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Abstract. Objective: Direct laryngoscopy (DL) with a biopsy, followed by positron emission tomography (PET) is
an established staging protocol for newly-diagnosed head and neck squamous cell carcinoma (HNSCC). However,
inflammation and trauma from the DL could lead to false-positive PET and computed tomography (CT) interpretations.
Therefore, we sought to determine the rate of false-positive findings on staging PET/CT scans performed soon after DL.
Methodology: We reviewed all initial staging PET/CT scans performed at a tertiary care hospital over a one-year period
for newly-diagnosed HNSCC. Index cases had PET/CT scans performed within two weeks after a DL. We selected
controls with matched tumor locations that underwent PET/CT without a DL in the preceding two weeks.

Results: We identified 17 patients with newly-diagnosed HNSCC that underwent a PET/CT scan within 14 days after a
DL and biopsy. Scans were performed an average of 6 days (Range:1 -13) after the procedure. False-positive PET scan
interpretations were observed in 53% of index patients, compared to 18% of matched controls. The odds ratio for a false
positive PET scan finding was 5.6 (p=0.028) for index patients compared to controls.

Conclusions: Performing a staging PET/CT shortly after a DL and biopsy can increase the rate of false-positive
interpretations. Radiologists/nuclear medicine physicians and otolaryngologists should be aware of this possibility and
communicate with each other to avoid misdiagnosis.

Introduction

Direct laryngoscopy (DL) in combination
with 2-deoxy-2-[fluorine-18]fluoro-D-glucose
("F-FDG)-positron emission tomography (PET) is
an established staging protocol for head and neck
squamous cell carcinomas (HNSCCs). DL provides
an opportunity to make a tissue diagnosis of the
primary tumor, and functional imaging with FDG
is important for evaluating local, regional, and
distant disease; thus, FDG-PET is a critical tool for
accurately staging the disease.'

Although PET scans provide accurate visualiza-
tion of biologic processes, FDG-avidity is not
specific to neoplasms; therefore, false positive
results are common.? FDG accumulation can occur
in normal organs, such as salivary glands, thyroid
glands, and tonsils.*” It can also be seen in actively

inflamed areas and other sites with large numbers
of inflammatory cells.® Consequently, there is a
high false-positive rate and low specificity in the
detection of tonsil primary cancers.’

Along with FDG-PET images, DL is commonly
performed in evaluations of potential head and
neck malignancies. During DL, trauma can occur
to the oropharynx, pharynx, and larynx. These
types of trauma are particularly common during
suspension microlaryngoscopy (SML), where
there is additional pressure from the laryngoscope,
due to suspension. For laryngeal tumors located
at the anterior commissure, the extra exposure
achieved with SML is particularly useful for
delineating tumors that are potentially resectable
with endoscopic techniques. However, the trauma
incurred with these diagnostic procedures and the
accompanying biopsies can result in inflammation.
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In turn, inflammation can increase FDG uptake at
incidental sites that are not involved with the tumor.

In the present study, we aimed to determine the
frequency of false positivity observed on PET/CT
scans secondary to these diagnostic procedures.
For comparisons, we recruited a carefully matched
cohort of patients with newly diagnosed HNSCC.
We hypothesized that PET/CT scans performed
within 2 weeks after a DL would show a higher
rate of false positives compared to PET/CT scans
that were not performed during this time interval.
The results from this study could therefore inform
radiologists, nuclear medicine physicians, and
otolaryngologists about nonspecific FDG uptake
that can be observed on PET images following DL.
This information will facilitate avoidance of false-
positive interpretations and diagnoses.

Materials and methods

We screened all initial staging PET/CT scans
performed for patients with newly diagnosed
HNSCC over a one-year period at a tertiary referral
center. Clinical charts were reviewed to determine
the timing of DL. Index cases were defined as
PET/CT scans performed within 14 days after a
documented DL and/or a DL with biopsy. We then
identified control scans that did not have a preceding
DL in that time frame. The primary criterion for
matching control patients to index cases was tumor
location; secondary criteria were tumor stage and
nodal status. The gold standard for determining
tumor location was the surgeon’s operative report
and/or direct tumor visualization with a flexible
laryngoscopy and a positive biopsy result.

We reviewed index and matched control official
PET/CT radiology reports, and all areas that were
clearly commented upon as geographically distinct
PET-positive areas in the upper aerodigestive tract
were collected for further analysis. When one
subsite extended to an adjacent site (e.g., from the
tonsil onto the base of tongue), the two sites were
not classified as distinct areas of positivity. We
assumed that the clinical history, including recent
operative reports, would have been available to
radiologists at the time of the official read, which
potentially could have biased the language used in
the report. Therefore, we subjected all index and
matched PET/CT scans to an additional blinded
read by an attending nuclear medicine physician/
radiologist. A false positive was defined as an area
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of PET-positivity that was clearly and distinctly
different from the gold standard tumor location on
either the original or the blinded assessment. The
PET data were quantified with the standardized
uptake value (SUV), which was recorded for all
true tumor locations and false positives. When
the post-operative PET report displayed potential
false-positive findings, all potential false-positive
locations were rechecked with clinical exams in
the office, and no findings other than trauma were
identified. In addition, all patients were followed
for two years after the diagnosis and treatment, and
no second primary tumors were identified.

