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High tumor uptake of 18F-FDG is associated with an unfavor-
able outcome in cancer patients. We evaluated pretreatment
18F-FDG uptake as guidance for the primary treatment modality
in patients with squamous cell carcinoma (SCC) of the orophar-
ynx. Methods: Fifty-two consecutive patients with newly diag-
nosed resectable SCC of the oropharynx underwent 18F-FDG
PET before treatment. Primary treatment modalities consisted
of surgical resection plus radiotherapy (RT) (surgery group, n 5

31) or radical RT plus chemotherapy (RT group, n 5 21). The sex,
age, tumor stage, histologic grade, TNM classification, treatment
strategy, and maximum standardized uptake value (SUV) cate-
gories were analyzed for association with local control (LC) and
disease-free survival (DFS). The median follow-up of the surviv-
ing patients was 36 mo. Results: The median SUV was signifi-
cantly higher in the 11 patients who failed treatment than that
in the remaining controlled patients (8.0 vs. 5.4; P 5 0.021). Pa-
tients having tumors with a high SUV . 6.0 had poorer LC and
DFS (P , 0.05). In multivariate analysis, the SUV remained an in-
dependent determinant of LC and DFS (P , 0.05). Patients with
a SUV . 6.0 in the surgery group had a higher 3-y DFS than that
in the RT group (78% vs. 33%; P 5 0.043). Conclusion: Pretreat-
ment tumor 18F-FDG uptake represents an independent prog-
nostic factor in patients with oropharyngeal SCC. Patients with
high 18F-FDG uptake may be better treated by surgery followed
by RT with or without chemotherapy, which needs to be verified
by a prospective randomized study.
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The predominant treatment modalities for squamous cell
carcinomas (SCCs) of the oropharynx consist of surgery,
radiation therapy (RT), and chemoradiation therapy (CRT),
individually or in combination (1). A single-modality therapy
with radiation or surgery can achieve similar locoregional
control for early-stage cancers, with RT generally yielding
better functional outcomes (2,3). Although patients with more
advanced disease (stages III and IV) have been traditionally
treated with surgery followed by RT, there has been an
increase in the use of chemoradiation organ-preserving pro-
tocols. Prospective randomized studies have shown that,
compared with RT alone, concurrent chemotherapy resulted
in significant improvements in local control (LC), relapse-
free survival, and overall survival (OS) (4,5). However, no
randomized trials have been performed comparing the com-
bination of chemotherapy and RT with surgery. Moreover,
these complex treatments have substantial toxicity and, there-
fore, are not suitable for all patients. Thus, by predicting
response or survival after the combined treatment, individ-
ualized treatment strategies can be developed that lead to
improved LC and survival outcomes.

18F-FDG PET has been used increasingly for the staging
and follow-up of patients with head and neck cancer (6,7).
Tumor 18F-FDG uptake may also have prognostic signifi-
cance, in that patients with high 18F-FDG uptake have been
shown to have a less-favorable outcome (8,9). Therefore,
18F-FDG PET may be used to identify the subset of patients
who might respond to CRT. This has implications not only
for the clinical management of head and neck cancer pa-
tients but also for their prognostic stratification. The rela-
tionship between tumor 18F-FDG uptake and the outcomes
of different treatment strategies in patients with oropharyn-
geal SCC has received little attention. Therefore, we eval-
uated pretreatment 18F-FDG uptake as a predictor of survival
and as guidance for the primary surgery or RT plus chemo-
therapy in patients with resectable SCC of the oropharynx.
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MATERIALS AND METHODS

Patient Eligibility and Study Design
Between January 2001 and December 2004, consecutive pa-

tients presenting with newly diagnosed, resectable SCC of the oro-
pharynx at Asan Medical Center underwent 18F-FDG PET evaluation
before treatment. Tumor staging was based on all information pro-
vided by the different examinations, including the 18F-FDG PET
scan. Patients with cancers other than SCC, primary tumors of or-
gans other than the oropharynx, unresectable tumors, second pri-
mary tumors, distant metastatic disease at initial diagnosis, and
significant comorbidities were excluded. Three patients who did
not receive complete treatments because of toxicity or poor patient
cooperation and 1 patient who died within 3 mo of therapy with
unknown disease status or complications of treatment were also
excluded. Fifty-two eligible patients with oropharyngeal SCC were
suitable for analysis. These patients were grouped by primary
treatment modality: curative surgery plus postoperative RT with or
without chemotherapy (surgery group, n 5 31) and radical RT
plus chemotherapy (RT group, n 5 21). Primary treatment mo-
dalities were selected by the patients and their families and the
multidisciplinary tumor board and were not based on 18F-FDG
PET or other imaging results. The study protocol was reviewed
and approved by the institutional Ethics Review Committee.

