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Abstract: The objective of this study is to establish the utilization trends of CT, MRI, and FDG-PET/CT for evaluation 
of oropharyngeal squamous cell carcinoma (OPSCC) patients. A total of 173 patients with newly diagnosed stage 
III or IV OPSCC between 2003 and 2009 were included. Frequency of imaging modality use, divided into four time 
periods (2003-04, 2005-06, 2007-08 and 2009), was evaluated. For initial staging, percentage of PET/CT use was 
64.6%, 87.5%, 94.1% and 96.3%, with an increasing trend (p < 0.001). The CT (p = 0.762) and MRI (p = 0.224) use 
demonstrated no change in trend. For post-treatment imaging, percentage of PET/CT use was 59.5%, 68.6%, 89.7% 
and 100%, with an increasing trend (p < 0.001). The CT use demonstrated a decreasing trend (p = 0.004) and MRI 
showed no trend change (p = 0.231). PET/CT is used with an increasing trend for initial staging and has become a 
central imaging modality for follow up evaluation after treatment, for advanced OPSCC. 

Keywords: Oropharyngeal squamous cell carcinoma (OPSCC), PET/CT, FDG, cancer, magnetic resonance imaging 
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Introduction 

Head and neck cancers are relatively rare can-
cers with estimated 36,000 new patients in the 
United States in 2013 by American Cancer 
Society [1]. Oropharyngeal cancers related to 
human papillomavirus infection (HPV) has been 
reported to be increasing [2, 3]. The five-year 
survival rate is 40-55% for advanced stage dis-
eases [1]. The precise evaluation of disease 
invasion in primary lesion and metastases 
especially to neck lymph nodes is critical for 
the disease management. At present, CT with 
intravenous contrast and MRI are considered 
to be conventional imaging modalities, and 
PET/CT has been proven as a useful option [2, 
4]. The usefulness of PET/CT has been recog-
nized especially after it was introduced into 
clinical setting in the last decade [5]. Moreover, 
as Hillner et al reported, after Medicare reim-
bursement for PET use in head and neck can-
cer management was approved in 2001, PET 
has been more frequently utilized [6]. 

There are several guidelines by professional 
groups such as NCCN [2] and Clinical Oncology 
[7], in which PET/CT is considered as an addi-
tional option for advanced head and neck can-
cers besides CT and MRI, based on current evi-
dences. It is unclear how these imaging moda- 
lities are utilized in clinical settings. Hence, the 
objective of this study is to establish the tempo-
ral utilization trends of CT, MRI and PET/CT at 
baseline and follow up of patients with advanced 
oropharyngeal cancer from one of the leading, 
tertiary care referral centers for head and neck 
and otolaryngology, in the United States- the 
Johns Hopkins Hospital.

Materials and methods 

Study design overview

This is a retrospective data analysis from medi-
cal records and imaging database at Johns 
Hopkins Hospital. These data was used for 
evaluation of the changes in use of advanced 
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imaging modalities, CT, MRI and PET/CT for 
advanced oropharyngeal cancer patients 
(stage III and IV) between 2003 and 2009. 
Institutional Review Board approved the study 
and informed consent was waived.

Patients

From the institutional imaging database, all the 
cancer patients who received CT neck with 
intravenous contrast, MRI, PET/CT for the eval-
uation of head and neck region between 
January 2003 and December 2009 were 
extracted. Using information both from radio-
logical reports and medical records, a total of 
195 oropharyngeal cancer patients who were 
newly diagnosed during the study period were 
identified. To decrease the heterogeneity in 
stages, 173 patients with AJCC (7th edition) 
stage III or IV and biopsy-proven oropharyngeal 
squamous cell carcinoma were included in this 
analysis.

