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This prospective study used sequential PET with the pro-
liferation tracer 39-deoxy-39-18F-fluorothymidine (18F-FLT) to
monitor the early response to treatment of head and neck can-
cer and evaluated the association between PET parameters and
clinical outcome. Methods: Forty-eight patients with head and
neck cancer underwent 18F-FLT PET/CT before and during the
second and fourth weeks of radiotherapy or chemoradiother-
apy. Mean maximum standardized uptake values for the hottest
voxel in the tumor and its 8 surrounding voxels in 1 transversal
slice (SUVmax(9)) of the PET scans were calculated, as well as
PET-segmented gross tumor volumes using visual delineation
(GTVVIS) and operator-independent methods based on signal-
to-background ratio (GTVSBR) and 50% isocontour of the max-
imum signal intensity (GTV50%). PET parameters were evaluated
for correlations with outcome. Results: 18F-FLT uptake de-
creased significantly between consecutive scans. An SUVmax

(9) decline $ 45% and a GTVVIS decrease $ median during
the first 2 treatment weeks were associated with better 3-y
disease-free survival (88% vs. 63%, P 5 0.035, and 91% vs.
65%, P 5 0.037, respectively). A GTVVIS decrease $ median in
the fourth treatment week was also associated with better 3-y
locoregional control (100% vs. 68%, P 5 0.021). These corre-
lations were most prominent in the subset of patients treated
with chemoradiotherapy. Because of low 18F-FLT uptake levels
during treatment, GTVSBR and GTV50% were unsuccessful in
segmenting primary tumor volume. Conclusion: In head and
neck cancer, a change in 18F-FLT uptake early during radiother-
apy or chemoradiotherapy is a strong indicator for long-term
outcome. 18F-FLT PET may thus aid in personalized patient
management by steering treatment modifications during an
early phase of therapy.
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PET with the glucose analog 18F-FDG is accepted as
a powerful molecular imaging method exploiting the in-
creased metabolic activity of cancer cells. 18F-FDG PET
has found its way into clinical practice for diagnosis and
staging of various cancer types (1,2). However, interpreta-
tion of 18F-FDG PET findings requires caution because of
uptake in nonmalignant tissues caused by peritumoral in-
flammation and physiologic changes, especially in the head
and neck region (3,4).

Enhanced proliferative activity is an even more charac-
teristic feature of malignant lesions (5). Furthermore, espe-
cially in squamous cell carcinomas of the head and neck,
compensatory tumor cell proliferation during treatment is
a known mechanism adversely affecting outcome (6). Vari-
ous treatment regimens have been developed trying to coun-
teract this effect, such as accelerated radiotherapy (7,8),
chemoradiotherapy (9), or radiotherapy combined with
cetuximab (10), but they also induce increased side effects
(11). Assays to monitor the proliferative activity of tumors
before and during treatment may assist in better selection of
patients and possibly also in modification of treatment strat-
egy based on early assessment of response (12).

Thus, an imaging biomarker for PET selectively reflecting
cellular proliferation could be of great clinical value (13).
Shields et al. introduced the thymidine analog 39-deoxy-
39-18F-fluorothymidine (18F-FLT) as a PET tracer exploiting
the activity of the enzyme thymidine kinase 1 as a measure
of proliferative activity (14). 18F-FLT is phosphorylated by
thymidine kinase 1 and trapped intracellularly (14). During
DNA synthesis, thymidine kinase 1 activity increases almost
10-fold. 18F-FLT trapping is related to thymidine kinase 1
activity and is a measure of proliferative activity (15). 18F-
FLT accumulation has been reported in various tumor types
(16).

In a preclinical study, single-dose radiation significant-
ly reduced 18F-FLT uptake in murine SCCVII tumors,
whereas no visible change in tumor size or morphology
was noted (17). Also, in imaging studies of patients with
head and neck cancer, the 18F-FLT signal declined within
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1–2 wk after the start of radiotherapy without apparent
changes in tumor volume (18,19).
In this study, 48 patients with squamous cell carcinomas

of the head and neck underwent consecutive 18F-FLT PET/
CT scanning before and during the course of radiotherapy
or chemoradiotherapy to assess whether early changes in
tumor uptake volume and signal seen on 18F-FLT PET can
predict long-term clinical outcome.

