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Reinterpretation of Cross-Sectional Images in
Patients with Head and Neck Cancer in the
Setting of a Multidisciplinary Cancer Center

Laurie A. Loevner, Adina I. Sonners, Brian J. Schulman, Kerstin Slawek, Randal S. Weber,
David I. Rosenthal, Gul Moonis, and Ara A. Chalian

BACKGROUND AND PURPOSE: Patients referred to tertiary care centers frequently arrive
with images obtained at outside institutions; these images require reinterpretation. We assessed
the clinical value of reinterpreting cross-sectional imaging studies of patients with head and
neck cancer, in the setting of a multidisciplinary cancer center.

METHODS: Outside CT and MR images of 136 patients with known or presumed head and
neck cancer were reinterpreted by a neuroradiologist. Clinical history and findings on physical
examination were available. Reinterpretation was performed before review of outside reports,
which were subsequently compared with those generated at the cancer center. Changes in
interpretation were noted, and their effects on TNM staging, patient care, and prognosis were
assessed. Reliability and statistical significance of rates of change in diagnosis were analyzed
with 95% confidence intervals (CIs) and the sign test, respectively. Verification of change in
diagnosis was confirmed by pathologic analysis (75%), characteristic radiologic findings (18%),
or clinical and imaging follow-up (7%).

RESULTS: Change in interpretation occurred in 56 patients (41%) (95% CI: 33–49%, P <
.001). Forty-six patients (34%) had a change in T, N, and/or M staging (26–42%, P < .001).
Change in T stage occurred in 27 cases (20%) (13–27%, P < .001) (upstaged in 22, downstaged
in five), and a change in N stage in 26 cases (19%) (12–26%, P < .001) (upstaged in 20,
downstaged in six). Two patients (1.5%) had missed systemic metastases. Three patients with
an initial diagnosis of cancer were found to be cancer-free, and six patients had a diagnosis of
new second primary cancers that were missed at original interpretation. One patient had a
missed middle cerebral artery aneurysm. Changes in image interpretation altered treatment in
55 (98%) of 56 patients and affected prognosis in 53 patients (95%) (P < .001).

CONCLUSION: Reinterpretation of cross-sectional images in the setting of a multidisci-
plinary cancer center has a significant effect on staging, management, and prognosis in patients
with head and neck cancer.

Clinicians rely on CT and MR imaging studies for
preoperative staging in patients with head and neck

cancer. Although surgeons are accurate at assessing
the mucosal surface of the aerodigestive tract, they
depend on imaging to determine tumor extent into
the adjacent submucosal spaces, which they are un-
able to assess on physical and endoscopic examina-
tions. Mapping the extent of disease on images allows
the clinician to stage the tumor and assess prognosis;
it also assists in determining surgical versus nonsur-
gical disease, as well as the type of procedure that will
be performed in surgical candidates. All of these
factors ultimately affect how patients will be coun-
seled regarding their disease.

Frequently, patients referred to tertiary care med-
ical centers arrive with imaging studies obtained at
outside institutions. For patients who elect to be
treated at our institution’s multidisciplinary cancer
center, clinicians are required to request an official
inside interpretation of these outside imaging studies.
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Reinterpretations are performed by a neuroradiolo-
gist experienced in head and neck imaging. It is im-
portant to note that because such interpretations are
performed in a multidisciplinary cancer center, de-
tailed clinical histories and physical examination find-
ings are available. Often, at the outside institutions,
such information probably is not available to the ra-
diologist at the time of initial image interpretation.

Because we frequently have noted discrepancies
between the original reports and those generated at
the cancer center, we decided to prospectively assess
the clinical relevance of these changes in interpreta-
tion. In this study, we evaluated how often there was
a change in image interpretation, and how such
changes altered TNM staging, management, and
prognosis in patients with cancers affecting the head
and neck. The accuracy of the reinterpretation was
evaluated by using histopathologic analysis, charac-
teristic radiologic findings such as necrotic nodes, and
clinical and imaging follow-up.

Methods
From January 1998 through February 2000, 136 consecutive

patients with known or presumed cancer (83 men, 53 women)
were referred to, treated at, and followed up at our multidis-
ciplinary cancer center and had outside CT or MR images of
the head and neck submitted for reinterpretation at our insti-
tution. In this prospective study, the mean age of the patients
was 60 years (range, 21–85 years). A total of 73 CT scans and
63 MR images were reinterpreted. Among the 136 patients, the
images were initially read in a private practice setting in 111
(82%) and at an academic medical center in 25 (18%). For the
purposes of this study, we defined academic medical centers as
hospital-based practices with established residency and fellow-
ship programs that were also affiliated with a medical school.