Data collection

The following information was collected as 
baseline characteristics: age, sex, race, smok-
ing status, subsites, AJCC staging at the time of 
biopsy, treatment and recurrence. As to imag-
ing information, the timing and utilization of CT, 
MRI and PET/CT were collected for the initial 
evaluation before treatment (baseline) and fol-
low up during first two years after completion of 
treatment (post-treatment). Imaging performed 
outside our institution for evaluation of the dis-
ease was included if the images were evaluat-
ed and stored in the institutional imaging data-
base and reports in the electronic medical 
records. Since 2005, FDG PET/CT of the head 
and neck has been performed with intravenous 
contrast and diagnostic CT neck at the same 
time as PET/CT, if clinicians request and the 
test is coded as ‘PET/CT with contrast’ in this 
study. For post-treatment analysis, 148 

Table 1. Baseline characteristics of patients included in the study by year of diagnosis
Year 2003-4 2005-6 2007-8 2009 Total
Number 48 64 34 27 173

Age (mean, SD) 31-79 (55.2, 9.84) 28-88 (54.7, 10.52) 45-75 (57.3, 7.11) 29-70 (56.0, 10.51) 28-88 (55.6, 9.71)

Sex

    Male (%) 38 (79.2) 46 (71.9) 28 (82.4) 22 (81.5) 134 (77.5)

    Female (%) 10 (20.8) 18 (28.1) 6 (17.6) 5 (18.5) 39 (22.5)

Race

    White (%) 38 (79.2) 49 (76.6) 25 (77.8) 21 (77.8) 133 (76.9)

    Black (%) 9 (18.8) 14 (21.9) 8 (23.5) 3 (11.1) 34 (19.6)

    Other (%) 1 (2.1) 1 (1.6) 1 (2.9) 3 (11.1) 6 (3.5)

Smoker

    Ever (%) 25 (52.1) 25 (39.1) 8 (23.5) 8 (29.6) 64 (37.0)

    Never (%) 23 (47.9) 35 (54.7) 14 (41.2) 12 (44.4) 86 (49.7)

    NA (%) 0 (0.0) 4 (6.2) 12 (35.3) 7 (25.9) 23 (13.3)

    Double cancer (%) 8 (16.7) 8 (12.5) 5 (14.7) 4 (14.8) 25 (14.4)

HPV

    Positive (%) 5 (10.4) 10 (15.6) 20 (58.8) 22 (81.5) 57 (33.0)

    Negative (%) 2 (4.2) 8 (12.5) 1 (2.9) 0 (0.0) 11 (6.4)

    NA (%) 41 (85.4) 46 (71.9) 13 (38.2) 5 (18.5) 105 (60.7)

Subsites

    Tonsil (%) 19 (39.6) 32 (50.0) 15 (44.1) 11 (40.7) 77 (44.5)

    Base of tongue (%) 18 (37.5) 20 (31.2) 16 (47.0) 14 (51.8) 68 (39.3)

    Other (%)*1 11 (22.9) 12 (18.8) 3 (8.8) 2 (7.4) 28 (16.2)

    Stage 3 (%) 10 (20.8) 6 (9.4) 3 (8.8) 5 (18.5) 24 (13.9)

    4 (%) 38 (79.2) 58 (90.6) 31 (91.2) 22 (81.5) 149 (86.1)

Treatment*2

    RT (%) 23 (47.9) 33 (51.6) 22 (64.7) 18 (66.7) 96 (55.5)

    Surgery (%) 23 (47.9) 27 (42.2) 11 (32.4) 9 (33.3) 70 (40.5)

    Other (%) 2 (4.2) 4 (6.2) 1 (2.9) 0 (0.0) 7 (4.0)

    Recurrence (%) 7 (14.6) 6 (9.4) 3 (8.8) 1 (3.7) 17 (9.8)
*1Other: include subsite unspecified. *2RT: chemoradiotherapy (CRT) or radiotherapy alone (RT). Surgery: surgery alone or surgery with neoadjuvant or adjuvant CRT or 
RT.
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patients with at least six months follow up were 
included.