MATERIALS AND METHODS

Patients
Eligibility criteria included newly diagnosed squamous cell

carcinoma of the head and neck, International Union Against
Cancer stage II–IV (20), radiotherapy with or without concomitant
chemotherapy with curative intent, an age of 18 y or older, and
written informed consent. Exclusion criteria were surgery as pri-
mary tumor therapy, palliative treatment, and pregnancy. Inclusion
lasted from July 2006 until August 2008. Follow-up was every 2
mo in the first year, every 3 mo in the second year, every 4 mo in
the third year, and every 6 mo in the fourth and fifth years. At
these visits, relevant medical history was taken and the head and
neck region was fully examined (flexible endoscopy, palpation,
and inspection). When residual or recurrent disease was suspected,
further clinical and imaging diagnostics were performed. If a pa-
tient had been released from standard follow-up, information was
sought by contacting the general practitioner or other medical
specialists. Follow-up was censored on December 31, 2010. The
Institutional Review Board of Radboud University Medical Centre
Nijmegen approved the study.

Treatment
For 18 patients, 3-dimensional conformal radiotherapy was used,

delivering a dose of 68 Gy in 2-Gy fractions to the primary tumor
and metastatic cervical lymph nodes and 44 Gy to electively treated
nodes. All other patients were treated with intensity-modulated ra-
diation therapy with a simultaneous integrated boost technique,
delivering a dose of 68 Gy in 2-Gy fractions to the primary tumor
and metastatic cervical lymph nodes and 50.3 Gy in 1.48-Gy
fractions to electively treated nodes. For all patients, an accelerated
fractionation schedule was used with an overall treatment time of
5.5 wk, delivering 2 fractions daily during the last 1.5 wk of
treatment. In accordance with institutional guidelines, 15 patients
with advanced T3 and T4 tumors, less than 70 y old and without
contraindications for cisplatinum administration, were concom-
itantly treated with intravenous cisplatinum, 40 mg/m2, once
weekly (Supplemental Fig. 1, available online at http://jnm.
snmjournals.org).

18F-FLT Synthesis
18F-FLT was obtained from the Department of Nuclear Medi-

cine and PET Research, Free University Medical Center, Amster-
dam, The Netherlands. The synthesis method was described by
Troost et al. (18).

18F-FLT PET/CT Acquisition
Before the start of treatment, in the second week of treatment,

and in the fourth week of treatment, integrated 18F-FLT PET and
CT images were acquired on a hybrid PET/CT scanner (Biograph
Duo; Siemens/CTI). The PET acquisition method was described
previously (18). All scans were obtained with the patient supine.
An individual head support and a rigid customized mask covering

the head and neck area were used to increase positioning accuracy
and to reduce movement artifacts during image acquisition.
Sixty minutes after intravenous injection of 250 MBq of 18F-
FLT, emission images of 2 bed positions over the head and neck
area were recorded, with 7 min per bed position in 3-dimensional
mode. The PET images were reconstructed using iterative ordered-
subsets expectation maximization with the parameters optimized
for the head and neck area (i.e., 4 iterations, 16 subsets, and
a 5-mm 3-dimensional gaussian filter (21)) and with correction
for photon attenuation (voxel size, 5.31 · 5.31 · 3.38 mm). Ad-
ditionally, CT images were acquired for anatomic correlation and
attenuation correction using 80 mAs and 130 kV (voxel size, 0.98
· 0.98 · 3.00 mm). For contrast enhancement, a 70-mL bolus of
nonionic iodinated contrast agent (300 mg/mL) (ioversol, Optiray
300; Tyco Healthcare/Mallinckrodt Inc.) was given intrave-
nously and the CT was performed with a 40-s delay in the venous
phase.