Statistical Analysis

Patient demographics and clinical variables were
summarized with descriptive statistics. ~ The
student’s t-test was used to evaluate differences
in means between groups, and Fisher’s exact
test was used to evaluate categorical variables in
contingency tables. P-values <0.05 were considered
significant.

Results

We identified 17 patients with newly diagnosed
HNSCC that underwent PET/CT scans within
2 weeks of a DL (index group). Scans were
performed an average of 6 days (range: 1-13 days)
following the DL procedure. Seventeen matched
control patients were included in the control group.
Of these, seven underwent PET/CT scans before
a DL; five underwent fine needle aspirations
(FNAs) of a cervical lymphadenopathy as their sole
tissue diagnosis; three underwent PET/CT scans
more than two weeks after a DL; and two had the
primary tumor biopsied in the clinic for a tissue
diagnosis. Demographic variables for these index
and control groups are shown in Table 1. Tumor
matching was not exact, because the study criteria
required a newly diagnosed tumor with a PET scan
that was performed within a specified time period
after a diagnostic procedure. The major anatomic
locations were matched as best as possible. Thus,
for the index and control groups, tumor locations
were observed, respectively, in the larynx for 7
vs. 6 patients, at the base of the tongue for 5 vs.
6 patients, and in other areas for 5 vs. 5 patients.
Because tumor location was the primary matching
criterion, the tumor stage differed between the
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Demographics of patients with head and neck cancer diagnosed without (control) or with direct laryngoscopy (case)
within 2 weeks prior to a PET/CT scan

Variable Case (n=17) Control (n=17) p-value
Mean age (years) 62 63 0.71
Gender 0.69
Male 12 14
Female 5 3
Race 0.73
Caucasian 11 13
African American 3
Other 1
Tumor stage 0.09
Early (T1, T2) 1 6
Late (T3, T4) 16 11
Nodal stage 0.12
N (-) 7 2
N (+) 10 15
True tumor location 0.41
Larynx 7 6
Tongue base 5 6
Hypopharynx 4 1
Tonsil 1 4
SUV.x Tumor 10.9 11.8 0.54

SUV = standardized uptake value

groups, but the difference was not statistically
significant. Additionally, the SUVs at the primary
tumor locations were not significantly different
between the two groups.

The rate of at least one false-positive finding on
the PET/CT scan was significantly higher in the
index cases (9/17; 53%) compared to the matched
controls (3/17; 18%). The odds ratio for a false-
positive finding on the PET/CT scan was 5.6 (95%
CI: 1.2,26.1; p=0.028) for index patients compared
to controls (Table 2). False-positive findings
were distributed throughout the aerodigestive
tract, consistent with the hypothesis that a trauma
incurred by the DL caused inflammatory changes
(Table 3). On average, the SUV value was higher in
the primary tumor than in the false-positive regions
(Figure 1a and b); but in one case, the false-positive
region displayed a higher SUV than the primary
tumor (Figure 1c and d).
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Figure 1

CT/PET scans performed after suspension microlaryngoscopy
in two representative patients. (A, B) A patient with T4 laryngeal
cancer. (A) FDG uptake in the primary tumor location; (B) false
positive FDG uptake in the base of the tongue (white arrow).
(C, D) Second patient with primary laryngeal cancer. (C) FDG
uptake in the primary tumor location; (D) false positive FDG
uptake in the base of the tongue (white arrow), which shows a
higher SUV than the primary tumor.
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Table 2
Odds ratios for false positive (FP) PET findings for patients with head and neck cancer diagnosed without (control)
or with direct laryngoscopy (case) within 2 weeks prior to a PET/CT scan
Patient No FP FP Odds Ratio 95% CI p-value
Case (n=17) 8 9
5.6 1.2,26.1 0.028
Control (n=17) 14 3 a2, )
Table 3
Locations of false-positive PET findings for patients with head and neck cancer diagnosed without (control)
or with direct laryngoscopy (case) within 2 weeks prior to a PET/CT scan
Findings Case (n=17) Control (n=17) p-value
False positive location
Tongue base 3 2
Tonsil 3 0
Larynx 2 0 0.14
Hypopharynx/esophagus 1 1
No false positive 8 14
Avg SUV,,,, of tumor 11.2 11.7 0.76
Avg SUV,,, of false positive 5.4 6.3 0.56
Avg SUV,... = Average maximum standardized uptake value
Discussion that many studies, including those that evaluated

