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Role of Chest Computed Tomography
in Head and Neck Cancer
Yen-Bin Hsu, MD; Pen-Yuan Chu, MD; Juhn-Cherng Liu, MD; Ming-Chin Lan, MD; Shyue-Yih Chang, MD;
Tung-Lung Tsai, MD; Jui-Lin Huang, MD; Yi-Feng Wang, MD; Shyh-Kuan Tai, MD

Objectives: To evaluate the role of chest computed
tomography (CT) in patients with head and neck squa-
mous cell carcinoma (HNSCC) and to determine the
optimal timing and predictive factors for positive
findings.

Design: Retrospective analysis.

Setting: Tertiary referral center.

Patients: Two hundred seventy screening chest CT scans
performed in 192 patients with HNSCC during a 42-
month period were reviewed.

Main Outcome Measures: The scans were catego-
rized as new cases, follow-up cases, or recurrent cases.
The results were classified as abnormal or normal. Scans
of patients having a radiologic diagnosis of a malignant
neoplasm of the lung or an indeterminate lesion were con-
sidered abnormal. Factors correlating with an abnormal
chest CT scan or development of malignant neoplasm of

the lung were analyzed, including the timing of imaging
and the patients’ clinicopathologic data.

Results: Seventy-nine scans (29.3%) were considered
abnormal. The rate of an abnormal scan was signifi-
cantly higher in the follow-up case group (44.2%) than
in the new case group (14.2%) (P� .001). Ten of 15 in-
determinate scans (66.7%) with small (�1 cm) solitary
pulmonary nodules showed disease progression on sub-
sequent follow-up scans, changing the patients’ diag-
noses to a malignant neoplasm of the lung. The predic-
tive factors for development of a malignant neoplasm of
the lung were initial N2 or N3 disease, stage IV disease,
recurrent disease, and distant metastasis to another site.

Conclusions: Chest CT is recommended for high-risk
patients, especially during the follow-up period. Inten-
sified evaluation and management are mandatory for in-
determinate small solitary pulmonary nodules because
of the high rate of malignant neoplasms.
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T HE DEVELOPMENT OF A MA-
lignant neoplasm of the
lung, including distant me-
tastasis and second pri-
mary cancer, is an impor-

tant factor that limits the survival of
patients with head and neck squamous cell
carcinoma (HNSCC). The most common
site of distant metastasis is the lungs,1,2 with
an incidence of 8% to 15% in clinical stud-
ies.1-3 Primary lung cancers account for
23% of second primary tumors in pa-
tients with HNSCC.4 Because the pres-
ence of a malignant neoplasm of the lung
may alter the case management, evalua-
tion of the chest condition is important for
patients with HNSCC at the initial diag-
nosis and during the follow-up period.

Chest radiography is the most com-
mon screening tool for many patients with
HNSCC, but its sensitivity for early chest
lesions is far from satisfactory.2,5-7 Chest
computed tomography (CT) is a sensi-
tive tool for the detection of pulmonary
lesions.5 However, routine screening by
chest CT in patients with HNSCC is con-

troversial, and the cost-effectiveness and
optimal timing for this imaging are not
clearly defined.6,8-10 The objective of this
study was to review the results of a screen-
ing chest CT in patients with HNSCC at
Taipei Veterans General Hospital during
a 42-month period. The rates of an abnor-
mal chest CT scan at different times of
imaging were analyzed. Possible predic-
tive factors for the development of a ma-
lignant neoplasm of the lung were also ex-
plored to guide appropriate use of chest
CT in the future.

METHODS

STUDY DESIGN

The computer database of Taipei Veterans Gen-
eral Hospital, Taipei, Taiwan, between Febru-
ary 1, 2002, and July 31, 2005, was searched
for all chest CTs performed in patients with
HNSCC. Patients with primary tumors origi-
nating at the nose, paranasal sinuses, or naso-
pharynx and patients with carcinoma of un-
known primary site were excluded from this
study. To explore the role of chest CT for
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screening purposes, 1 or multiple scans of the same patient were
included until any abnormal finding was found. Subsequent fol-
low-up chest CT scans after an abnormal finding were ex-
cluded from statistical analyses in this study.