18F-FLT PET/CT Analysis
After reconstruction, standardized uptake value (SUV) PET

images were created with in-house–developed software correcting
for injected dose, tracer decay, and patient body weight. Subse-
quently, the images were resliced using the CT format as a refer-
ence. The SUV PET and CT images were then imported into the
department’s radiotherapy planning system, Pinnacle3 (version 8.0 d;
Philips Radiation Oncology Systems). With this software, consec-
utive CT and PET scans were registered to the first CT scan using
rigid cross-correlation. Two investigators delineated the gross tumor
volume of the primary tumor on the first CT scans in consensus using
all available diagnostic clinical and imaging information. Tumor
SUVmax(9) was defined as mean uptake in the hottest voxel of the
tumor and its 8 surrounding voxels in 1 transversal slice. Standard
regions of interest in normal tissues (brain, parotid gland, tongue,
neck musculature, and bone marrow of the third cervical vertebra)
were delineated in each scan, at the same anatomic locations for
every patient. From these regions of interest, mean SUV (SUVmean)
was calculated for interscan comparison.

PET Tumor Segmentation
Several segmentation methods were applied to the primary

tumor volume on the 18F-FLT PET images. Visual gross tumor
volume (GTVVIS) contouring of the 18F-FLT PET images was per-
formed by an experienced radiation oncologist who did not know
the treatment outcome.

In addition, an adaptive threshold delineation based on the signal-
to-background ratio was performed (GTVSBR) using SUVmax(9)

(22). Mean background uptake was calculated from a manually
defined region of interest in the neck musculature (;10 cm3) at
a sufficient distance from the vertebrae, the primary tumor, and
lymph node metastases. A third method delineated the 50% iso-
contour of the maximum signal intensity in the tumor (GTV50%).

PET parameter differences between scans were calculated as
absolute difference (scan 1 – scan 2) and relative difference [(scan
1 – scan 2)/scan 1]. The difference per radiotherapy fraction be-
tween scans was calculated [(scan 1 – scan 2 )/number of fractions
between scans] to investigate whether the number of fractions bet-
ween scans confounded the analyses.

Statistical Analysis
The aim of this prospective study was to investigate whether

changes in 18F-FLT uptake during treatment can predict clinical
outcome. When the study was designed in 2005, no formal power
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analysis could be performed, since clinical data regarding the uptake
of 18F-FLT in advanced-stage head and neck cancer and regarding
the degree of possible uptake changes during radiotherapy or che-
moradiotherapy were lacking. It was anticipated that a cohort of 40
evaluable patients would suffice to indicate the value of 18F-FLT
PET for early response assessment. If this could not be demonstrated
with 40 patients, the effect would probably not be of clinical rele-
vance. To compensate for an estimated 25% of patients who would
not be evaluable, the inclusion target was approximately 50 patients.
Statistical analyses were performed using SPSS, version 16.0
(SPSS), and Prism, version 4.0c (GraphPad Software, Inc.). The
Kolmogorov–Smirnov test was used to evaluate gaussian distribu-
tion. Correlation was determined by the Spearman test. Differences
between paired parameters were tested by Wilcoxon signed-rank or t
testing (2 groups) and the Friedman test (3 groups). Survival was
calculated from the date of the first PET examination until the date
of death or until censoring on the date of last follow-up. Three-year
disease-free survival (DFS), locoregional control (LRC), and overall
survival (OS) were analyzed using Kaplan–Meier estimates with the
log-rank test for univariate comparison. Continuous variables were
dichotomized at the median. When a cutoff at the median was not
discriminative (in 2 instances), the most distinguishing cutoff was
sought using receiver-operating-characteristic methodology optimiz-
ing specificity and sensitivity to obtain the highest accuracy.

A 2-sided P value of less than 0.05 was considered significant.

