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Abstract

Purpose To evaluate the prognostic value of '*F-FDG PET-
CT performed in the third week (iPET) of definitive radiation
therapy (RT) in patients with newly diagnosed locally ad-
vanced mucosal primary head and neck squamous-cell-
carcinoma (MPHNSCC).

Methodology Seventy-two patients with MPHNSCC treated
with radical RT underwent staging PET-CT and iPET. The
maximum standardised uptake value (SUV,,.,), metabolic tu-
mour volume (MTV) and total lesional glycolysis (TLG) of
primary tumour (PT) and index node (IN) [defined as lymph
node(s) with highest TLG] were analysed, and results were
correlated with loco-regional recurrence-free survival (LRFS),
disease-free survival (DFS), metastatic failure-free
survival MFFS) and overall survival (OS), using Kaplan-
Meier analysis.
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Results Optimal cutoffs (OC) were derived from receiver op-
erating characteristic curves: SUV ..p7=4.25 g/mL,
MTVpr=3.3 cm?®, TLGpr=9.4 g, for PT, and SUV yuein=
4.05 g/mL, MTVy=1.85 cm® and TLGy=7.95 g for IN.
Low metabolic values in iPET for PT below OC were associ-
ated with statistically significant better LRFS and DFS. TLG
was the best predictor of outcome with 2-year LRFS 0f92.7 %
vs. 71.1 % [p=0.005, compared with SUV ,.x (p=0.03) and
MTV (p=0.022)], DFS 0f 85.9 % vs. 60.8 % [p=0.005, com-
pared with SUV, ., (p=0.025) and MTV (p=0.018)], MFFS
of 85.9 % vs. 83.7 % [p=0.488, compared with SUV ... (p=
0.52) and MTV (p=0.436)], and OS of 81.1 % vs. 75.0 % [p=
0.279, compared with SUV .« (p=0.345) and MTV (p=
0.512)]. There were no significant associations between the
percentage reduction of primary tumour metabolic parameters
and outcomes. In patients with nodal disease, metabolic pa-
rameters below OC (for both PT and IN) were significantly
associated with all oncological outcomes, while TLG was
again the best predictor: LRFS of 84.0 % vs. 55.3 % (p=
0.017), DFS 0f 79.4 % vs. 38.6 % (p=0.001), MFFS 86.4 %
vs. 68.2 % (p=0.034) and OS 80.4 % vs. 55.7 % (p=0.045).
Conclusion The metabolic parameters of iPET can be useful
predictors of patient outcome and potentially have a role in
adaptive therapy for MPHNSCC. Among the three parame-
ters, TLG was found to be the best prognostic indicator of
oncological outcomes.

Keywords Head and neck cancer - Prognostic value - FDG
PET CT - Adaptive radiotherapy - Metabolic parameters
Introduction

The loco-regional control of mucosal primary head and neck
squamous cell carcinoma (MPHNSCC) has improved
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significantly using primary radiation therapy (RT) and concur-
rent systemic therapy [1]. However, these treatments are asso-
ciated with significant long-term toxicity, which can have a
lasting impact on quality of life [2]. Frequently recurrences
occur within the initial gross tumour volume [3], and strate-
gies that can better identify tumour radioresistance and selec-
tion of appropriate treatment intensification may improve
outcomes.

2-[18F] fluoro-2-deoxy-D-glucose positron emission
tomography-computed tomography (FDG PET-CT) has an
established role in assessment of treatment outcome after com-
pletion of organ-preserving chemo-RT for locally advanced
MPHNSCC. This is usually performed at 3 to 4 months after
completion of treatment with high negative predictive value
and low to moderate positive predictive value for tumour re-
currence [4]. Obtaining FDG PET-CT at an earlier time point
can result in poorer specificity due to treatment-related inflam-
mation. Research evaluating the role of FDG PET-CT in
assessing early treatment response during RT is limited to
small studies with mixed results [5—8].

The maximum standardised uptake value (SUV ,.) has
been the most commonly used PET metabolic parameter for
staging and monitoring of treatment response. More novel
parameters being assessed include the metabolic tumour vol-
ume (MTV) and total lesional glycolysis (TLG). These mea-
surements provide volumetric information on glucose metab-
olism of the tumour. A recent meta-analysis reported that
MTV and TLG from staging FDG PET-CT are additional
and independent prognostic indicators for patients with
MPHNSCC [9]. There is no published data evaluating the role
of MTV or TLG during RT for MPHNSCC. Furthermore,
there is no study to date that has reported the prognostic value
of the nodal disease during RT in MPHNSCC.

This study aims to investigate the utility of FDG PET-CT
performed in the third week of primary RT (iPET) as a prog-
nostic indicator for MPHNSCC. Specifically, we aimed to
assess whether the residual metabolic tumour burden mea-
sured by SUV ., MTV and/or TLG correlated with patient
outcomes. The secondary aim was to assess whether the met-
abolic response, as assessed by percentage reduction of these
three metabolic parameters, can also predict treatment
outcome.