Two hundred seventy chest CT scans that were performed
as part of tumor surveillance in 192 patients with biopsy-
proven HNSCC were obtained during the 42-month period. Ac-
cording to the timing of the CT, the scans were divided into
the following 3 groups: new cases (n=134), follow-up cases
(n=52), and recurrent cases (n=84). Chest CT in the new case
group was performed within 2 weeks before the initial treat-
ment of HNSCC. The follow-up case group included scans per-
formed in patients without evidence of relapse during the fol-
low-up period. The median intervals between the diagnosis of
the primary tumor and the chest CT were 8 months (range, 1-50
months) for the follow-up case group and 10 months (range,
2-70 months) for the recurrent case group. All chest CTs were
performed using contiguous axial 5- to 8-mm section thick-
ness through the lungs (LightSpeed and HiSpeed; GE Medical
Systems, Milwaukee, Wisconsin) after intravenous adminis-
tration of contrast medium. Conventional lung and mediasti-
nal thoracic views were surveyed. Chest radiographs within 1
month before chest CT were available in 266 of 270 studies.

IMAGE INTERPRETATION

Radiology reports of all imaging studies were collected and fur-
ther reviewed together by radiologists, oncologists, and head
and neck surgeons (some of whom included the following au-
thors, J.-C.L., Y.-B.H., P.-Y.C., T.-L.T., J.-L.H., Y.-F.W., and S.-
K.T.). The initial results of the chest CT were classified as ab-
normal or normal. Abnormal results included a malignant
neoplasm of the lung and an indeterminate lesion, as both find-
ings contribute to possible modifications of case manage-
ment. The radiologic criteria2,6,11 and the patient distribution
of abnormal chest CT scans are listed in Table 1. Scans dem-
onstrating a radiologic diagnosis of lung metastasis or second-
ary primary lung cancer were included in the category of ma-
lignant neoplasm. Indeterminate lesions were considered benign
if they were stable or decreased in follow-up scans. If indi-
cated, the neoplastic nature of the CT results was confirmed
by follow-up scan 3 to 6 months later or by pathologic find-
ings on endoscopic or CT-guided needle biopsy. Images with-
out any of the listed findings were considered normal.

During the study, the use of chest CT mainly depended on
physician choice. Among 192 patients with HNSCC, 159 (82.8%)
were advanced cases (stage III or IV) according to the 2002

American Joint Committee on Cancer staging system.12 All pa-
tients underwent detailed history taking, physical examina-
tion, and comprehensive tumor surveys, including chest radi-
ography, abdominal ultrasonography, and bone scintigraphy.
Further investigation and consultation were arranged as nec-
essary to ensure that patients had no other primary malignant
neoplasms that had metastasized to the lungs. Medical rec-
ords and radiology and pathology reports were reviewed, and
the characteristics of 192 patients with HNSCC are summa-
rized in Table 2.

DATA ANALYSIS

Statistical analyses were performed to determine the associa-
tion between variables and an abnormal chest CT scan or de-
velopment of malignant neoplasm of the lung. �2 Test or Fisher
exact test was used for univariate analysis. Variables analyzed
included timing of imaging, history of cigarette smoking, pri-
mary tumor location, T and N classifications, locoregional re-
currence, and distant metastasis to another site. For patients
with primary tumor treated by surgery, pathologic variables of
the primary tumor or neck metastasis were analyzed where ap-
propriate, including perineural invasion, lymphovascular per-
meation, surgical margin, and extracapsular spread (ECS) of
neck metastasis. Multivariate analysis was performed using a
logistic regression model and inclusion of the significant fac-
tors on univariate analysis. All analyses were performed using
commercially available statistical software (SPSS version 12.0;
SPSS, Inc, Chicago, Illinois).

RESULTS

CHEST CT

According to the radiologic criteria, 79 of 270 chest CT
scans (29.3%) were initially considered abnormal, in-
cluding 54 manifesting a malignant neoplasm of the lung
(20.0%) and 25 manifesting indeterminate lesions (9.3%).
All malignant neoplasms occurred within the lungs, and
no isolated mediastinal lymph node metastasis was found.

Table 1. Radiologic Criteria and Distribution of Abnormal
Chest Computed Tomographic (CT) Scans

Radiologic Finding
No. of
Scans

Malignant neoplasm of the lung
Multiple mostly smooth and peripheral nodules

(without clinical symptoms of infection)
49

Lesions with bony destruction 1
Mediastinal lymph nodes �1 cm 0
Solitary, spiculated, and centrally located

lesions �1 cm
4

Indeterminate lesiona

Small (�1 cm) solitary pulmonary nodules 15
Multiple air-space opacities with difficulty in distinguishing

infectious processes from metastases radiologically
10

aAll patients with indeterminate lesions had a follow-up CT scan 3 to 6
months later.

