 

3Selective 

4Free Radial Forearm Flap 

5Pectoralis Major Myocutaneous Flap 

6Computed Tomography

7Magnetic Resonance Imaging
8 Ultrasound
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Supplementary Table 2. 18F-FDG PET diagnostic performance results (12 months & 6 months). 

18F-FDG PET 12 months Value 95% CI

Sensitivity 95.83% 78.88% to 99.89%

Specificity 58.82% 44.17% to 72.42%

Positive Likelihood Ratio 2.33 1.66 to 3.26

Negative Likelihood Ratio 0.07 0.01 to 0.49

Disease Prevalence 32.00% 21.69% to 43.78%

Positive Predictive Value 52.27% 36.69% to 67.54%

Negative Predictive Value 96.77% 83.30% to 99.92%

18F-FDG PET 6 months Value 95% CI

Sensitivity 95.65% 78.05% to 99.89%

Specificity 57.69% 43.20% to 71.27%

Positive Likelihood Ratio 2.26 1.63 to 3.14

Negative Likelihood Ratio 0.08 0.01 to 0.52

Disease Prevalence 30.67% 20.53% to 42.38%

Positive Predictive Value 50.00% 34.56% to 65.44%

Negative Predictive Value 96.77% 83.30% to 99.92%

RESULTS

Clinical outcomes

Based on the RELAPS trial protocol (CWU N=72, PWU N=75), at 6 months follow-up, indication 

for direct laryngoscopy was classified unnecessary in 51 CWU patients [71%, 95%CI: 59-81] 

compared to 22 PWU patients [29%, 95%CI: 19-41, p<0.0001]. The absolute difference between 

two groups was 42%. PWU group had a sensitivity of 96% [95%CI, 78-100], specificity of 58% 

[95%CI, 43-71], a positive predictive value (PPV) of 50% [95%CI, 35-65] and a negative predictive 

value (NPV) of 97% [95%CI, 83-100]. At 12 months follow-up, indication for direct laryngoscopy 

was classified unnecessary in 49 CWU patients [68%, 95%CI: 56-79] compared to 21 PWU patients 

[28%, 95%CI: 18-40, p<0.0001]. The absolute difference between two groups at 12 months was 

40%. PWU group had a sensitivity of 96% [95%CI, 78-100], specificity of 59% [95%CI, 44-72], a 

PPV of 52% [95%CI, 37-68] and a NPV of 97% [95%CI, 83-100]. Supplementary table II depicts 

diagnostic performance results of the 18F-FDG PET in the study.  Overall, one patient had a negative 
18F-FDG PET scan but proven recurrence (FN). TN findings (n=30) changed the patient management 

profoundly by reducing the number of unnecessary operations and procedures. The number of 

tumor recurrences was similar in both groups: 45 patients [30%; 21 CWU, 24 PWU] at 6 months 

and 48 patients [32%; 23 CWU, 25 PWU] at 12 months. 

However, when equivocal results were considered negative (no recurrent disease), the sensitivity, 

specificity, PPV and NPV (at 12 months) were 92%, 78%, 67% and 95%, respectively. 
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Fig. 2. Distribution of total (mean) medical costs among PWU and CWU patients.
Abbreviations: PWU: Positron Emission Tomography Work-Up; CWU: Conventional Work-Up; TP: True Positive; 
FP: False Positive, TN: True Negative; FN: False Negative; Dx: Initial Diagnosis; SA & Rx: Subsequent Assessment 
& Treatment; FU: Follow-up 

Health economic outcomes

Total mean medical costs per patient at 6 months follow-up were €11,302 and €11,784 for 

PWU and CWU, respectively. At 12 months follow-up, total mean medical costs per patient for 

PWU and CWU amounted to €12,670 and €13,776, respectively. Table II depicts mean medical 

costs at 12-month follow-up with standard error and 95%CI based on 1000 bootstrap samples. 

Supplementary table III depicts mean medical costs at 6-month clinical follow-up. The incremental 

cost difference resulted in an overall cost advantage of (in favor of PWU) €482 and €1,105, for 

6- and 12-months follow-up, respectively. The most influential parameters were hospitalization, 

operations and the cost of PET. In order to fully assess the value of a medical technology and 

provide recommendations for stakeholders, the effectiveness measure of two interventions would 

ideally include patient reported preferences; namely quality-of-life (QoL).  In our study, the primary 

health outcome measure was the number of unnecessary indications for direct laryngoscopy in the 
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PWU compared to the CWU. Although QoL scores were collected at three time points during the 

trial (randomization, three-weeks and six-months), no significant differences were observed within 

and between groups. Hence, QoL as a health measure may not be sensitive (enough) to capture 

differences per groups (and subgroups) of laryngeal cancer patients in this setting (unpublished 

data). However, the mean QoL score at baseline (at randomization), for laryngeal cancer patients 

with clinical suspicion of recurrence after radiotherapy was 0.696 (unpublished data). This baseline 

QoL score may serve as a reference for future evaluations of cost-utility analysis in this context.  