PET/CT is an established technique for the workup
and management of head and neck neoplasms. This
technique is useful for staging, detecting recurrence
and lymph node metastases, and evaluating the
response to radiation or chemotherapy.®'* Likewise,
DL is part of both diagnostic and staging algorithms
for head and neck cancer, because it allows direct
inspection of mucosal surfaces beyond the resolution
of PET, MRI, or CT techniques, which provides the
opportunity of making a tissue diagnosis.
However, performing a DL could influence the
results of the CT/PET scan, primarily because
the force required for the DL and/or biopsy can
induce inflammation. In turn, the inflamed regions
can increase the FDG uptake, which might be
misinterpreted by radiologists as a second primary
tumor. Here, we demonstrated, in a carefully
matched case-control cohort, that performing a
PET/CT scan within two weeks after a DL increased
the rate of false positives reported by radiologists.
Indeed, the rate of false positives reported on initial
staging PET/CT scans performed after a DL (53%)
was significantly higher than the baseline rate of
false positives reported in matched controls (18%).
In light of this finding, it is interesting to note
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primary HNSCC workups with PET or PET/CT,
often omitted information about the timing of
the clinical biopsy that was used to establish the
diagnosis.”'" In other studies, the PET scan was
performed within two weeks after a panendoscopy'®
or within three weeks;"” in the latter study, the
authors specifically commented on false positives
that were possibly related to the biopsy.

In our study, most false-positive findings were
likely due to direct trauma or trauma-related
inflammation, because they occurred throughout the
mucosal surfaces that were examined, biopsied, or
traumatized during the DL. In particular, the tongue
base was under pressure from a laryngoscope
during suspension; indeed, we found a case where
the primary tumor had a lower maximum SUV than
an inflammation at the base of tongue that occurred
during suspension microlaryngoscopy. Our findings
suggested that, when a PET/CT scan was obtained
immediately following a tissue diagnosis via DL,
the imaging results were complicated by secondary
inflammations. Thus, the radiologist’s read of
the scan required interpretation in the context of
the patient’s clinical diagnosis. For clinical and
medicolegal reasons, the radiologist is primarily
concerned that a second primary tumor might be
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overlooked, and thus, a false-positive finding will
lead to further workup or procedures.

The risk of false positives might be an inevitable
consequence of the sequence of the oncologic
work-up; however, there are alternatives available
that could reduce the rate of false-positive findings,
but each has its own advantages and drawbacks,
compared to a direct DL inspection and a potential
biopsy. The first alternative is to perform a PET/CT
before a DL and biopsy in patients with a clinical
history and office laryngoscopy observations that
indicate highly suspicious signs of carcinoma;
however, performing an expensive full-body scan
in a patient prior to an established diagnosis of
cancer would introduce the risk of unnecessary
testing, and thus, it may be a poor use of resources.
A second alternative is to perform an office biopsy,
which does not risk further aerodigestive tract
trauma, and an FNA of'the cervical lymph node; this
approach could establish a tissue diagnosis without
the trauma of a DL, but it does not accurately
map the tumor extent as reliably as a direct inspec-
tion and palpation. A third alternative would be
to perform the PET/CT scan more than two weeks
after a DL, but of course, delaying oncologic care
for the specific purpose of reducing false findings
on a PET scan might not be a practical option.

We have demonstrated that the timing of
procedures related to aerodigestive tract instru-
mentation performed for the diagnosis and work-
up of head and neck malignancies had a measurable
effect on subsequent PET/CT scan interpretations.
Although the surgeon and radiologist use the total
clinical picture to interpret these findings, both
parties should be aware that a DL increases the
rates of false-positive findings, due to elevated
SUV values that are consistent with second tumors
in the head and neck. Hence, when the physician
performs a DL, a note should be included in the
request for a PET/CT to alert the interpreting
radiologists and nuclear medicine physicians that
traumatic or inflammatory uptake could result from
the DL. This practice could help to avoid false-
positive findings in interpretations of the PET/CT
scans. Furthermore, the interpreting radiologists
or nuclear medicine physicians should carefully
review procedural notes, particularly notes about
procedures performed in the two weeks prior to
a PET/CT for head and neck cancer, to improve
the accuracy of reads and diagnoses and to avoid
further unnecessary work up.

‘ ‘ 08-Karatayli.indd 207

207

Conclusion

Inflammation in the aerodigestive tract following a
DL increased the rates of reported false positives
during subsequent staging based on PET/CT
scans. Radiologists/nuclear medicine physicians
and otolaryngologists should be aware of this
possibility to avoid the misdiagnosis of second
primary tumors. Indeed, all professionals involved
should communicate clearly with each other to
improve the accuracy of PET/CT interpretations.
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