Materials and methods
Study population

Patients with biopsy-proven, newly diagnosed locally ad-
vanced MPHNSCC treated by primary RT with curative intent
were retrospectively reviewed as part of a trial approved by
the local research ethics committee (Sydney South West Area
Health Service Human Research Ethics Committee). Only

patients with both staging and mid treatment FDG PET-CT
performed during the third week of RT were included for
analysis. Patients with early stage diseases, nasopharyngeal
cancer (NPC) or being treated with RT only were excluded.

Imaging technique

The studies were acquired in RT treatment position on either a
Philips Gemini-GXL-PET-CT (n=48) or a GE Discovery-710
PET-CT (n=24). Patients received between 4.1 (for GE) and
5.18 (for Philips) MBg/kg of FDG after at least 4 hours of
fasting. The average blood sugar level was 5.7+1.2 mmol/L
(range: 3.3-9.6 mmol/L). The staging and all sequential post-
treatment scans were performed on the same scanner with the
same acquisition and reconstruction protocols.

The PET studies were acquired in three-dimensional (3D)
mode for a total acquisition time of 1.5 — 2.5 min per bed
position adjusted according to the patient weight, from vertex
to proximal femora at about 1-hour post injection. Transmis-
sion scans and attenuation corrections were obtained by using
CT: a Philips Brilliance 6-slice CT or a 64-slice GE CT, using
helical mode without the use of a contrast medium. CT images
were acquired at 3.75 to 5 mm slice thickness and reconstruct-
ed to a transaxial matrix size of 512%512. The current (30—40
mAs) and voltage (120-140 kV) were varied according to the
patient weight. The PET images were reconstructed using a
Philips Line of Response-Row Action Maximum Likelihood
Algorithm (LOR-RAMLA) or GE VUE Point FX (Time of
Flight) algorithm into a 144x144 (for Philips) or 256%256
(for GE) matrix size with a slice thickness of 3.75 to 4.0 mm.

FDG PET image interpretation and metabolic parameter
measurement

All FDG-PET images were analysed by consensus reading by
two nuclear medicine physicians and a radiation oncologist,
blinded to clinical data except the primary tumour site. The
semi-quantitative analysis was performed on an Advantage
Workstation (GE Healthcare) using the PET-VCAR (Volume
Computer-Assisted Reading) software (version 1.0). The
maximum SUV (SUV,,..,) was derived by selecting the most
intensely avid area of uptake at the primary tumour on the
axial slice. The SUV value was derived as follows: SUV =
% (decay-corrected administered activity [KBq] per

q.

m(g)
millilitre of tissue volume)/(injected FDG activity [KBq]/body
weight in gram). The MTV was derived by applying a fixed
SUYV threshold of 2.5 as the lowest limit of the segmentation
criteria. The computer-assisted, automatically derived
contouring margins and regions of interest (ROIs) for both
measurements were checked on three sectional images (axial,
coronal and sagittal) to ensure accurate inclusion of primary
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tumour and nodal sites, and exclusion of adjacent normal
structures. The single-component modality was deselected to
prevent the segmentation that may potentially derive from
grabbing normal structures outside the region of interest
(ROI). The TLG was calculated according to the formula:
TLG = mean SUV x MTV. The fixed SUV threshold of 2.5
was chosen because it was recommended as an appropriate
criterion in a recent meta-analysis, and is commonly used and
associated with prognostic outcome [9]. SUVmax, MTV and
TLG were derived for both primary tumour (PT) and index
nodes (IN), which is defined as a lymph node or confluent
nodal group with the highest TLG reflecting highest metabolic
burden.

Treatment

All patients were treated with IMRT or helical
TomoTherapy®: total treatment dose to the GTV was 60-
70Gy (2-2.2Gy/fraction); high risk cervical lymph node re-
gions received 60-66Gy (1.8-2Gy/fraction), and the low risk
regions received 56Gy (1.6-1.7Gy/fraction). All patients were
treated with systemic therapy (chemotherapy or Cetuximab).
Management of all cases were reviewed and consensus
reached in our Head and Neck multidisciplinary team meet-
ings (HNMDT) prior to commencing treatment.

Statistical analysis

The predictive accuracy of all three metabolic parameters (ab-
solute values and percentage reductions) of primary tumour
(PT) and index nodes (IN) for treatment outcomes was evalu-
ated using receiver operating characteristic (ROC) analysis
with the area under the curve (AUC) as an index of accuracy.
Optimal cutoffs (OC) for analysis were derived from the ROC
curves aiming for best sensitivity and specificity. Time
to local, regional or distant failures and survival times
were calculated from the date of staging FDG PET-CT.
Disease-free survival (DFS), loco-regional failure-free
survival (LRFS), metastatic failure-free survival
(MFFS) and overall survival (OS) curves were estimated
using Kaplan-Meier (KM) analysis and compared using
the log-rank (Mantel-Cox) test.