All patients in the surgery group underwent wide curative
resection of their primary tumors, with or without mandibulotomy

and reconstructive procedures. Patients had radical (n 5 9), modi-
fied radical (n 5 14), or selective (n 5 8) neck dissections, with 11
having bilateral dissections. Twenty-five patients received post-
operative locoregional RT (median dose, 62.6 Gy; range, 32.4–
68.4 Gy), using a single daily fraction. Five patients in the surgery
group also received adjuvant chemotherapy with 1 or 2 cycles of
cisplatin, with or without a continuous infusion of 5-fluorouracil,
before or after surgery.

Twenty-one patients in the RT group received radical locore-
gional RT, using 6-MV photons, to the primary tumor site and head
and neck lymphatics, without curative surgery. The altered frac-
tionated RT was not used in all patients, and the mean radiation
dose for all patients was 68.8 Gy (range, 60.2–76.2 Gy) using the
daily fraction in all patients. Eighteen patients also received con-
comitant chemotherapy, generally 2 or 3 cycles of cisplatin with or
without a continuous infusion of 5-fluorouracil or docetaxel admin-
istration. Of them, 4 received neoadjuvant chemotherapy followed
by concomitant chemoradiotherapy (CRT). Salvage resections of
primary tumors and neck dissections were performed in 6 and 7
patients, respectively, with persistent or recurrent tumors after RT
or CRT.

18F-FDG PET
18F-FDG PET was performed using an ECAT HR1 scanner

(Siemens Medical Solutions USA, Inc.), which provided an

TABLE 1
Patient Characteristics

Characteristics Total Surgery group RT group P value*

No. of patients 52 31 21
Sex (M/F) 45/7 29/2 16/5 0.166

Median age (y [range]) 56 (32–73) 56 (32–73) 56 (39–71) 0.599

Site of primary tumor 0.517
Palatine tonsil 39 25 14

Base of tongue 11 5 6

Soft palate 2 1 1

TNM classification (AJCC, 2002)
T1–2/T3–4 37/15 23/8 14/7 0.557

N0–1/N2–3 17/35 10/21 7/14 0.490

Stage I–II/III–IV 9/43 4/27 5/16 0.308

Histologic grading
G1/G2/G3 9/32/11 7/17/7 2/15/4 0.393

Primary tumor

Median size (cm [range])y 2.0 (0.6–5.5) 2.0 (0.6–5.0) 2.0 (1.0–5.5) 0.330
Median SUV (range) 6.1 (1.0–13.7) 6.3 (1.5–12.5) 6.1 (1.0–13.7) 0.994

SUV category (#6.0/.6.0) 27/25 16/15 11/10 0.590

Treatment

Primary strategy S 1 RT 6 C RT/CRT 6 Sz

Modalities

Wide resection of primary tumor 35 31 6

Neck dissection 35 31 7

RT 46 25 21
Chemotherapy 26 5 18

Median follow-up (mo [range]) 36 (12–71) 36 (13–71) 35 (12–69) 0.376

*Comparison between surgical and RT groups: x2 test except for age, size and SUV of primary tumor, and follow-up period (t test).
yMeasured from pathologic specimen (surgery group) or CT/MRI and physical examinations (RT group).
zIncludes salvage resection of primary tumors or neck dissection.

TNM 5 tumor, node, metastasis; AJCC 5 American Joint Committee on Cancer; G1/G2/G3 5 well/moderately/poorly differentiated;
SUV 5 maximum SUV of 18F-FDG on PET; S 5 surgery; C 5 chemotherapy.
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in-plane spatial resolution of 4.5 mm and an axial field view of
15.5 cm. All patients fasted for at least 6 h before 18F-FDG PET,
and their blood glucose concentrations were measured; patients
with diabetes mellitus were required to have controlled blood
glucose levels (,150 ng/mL) before having the scan. All patients
rested for at least 1 h before 18F-FDG PET scanning and received
an intravenous injection of approximtely 555 MBq 18F-FDG.
Sixty minutes after 18F-FDG injection, with the patient in the
supine position, whole-body imaging was performed from the
head to the midthigh. Data were reconstructed into coronal,
sagittal, and transverse sections and a 3-dimensional rotating
projection. Visible lesions with increased tracer uptake were
identified and their 18F-FDG uptake was quantified. The maxi-
mum standardized uptake value (SUV) was semiquantitatively
analyzed according to the equation, SUV 5 A/(ID/LBW), where
A is the decay-corrected activity in tissue (in MBq/mL), ID is the
injected dose of 18F-FDG (in MBq), and LBW is the patient’s lean
body weight. The SUVs of primary lesions were measured from
focal 18F-FDG uptake greater than background activity in the
oropharyx and corresponding to lesions detected on CT/MRI.
Because 3 patients had no definitively abnormal focal 18F-FDG
uptake in the oropharynx, the SUVs (,2.5) were measured from
the values close or equal to background activity of the oropha-
ryngeal subsites corresponding to CT/MRI findings and reported
by physicians. The SUV of the primary tumor was used as a
reference for correlation with LC and survival.