RESULTS

Patient Characteristics

Fifty-two patients with 54 tumors were accrued in the
study. Four patients were excluded from evaluation because
they were not treated according to the standard guideline but
received experimental therapy. Forty-eight patients with 50
head and neck tumors were thus evaluable (Table 1). All
patients underwent 18F-FLT PET/CT before therapy (median,
4 d before first radiotherapy fraction; range, 0–14 d), and all
but 2 patients underwent 18F-FLT PET/CT in the second
week (after a median of 7 fractions; range, 5–12 fractions).
After an approved amendment of the study protocol, the sub-
sequent 29 patients also underwent a third scan in the fourth
week of treatment (after a median of 18 fractions; range,
15–19 fractions). The reason for this third scan was to in-
vestigate whether the substantial decrease in 18F-FLT uptake
after 1 wk continued or whether tumor cell repopulation
occurring later during the course of treatment might increase
18F-FLT uptake again. After completion of therapy, all
patients showed a complete local response. All patients but
one showed a clinical complete regional response. The pa-
tient with a residual cervical lymph node after radiotherapy
underwent cervical lymph node dissection. Histology con-
firmed complete regional response, as only a 2.9-cm com-
pletely necrotic node was found. The patients were followed
until death or for at least 2 y (median, 36 mo). The median
follow-up time for all patients was 32 mo (range, 8–52 mo).

Clinical Characteristics and Outcome

The estimated 3-y OS rate was 78% (95% confidence
interval [CI], 66%–90%), LRC was 84% (95% CI, 74%–
95%), and DFS was 79% (95% CI, 67%–91%).

TABLE 1
Patient Characteristics and Events

Characteristic Data

Age at baseline PET (y)
Mean 60
Range 39–75

Sex (n 5 48)
Female 10 (21)

Male 38 (79)
Smoking (n 5 48)
Active 33 (69)

Former 12 (25)

Unknown 3 (6)

Alcohol use (n 5 48)
Active 35 (73)
Former 4 (8)

Never 4 (8)

Unknown 5 (10)

T stage (n 5 50)
1 1 (2)
2 25 (50)

3 17 (34)

4 7 (14)
N stage (n 5 50)
0 22 (44)

1 6 (12)

2a —

2b 11(22)
2c 11 (22)

International Union Against

Cancer stage (n 5 50)

II 12 (24)
III 13 (26)

IVA 25 (50)

Histologic grade (n 5 50)
1 4 (8)
2 26 (52)

3 11 (22)

Unknown 9 (18)

Primary tumor site (n 5 50)
Oral cavity 1 (2)
Oropharynx 27 (54)

Larynx 14 (28)

Hypopharynx 8 (16)
Treatment (n 5 48)
Radiotherapy 33 (69)

Chemoradiotherapy 15 (31)

No. of events tumor-related

(n 5 48)
Locoregional recurrence 7 (15)

Distant metastases* 4 (8)

Tumor-related death 7 (15)

No. of events not tumor-related (n 5 48)
Death due to another cause 6 (13)
Second primary tumor after start of study† 8 (17)

*Distant metastases (pulmonal, skeletal, cerebral, and cutane-

ous) were detected after 7, 9, and 11 mo.
†Second primary tumors were located in head and neck area,

lungs, esophagus, rectum, bladder, and skin.
Data are numbers of patients, with percentages in parentheses,

except for age, which is years.
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As expected, patients with a more advanced T- or N-stage
had worse LRC (3-y LRC for T3 vs. T4, 100% [95% CI, 80–
100]vs. 57%[95%CI, 20–94],P5 0.004; 3-yLRC forN0–N1
vs.N2c, 91% [95%CI, 80–100] vs. 64%[95%CI, 35–92],P5
0.028). Also, younger people (,60 y) had significantly worse
LRC (3-y LRC, 73% [95% CI, 55–92] vs. 96% [95% CI, 88–
100],P5 0.041). Histologic tumor grade and therapy regimen
were not significantly predictive for outcome.
In the correlation of clinical characteristics with baseline

PET/CT parameters, T-stage was only moderately corre-
lated with segmented GTVs on CT and PET (Spearman
r 5 0.34–0.42; P 5 0.003–0.007). No correlation was
found between PET or CT parameters and nodal stage, tu-
mor differentiation, or primary tumor location.

Baseline PET Parameters and Outcome

CT and PET tumor volumes did not correlate with
SUVmax(9).