Table 2. Characteristics of 192 Patients With Head and Neck
Squamous Cell Carcinoma

Characteristic Value

Sex, No. (%)
Male 181 (94.3)
Female 11 (5.7)

Age, median (range), y 53 (33-87)
Tumor location, No. (%)

Oral cavity 42 (21.9)
Oropharynx 30 (15.6)
Hypopharynx 83 (43.2)
Glottis 19 (9.9)
Supraglottis 18 (9.4)

T classification, No. (%)
T1 or T2 74 (38.5)
T3 or T4 118 (61.5)

N classification, No. (%)
N0 or N1 96 (50.0)
N2 or N3 96 (50.0)

TNM stage, No. (%)
I or II 33 (17.2)
III or IV 159 (82.8)
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Besides chest lesions, additional findings were noted on
7 chest CT scans, including 4 liver, 2 adrenal gland, and
1 peripancreatic lymph node metastases. Seventy-five ab-
normal chest CT scans had antecedent chest radiogra-
phy, but only 21 (28.0%) identified the lung lesions.

The correlations between the timing of CT and the re-
sults are summarized in Table 3. The rate of an abnor-
mal scan was significantly higher in the follow-up case
group (44.2%) than in the new case group (14.2%)
(P� .001) and was comparable in the follow-up case group
and in the recurrent case group (44.0%). Of 54 scans dem-
onstrating a malignant neoplasm of the lung, histologic
confirmation by endoscopic or CT-guided needle bi-
opsy was obtained in 4 patients with a solitary lesion larger
than 1 cm. Most of the scans in 49 patients with mul-
tiple pulmonary nodules on chest CT were considered
radiologically unequivocal, and only 8 (16.3%) under-
went biopsy for tissue confirmation. On subsequent clini-
cal and radiologic follow-up, 2 CT scans were consid-
ered false-positive results because lesion regression was
found without any systemic treatment.

CASE MANAGEMENT ALTERATIONS

Among 54 patients with the diagnosis of malignant neo-
plasm of the lung by initial chest CT, 45 patients (83.3%)
had major alterations in their case management. Instead
of curative treatment, 34 patients received chemotherapy
alone, and 7 patients underwent chemoradiotherapy for pal-
liation. Only 4 patients received aggressive wedge resec-
tion of malignant neoplasms of the lung followed by post-
operative chemotherapy. The remaining 9 patients refused
any treatment, although palliative chemotherapy was sug-
gested. Excluding 2 cases with false-positive results, only

1 patient who received wedge resection and postoperative
chemotherapy achieved ultimate disease control.

Among 25 patients with indeterminate lesions on ini-
tial chest CT, 2 underwent CT-guided biopsy, and both had
histologically negative results. A follow-up chest CT was
performed 3 to 6 months later in all 25 patients, and pro-
gression of the pulmonary finding was shown in 11 pa-
tients (44.0%), changing the diagnosis to a malignant neo-
plasm of the lung (Table 4). Initial indeterminate lesions
manifesting as small solitary nodules had a significantly
higher chance of developing into malignant neoplasm of
the lung (66.7%) than indeterminate lesions manifesting
as multiple air-space opacities (10.0%) (P=.01).

PREDICTORS OF A MALIGNANT
NEOPLASM OF THE LUNG

Sixty-three of 192 patients with HNSCC (32.8%) even-
tually developed a malignant neoplasm of the lung. The
median interval between the diagnosis of primary HNSCC
and the development of a malignant neoplasm of the lung
was 9.9 months (range, 1.7-59.7 months). Eighty-four
percent of the malignant neoplasms of the lung devel-
oped within 2 years. Univariate analysis results for the
development of a malignant neoplasm of the lung rela-
tive to clinicopathologic factors are summarized in
Table 5. N2 or N3 disease (P=.02) and stage IV disease
(P=.03) were significantly correlated with the develop-
ment of a malignant neoplasm of the lung. Recurrent lo-
coregional disease (P� .001) and distant metastasis to an-
other site (P� .001) were also significant predictors for
the development of a malignant neoplasm of the lung.
Patients with a smoking history (P=.09) or with pri-
mary sites at the hypopharynx and supraglottis (P=.07)
had a trend to development of a malignant neoplasm of
the lung that was statistically nonsignificant. In multi-
variate analysis, recurrent locoregional disease, N2 or N3
disease, and distant metastasis to another site remained
independent predictors for the development of a malig-
nant neoplasm of the lung (Table 6).