Statistical Analysis
Actuarial LC, disease-free survival (DFS), and OS rates were

calculated by the Kaplan–Meier method. Persistent or recurrent tu-
mors were documented by endoscopy, CT/MRI, or 18F-FDG PET.
The time intervals for LC and survival endpoints were calculated
from the first day of treatment until the date of an event or of the
last follow-up. The log rank test was used to assess the correlation
of these endpoints with SUV and with the other clinical (sex, age,
tumor site, T category, N category, TNM stage, histologic grading)
and therapeutic (treatment group) variables. Variables found to be
significant by univariate analysis were subjected to multivariate
analysis using the Cox proportional hazards model. Analysis of
data in contingency tables or mean comparison was performed
using the x2 test or the t test. Data were expressed as mean 6 SD.
A P value , 0.05 was considered statistically significant.

RESULTS

The study cohort consisted of 52 patients (45 men, 7
women; median age, 56 y; age range, 32273 y). Patient char-
acteristics are summarized in Table 1. Distribution of sex,
age, and TNM classification and of site, size, histologic grad-
ing, and SUV of primary tumors were comparable in the
surgery and RT groups (P . 0.15). At last follow-up, 42
patients were alive and 10 had died: 9 from oropharyngeal
cancer and 1 from a second primary tumor. The median
follow-up for surviving patients was 36 mo (range, 12–71
mo). Ten patients presented with recurrent local or regional
disease, and 6 presented with distant metastases. At 3 y,
actuarial LC was 82%, DFS was 74%, and OS was 76%.

The median SUV of primary tumors was 6.1 (range, 1.5–
18.4). The mean tumor SUV of all patients was 5.9 6 3.2
and was comparable in the surgery and RT groups (5.9 6

3.5 vs. 5.9 6 2.8; P 5 0.994; Table 1). The mean SUV was
significantly higher in the 11 patients who presented with

TABLE 2
Univariate Analysis for LC and DFS

Variable No. of patients 3-y LC (%) P value 3-y DFS (%) P value

Sex (M/F) 45/7 82/86 0.722 73/86 0.653

Age (y [#55/.55]) 25/27 88/77 0.421 87/65 0.224

Tumor site (PT/BOT/SP) 39/11/2 87/64/50 0.134 83/52/50 0.078
T category (T1–2/T3–4) 37/15 89/67 0.089 85/46 0.040

N category (N0–1/N2–3) 17/35 88/79 0.372 84/70 0.120

TNM stage (I–II/III–IV) 9/43 89/81 0.490 75/73 0.528

Histologic grading (G1/G2/G3) 9/32/11 100/77/82 0.263 86/68/80 0.274
SUV category (#6.0/.6.0) 27/25 92/60 0.038 88/61 0.036

Treatment strategy

Surgery group/RT group 31/21 90/71 0.114 85/55 0.036

LC 5 local control; DFS 5 disease-free survival; PT 5 palatine tonsil; BOT 5 base of tongue; SP 5 soft palate; G1/G2/G3 5 well/

moderately/poorly differentiated; SUV 5 maximum SUV.

FIGURE 1. Actuarial DFS in patients treated with surgery (n 5

31) or RT (n 5 21) as primary treatment modality (P 5 0.036).
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local, regional, or distant failure than that in the remaining
controlled patients (8.0 6 3.4 vs. 5.4 6 3.0; P 5 0.021).
Tumor SUV was highly correlated with the size of the
primary tumor (Pearson correlation coefficient 5 0.59, P ,

0.001) but not with histologic grade or TNM stage (P .