Smaller tumors on CT (,6.5 cm3) showed significantly
better LRC in the whole group and in the subgroup of ra-
diotherapy patients (Table 2). In line with CT volume,
patients displaying a GTVVIS of less than 6.5 cm3 showed
better LRC, although this difference was not statistically
significant.

Initially, all tumors displayed 18F-FLT uptake. In patients
treated with only radiotherapy, a baseline-scan SUVmax(9)

below 6.6 predicted better LRC and significantly better
DFS than did a baseline SUVmax(9) above 6.6. In contrast,
in patients receiving chemoradiotherapy, an initial SUVmax(9)

TABLE 2
Outcome as Function of (Changes in) PET/CT Parameters

Parameter
Best group by
cutoff level

P

3-y LRC 3-y DFS 3-y OS

All patients
SUVmax(9) 1 SUVmax(9) $ 6.1* 0.17 0.12 0.52

GTVCT 1 GTVCT , 6.5 cm3 100 (80–100) vs.

76 (60–92): 0.044†
0.27 0.13

GTVVIS 1 GTVVIS , 6.5 cm3 100 (75–100) vs.

79 (65–93): 0.092

0.20 0.26

D SUVmax(9) 1–2 Decrease $ 45%‡ 92 (80–100) vs.
72 (51–93): 0.066

88 (75–100) vs.
63 (41–85): 0.035†

0.23

D GTVVIS 1–2 Decrease $ 41%* 0.21 91 (80–100) vs.

65 (46–84): 0.037†
0.86

D GTVVIS 1–3 Decrease $ 78%* 100 (78–100) vs.
68 (41–94): 0.021†

100 (78–100) vs.
56 (30–83): 0.005†

80 (54–100) vs.
48 (6–89): 0.084

Radiotherapy
SUVmax(9) 1 SUVmax(9) , 6.6‡ 95 (85–100) vs.

70 (41–99): 0.075

90 (77–100) vs.

59 (31–87): 0.044†
0.59

GTVCT 1 GTVCT , 6.5 cm3 100 (79–100) vs.

73 (50–96): 0.048†
0.26 0.25

GTVVIS 1 GTVVIS , 6.5 cm3 0.11 0.20 0.44
D SUVmax(9) 1–2 Decrease $ 45% 0.48 0.20 0.65

D GTVVIS 1–2 Decrease $ 47%* 0.95 0.20 0.27

D GTVVIS 1–3 Decrease . 77%* 100 (72–100) vs.

66 (34–98): 0.05

100 (72–100) vs.

53 (23–83): 0.013†
0.12

Chemoradiotherapy
SUVmax(9) 1 SUVmax(9) $ 6.6* 100 (63–100) vs.

57 (20–94): 0.044†
100 (63–100) vs.

57 (20–94): 0.044†
100 (63–100) vs.

57 (8–100): 0.080

GTVCT 1 GTVCT , 6.5 cm3 0.63 0.63 0.66
GTVVIS 1 GTVVIS , 6.5 cm3 0.63 0.63 0.66

D SUVmax(9) 1–2 Decrease $ 45% 100 (54–100) vs.

57 (20–94): 0.081

100 (54–100) vs.

57 (20–94): 0.081

100 (54–100) vs.

57 (8–100): 0.10

D GTVVIS 1–2 Decrease $ 31%* 100 (59–100) vs.

50 (10–90): 0.039†
100 (59–100) vs.

50 (10–90): 0.039†
100 (59–100) vs.

56 (7–100): 0.079

D GTVVIS 1–3 Not tested§ Not tested§ Not tested§ Not tested§

*Dichotomization by median value.
†P , 0.05.
‡Dichotomization value found through receiver-operating-characteristic analysis.
§Too few subjects for testing (n 5 7).
GTVCT 5 visually delineated gross tumor volume on CT; D 5 difference between baseline scans (1) and subsequent scans (2 or 3).

Numbers after PET/CT parameters refer to first, second, or third scan. For survival data with P # 0.1, 3-y survival data per group are

given (%), with 95% CI in parentheses; for survival differences with P . 0.1, only P value is given.
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below 6.6 predicted worse LRC, DFS, and OS than did an
SUVmax(9) above 6.6, though the difference in OS did not
reach statistical significance. For the entire group, SUVmax(9)

dichotomized at the median was not significantly predictive
for outcome (Table 2).