Cox proportional hazards models with 95 % confidence
interval and multivariate analysis were performed using clin-
ical confounders (smoking, alcohol consumption, T stage, N
stage and Overall AJCC stages). The Pearson correlation test
(two-tailed) was used to evaluate the correlation between
SUVax, MTV and TLG. Statistical significance was consid-
ered when the p value was <0.05 and all levels of significance
were two sided. Statistical analysis was performed using IBM
SPSS Statistics, version 22.0.
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Results
Study population

Seventy-two consecutive patients from January 2009 to Sep-
tember 2014 were included in this analysis. Primary tumour
sites were oropharynx (n=47), larynx (n=16), hypopharynx
(n=6) and oral cavity (n=3). Staging based on AJCC 7th
Edition included 18 in stage III and 54 in IV. Patient

Table 1  Patient/tumour characteristics and treatment summary
Total 72
Follow-up Median 25 months
Range 6-70
months
Age Median 60
Range (39-75)
Sex Male 61 (84.7 %)
Female 11 (15.3 %)
Smoking > 10 pack/year 41 (56.9 %)
history < 10 pack/year 7(9.7 %)
Pack/year not known 11 (15.3 %)
Non-smoker 13 (18.1 %)
Alcohol Heavy (> 3 standard drinks) 22 (30.6 %)
History Non-heavy (< 3 standard drinks) 34 (47.2 %)
Non drinker 11 (15.3 %)
No record 5(6.9 %)
Primary Oropharynx 47 (65.3 %)
tumour site 1 5ryny 16 (22.2 %)
Hypopharynx 6 (8.3 %)
Oral cavity 3(4.2 %)
T stage 1 6 (8.3 %)
2 25 (34.7 %)
3 31 (43.1 %)
4 10 (13.9 %)
N stage 0 9 (12.5 %)
1 11 (15.3 %)
2 47 (65.3 %)
3 5(6.9 %)
Staging 11T 18 (25.0 %)

(Overall) v 54 (75.0 %)

Treatment Radiotherapy + chemotherapy 57 (79.2 %)
Chemoradiotherapy 42 (58.3 %)
(Weekly Cisplatin)
Chemoradiotherapy (Weekly 12 (16.7 %)
Carboplatin)
Chemoradiotherapy 3 (4.2 %)

(3 weekly Cisplatin;
Carboplatin +
5-Fluorouracil or Carboplatin
+ Vinorelbine

Induction chemotherapy

Radiotherapy + Cetuximab

17 (23.6 %)
15 (20.8 %)
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characteristics and treatment details are summarised in Table 1.
The median metabolic values of PT for staging PET vs. iPET
were: SUV . 10.9 (range 3.6-27.0) vs. 4.85 (1.1-17.2)
g/mL; MTV:17.6 (1.8-77.3) vs. 4.0 (0-48) cm’; and TLG:
89.1 (5.1-629.5) vs. 14.15 (0-298.1) g. The median metabolic
values of index node for staging PET vs. iPET were:
SUV nax:7.5 (range 1.3-27) vs. 4.0 (0—11.6) g/mL;
MTV:10.5 (<0.1-248.8) vs. 2.2 (0-37.2) cm®; and TLG:45.6
(<0.1-2120.7) vs. 7.2 (0-169.9) g.

At the time of analysis, 56 patients (78 %) were alive and
51 (71 %) were disease free, while 21 (29 %) had treatment
failure (15 with loco-regional failure, 11 with distant failure,
and five with both loco-regional and distant failure). The me-
dian follow-up (of both alive and dead patients) was 25 months
(range 6—70, mean 29 months) while that of the surviving
patients was 30 months (range 6—70, mean 32 months).

Correlation of residual absolute metabolic value
in primary tumour and treatment outcome

Optimal cutoffs (OC) of PT for predicting treatment outcomes
derived from the ROC curves were: SUV . .p7=4.25 g/mL,
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MTVpr=3.3 cm® and TLGpr=9.4 g. Low metabolic values of
PT in iPET below OC were associated with statistically sig-
nificant better LRFS and DFS but not OS. TLG was the best
predictor of outcome with 2-year LRFS 0f 92.7 % vs. 71.1 %
[p=0.005, compared with SUV .« (p=0.03) and MTV (p=
0.022)], DFS of 85.9 % vs. 60.8 % [p=0.005, compared with
SUVax @=0.025) and MTV (p=0.018)], MFFS of 85.9 %
vs. 83.7 % [p=0.488, compared with SUV .., (p=0.52) and
MTV (p=0.436)], and OS of 81.1 % vs. 75.0 % [p=0.279,
compared with SUV ,.x (p=0.345) and MTV (p=0.512)].
Figure 1 demonstrates the KM survival analysis results of
TLGpr based on optimum cutoff values.