In 106 patients, the following primary aerodigestive tract
cancers were diagnosed: pharyngeal (n � 62), oral cavity (n �
25), and laryngeal (n � 19). Twenty-seven patients had other
neoplasms: thyroid (n � 7), parotid (n � 5), cervical nodal
metastases in the setting of unknown primary cancers (n � 5),
sinonasal (n � 4), skin (n � 2), salivary gland (n � 1), lym-
phoma (n � 1), glomus tumor (n � 1), and soft-tissue sarcoma
(n � 1). In addition, three patients with suspected head and
neck cancer were found to be tumor-free on image reinterpre-
tation.

To eliminate reader bias, all images were reinterpreted by
the same neuroradiologist (L.A.L.) with expertise in head and
neck imaging before review of the outside reports. At our
multidisciplinary cancer center, in addition to the neuroradi-
ologist, multiple specialists are present, including surgeons,
medical oncologists, radiation therapists, and dentists who also
design oral prosthetics. At the time of image reinterpretation,
the neuroradiologist had available the pertinent patient history
and physical examination findings, which was perhaps fre-
quently not the case for the radiologist initially interpreting the
images. Subsequently, the interpretations generated at our can-
cer center were compared with the initial reports, and when the
two differed, the nature of the discordance was recorded. The
effects of a change in interpretation on TNM staging (proposed
by the American Joint Committee on Cancer Staging), man-
agement, and prognosis were assessed by the clinical specialists.

In those cases in which there was a change in image inter-
pretation, we assessed the accuracy of the interpretation gen-
erated at the cancer center. Patient information was obtained
from the head and neck cancer database. Pathologic proof was
considered the reference standard and was available in 75% of
cases. This was obtained by intraoperative assessment and

histologic analysis of tissue obtained from biopsy or surgery.
In cases for which surgery was not part of patient care, proof in
the form of characteristic radiologic findings was available in
18% of cases. Findings thought to be radiologically character-
istic and therefore an accurate measurement of true disease
consisted of the presence of necrotic cervical lymph nodes or
multiple lung nodules indicating regional and systemic meta-
static disease, respectively. Finally, for cases in which neither
pathologic proof nor characteristic radiologic findings were
available, other means to validate the results were used (7%).
This consisted of findings on follow-up physical examination
and other radiologic findings that were accepted by the surgeon
and radiation therapist treating the patient. Such radiologic
findings were normal anatomy that was originally interpreted
as an abnormality (such as the submandibular gland being
misinterpreted as an enlarged node) and missed extension of
tumor outside the confines of the primary site.

To evaluate the reliability of the rates of change, 95%
confidence intervals (CIs) were used. To determine statistical
significance of the changes in interpretation, the sign test was
used.

Results
When the reports generated at the cancer center

were compared with the initial outside reports, a
change in interpretation occurred in 56 (41%) of 136
cases (95% CI: 0.33–0.49, P � .001). There was a
change in interpretation in 16 (64%) of 25 images
initially read at an academic medical center and 40
(36%) of 111 images initially interpreted at a private
practice. These changes in interpretation occurred in
31 (42%) of 73 CT scans and 25 (40%) of 63 MR
images. The most common changes were those re-
lated to nodes, particularly missed nodal necrosis (Fig
1); changes related to the primary neoplasm, especially
under- or overestimation of the extent of the primary
tumor; and missed second primary neoplasms (Fig 2)
(Table 1). Other nodal changes included mistaking nor-
mal anatomic structures (such as the submandibular
gland) for nodes, or benign nodes (such as fat-replaced
nodes) for pathologic nodes (Fig 3).