Histopathologic results were available in 85 patients
who underwent surgery as the primary treatment of
HNSCC. Pathologic factors of the primary tumor, in-
cluding perineural invasion (P=.64), lymphovascular per-
meation (P=.40), and positive surgical margin (P=.74),
were not predictive for the development of a malignant
neoplasm of the lung. Fifty-two patients underwent neck
dissection as part of their initial treatment, and patho-
logic cervical metastasis was found in 40 patients (19 with-
out ECS and 21 with ECS). The incidence of a malig-
nant neoplasm of the lung was significantly higher in
patients with ECS (57.1%) than in those without ECS
(26.3%) (P=.04). However, ECS remained a borderline
predictor for the development of a malignant neoplasm
of the lung (P=.07) by multivariate analysis in this sub-
group of patients.

COMMENT

For patients with HNSCC, chest diagnosis is crucial and
may influence their treatment plan. However, routine

Table 3. Correlation Between Timing of Imaging and Initial
Results of 270 Chest Computed Tomographic (CT) Scans

Timing Group

Chest CT Results, No. (%)

TotalNormal

Abnormal

Malignant Indeterminate

New case 115 (85.8) 10 (7.5) 9 (6.7) 134
Follow-up case 29 (55.8) 17 (32.7) 6 (11.5) 52
Recurrent casea 47 (56.0) 27 (32.1) 10 (11.9) 84
Total 191 (70.7) 54 (20.0) 25 (9.3) 270

aResidual or recurrent locoregional disease.

Table 4. Final Results of 25 Indeterminate Lesions
on Follow-up Chest Computed Tomographic Scans

Original Finding

No. (%)

P
ValueProgression

Resolution or
No Change

Small solitary nodule 10 (66.7)a 5 (33.3)
.01

Multiple air-space opacity 1 (10.0)b 9 (90.0)
Total 11 (44.0) 14 (56.0)

aMultiple nodules had developed in the follow-up scans.
bMalignant pleural effusion was proved in this case.

(REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 134 (NO. 10), OCT 2008 WWW.ARCHOTO.COM
1052

©2008 American Medical Association. All rights reserved.
 at Taipei Medical University, on May 21, 2011 www.archoto.comDownloaded from 

http://www.archoto.com


yearly chest radiography has been shown by Shah and
Applebaum7 to contribute little to the overall survival in
patients with HNSCC. In the initial 2 to 3 years of follow-
up, intensive chest screening has been suggested at 4- to
6-month intervals rather than annually.4 Chest CT is su-
perior to radiography in sensitivity and adds little extra
time and radiation dose (3-6 msv) when performed with
neck CT.10,13 However, chest CT is more expensive, and
its indications vary widely as a screening tool for HNSCC.
In the present study without strict guidelines, 70.7% of
270 chest CT scans showed normal findings. It is impor-
tant to understand when and under which conditions
chest CT will be cost-effective.

Chest CT performed at the initial diagnosis of primary
tumors theoretically has the greatest effect on treatment
planning. However, Keski-Säntti et al8 and Tan et al9 dem-
onstrated limited usefulness of routine chest CT screen-
ing in patients newly diagnosed as having HNSCC. Our
study also showed a low rate of an abnormal chest CT scan
at the initial diagnosis. In contrast, a significantly higher
rate of an abnormal chest CT scan was found in the fol-
low-up period. Among 23 abnormal scans in the fol-
low-up case group, 12 had antecedent normal CT scans at
the initial diagnosis of their primary tumor. For more ef-
fective case management, chest CT during the follow-up
period in high-risk patients should be emphasized.

Confirmation of the diagnosis of a malignant neoplasm
of the lungtheoreticallyshouldbesupportedbyendoscopic
or CT-guided biopsy. However, it is not always feasible in
clinical practice. Brouwer et al11 reported that pulmonary
lesionswereconsideredmalignant ifunequivocalradiologic
findingswere identifiedonchestCTor ifprogressionof the
lesionswasdemonstratedonafollow-upscan. Inourstudy,
lungbiopsywasperformed inonly8of49patients (16.3%)
withmultipleandperipheralpulmonarynodules,asMesur-
olleetal14 andGinsbergetal15 demonstratedmorethan90%
malignant results in such lesions.However,2 false-positive
CTscanswereencountered inthepresentstudy.Therefore,
follow-up CT scans should be mandatory, although false-
positive findings are rare. Lung metastasis and second pri-
mary lungcancerwerecategorizedasamalignantneoplasm
of the lung in this study. Differentiating between them in
clinicalpracticeissometimesdifficult forHNSCC,especially
whenthehistologicdiagnosisofpulmonary lesions is squa-
mous cell carcinoma.16 Advances in molecular genetic ap-
proaches may become efficient tools for the differential di-
agnosis in the future.16

Indeterminate lesions were common on chest CT in
our study, and special attention should be paid to them.
Based on the progressive change in follow-up scans, 44.0%
of indeterminate lesions were eventually considered a ma-
lignant neoplasm of the lung. We also found that small
(�1 cm) solitary nodules, which were usually resect-
able, carried significantly higher chances (66.7%) of being
a malignant neoplasm. For patients with HNSCC, du-
rable disease control has been reported in 34% of resect-
able pulmonary metastases after undergoing surgery.17

However, under a close imaging follow-up policy, all pa-
tients with progression from small solitary nodules de-
veloped multiple pulmonary nodules, and their disease
could only be managed with chemotherapy for pallia-
tion in the present study.