0.4). In the absence of an established cutoff for SUV, the
median value was used to establish groups of patients with
a high (.6.0) SUV and a low (#6.0) SUV, close to the
mean and median SUVs. By univariate analysis, T and SUV
categories and treatment modality showed significant cor-
relations with 3-y DFS (P , 0.05), whereas only the SUV
category showed a significant correlation with 3-y LC (P 5

0.038) (Table 2). The surgery group had a significantly higher
3-y DFS than the RT group (85% vs. 55%; P 5 0.036) (Fig.
1). Patients with a low (#6.0) SUV had a higher 3-y LC
(92% vs. 60%; P , 0.04) and DFS (88% vs. 61%; P ,

0.04) than did those with a high (.6.0) SUV (Fig. 2).
Factors significantly influencing DFS in univariate anal-

ysis and the site of the primary tumor were included in the
Cox proportional hazards model. The parameters (T and
SUV categories and treatment modality) showing statistical
correlation with survival were accounted for by stratifying
according to tumor site. Both LC and DFS rates were sig-

nificantly lower in patients with a high SUV (P , 0.05),
and DFS tended to be higher in the surgery group than in
the RT group (P 5 0.054) (Table 3).

We also compared DFS in patients with high and low
SUVs relative to those of the treatment subgroup (Fig. 3).
Among the 25 patients with a high SUV . 6.0, 3-y DFS
was higher in the surgery group (n 5 15) than that in the
RT group (n 5 10) (78% vs. 33%; P 5 0.043) (Fig. 3A).
However, among the 27 patients with a low SUV # 6.0, 3-y
DFS was similar in the surgery (n 5 16) and RT (n 5 11)
groups (93% vs. 78%; P 5 0.329) (Fig. 3B).

In the RT group, the complete response after RT plus
chemotherapy seemed to be higher in the 10 patients with a
low SUV than that in the 11 patients with a high SUV (90%
vs. 64%) but the difference was not statistically significant,
due to the relatively small number of patients (P 5 0.157).
However, 3-y DFS in the RT group was significantly higher
in the patients with a low SUV than that in patients with a
high SUV (86% vs. 30%, P 5 0.039).

DISCUSSION

Outcome indicators in patients with head and neck can-
cer have traditionally been derived from clinical and path-
ologic features (10). Despite careful evaluation of established
prognostic factors in head and neck patients, it is currently
impossible to reliably predict treatment outcomes, even in
patients within the same TN category (11). Identification of
additional prognostic factors for locoregional control and
survival—particularly, biologic parameters—may allow the
development of individualized strategies that lead to im-
proved LC and survival. Increased glycolysis has been ob-
served in cancers (12), and high 18F-FDG uptake has been
reported to be an indicator of poor prognosis in head and
neck cancers (8,9,13,14). Several studies have suggested that
18F-FDG PET can identify this subset of patients (13,14). Our
multivariate analysis of the entire series of patients showed
that, in oropharyngeal SCC, the SUV was an independent
prognostic factor for survival. Our results confirmed prior
findings, showing that high 18F-FDG uptake was generally
associated with tumor aggressiveness and a less favorable
survival outcome.

There are important reasons to avoid primary surgical
therapy for oropharyngeal cancers. Even in their early stages,

FIGURE 2. Actuarial DFS using cutoff of 6.0 for SUV of 18F-
FDG (low vs. high SUV, n 5 27 vs. 25) (P 5 0.036).

TABLE 3
Cox Proportional Hazards Models for LC and DFS

LC DFS

Variable RR 95% CI P value RR 95% CI P value

T category (T1–2/T3–4) 1/1.27 0.69–1.40 0.455 1/1.45 0.67–5.60 0.350

Treatment strategy (surgery/RT) 1/2.70 0.97–4.43 0.151 1/3.03 0.98–12.28 0.054
SUV category (#6.0/.6.0) 1/4.35 1.04–5.96 0.048 1/3.70 1.06–14.63 0.043

LC 5 local control; DFS 5 disease-free survival; RR 5 relative risk; CI 5 confidence interval; SUV 5 maximum SUV.
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these carcinomas are associated with a risk for regional
lymph node metastases as well as a high risk of bilateral
neck disease (1). In addition, there are difficulties in sur-
gical approach and considerable surgical morbidity. Thus,
there has been an overall trend toward primary therapy with
RT or CRT, especially for patients with advanced disease
(1,3–5). However, these combined treatments have substan-
tial toxicity and, therefore, are not suitable for all patients.
18F-FDG uptake by head and neck cancers may be able to
predict outcomes after therapy (8,9,13,14). These earlier
studies of 18F-FDG PET included patients with tumors at
various sites of the head and neck and were primarily con-
cerned with the outcomes of nonsurgical therapies. Primary

tumors at multiple sites may be associated with different
tumor burdens, which may affect 18F-FDG uptake, treatment
response, and survival—thus, leading to potential biases.
Therefore, we tested the predictive value of 18F-FDG uptake
only in patients with newly diagnosed, resectable SCC of the
oropharynx, who were treated with surgery followed by RT
or with radical RT combined with chemotherapy.