Statistical analysis

We present central tendencies as mean ± stan-
dard deviation (SD) or as median (interquartile 
range) when data was skewed, or frequency 
and percentage for categorical variables. The 
data was divided into four cohorts: 2003-2004 
(n = 48), 2005-2006 (n = 64), 2007-2008 (n = 
34), 2009 (n = 27) for analysis purposes, and 
frequency of each imaging modality use was 
evaluated at initial staging and post-treatment, 
respectively, using trend test. P-value less than 
0.05 was considered as significant. All statisti-
cal analyses were performed using Stata12 
(Stata Corp., College Station, Texas, USA).

Results 

Baseline characteristics

There were 134 males and 39 females and the 
mean age of patients was 55.6 years (SD 9.71). 
More than three-fourth of the patients was 
male (77.5%). Tonsil was the most common 
subsite in 77 patients (44.5%) and the second 
common site was base of tongue in 68 patients 
(39.3%). Treatment methods was chemoradio-
therapy (CRT) or radiotherapy alone (RT) for 96 
patients (55.5%). Seventy patients (40.5%) 
received surgery with or without CRT or RT as 
either neoadjuvant or adjuvant therapy. A total 
of 17 patients (9.8%) had recurrence during the 
first two years after completion of treatment. 
Baseline characteristics of whole patients and 
each cohort were shown in Table 1.

Initial staging

For initial staging, the percentage of PET/CT 
use was 64.6% in 2003-4, 87.5% in 2005-6, 
94.1% in 2007-8 and 96.3% in 2009, with an 
increasing trend (p < 0.001). The percentage of 
CT use was 68.8% in 2003-4, 34.4% in 2005-
6, 58.8% in 2007-8 and 59.3% in 2009, while 
that of MRI use was 16.7% in 2003-4, 35.9% in 
2005-6, 32.4% in 2007-8 and 29.6% in 2009. 
The percentage of PET/CT with contrast was 
0% in 2003-4, 12.5% in 2005-6, 50.0% in 
2007-8 and 48.2% in 2009 with an increasing 
trend (p < 0.001) (Figure 1). There was no obvi-
ous change over the study period in CT (p = 
0.762) or MRI (p = 0.224) use for baseline 
evaluation. 

In subgroup analysis by treatment methods (RT 
or Surgery), the percentage of PET/CT use in RT 
group was 60.9% in 2003-4, 87.9% in 2005-6, 
95.4% in 2007-8 and 100.0% in 2009, with an 
increasing trend (p < 0.001). The percentage of 
CT and MRI use in RT group was 82.6% and 
21.7% in 2003-4, 39.4% and 45.4% in 2005-6, 
59.1% and 31.8% in 2007-8 and 66.7% and 
22.2% in 2009, respectively. The percentage of 
PET/CT with contrast was 0% in 2003-4, 18.2% 
in 2005-6, 40.9% in 2007-8 and 33.3% in 
2009 with an increasing trend (p = 0.002) 
(Figure 2A). Similar to the results of whole 
patients analysis, neither CT nor MRI use 
showed any changing trend (p = 0.581 for CT 
use and p = 0.786 for MRI use). In Surgery 
group, the percentage of PET/CT use was 
65.2% in 2003-4, 85.2% in 2005-6, 90.9% in 
2007-8 and 88.9% in 2009. The trend test 
failed to reach statistical significance with p = 
0.065. The percentage of CT use was 52.2% in 

Figure 1. Percentage of imaging modalities used at initial staging (n = 173).

HPV status

HPV status was available for 
68 patients (39.3%), and 57 
patients (83.8%) were HPV 
positive. The proportion of the 
patients who had HPV status 
performed was 14.6% in 
2003-4 and increased over 
the study period up to 81.5% 
in 2009 with statistically sig-
nificant increasing trend (p < 
0.001).