Forty-six (34%) of the 136 patients had a change in
T, N, and/or M staging (95% CI: 0.26–0.42, P � .001)
(Table 2). The T stage changed in 27 (20%) of 136
cases (95% CI: 0.13–0.27, P � .001). In 22 (81%) of

FIG 1. 57-year-old woman with a history of squamous cell
carcinoma of the left side of the tongue. Enhanced CT image
shows a necrotic regional nodal metastasis (arrows) in the con-
tralateral neck that was detected on reinterpretation in the can-
cer center, but missed on the initial read. This was pathologically
proved following neck dissection.
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the 27 cases, there was an upstage, and in five (19%)
there was a downstage. The tendency to upstage was
statistically significant (P � .01). The most common
change was identifying advanced disease (upstaging
to T3 or T4), which included spread of disease outside
the anatomic confines of the origin of the primary
tumor, or an underestimation of tumor size. In addi-
tion, failure to initially identify invasion of the laryn-
geal cartilage was common, resulting in a change in
the T stage. The N stage changed in 26 (19%) of 136
cases (95% CI: 0.12–0.26, P � .001). In 20 (77%) of
the 26 cases, there was an upstage and in six cases
(23%) there was a downstage (P � .01). Nine (7%) of
136 patients had a change in both T and N staging.
Two (1.5%) of the 136 patients had missed systemic
metastases (skin [n � 1], lung [n � 1]). Three patients
with an initial diagnosis of cancer were subsequently
found to be cancer-free. In addition, a new second
primary cancer was detected in six patients (Table 2).

Changes in imaging interpretation altered manage-
ment in 55 (98%) of 56 cases (P � .001). Surgical
treatment was changed in 39 (70%) of 56 patients
(P � .001). This included rendering a patient inoper-
able, altering the type of surgery performed (ie, par-
tial versus total laryngectomy), changing surgical ap-
proach or the extent of surgical resection, and/or the
need for neck dissection(s) for management of re-
gional nodal metastases. In 29 (52%) of 56 patients,
the need for radiation therapy or the radiation portals
were altered (P � .001). Three patients needed no
treatment as they were found to be cancer-free on
reinterpretation. Patient prognosis was affected in 53
(95%) of 56 cases (P � .001) (worsened in 42 patients
and improved in 11).

In 42 (75%) of 56 patients, the change in image
interpretation was confirmed pathologically by intra-
operative assessment and histologic analysis of either
biopsy or surgical specimens. In 10 (18%) of the 56
patients, the change in interpretation was confirmed
by characteristic radiologic findings. In the remaining
four patients (7%), accuracy of the reinterpretation
was confirmed by clinical and radiologic follow-up.

Discussion
In tertiary care referral centers, curbside consults

or official reinterpretations of outside imaging studies
by a radiologist are common. In patients with head
and neck cancer referred to our institution for treat-
ment, reinterpretation of these outside CT and MR
studies at the cancer center is always done in conjunc-
tion with the full history and physical examination
findings. In our study, we found that the report gen-
erated at our cancer center differed from that gener-
ated on the outside in 41% of cases. In many in-
stances, the initial readings were likely reported
without the benefit of the complete clinical history
and the findings on physical examination. In addition,
in many cases outside interpretations were performed
by radiologists with less experience in head and neck
imaging. The neuroradiologist at our institution is
subspecialized in head and neck imaging, interpreting
a high volume (2000) of cancer cases each year.

FIG 2. 49-year-old woman with known
cancer of the right side of the tongue and
a second primary cancer of the nasophar-
ynx detected at the time of image reinter-
pretation.

A, Nonenhanced axial CT image shows
asymmetry of the nasopharynx, with in-
creased tissue on the left (arrow) and oblit-
eration of the fat along the deep muscula-
ture (levator and tensor veli palatini
muscles).

B, Nonenhanced coronal CT image
again shows increased tissue at the left
nasopharynx (arrows). Subsequent biopsy
revealed carcinoma.

TABLE 1: Categorized changes in image interpretation

Type of Change No. of Cases

Nodal
Missed pathologic nodes 18

Cervical 14
Retropharyngeal 4

Nodes misinterpreted as pathologic 3
Submandibular gland mistaken for nodes 2

Changes related to tumor extension
Missed submucosal extension 5

Parapharyngeal 3
Preepiglottic 2

Presence or absence of cartilage invasion 5
Presence or absence of perineural spread 4
Underestimation of size or extent of tumor 4
Overestimation of size or extent of tumor 3

Changes related to primary neoplasm
Primary cancer missed on imaging 8

Oral cavity 6
Pharynx 2

Normal anatomy mistaken for primary neoplasm 3
Missed second primary neoplasm 6
Missed metastasis 2
Missed middle cerebral artery aneurysm 1
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Our study shows the value of reinterpreting images
in the context of a multidisciplinary cancer center.
Frequently, the change in interpretation in this set-
ting results in a significant change in TNM classifica-
tion, which directly affects patient management, prog-
nosis, and counseling. Our study found that 34% of
patients had a change in TNM staging (P � .001)
(Table 2). These changes altered patient management
and affected prognosis in over 95% and 90% of cases,
respectively.