Associations between metabolic parameters and treat-
ment outcomes from both univariate and multivariate
analyses using Cox Proportional Hazards Model are
shown in Table 2. TLG was the only parameter with
significantly improved association with oncological out-
comes (DFS and LRFS) in both univariate and multi-
variate analyses.

Pearson correlation tests showed highly significant
correlation between all metabolic values of PT where
the significance was higher between MTV and TLG:
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Fig. 1 Oncological outcomes according to the total lesional glycolysis (TLG) of the primary tumour during radiation therapy (RT). (a) Loco-regional
failure-free survival; (b) Disease-free survival; (¢) Metastasis-free survival; (d) Overall survival
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Table 2 Correlation of metabolic values of primary tumour below optimal cutoffs on ROC with treatment outcomes: all patients

Value  Number 2-year Kaplan-Meier p value Cox regression analysis Cox regressign analysis, adjusted for

(univariate analysis) confounders (multivariate analysis)
HR 95 % CI pvalue HR 95 % Cl p value

SUViax <425 30 LRFS 88.80 %

>425 42 74.90 % 0.03 3.666 1.031-13.031 0.045 3.875 0.878-17.105 0.074

<425 30 DFS 82.20 %

>425 42 64.50 % 0.025 2975 1.087-8.143  0.034  4.182  1.15-15.208 0.03

<425 30 MFFS 85.90 %

>425 42 84.00 % 0.52 1.490 0.435-5.1 0.525 1353 0.281-6.523 0.706

<425 30 (6N 80.80 %

>425 42 75.00 % 0.345 1.616 0.587-4.452 0353 2549 0.745-8.721 0.136
MTV <33 32 LRFS  89.80 %

>33 40 68.50 % 0.022 3913 1.101-13911 0.035 4725 0.958-23.316 0.057

<33 32 DFS 83.20 %

>33 40 62.30 % 0.018  3.143 1.149-8.598  0.026 4929  1.288-18.858 0.02

<33 32 MFFS  86.30 %

>33 40 78.40 % 0.436 1.618 0.473-5.536  0.443 1.502  0.311-7.264 0.613

<33 32 oS 78.30 %

>33 40 73.00 % 0.512 1.389 0.515-3.745  0.516 1.868  0.531-6.571 0.33
TLG <94 31 LRFS 92.70 %

>94 41 71.10 % 0.005 6312 1.42-28.057 0.015 8.305  1.485-46.451%  0.016

<94 31 DFS 85.90 %

>94 41 60.80 % 0.005 414  1.39-12.332  0.011 7.756  1.847-32.572 0.005

<94 31 MFFS 85.90 %

>94 41 83.70 % 0.488 1.537 0.449-5260  0.494 1.502  0.311-7.264 0.613

<94 31 (N 81.10 %

>94 41 75.00 % 0.279 1.736  0.628-4.799 02838 2488  0.71-8.72 0.154

SUV nax = maximum standardised uptake value; MTV = metabolic tumour volume; TLG = total lesional glycolysis; DFS = disease-free survival; LRFS
= loco-regional failure-free survival; MFFS = metastatic failure-free survival; OS = overall survival

* confounders: smoking status, alcohol status, T stage, N stage, Overall stage

0.837, 0.838 and 0.976 for SUV .« vs. MTV, SUV .«
vs. TLG and MTV vs. TLG, respectively. Figure 2
shows an example of a patient (oropharyngeal cancer)
with a good metabolic response (> 50 % decrease in all
metabolic parameters); however, the patient had
SUVmax/MTV/TLG values above OC, and subsequently
developed loco-regional failure at 3 months after com-
pletion of chemoradiotherapy.

Percentage reduction in metabolic values in primary
tumour and treatment outcome

Because of poor accuracy assessed by ROC analysis,
the median values were used as the optimal cutoffs:
SUVhax=54.5 %; MTV=66.9 %; and TLG=78.3 %.
There were no significant associations between the
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percentage reduction of any metabolic parameters and
oncological outcomes.