Imaging modalities utiliza-
tion trends at baseline
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2003-4, 29.6% in 2005-6, 54.6% in 2007-8 
and 44.4% in 2009, with no obvious trend. The 
use of MRI showed an increase in this subgroup 
with 13.0% in 2003-4, 29.6% in 2005-6, 36.4% 
in 2007-8 and 44.4% in 2009 (p = 0.048). The 
percentage of PET/CT with contrast was 0% in 
2003-4, 7.4% in 2005-6, 63.6% in 2007-8 and 
77.8% in 2009 with an increasing trend (p < 
0.001) (Figure 2B). 

Post treatment imaging

As for post-treatment evaluation, the percent-
age of PET/CT use within two years was 59.5% 
in 2003-4, 68.6% in 2005-6, 89.7% in 2007-8 
and 100% in 2009, with an increasing trend (p 
< 0.001). The percentage of PET/CT use within 
first six months after completion of treatment 
has also significantly increased: 50% in 2003-
4, 47.1% in 2005-6, 82.8% in 2007-8 and 
100% in 2009 (p < 0.001). On the other hand, 
the percentage of CT use within first two years 
was 76.2% in 2003-4, 88.2% in 2005-6, 62.1% 
in 2007-8 and 50.0% in 2009, which showed a decr- 
easing trend (p = 0.004). The use of MRI was 
much less than other two modalities, with 
19.0% in 2003-4, 11.8% in 2005-6, 13.8% in 
2007-8 and 7.7% in 2009, and showed no sig-
nificant increase or decrease (p = 0.231). The 

2003-4, 72.0% in 2005-6, 95.0% in 2007-8 
and 100% in 2009, and that of PET/CT use 
within six months was 52.4% in 2003-4, 60.0% 
in 2005-6, 95.0% in 2007-8 and 100% in 2009, 
both with a significant increasing trend (p < 
0.001). The percentage of PET/CT with contrast 
was 4.8% in 2003-4, 40.0% in 2005-6, 75.0% 
in 2007-8 and 100.0% in 2009 with an increas-
ing trend (p < 0.001). On the other hand, the 
percentage of CT use was 81.0% in 2003-4, 
84.0% in 2005-6, 55.0% in 2007-8 and 50.0% 
in 2009, with a decreasing trend (p = 0.008). 
The percentage of MRI use was 19.0% in 2003-
4, 4.0% in 2005-6, 15.0% in 2007-8 and 11.1% 
in 2009, with no obvious trend (p = 0.718) 
(Figure 4A). 

In Surgery group, the percentage of PET/CT use 
within two years was 52.4% in 2003-4, 65.4% 
in 2005-6, 77.8% in 2007-8 and 100% in 2009, 
and that of PET/CT within six months was 47.6% 
in 2003-4, 34.6% in 2005-6, 55.6% in 2007-8 
and 100% in 2009, both with an increasing 
trend (p = 0.012 and 0.017, respectively). The 
percentage of PET/CT with contrast was 4.6% 
in 2003-4, 26.9% in 2005-6, 66.7% in 2007-8 
and 62.5% in 2009 with an increasing trend (p 
< 0.001). The percentage of CT use was 71.4% 
in 2003-4, 92.3% in 2005-6, 77.8% in 2007-8 

Figure 2. A: Percentage of imaging modalities used at initial staging in patients who received radiation therapy (n = 
96). B: Percentage of imaging modalities used at initial staging in patients treated with Surgery (n = 70). 

Figure 3. Percentage of imaging modalities used post-treatment (n = 148). 

percentage of ‘PET/CT with 
contrast’ within first two years 
was 4.6% in 2003-4, 33.3% in 
2005-6, 72.4% in 2007-8 and 
88.5% in 2009 with an 
increasing trend (p < 0.001) 
(Figure 3). 

In treatment subgroup analy-
ses, overall trends were simi-
lar to the results of whole 
patients. In RT group, the per-
centage of PET/CT use within 
first two years was 66.7% in 
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and 50.0% in 2009, with no statistical signifi-
cant trend in this subgroup (p = 0.34). The per-
centage of MRI use was 19.0% in 2003-4, 
19.2% in 2005-6, 11.1% in 2007-8 and 0% in 
2009, showing no significant trend (p = 0.207) 
(Figure 4B).