Changes in SUVmax(9) and GTV During Therapy and
Relation with Outcome

Relative to the baseline scan, there was a significant
decrease in mean (6SD) SUVmax(9) (46.0% 6 26.9 vs.
69.8% 6 13.5, Friedman P , 0.0001) and GTVVIS (33.2%
6 46.9 vs. 67.8% 6 29.8, Friedman P , 0.0001) on the
scans obtained in the second and fourth weeks of therapy
(Figs. 1 and 2). These decreases remained statistically sig-
nificant when the groups of patients treated with radiotherapy
or chemoradiotherapy were analyzed separately. In contrast,
no overall significant change in GTVSBR was observed, and
GTV50% even demonstrated an increase in the fourth week.
The reason for these latter findings was the large decrease in
SUVmax(9) that had already occurred in the second week of
treatment, with the 50% isocontour approaching the level of
the background signal. Consequently, the GTVSBR and
GTV50% methods became less sensitive for discriminating
tumor signal from background. For this reason, GTVSBR

and GTV50% were not used for further analysis.
For associations with outcome, both absolute and relative

changes in PET parameters were analyzed, with nearly
identical results. Therefore, only the results from the relative
change analysis will be presented. The number of radio-
therapy fractions that patients received between scans did
not confound the outcome of the scan parameter analysis.
An SUVmax(9) decrease $ 45% during the first 2 wk of

treatment was associated with a significantly better DFS

(88% [95% CI, 75–100] vs. 63% [95% CI, 41–85], P 5
0.035; Fig. 3). In the fourth week of treatment, SUVmax(9) in
all patients had decreased to such an extent that it was no
longer discriminative for outcome (Table 2).

A GTVVIS decrease above median between the baseline
scan and the 2 subsequent scans was associated with sig-
nificantly better LRC and DFS (Table 2 and Fig. 4). The
association was most pronounced in the group of chemo-
radiotherapy patients, with a DFS of 100% (95% CI, 59–
100) for those with a $31% (median) decrease after 2 wk
of treatment versus 50% (95% CI, 10–90) for those with
a ,31% decrease (P 5 0.039, Fig. 4C). For the radiother-
apy-only group, a statistically significant effect was not
reached until the fourth week of treatment.

Normal Tissues
18F-FLT uptake in normal tissues did not significantly

differ from baseline in subsequent scans, underlining the
reproducibility of the imaging method over time. The mean
parotid gland SUVmean was 0.8 6 0.2 in the baseline scan,
0.8 6 0.2 in scan 2, and 0.7 6 0.2 in scan 3. For muscle
uptake, these values were 0.6 6 0.1, 0.6 6 0.1, and 0.5 6
0.1, respectively. For brain tissue, mean SUVmean was
0.3 6 0.1, 0.2 6 0.1, and 0.2 6 0.0, respectively. Tongue
tissue values were 0.7 6 0.2, 0.7 6 0.2, and 0.6 6 0.1,
respectively. As expected, only the bone marrow in the
cervical vertebra (being a highly proliferative tissue af-
fected by radiotherapy) showed a significant decrease
in 18F-FLT uptake (Fig. 2). Mean SUVmean of the third
cervical vertebra changed from 2.8 6 0.8 to 0.5 6 0.1 to
0.4 6 0.1, respectively (P , 0.01 for difference between
scans after paired-samples t testing and Bonferroni
adjustments).