Sensitivity analyses

The following parameters were varied in one-way sensitivity analyses: 95% CI for sensitivity, 

specificity, recurrence and ±50% for cost parameters (operations, hospitalization, PET imaging). 

The results of the sensitivity analyses are presented in table III.  In the RELAPS randomized trial, 

recurrence was 32% [95%CI, 22-44]. The probability of recurrence analyzed in our study was 

plausible, when previous studies were considered (13).  The results of the sensitivity analysis 

suggest that the higher the probability of clinically evident recurrence, the lower the (cost-

effective) value of introducing 18F-FDG PET in this setting. In our study, the weighted average value 

of PET was € 954. This weighted average was calculated by multiplying the proportion of whole-

body PET scans (32%) and partial PET scans (68%) with their corresponding cost proxies obtained 

from the Dutch Healthcare Authority (14). 

Moreover, we assessed equivocal findings of the RELAPS trial based on three scenarios (at 

12-months). In the first scenario, all 18F-FDG PET equivocal findings were considered negative (no 

recurrent disease). In this case, the absolute difference of unnecessary operations and procedures 

avoided between PWU and CWU increased to 52%. In the second scenario, PET equivocal findings 

were considered positive (local recurrence) and all deceased patients at the end of the follow-up 

period were assumed to have had recurrent disease. In this second case, the absolute difference 

of unnecessary operations and procedures avoided between PWU and CWU was 40%. Lastly, in 

the third scenario, 18F-FDG PET equivocal findings were considered positive (local recurrence) but 

all deceased patients at the end of the follow-up period were assumed to have died from other 

causes. In this scenario, the absolute difference of unnecessary procedures avoided between PWU 

and CWU decreased to 23%. In all of the examined scenarios, PWU was the favorable strategy 

compared to CWU. 
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Table 2 (a). 18F-FDG PET work-up Mean Medical Costs (2014 Euros, 12 months). 

Mean Medical Costs (12 months) 2014 Euros

18F-FDG PET work-up

PET True Positive (12 months) N=23 Mean  Medical 
Costs

Bootstrap

SE
95% Confidence Interval
Lower Upper

Initial Diagnosis
Mean € 1,711.30 € 93.11 € 1,555.92 € 1,928.67
SD € 449.44 € 164.49 € 190.90 € 709.63

Subsequent Assessment & 
Treatment

Mean € 22,041.09 € 3,865.69 € 14,622.50 € 30,044.80
SD € 18,530.13 € 3,423.46 € 11,300.97 € 24,318.27

Follow-up
Mean € 3,276.96 € 978.68 € 1,498.95 € 5,257.41
SD € 4,902.59 € 1,305.46 € 1,832.12 € 6,925.50

Total Costs
Mean € 27,029.43 € 4,091.72 € 19,266.10 € 35,356.45
SD € 19,881.10 € 3,393.67 € 12,709.08 € 25,893.29

PET False Positive (12 months) 
N=21

Mean Medical 
Costs

Bootstrap

SE
95% Confidence Interval
Lower Upper

Initial Diagnosis
Mean € 1,731.52 € 66.48 € 1,594.43 € 1,855.16
SD € 310.39 € 46.14 € 213.52 € 387.12

Subsequent Assessment & 
Treatment

Mean € 2,319.00 € 399.59 € 1,534.05 € 3,102.76
SD € 1,867.17 € 304.51 € 1,144.98 € 2,352.13

Follow-up
Mean € 3,218.19 € 1,352.58 € 1,045.68 € 6,174.94
SD € 6,468.59 € 2,334.57 € 1,265.21 € 9,662.01

Total Costs
Mean € 7,268.90 € 1,415.96 € 4,960.70 € 10,473.43
SD € 6,730.13 € 2,296.26 € 2,192.88 € 10,065.57

PET True Negative (12 months) 
N=30

Medical Costs Bootstrap

SE
95% Confidence Interval
Lower Upper

Initial Diagnosis
Mean € 1,221.07 € 65.14 € 1,097.24 € 1,347.73
SD € 357.15 € 48.09 € 257.33 € 439.34