Subgroup analysis in concurrent chemotherapy group
without Cetuximab

Subgroup analyses were also performed to evaluate the
correlation of metabolic parameters and outcomes in pa-
tients treated with RT and concurrent chemotherapy, ex-
cluding Cetuximab. TLG below the OC in iPET remains
the best and only metabolic parameter associated with
improved DFS and LRFS, and a trend towards im-
proved OS (Table 3). Both SUV,,,x and MTV did not
show any significant correlation with disease outcomes
on subgroup analysis. Table 3 shows a comparison be-
tween two groups: all patients versus those treated with
chemo-RT (excluding Cetuximab).
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SUVmax Metabolic Tumour Total Lesional

(g/ml) Volume (cm?®) Glycolysis (g)
prePET iPET prePET iPET prePET iPET
13.8 6.0 44.5 124 249.7 45.0

Fig.2 A patient with a good metabolic response (>50 % reduction in all
metabolic parameters), but iPET metabolic values above the optimal
cutoffs. pre-PET = pre-treatment PET; iPET = mid-treatment (week 3)
PET

Correlation of metabolic values in the index node
and treatment outcome

Sixty-three patients had node positive disease, but one of them
had an excisional biopsy of the neck node prior to the com-
mencement of RT, and therefore, nodal FDG-PET data was
obtained from 62 patients. Optimal cutoffs of IN for predicting
treatment outcomes derived from the ROC curves were:
SUV nax.in=4.05 g/mL, MTVy=1.85 cm® and TLGy=
7.95 g. There were no significant associations between the
residual metabolic burden below OC for all three metabolic
parameters of the index nodes and oncological outcomes.

In patients with node positive disease (#=62), low meta-
bolic values below OC (in both PT and IN) were associated
with statistically significant better oncological outcomes. TLG
was the best predictor of outcome with 2-year LRFS of 84.0 %
vs. 55.3 % [p=0.017, compared with SUV ., (p=0.005) and
MTV (p=0.024)], DFS 0of 79.4 % vs. 38.6 % [p=0.001, com-
pared with SUV ., (p=0.0004) and MTV (p=0.002)], MFFS
of 86.4% vs. 68.2 % [p=0.034, compared with SUV .« (p=
0.073) and MTV (p=0.042)] and OS of 80.4 % vs. 55.7 %
[p=0.045, compared with SUV .« (p=0.077) and M TV(p=
0.049)]. Figure 3 shows the KM survival analysis results of
TLGprin based on optimum cutoff values.

Table3  Correlation of metabolic values of primary tumour below optimal cutoffs with treatment outcomes: patients treated with concurrent radiation

therapy and systemic therapy (with and without Cetuximab)

Radiation Therapy with concurrent systemic therapy including
Cetuximab (n=72)

Radiation Therapy with concurrent systemic therapy excluding
Cetuximab (n=57)

Value Number 2 year Kaplan-Meier ~ p value  Value Number 2-year Kaplan-Meier ~ p value
SUViax <425 30 DFS 82.20 % <425 24 DFS 81.70 %

>425 42 64.50 % 0.025 >425 33 57.70 % 0.064

<425 30 LRFS  88.80 % <425 24 LRFS  85.60 %

>425 42 74.90 % 0.03 >425 33 67.00 % 0.126

<425 30 (ON 80.80 % <425 24 oS 81.10 %

>425 42 75.00 % 0.345 >425 33 66.50 % 0.308
MTV <33 32 DFS 83.20 % <33 25 DFS 82.40 %

>33 40 62.30 % 0.018 >33 32 56.00 % 0.072

<33 32 LRFS  89.80 % <33 25 LRFS  86.50 %

>33 40 68.50 % 0.022 >33 32 65.20 % 0.132

<33 32 (6N 78.30 % <33 25 (O] 76.50 %

>33 40 73.00 % 0.512 >33 32 69.90 % 0.68
TLG <94 31 DFS 85.90 % <94 24 DFS 85.90 %

>94 41 60.80 % 0.005 >94 33 54.30 % 0.022

<94 31 LRFS  92.70 % <94 24 LRFS  90.20 %

>94 41 71.10 % 0.005 >94 33 63.20 % 0.038

<94 31 oS 81.10 % <94 24 (o5 80.20 %

>94 41 75.00 % 0.279 >94 33 64.60 % 0.37

SUV ax = maximum standardised uptake value; MTV = metabolic tumour volume; TLG = total lesional glycolysis; DFS = disease-free survival; LRFS

= loco-regional failure-free survival; OS = overall survival
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Fig. 3 Oncological outcomes according to the total lesional glycolysis
(TLG) of both primary tumour and index node during radiation therapy
(RT) in patients with node positive disease. (a) Loco-regional failure-free

Optimal cutoffs of percentage reduction of IN for
predicting treatment outcomes derived from the ROC curves
were: SUV v =45.3 %, MTVy=53.2 % and TLG=
67.1 %. As shown in Fig. 4, the percentage reduction in
MTV |y below the optimal cutoff (53.2 %) is the only param-
eter with significant association with DFS (p=0.031) and a
trend towards improved OS (p=0.15).