The evaluation and management of potentially con-
trollable small solitary pulmonary nodules remain great
challenges. Computed tomography–guided biopsy has
been reported by Quint et al18 to be a valuable tool for
larger (5-30 mm) pulmonary nodules. However, biopsy
of small indeterminate nodules is associated with low ac-
curacy, and pneumothorax may occur.19 Positron emis-
sion tomography with fludeoxyglucose F 18 (FDG-
PET) has been advocated for high sensitivity.20,21 However,
it is not widely available and has been reported to be no
more accurate in detecting a malignant neoplasm of the
lung than chest CT.20,22 Confirmation of abnormal find-
ings on FDG-PET is necessary because false-positive re-
sults occur in 20% to 67% of cases.20,21 When appropri-
ate, aggressive surgical excision is another choice for
definitive diagnosis and management.

Because the chance of disease control is low in pa-
tients with a malignant neoplasm of the lung at the ini-
tial diagnosis of HNSCC or after locoregional treatment
failure, an abnormal chest CT scan can affect the treat-

Table 5. Univariate Analysis for Predictors of a Malignant
Neoplasm of the Lung Among 192 Patients

Variable

Malignant Neoplasm
of the Lung

P
ValueNormal Abnormal

Smoking history
No 22 5

.09
Yes 107 58

Tumor location
Oral cavity, oropharynx, glottis 67 24

.07
Hypopharynx, supraglottis 62 39

T classification
T1 or T2 47 27

.39
T3 or T4 82 36

N classification
N0 or N1 72 24

.02
N2 or N3 57 39

TNM stage
I-IIIa 53 16

.03
IV 76 47

Recurrent diseaseb

No 106 28
�.001

Yes 23 35
Distant metastasis to another site

No 110 39
�.001

Yes 19 24

aFor grouping early and advanced diseases, we used stages I through II in
this table, vs stages III through IV (as in Table 2).

bResidual or recurrent locoregional disease.

Table 6. Multivariate Analysis for Predictors of a Malignant
Neoplasm of the Lung Among 192 Patients

Variable
Hazard Ratio (95%

Confidence Interval)
P

Value

N classification (N2 or N3 vs N0 or N1) 2.73 (1.31-5.68) .01
Recurrent diseasea 8.43 (3.89-18.26) �.001
Distant metastasis to another site 4.35 (1.93-9.78) �.001

aResidual or recurrent locoregional disease.
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ment plan and prognosis. For patients with HNSCC who
develop unresectable malignant neoplasm of the lung, the
treatment policy should mostly be palliative. Only for pa-
tients with potentially resectable malignant neoplasm of
the lung should aggressive curative treatment at the pri-
mary site and the lung be considered for possible long-
term disease control.17,23

Several limitations should be noted in this study. Al-
though ECS had been reported as a predictor of distant
metastasis,24 we show its predictive value in only a small
subgroup of patients with pathologic N disease or greater
by univariate analysis. Further analysis in a larger study
population whose initial treatment includes neck dis-
section is needed to clarify the relation between ECS and
the development of a malignant neoplasm of the lung.
Other limitations included selection bias in performing
chest CT, the retrospective study design, and the lim-
ited follow-up period in some patients. Therefore, our
results should be interpreted with caution. In the pres-
ent study, CT was performed based on physician choice
in patients with multiple unfavorable factors and with
high likelihood of distant metastasis. A prospective study
in consecutive patients with longer follow-up time is
needed for more substantial results.

In conclusion, chest CT is recommended for high-
risk patients, especially every 6 months for the first 2 years
during the follow-up period, although its role is contro-
versial for patients newly diagnosed as having HNSCC.
High-risk patients include those with N2 or N3 disease,
stage IV disease, or locoregional recurrence. For pa-
tients with indeterminate small (�1 cm) solitary pul-
monary nodules, aggressive evaluation and manage-
ment are imperative because of the high rate of a malignant
neoplasm of the lung.
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