Discussion

FDG PET/CT is useful in management of 
patients with many human solid tumors includ-
ing diagnosis, treatment and follow up evalua-
tion [8-13]. The analyses of data from Medicare 
beneficiaries between 2004 and 2008 by 
Hillner et al showed increase in use of PET for 
six types of cancers including head and neck 
cancers without change in use of CT or MRI, 
suggesting the additional role of PET to other 
imaging modalities in clinical setting [6]. Our 

data indicated similar trends that PET/CT use 
increased over the study period without obvi-
ous changes in CT or MRI use overall for initial 
staging evaluation. However, MRI utilization 
demonstrated increasing trends at the initial 
staging for the subgroup of patients who had 
primary surgical management. For post-treat-
ment evaluation, CT use declined with increase 
in PET/CT use. Our result suggests that PET/CT 
played an additional role to CT and MRI for ini-
tial staging evaluation, and it was used as a 
replacement for CT for post-treatment follow up 
evaluation in most patients with oropharyngeal 
SCC.

In the head and neck, for initial staging of squa-
mous cell cancers, PET/CT has been consid-
ered to be additional [2, 7, 14, 15] or comple-
mentary test. Recent meta-analysis comparing 

Figure 4. A: Percentage of imaging modalities used post-treatment in patients received radiation therapy (n = 96). 
B: Percentage of imaging modalities used post-treatment in patients treated with surgery (n = 70). 

Figure 5. Value of contrast enhanced FDG PET/CT- Axial PET (A), fused PET/CT (B), contrast enhanced CT (C) im-
ages of a 60 year old gentleman with HPV associated squamous cell carcinoma of the tongue base who underwent 
a staging FDG PET/CT study. PET/CT shows hypermetabolic base of tongue mass (SUVmax – 4.6), hypermetabolic 
right level II cervical node. The contrast enhanced CT of the neck showed no invasion of the tongue muscles from 
the primary tumor and subcentimeter right level II cervical node. Contrast enhanced PET/CT provided the clinical 
information about the primary tumor as well as the nodal metastasis required for management decisions in a single 
imaging study.
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imaging modalities in N0 neck showed similar 
diagnostic accuracy among CT, MRI, PET and 
US as a single modality to diagnose neck nodal 
metastasis [16]. However, a meta analysis of 
studies comparing studies in which both FDG 
PET and conventional diagnostic tests were 
performed, sensitivity and specificity of FDG 
PET were 80% and 86%, respectively, and of 
conventional diagnostic tests were 75% and 
79%, respectively [17]. In addition, a prospec-
tive and multicentric trial on PET for the initial 
staging of head and neck squamous cell carci-
noma indicated that additional PET improved 
initial staging and altered management for 
13.7% of the study patients [15]. Thus, the 
most important contribution of PET/CT in head 
and neck cancer patients at baseline is for 
neck nodal staging and for identifying distant 
metastases. 

However, the increasing trend of contrast 
enhanced head and neck PET/CT being per-
formed at initial staging (Figure 5), it contrib-
utes to the primary site staging and surgical 
planning as appropriately, in addition to the 
neck nodal and distant staging. This obviate 
the need for contrast enhanced CT and PET/CT 
performed separately [18]. The increasing 
trend of MRI utilization at initial staging evalua-
tion for the subgroup of patients who undergo 
primary surgical management could be expla- 
ined by use of surgical robotic management 
and the requirement for excellent soft tissue 
delineation, including the need to exclude 
tongue muscle invasion before surgery.