Discussion

To the best of our knowledge, this is the largest series for iPET
and the first study to evaluate the role of TLG or MTV during
RT in MPHNSCC. Our study is also the first study that as-
sesses the prognostic value of mid-treatment nodal disease
during RT. This study demonstrates that residual tumour met-
abolic burden of primary tumour, as measured by the FDG-
PET metabolic parameters during the third week of primary
RT for locally advanced MPHNSCC, can predict treatment
outcome for loco-regional control and disease-free survival.
Our findings are consistent with the hypothesis that the
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survival; (b) Disease-free survival; (¢) Metastasis-free survival; (d) Over-
all survival

residual metabolic burden mid-treatment may correlate with
tumour radiosensitivity. These iPET metabolic parameters
could aid in the stratification of patients with poor or good
treatment outcomes and allow for selection for adaptive ther-
apy. In other words, it is likely to filter radioresistant disease,
which may not be detected by pre-PET, at an early time point
to allow individually adaptive radiotherapy.

There is limited data evaluating the role of FDG PET-CT in
assessing early RT response at primary tumour site for MPHN
SCC with mixed and inconclusive results, and most studies
have used either visual analysis or reduction in SUV as
criteria. Hentschel et al. performed three serial PET scans on
37 patients during RT for MPHNSCC (patients were divided
between: after 10-20, 3040 or 50-60 Gy), and found that an
SUV nax decrease of > 50 % was prognostic of loco-regional
control and survival, but did not report the predictive accuracy
of the test parameters [8]. Castaldi et al. evaluated the SUV
changes based on modified EORTC criteria of 30 patients
after 2 weeks of RT and failed to demonstrate any significant
correlation with clinical outcomes [6]. Ceulemans et al. per-
formed visual analysis of 40 patients after 47Gy and found
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Fig. 4 Oncological outcomes according to the percentage decrease in
metabolic tumour volumes of the index node during radiation therapy
(RT). (a) Disease-free survival; (b) Regional failure-free survival; (c)
Overall survival

that complete metabolic response had relatively low sensitiv-
ity and low positive predictive value for loco-regional control
[5]. Chen et al. reviewed SUV .., and the reduction ratio of
SUVmax (SRR) after cumulative dose of 40-50Gy during RT
and found significant correlation of SRR with DFS and OS,
but not between SUV,,,,x and oncological outcomes [10]. In
contrast to this, Farrag et al. reported that the SUV,,,, level
after 4 weeks or 47 Gy was significantly associated with OS

[11].

In our study, the third week of treatment was chosen prag-
matically, as this was thought to be the most clinically relevant
time frame in which a meaningful response may be assessed,
but before significant inflammation occurs from RT and also
allowing enough time for adaptation of treatment. In the third
week, our results show TLG is a better and statistically more
significant predictor of treatment outcome than SUV ., or
MTYV, consistent with our hypothesis that TLG can best reflect
tumour metabolic burden, rather than relying on the highest
intensity in a single voxel measured by SUV,,,.x. The prog-
nostic value of TLG was more pronounced after the subgroup
analysis (radiotherapy and chemotherapy only), since it was
the only metabolic parameter showing significant associations
with oncological outcomes (DFS and LRFS). Although larger
studies with longer follow-up are required to validate our
findings, it appears that TLG would be the most reliable prog-
nostic indicator to assess the interim therapeutic response in
MPHNSCC, especially when treated with radiation therapy
and chemotherapy. Due to a small sample size (n=15), further
subgroup analyses were not performed for patients treated
with Cetuximab concurrently with RT.

Consistent with some of published results, our study has
shown that SUV,,.,« reduction may not be ideal for early re-
sponse monitoring in MPHNSCC. To match the methodology
of published data [8], we assessed an SUV,,,, reduction of
>50 % as a prognostic indicator, and found no significant
difference in outcome. This finding may be explained by tu-
mour heterogeneity, and the reduction in the metabolic burden
probably represents killing of the more radiosensitive compo-
nent of tumour, and the amount of residual metabolic burden
is the more useful predictor of treatment outcome as it may
give a measure of the volume of residual and/or radioresistant
tumour. Another possible contributing factor is “rebound”
FDG uptake due to treatment-induced inflammation. Inflam-
mation related to RT can affect the measurements of FDG-
PET. A study of the retention index using weekly dynamic
PET on ten xenografts in mice with MPHNSCC undergoing
5 weeks of RT, reported that day 7/after 15Gy appeared to be
the best time point in monitoring early response, taking into
consideration the treatment-induced rebound FDG uptake
[12]. This study also showed that retention index is superior
to SUV .« in predicting treatment outcome.

‘We are aware of only one other clinical series assessing the
prognostic value of residual metabolic burden. In that study,
metabolic rate derived from plasma FDG level of iPET after
24 Gy of RT was found to be superior to SUV,,,, in predicting
local control in MPHNSCC [7]. Routine calculation of MR in
clinical practice is, however, not practical for most centres.