Subsequent Assessment & 
Treatment

Mean € 1,413.77 € 453.12 € 596.48 € 2,387.59
SD € 2,571.11 € 686.89 € 1,174.76 € 3,667.81

Follow-up
Mean € 2,731.80 € 1,440.77 € 617.29 € 5,902.26
SD € 7,989.27 € 3,316.13 € 352.43 € 12,705.30

Total  Costs
Mean € 5,366.73 € 1,827.82 € 2,489.07 € 9,320.27
SD € 10,184.09 € 3,970.61 € 1,389.02 € 16,214.43

PET False Negative (6mo) N=1 Medical Costs

Initial Diagnosis € 3,287.10

Subsequent Assessment & 
Treatment

€ 7,237.56

Follow-up € 4,421.91

Total Costs € 14,946.57

Table 2 (b). Conventional work-up Mean Medical Costs (2014 Euros, 12 months). 
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Mean Medical Costs (12 months) 2014 Euros

Conventional work-up      

CWU True Positive (12 months) N=23 Mean 
Medical Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 877.30 € 84.14 € 715.70 € 1,038.91

SD € 411.58 € 45.93 € 304.14 € 479.15

Subsequent Assessment & 
Treatment

Mean € 26,144.83 € 3,080.67 € 20,602.63 € 32,319.14

SD € 14,891.37 € 1,877.74 € 10,606.57 € 18,147.91

Follow-up
Mean € 4,319.17 € 1,127.28 € 2,373.43 € 6,929.31

SD € 5,609.83 € 1,451.97 € 2,510.00 € 7,876.47

Total Costs
Mean € 31,341.30 € 3,554.53 € 25,091.42 € 38,719.69

SD € 17,227.77 € 2,472.18 € 11,866.26 € 21,258.29

CWU False Positive (12 months) N=49 Mean 
Medical Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 747.73 € 49.26 € 650.48 € 845.27

SD € 358.15 € 57.29 € 251.59 € 473.73

Subsequent Assessment & 
Treatment 

Mean € 3,464.98 € 802.46 € 2,139.36 € 5,258.74

SD € 5,754.57 € 1,842.63 € 1,523.49 € 8,649.28

Follow-up
Mean € 1,317.57 € 294.05 € 824.69 € 1,973.85

SD € 2,074.57 € 629.90 € 865.45 € 3,166.97

Total Costs
Mean € 5,530.35 € 1,074.13 € 3,724.95 € 7,929.64

SD € 7,631.92 € 2,329.62 € 2,410.84 € 11,407.36

Table 3 (a). One-way sensitivity analysis (per protocol, PWU N=75, CWU N=72) (12 months). 

SENSITIVITY Total PWU/patient Total CWU/patient ∆ (PWU-CWU)

(95% CI) 78% € 12,026 € 13,775 -€ 1,749

96% € 12,670 € 13,775 -€ 1,105

(95% CI) 100% € 12,831 € 13,775 -€ 944

SPECIFICITY Total PWU/patient Total CWU/patient ∆ (PWU-CWU)

(95% CI) 44% € 12,873 € 13,775 -€ 902

59% € 12,670 € 13,775 -€ 1,105

(95%CI) 72% € 12,442 € 13,775 -€ 1,333

RECURRENCE Total PWU/patient Total CWU/patient ∆ (PWU-CWU)

(95%CI) 22% € 10,725 € 13,775 -€ 3,051

32% € 12,670 € 13,775 -€ 1,105

(95%CI) 44% € 15,168 € 13,775 € 1,393
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Table 3 (b). One-way sensitivity analysis: Influential Cost Drivers (per protocol) (12 months). 

PET Costs PWU (per patient) Costs CWU (per patient) ∆ (PWU-CWU)

(+)50% € 13,147 € 13,775 -€ 628

(-)50% € 12,193 € 13,775 -€ 1.582

Operations Costs PWU (per patient) Costs CWU (per patient) ∆ (PWU-CWU)

(+)50% € 13,261 € 14,628 -€ 1,367

(-)50% € 12,080 € 12,923 -€ 843

Hospitalization Costs PWU (per patient) Costs CWU (per patient) ∆ (PWU-CWU)

(+)50% € 17,118 € 18,741 -€ 1,623

(-)50% € 8,223 € 8,810 -€ 587

DISCUSSION

In the treatment paradigm of laryngeal cancer, randomized control trials that investigate the 

potential clinical and economic benefits of expensive diagnostic technologies are scarce. REcurrent 

LAryngeal carcinoma PET Study (RELAPS), was conducted to assess the application of 18F-FDG PET in 

the diagnostic work-up of patients suspected of recurrent laryngeal carcinoma previously treated 

with radiotherapy. A diagnostic imaging technique is considered effective; if it provides more 

accurate data than existing modalities, improves patient management and contributes to better 

impact on health at a reasonable cost. Our study shows that 18F-FDG PET diagnostic work-up can 

successfully tailor laryngeal cancer patients with suspected recurrence to necessary procedures. 