FIGURE 1. Box plots of SUVmax(9) (A),

GTVVIS (B), GTVSBR (C), and GTV50% (D) on
consecutive 18F-FLT PET/CT scans. Bottom

and top of each box are lower and upper

quartiles. Black band near middle of box is

median. Extremes of lower and higher
whiskers represent range of minimum and

maximum values. *P # 0.001, Wilcoxon

signed-rank test.
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DISCUSSION

Accelerated tumor cell repopulation is an important
cause of treatment failure in head and neck cancer (6).
Visualization of the proliferative tumor cell compartment
and early modification of treatment to counteract this re-
sistance mechanism can help improve outcome. Decisions
for more aggressive therapy, such as chemoradiotherapy,
accelerated radiotherapy, or a combination of radiotherapy
with cetuximab to counteract proliferation, are currently
driven by clinical and radiologic tumor characteristics and
by patient factors. In individualized therapy strategies, ad-
ditional information from 18F-FLT PET could be of com-
plementary value in intensifying treatment if needed and,
possibly, in deescalating treatment when early evaluation
indicates high responsiveness.
In this study, patients with head and neck tumors were

prospectively evaluated with repetitive 18F-FLT PET/CT be-
fore and early during therapy, to analyze associations between
scan findings and clinical outcome after prolonged follow-up.
In patients who are routinely treated with radiotherapy, a pre-

treatment 18F-FLT PET scan with a high SUVmax(9) (.6.6)
predicts poor outcome and thus could sway the decision to-
ward the addition of chemotherapy to reduce the observed
high proliferation rate. This is strengthened by the observation
that in the group of patients treated with concurrent chemo-
radiotherapy, a pretreatment SUVmax(9) higher than 6.6 was
associated with better outcome, suggesting that the addition
of chemotherapy might be particularly relevant for highly
proliferative tumors. Chemotherapy most likely enhances the
antiproliferative effect of the accelerated irradiation schedule,
ultimately resulting in improved treatment outcome.

Serial PET/CT of 18F-FLT demonstrated a decrease in pro-
liferative activity during therapy, as reported earlier in a radio-
therapy dose–planning exercise that included 10 patients of
the current study cohort (18). Greater decline in tumor uptake
was predictive of better clinical outcome in DFS and LRC,
with a particularly strong early association in the patients
treated with chemoradiotherapy. A possible limitation to this
study is that, even though 18F-FLT PET/CT parameters dis-
played a clear prognostic potential on univariate analysis,
a robust multivariate analysis correcting for various clinical
and pathologic variables was precluded by the relatively
small study population with too few outcome events.

As to the timing of 18F-FLT PET scans during therapy,
the results suggest that evaluation is best done in the second
week of treatment. Later measurements did not add much
information, and the 18F-FLT PET signal became more dif-
ficult to quantify because of decreasing signal-to-noise ra-
tios. In addition, if adjustments of the treatment strategy are
anticipated, these should be decided as early as possible
after the start of therapy.

Early evaluation of the response to therapy has been
assessed using 18F-FLT PET in several malignancies (23–32).
In 30 patients with recurrent glioma treated with bevacizu-
mab, changes in 18F-FLT uptake after 6 wk of treatment were
predictive for patient outcome, with a median OS 3.3 times
longer in PET responders than in nonresponders. Assessment

FIGURE 2. 18F-FLT PET/CT before therapy (A and D), in second

week of therapy (B and E), and in fourth week of therapy (C and F).

First example (A–C) shows slow decrease in 18F-FLT uptake
(cT4N2bM0 supraglottic laryngeal carcinoma treated with chemo-

radiotherapy; local recurrence after 7 mo; later distant metastases)

and second one (D–F) fast decrease (cT3N1M0 supraglottic laryn-
geal carcinoma treated with radiotherapy only; no tumor-related

event after 32 mo of follow-up). For GTVVIS (green), 3-dimensional

volume change was 18% between A and B, 235% between A and

C, 260% between D and E, and 266% between D and F. For
GTVSBR (yellow), 3-dimensional volume change was 17% between

A and B, 14% between A and C, 244% between D and E, and

122% between D and F. For GTV50% (red), 3-dimensional volume

change was 111% between A and B, 1102% between A and C;
130% between D and E, and 1247% between D and F. SUVmax(9)

changed by 235% between A and B, 270% between A and C,

258% between D and E, and 269% between D and F.