PET/CT is increasingly used for radiotherapy 
planning, therapy assessment and identifying 
recurrence [19-21] in head and neck cancer, 
leading to his primary role after treatment 
among imaging modalities. In order to reduce 
side effect of radiotherapy, use of advanced 
radiotherapy technologies such as intensity-
modulated radiotherapy (IMRT) is preferred [2]. 
It is reported that addition of PET/CT signifi-
cantly altered treatment planning [22]. Accor- 
ding to the most recent systematic review and 
meta analysis by Gupta et al, the pooled sensi-
tivity, specificity, PPV and NPV of PET/CT for 
detecting residual or recurrence of head and 
neck squamous cell carcinoma after treatment 
were 79.9%, 87.5%, 58.6% and 95.1% [20]. 
Scans done > 12 weeks after completion of 
definitive therapy had moderately higher diag-
nostic accuracy in this meta-analysis. 

Recently, PET/CT has been performed simulta-
neously with CT using intravenous contrast, 
which could have been the reason that CT as a 
stand alone modality has decreased for post-
treatment evaluation. This has been observed 
in other institutions as well [18]. This might 
pose a question to be considered about PET/CT 
use. If PET/CT is an additional option besides 
CT as described in guidelines and recommen-
dations, it should be performed sequentially 
after conventional evaluation by CT. On the 
other hand, PET/CT accuracy is superior in 
detecting the nodal and distant metastasis at 
initial staging, therapy response and follow up 
than conventional imaging by CT or MRI. In 
addition, performing the contrast enhanced 
PET/CT combines the benefits of PET/CT and 
contrast enhanced CT in one examination and 
further improves the anatomic characterization 
of primary tumor and adjacent structures.  
Hence contrast enhanced PET/CT needs to be 
considered as the modality of choice in staging 
and assessing therapy response. This has dis-
tinct advantages of improved work flow, conve-
nience to patients, integration of functional and 
structural information to clinicians and poten-
tial radiation reduction [18]. 

Besides imaging modalities, a trend about HPV 
test was also clear in this study. The proportion 
of the patients who had assessment of HPV 
status increased dramatically during the study 
period. Since HPV testing became “recom-
mended” in the latest NCCN Guideline (2), it is 
suggested that the clinical trend and the guide-
line have becoming consistent. It has been 
reported that HPV positive patients tend to 
have better prognosis than HPV negative 
patients [23-25]. Considering the high propor-
tion of HPV positive patients among newly diag-
nosed oropharyngeal patients, the precise 
evaluation of disease status and role of PET/CT 
or contrast enhanced PET/CT need to be estab-
lished in this context.

There are several major limitations in our study. 
Since this is a study at a single institution, the 
sample size is limited. In addition, head and 
neck cancers are highly heterogeneous diseas-
es including a number of primary sites whose 
probability of metastases and prognosis varies 
considerably and hence the imaging utilization. 
As our intention was to evaluate a homogenous 
patient population as possible, we included 
only advanced oropharyngeal cancer, which 
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limited the sample size. Another limitation is 
the retrospective nature of the study and we 
did not obtain individual information of health 
care insurance status, which may affect the uti-
lization of expensive imaging modalities. 
Regardless of relatively small sample size, lim-
ited data source, and single institutional experi-
ence, the results of our study showed clear 
trends of increasing PET/CT use for advanced 
oropharyngeal cancer management in clinical 
setting. It is expected that this trend would con-
tinue, and more evaluation of imaging modali-
ties utilization, especially economical evalua-
tion, is required.

Conclusion

FDG-PET/CT has become the main modality 
with an increasing trend both for initial evalua-
tion before treatment and for follow up evalua-
tion for advanced oropharyngeal cancer at a 
leading institution for head and neck cancer 
and otolaryngology, over the period between 
2003 and 2009. No significant change in the 
utilization rate of CT and MRI at initial staging, 
except for the subgroup of patients underwent 
primary surgical management. The utilization 
rate of CT as a stand alone imaging modality, 
for post treatment follow up, has declined sig-
nificantly, partly due to increasing trend of con-
trast enhanced head and neck PET/CT is being 
performed for evaluation of head and neck can-
cer patients which improves the specificity of 
PET/CT in post treatment settings.
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