Our results also show that total mean medical costs were lower in the PWU compared to CWU due 

to an overall reduction of unnecessary procedures, mainly hospitalization. The robustness of our 

results were confirmed by sensitivity analyses. 

Previous studies have reported the health economic impact of introducing 18F-FDG PET in 

laryngeal cancer patients suspected of recurrence (15,16).  These studies indicated that 18F-FDG 

PET was a cost-effective tool in selecting patients for direct laryngoscopy with biopsy under 

general anesthesia. However, these studies were limited in scope due to limited sample size and 

retrospective design. By means of a larger sample size and a prospective study design, the RELAPS 

randomized trial corroborates the existing evidence that 18F-FDG-PET is potentially cost-effective 

in detecting recurrent laryngeal carcinoma after radiotherapy. 

In our study, the diagnostic performance of 18F-FDG-PET was in accordance with published 

literature in this context (5,6,17). In the RELAPS randomized trial only one patient was identified 

as false negative (FN) at the end of the follow-up period. FN finding was defined as an incorrectly 

categorized patient with no local recurrence, while recurrent disease was present. This patient had 

a negative PET scan and a positive CT scan and underwent direct laryngoscopy with biopsy within 

the first month of evaluation. 
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Supplementary Table 3 (a). 18F-FDG PET work-up Mean Medical Costs (2014 Euros, 6 months). 

Mean Medical Costs (6 months) 2014 Euros
18F-FDG PET work-up      

PET True Positive (6months) N=22 Mean Medical 
Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 1,828.23 € 67.94 € 1,694.87 € 1,961.04

SD € 323.01 € 37.78 € 238.51 € 379.66

Subsequent Assessment & 
Treatment

Mean € 19,638.32 € 3,192.37 € 13,783.04 € 26,248.40

SD € 15,555.65 € 2,533.40 € 10,736.51 € 20,259.20

Follow-up
Mean € 2,920.91 € 986.19 € 1,238.90 € 5,031.01

SD € 4,683.89 € 1,202.08 € 1,885.28 € 6,410.26

Total Costs
Mean € 24,387.41 € 3,375.51 € 18,094.44 € 31,310.14

SD € 16,560.86 € 2,223.57 € 11,915.64 € 20,560.29

PET False Positive (6months) N=22 Mean Medical 
Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 2,048.09 € 112.84 € 1,829.44 € 2,289.86

SD € 552.82 € 100.38 € 328.98 € 712.94

Subsequent Assessment & 
Treatment

Mean € 2,865.32 € 920.26 € 1,453.53 € 5,011.61

SD € 4,500.28 € 1,893.84 € 1,107.41 € 7,126.69

Follow-up
Mean € 2,038.14 € 766.71 € 673.46 € 3,639.37

SD € 3,667.45 € 1,098.44 € 1,222.28 € 5,240.82

Total Costs
Mean € 6,951.50 € 1,313.13 € 4,684.15 € 9,758.03

SD € 6,271.25 € 1,912.85 € 2,254.70 € 9,167.57

PET True Negative (6months) N=30 Mean Medical 
Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 1,252.60 € 91.83 € 1,067.01 € 1,435.88

SD € 515.93 € 62.79 € 366.63 € 614.97

Subsequent Assessment & 
Treatment

Mean € 1,139.57 € 437.92 € 420.49 € 2,130.30

SD € 2,475.27 € 733.70 € 995.87 € 3,616.65

Follow-up
Mean € 2,463.23 € 1,400.75 € 364.98 € 5,654.77

SD € 7,970.51 € 3,270.43 € 208.34 € 12,399.48

Total Costs
Mean € 4,855.30 € 1,794.71 € 2,141.53 € 8,912.11

SD € 10,221.51 € 3,939.07 € 1,487.48 € 15,957.07

PET False Negative (6months) N=1  Medical Costs

Initial Diagnosis € 3,039.73

Subsequent Assessment & Treatment € 5,689.56

Follow-up € 3,854.61

Total Costs € 12,583.89
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Supplementary Table 3 (b). Conventional work-up Mean Medical Costs (2014 Euros, 6 months). 