As shown in Table 4, all but two studies (our study and
Hentschel et al.) included nasopharyngeal cancer, while our
study was the only one that evaluated all metabolic parame-
ters. The majority of studies used either IMRT and/or
TomoTherapy®, excepting two (Hentschel et al. and Brun
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et al.). We excluded nasophayngeal cancers (NPC) since the
majority of patients that attended our centres had the endemic
type NPC, which followed a different natural history with a
higher rate of distant recurrence compared to other MPHN
SCC [13]. Unlike other published studies (Table 4), in order
to avoid the heterogeneity which could affect the oncological
outcome, we also excluded early stage patients (stage I and II)
and patients treated with RT only.

There is no published literature on the prognostic value of
mid-treatment nodal response in patients with MPHNSCC
undergoing primary RT. In head and neck cancer, the largest
node with highest metabolic burden (measured by TLG and
defined as “index node” in our series) is likely to be the most
predictive of treatment outcome, and most reproducible across
different centres. Therefore, we decided to assess the metabol-
ic parameters of IN and its correlation with treatment out-
comes. In our study, the response rate rather than the residual
metabolic burden of IN appears to predict the tumour outcome
in nodal disease. The percentage reduction of MTV was found
to be the only prognostic indicator of DFS. This suggests that
the therapeutic response of the nodal disease may not be the
same as the primary tumour. On the other hand, the predictive
value of residual metabolic burden measured by all three met-
abolic parameters was improved significantly when both PT
and IN were combined. To our knowledge, there is no study
that reports a functional imaging study that is predictive of
distant failure in non-nasopharyngeal MPHNSCC. In our
study, in patients with nodal disease, TGLpqy is predictive
of the distant failure rates and overall survival. This informa-
tion is likely to be useful, especially in adaptive systemic
therapy trials, and therefore, should be validated in larger pro-
spective studies.

One limitation of this study is that tumour grading and
HPYV status are not available for the majority of patients, but
we believe that correlation with HPV status may better iden-
tify patients suitable for dose de-intensification. We are cur-
rently evaluating the feasibility of deriving this information
retrospectively, and correlating this with the prognostic signif-
icance of pre-PET and iPET metabolic parameters. Further
biological profiling in iPET such as tumour hypoxia or prolif-
eration indices may better explain the radiobiology for possi-
ble tumour radioresistance in patients with high residual met-
abolic burden, and identify the best strategy for adaptive ther-
apy. In addition, assessment of nodal metabolic status in iPET
may also provide additional prognostic information and im-
prove correlation with treatment outcomes, particularly OS.

Although we have used week 3 for iPET as a clinical time
point to allow enough cell kill and time for adapting therapy,
the optimal time to perform iPET remains undecided. Despite
this, we have demonstrated the utility of week 3 iPET to iden-
tify patients with poor and good treatment outcome for selec-
tion for possible adaptive therapy. Future studies with serial
dynamic PET assessing all metabolic parameters may be of

value to further improve the predictive sensitivity and speci-
ficity with iPET. Localisation of high risk areas should also be
evaluated, including determining the role of functional mag-
netic resonance imaging to target radioresistant subvolumes
within the gross tumour.

Conclusion

The metabolic parameters of PT and IN of iPET can be useful
predictors of patient outcome and have a potential role in
adaptive therapy for MPHNSCC. Among the three parame-
ters, TLG was found to be the best prognostic indicator of
oncological outcomes.

Acknowledgments We would like to thank Dr. Wei Xuan (biostatistician)
for the statistical advice and Mr. Thomas Tran for the IT assistance.

Conlflict of interest None.

Ethics approval This study was approved by the local research ethics
committee (Sydney South West Area Health Service Human Research
Ethics Committee). For this type of study, formal consent is not required.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Corry J, Peters LJ, Rischin D. Optimising the therapeutic ratio in
head and neck cancer. Lancet Oncol. 2010;11:287-91. doi:10.1016/
s1470-2045(09)70384-5.

2. Simone 2nd CB, Ly D, Dan TD, Ondos J, Ning H, Belard A, et al.
Comparison of intensity-modulated radiotherapy, adaptive radio-
therapy, proton radiotherapy, and adaptive proton radiotherapy for
treatment of locally advanced head and neck cancer. Radiother
Oncol J Eur Soc Ther Radiol Oncol. 2011;101:376-82. doi:10.
1016/j.radonc.2011.05.028.

3. LapelaM, Eigtved A, Jyrkkio S, Grenman R, Kurki T, Lindholm P,
et al. Experience in qualitative and quantitative FDG PET in follow-
up of patients with suspected recurrence from head and neck cancer.
Eur J Cancer (Oxford, England : 1990). 2000;36:858—67.

4. Gupta T, Master Z, Kannan S, Agarwal JP, Ghsoh-Laskar S,
Rangarajan V, et al. Diagnostic performance of post-treatment
FDG PET or FDG PET/CT imaging in head and neck cancer: a
systematic review and meta-analysis. Eur J Nucl Med Mol
Imaging. 2011;38:2083-95. doi:10.1007/s00259-011-1893-y.