Our results are generally in agreement with those of other
studies on head and neck cancers, including those treated
surgically (8,13) or nonsurgically (9,14). We found that pa-
tients treated with surgery plus postoperative RT had better
LC and DFS outcomes than did patients treated with RT
plus chemotherapy, perhaps because one third of the latter
experienced locoregional failure after RT or CRT. Although
RT combined with chemotherapy has been used increas-
ingly in many institutions, our results suggest that nonsur-
gical therapy may be not an ideal modality for all patients
with oropharyngeal SCC and may be inferior to the tradi-
tional therapeutic modality of surgery followed by RT.

We also observed an apparent link between 18F-FDG up-
take and individualized therapeutic selection. Complete re-
sponse to CRT is the single most important predictor of OS
in patients with head and neck cancer (15). We found that
18F-FDG PET can reliably predict survival outcomes but not
response after CRT. We did not detect a statistical difference
in RT or CRT response rate between patients with low and
high SUVs, perhaps because of the relatively small number
of patients. In patients with a high 18F-FDG uptake who un-
derwent primary RT or CRT, the unfavorable survival out-
comes seemed to be closely related to the poor treatment
response and increased locoregional recurrence after treat-
ment. The relation between RT or CRT response and survival
outcome may become clear by further accumulation of data
from patients with oropharyngeal SCC.

Our results also suggest a potential role for 18F-FDG
PET as guidance for the primary treatment modality. Local
disease control and survival outcomes were generally higher
in the surgery group than those in the RT group, and this
difference was significant in patients with a high (.6.0) tu-
mor SUV but not in those with a low (#6.0) tumor SUV.
This finding suggests that patients with high tumor 18F-FDG
uptake may have improved survival with early surgical inter-
vention followed by RT. Primary RT or CRT may be op-
tional only in patients with low 18F-FDG uptake who hope
to avoid surgery and postoperative morbidity.

Poor responders to RT or CRT may also respond poorly
to radical surgery, whereas they may benefit from multi-
modal therapies. Combined-modality therapy has been de-
veloped to increase disease control, patient survival, and
functional outcome in patients with advanced malignancies
(16). The multimodal intensified schedule is usually based
on CRT with surgical adjuncts. However, our results sug-
gest that surgery followed by RT may be a better choice for
patients with resectable SCC of the oropharynx and high
18F-FDG uptake. This finding suggests the need for addi-
tional trials on larger numbers of these patients.

FIGURE 3. Actuarial DFS in patients treated with surgery or
RT as primary treatment modality in patients with tumor SUV #

6.0 and SUV . 6.0. In 25 patients with SUV . 6.0, primary
surgery followed by RT (n 5 15) resulted in a statistically better
survival than did RT with chemotherapy (n 5 10) followed by
surgical salvage (A; P 5 0.043). In 27 patients with SUV # 6.0,
there was no significant difference between surgery plus RT
(n 5 16) and RT plus chemotherapy (n 5 11) (B; P 5 0.329).
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CONCLUSION

We found that high 18F-FDG uptake (SUV . 6.0) was a
marker for poor outcome in patients with SCC of the orophar-
ynx, confirming earlier findings showing that pretreatment
tumor 18F-FDG uptake represents an independent prognos-
tic factor in patients with head and neck cancers. To our
knowledge, this study is the first to compare outcomes of
primary therapeutic modalities based on tumor 18F-FDG
uptake, and our results suggest that patients with high 18F-
FDG uptake may obtain survival benefits from primary sur-
gery followed by RT with or without chemotherapy rather
than from primary CRT. Thus, the use of pretreatment 18F-
FDG PET in proper selection of the primary treatment mo-
dality may lead to the increased survival of patients with
aggressive oropharyngeal cancer. However, our conclusions
need to be verified by a prospective randomized study in-
volving the groups of patients who undergo more homo-
geneous treatment modalities.
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