Mean Medical Costs (6 months) 2014 Euros

Conventional work-up      

CWU True Positive (6mo) N=21 Mean Medical 
Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 874.67 € 117.00 € 672.72 € 1,115.38

SD € 554.81 € 137.55 € 285.78 € 771.62

Subsequent Assessment & 
Treatment

Mean € 24,936.43 € 3,307.16 € 18,526.47 € 31,757.26

SD € 15,178.59 € 2,037.49 € 10,561.64 € 18,308.74

Follow-up
Mean € 2,714.95 € 854.35 € 1,162.88 € 4,546.71

SD € 4,020.92 € 897.35 € 1,547.32 € 5,191.68

Total Costs
Mean € 28,526.05 € 3,451.19 € 22,162.41 € 35,597.83

SD € 15,690.98z € 1,878.44 € 11,428.46 € 18,664.85

CWU False Positive (6mo) N=51 Mean Medical 
Costs

Bootstrap

SE
95% Confidence Interval

Lower Upper

Initial Diagnosis
Mean € 822.18 € 64.08 € 698.33 € 954.35

SD € 456.97 € 39.12 € 365.59 € 524.34

Subsequent Assessment & 
Treatment

Mean € 3,014.35 € 722.80 € 1,833.48 € 4,643.61

SD € 5,370.57 € 1,742.96 € 1,358.94 € 8,093.71

Follow-up
Mean € 1,055.02 € 284.09 € 584.39 € 1,702.17

SD € 2,064.91 € 596.94 € 886.22 € 3,070.20

Total Costs
Mean € 4,891.57 € 957.98 € 3,329.90 € 6,981.82

SD € 7,081.50 € 2,116.19 € 2,107.98 € 10,500.23

There are a few aspects of our study that deserve attention. The results of the RELAPS trial indicate 

that 18F-FDG PET can reliably rule out recurrence in patients with a low pre-test probability of 

the disease. Overall, this observation may suggest that the higher the probability of recurrence, 

the lower the value of introducing PET in this setting.  Hence, when recurrent tumor is clinically 

evident, selection for direct laryngoscopy by PET is not recommended.

Acquisition costs and daily use of PET scans are important determinants of unit cost calculations 

(18). In our analysis, although the input value of PET was obtained as a proxy, it was varied in 

sensitivity analysis. The results of the sensitivity analysis showed that the conclusions of this study 

were robust. Furthermore, a recent study in the Netherlands reported that the unit cost of 18F-FDG 

PET for head and neck cancer patients was € 1,172 per scan. This reported unit price falls within 

the range of our cost calculations (19). 
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Pharmacoeconomic guidelines recommend using a time horizon that allows inclusion of all 

relevant costs and effects (20). Although the longest duration of follow-up was 12-months in 

our study, consideration of a longer time horizon would not alter the conclusions. A longer time 

horizon carries the risk of diagnosing second primary tumors (9,21,22). Hence, local recurrence 

based differences in costs and effects based on correct diagnosis of the primary tumor were the 

main objectives of our analyses. 

Hustinx et al. have shown that post-radiotherapy 18F-FDG PET findings have high negative predictive 

value (NPV) and are significant prognostic factors that can help in guiding the management of 

head and neck patients after definitive treatment (23). Although PET imaging may have a role 

in prognosis, our study did not consider the potential health impact and cost-consequences of 

improved patient selection on survival. 

Finally, one could argue that the diagnostic performance results of 18F-FDG PET versus 18F-FDG PET/

CT scans may differ. It has been documented that PET/CT provides better localization of increased 

tracer uptake and reduces the number of equivocal PET findings in various settings (7,8,24,25). 

However, a meta-analysis showed that there was no significant difference between diagnostic 

accuracy of PET versus PET/CT in post-treatment response assessment and surveillance imaging of 

head and neck cancer patients (17). Similarly, in the subgroup analysis of the RELAPS trial, 18F-FDG 

PET (35%, 95%CI: 23-49) and 18F-FDG PET/CT (14%, 95%CI: 3-36) results were not significantly 

different (p=0.13). Although this subgroup was small, our findings were based on the overall 

diagnostic performance results reported in the clinical trial (9).

CONCLUSION

The 18F-FDG PET based diagnostic work-up is favorable from both clinical and economic perspectives 

in laryngeal cancer patients with suspected recurrence after radiotherapy.
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