5. Ceulemans G, Voordeckers M, Farrag A, Verdries D, Storme G,
Everaert H. Can 18-FDG-PET during radiotherapy replace post-
therapy scanning for detection/demonstration of tumor response
in head-and-neck cancer? Int J Radiat Oncol Biol Phys. 2011;81:
938-42. doi:10.1016/].ijrobp.2010.07.019.

6. Castaldi P, Rufini V, Bussu F, Micciche F, Dinapoli N, Autorino R,
et al. Can "early" and "late" 18F-FDG PET-CT be used as prognos-
tic factors for the clinical outcome of patients with locally advanced

@ Springer


http://dx.doi.org/10.1016/s1470-2045(09)70384-5
http://dx.doi.org/10.1016/s1470-2045(09)70384-5
http://dx.doi.org/10.1016/j.radonc.2011.05.028
http://dx.doi.org/10.1016/j.radonc.2011.05.028
http://dx.doi.org/10.1007/s00259-011-1893-y
http://dx.doi.org/10.1016/j.ijrobp.2010.07.019

1994

Eur J Nucl Med Mol Imaging (2015) 42:1984-1994

head and neck cancer treated with radio-chemotherapy? Radiother
Oncol J Eur Soc Ther Radiol Oncol. 2012;103:63-8. doi:10.1016/].
radonc.2012.03.001.

Brun E, Kjellen E, Tennvall J, Ohlsson T, Sandell A, Perfekt R,
et al. FDG PET studies during treatment: prediction of therapy
outcome in head and neck squamous cell carcinoma. Head Neck.
2002;24:127-35.

Hentschel M, Appold S, Schreiber A, Abolmaali N, Abramyuk A,
Dorr W, et al. Early FDG PET at 10 or 20 Gy under chemoradio-
therapy is prognostic for locoregional control and overall survival
in patients with head and neck cancer. Eur J Nucl Med Mol
Imaging. 2011;38:1203-11. doi:10.1007/s00259-011-1759-3.

Pak K, Cheon GJ, Nam HY, Kim SJ, Kang KW, Chung JK, et al.
Prognostic value of metabolic tumor volume and total lesion gly-
colysis in head and neck cancer: a systematic review and meta-
analysis. J Nucl Med Off Publ Soc Nucl Med. 2014;55:884-90.
doi:10.2967/jnumed.113.133801.

@ Springer

10.

11.

12.

Chen SW, Hsieh TC, Yen KY, Yang SN, Wang YC, Chien CR, et al.
Interim FDG PET/CT for predicting the outcome in patients with
head and neck cancer. Laryngoscope. 2014;124:2732-8. doi:10.
1002/lary.24826.

Farrag A, Ceulemans G, Voordeckers M, Everaert H, Storme G.
Can 18F-FDG-PET response during radiotherapy be used as a pre-
dictive factor for the outcome of head and neck cancer patients?
Nucl Med Commun. 2010;31:495-501. doi:10.1097/MNM.
0b013e3283334¢2b.

Huang J, Chunta JL, Amin M, Lee DY, Grills IS, Oliver Wong CY,
et al. Early treatment response monitoring using 2-deoxy-2-
[18F]fluoro-D-glucose positron emission tomography imaging dur-
ing fractionated radiotherapy of head neck cancer xenografts.
BioMed Res Int. 2014;2014:598052. doi:10.1155/2014/598052.
Wei WI, Sham JST. Nasopharyngeal carcinoma. Lancet. 2005;365:
2041-54. doi:10.1016/s0140-6736(05)66698-6.


http://dx.doi.org/10.1016/j.radonc.2012.03.001
http://dx.doi.org/10.1016/j.radonc.2012.03.001
http://dx.doi.org/10.1007/s00259-011-1759-3
http://dx.doi.org/10.2967/jnumed.113.133801
http://dx.doi.org/10.1002/lary.24826
http://dx.doi.org/10.1002/lary.24826
http://dx.doi.org/10.1097/MNM.0b013e3283334e2b
http://dx.doi.org/10.1097/MNM.0b013e3283334e2b
http://dx.doi.org/10.1155/2014/598052
http://dx.doi.org/10.1016/s0140-6736(05)66698-6

	Prognostic...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study population
	Imaging technique
	FDG PET image interpretation and metabolic parameter measurement
	Treatment
	Statistical analysis

	Results
	Study population
	Correlation of residual absolute metabolic value in primary tumour and treatment outcome
	Percentage reduction in metabolic values in primary tumour and treatment outcome
	Subgroup analysis in concurrent chemotherapy group without Cetuximab
	Correlation of metabolic values in the index node and treatment outcome

	Discussion
	Conclusion
	References