FIGURE 3. SUVmax(9) above or below 45% decrease between

scans 1 and 2 for entire group of patients. P 5 0.035.
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of response using PETwas superior to that using MR imaging
(28). In a study of 34 patients with stage IV non–small cell
lung carcinoma treated with erlotinib, Zander et al. demon-
strated that 18F-FLT PET can predict progression-free sur-

vival (32). In contrast, in a study of 10 patients with
advanced rectal cancer, no direct relationship was found be-
tween a decrease in 18F-FLT PET signal during neoadjuvant
chemoradiotherapy and histopathologic tumor regression af-
ter resection (29).

Overall, the published data on 18F-FLT PET for early re-
sponse evaluation in most solid tumor types concur that
a greater decrease in 18F-FLT uptake is associated with a bet-
ter treatment response. However, all previous studies have
been performed either in palliative situations or with limited
numbers of patients. Furthermore, most have had a relatively
short follow-up and endpoints with less relevance for a cura-
tive situation (e.g., response according to the Response Eval-
uation Criteria in Solid Tumors). The current study had
a larger cohort, with well-defined endpoints (LRC and
DFS) and adequate follow-up (minimum of 2 y for surviving
patients). In head and neck cancer, most recurrences are di-
agnosed within 2 y after treatment.

Previous studies on often nonuniformly treated cohorts
of patients with head and neck cancer reported the pro-
gnostic potential for the more commonly used PET tracer
18F-FDG (33–35). High pretreatment 18F-FDG uptake was
associated with poor outcome. There are several reports in
the literature concerning the utility of 18F-FDG PET/CT in
providing prognostic information and as a tool for assessing
treatment response 3 mo after completion of radiotherapy
or chemoradiotherapy in patients with head and neck can-
cer (36,37). However, posttherapy assessment is useless
when one is aiming for early treatment modification to im-
prove outcome or reduce overtreatment. One recent study
on 37 patients with head and neck cancer treated with
chemoradiotherapy found associations between changes in
18F-FDG uptake during therapy and tumor control (38).
Another group did not observe this correlation after 2 wk
of chemoradiotherapy in 26 patients with head and neck
squamous cell carcinoma but found a prognostic value for
18F-FDG PET/CT performed 8–12 wk after therapy with
regard to disease-specific survival and relapse-free survi-
val (39). Although a previous study showed that untreated
laryngeal squamous cell tumors displayed a higher uptake
of 18F-FDG than of 18F-FLT (40), all analyzed tumors in the
current study, in different locations in the head and neck
area, showed clearly discernable and quantifiable 18F-FLT
uptake on pretreatment PET scans. Moreover, 18F-FLT up-
take reduction could be followed during treatment, whereas
(radiotherapy-induced) peritumoral mucosal inflammation
may result in false-positive 18F-FDG PET readings and
can hamper accurate tumor volume measurements for this
tracer.

In this study, 2 automatic or semiautomatic segmentation
methods were applied for delineation of tumor volumes on
the repetitive 18F-FLT PET scans. GTVs defined using the
signal-to-background ratio and the 50% isocontour of the
maximum signal could not accurately define tumor areas
during therapy because of the deteriorating signal-to-noise
ratio and 50% isocontours approaching the background

FIGURE 4. GTVVIS decrease above or below median between

scans 1 and 2 for all patients (A), radiotherapy group (B), and che-

moradiotherapy group (C). P 5 0.037, 0.203, and 0.039, respec-

tively.
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level. During treatment, GTVVIS reduction was prognostic
for treatment outcome. However, since visual delineation
is subject to applied window-level settings and the physi-
cian’s expertise, operator-independent (automated) seg-
mentation algorithms are required. This is a topic of current
research.

CONCLUSION

This study demonstrated uptake of the proliferation PET
tracer 18F-FLT in all studied head and neck squamous cell
cancers and a significant decrease in tracer uptake during
the first 4 wk of radiotherapy or chemoradiotherapy. A
greater decrease in 18F-FLT uptake in the second week
of treatment predicted a more favorable long-term out-
come. Given the notion that tumor cell proliferation is a
mechanism of therapy resistance, 18F-FLT PET should pro-
vide an effective tool for decisions on early and personal-
ized treatment adaptation in patients with head and neck
cancer.
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