Our results reinforce those of a handful of other
studies in which investigators showed that reinterpre-
tation of imaging studies by subspecialized radiolo-
gists can affect staging, management, and prognosis
in cancer patients (1–7). In a prospective study of
patients with lung cancer, investigators found that
reinterpretations by a specialized chest radiologist
changed TNM staging in one-third of cases and
changed the status of surgical versus nonsurgical dis-
ease in approximately one-half of these cases (1). In a
retrospective study of body CT scans for patients with

biopsy-proved cancer, Gollub et al (2) found a 37%
rate of discordance between outside readings and the
reinterpretations made in a tertiary care center. This
altered treatment in 9% of the discordant interpreta-
tions. Since it was a retrospective study, knowledge of
the outside readings was available before reinterpre-
tation at the referral center, which biased them from
overlooking findings noted in these outside reports.
Our study was prospective and differed in that the
reinterpretations were performed without knowledge
of the findings reported in the initial outside readings.
Furthermore, we were able to document the accuracy
of our reinterpretations with pathologic proof in most
cases, and radiologic or clinical proof in the remain-
ing cases (Table 2).

Other studies have also looked at the accuracy of
reinterpretations. Kalbhen et al (3) found clinically
significant discrepancies in one-quarter of patients
with lung cancer when comparing the reinterpreta-
tions performed by an experienced chest radiologist
with the initial reports. Furthermore, when assessing

FIG 3. 80-year-old woman with primary
pharyngeal cancer. A normal-sized, fat-re-
placed left jugulogastric lymph node was
interpreted as abnormal because of inho-
mogeneous signal intensity.

A, Axial nonenhanced T1-weighted (600/
17/1 [repetition time/echo time/excitations])
MR image shows intrinsic high signal inten-
sity in the lymph node (arrows) consistent
with fat.

B, Axial fat-suppressed T2-weighted
(4000/80/1) MR image obtained at the same
level as that in A shows hypointensity in the
hilum of this node (arrow) consistent with
suppressed fat.

TABLE 2: Change in tumor staging and means of verification of the change in image interpretation

Patient
No.

Change in
TNM

Verification of Change
in Interpretation

Patient
No.

Change in
TNM

Verification of Change
in Interpretation

1 T 1, N 1 Pathologic 24 T 1 Pathologic
2 T 1 Pathologic 25 N 1 Pathologic
3 T 2, N 2 Pathologic 26 T 1, N 1 Pathologic
4 T 1 Pathologic 27 N 1 Pathologic
5 T 1 Pathologic 28 T 1 Pathologic
6 N 1 Pathologic 29 T 1 Pathologic
7 N 1 Pathologic 30 N 1 Pathologic
8 T 2 Pathologic 31 N 1 Pathologic
9 T 1, N 1 Pathologic 32 T 1 Pathologic

10 T 1 Pathologic 33 N 1 Pathologic
11 T 1 Pathologic 34 N 1 Radiologic
12 M 1 Pathologic 35 T 1 Radiologic
13 N 2 Pathologic 36 T 1, N 1 Radiologic
14 T 2 Pathologic 37 N 2 Radiologic
15 T 1 Pathologic 38 T 1, N 1 Radiologic
16 N 1 Pathologic 39 T 2 Radiologic
17 T 2, N 2 Pathologic 40 N 1 Radiologic
18 T 1 Pathologic 41 M 1 Radiologic
19 N 1 Pathologic 42 N 1 Radiologic
20 N 1 Pathologic 43 N 1 Radiologic
21 T 1 Pathologic 44 N 2 Clinical/imaging
22 T 1 Pathologic 45 T 1 Clinical/imaging
23 T 1, N 2 Pathologic 46 T 1, N 1 Clinical/imaging

Note.—1 indicates upstaged; 2, downstaged; Radiologic, characteristic radiologic findings; Clinical/imaging, clinical and imaging follow-up.
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the accuracy between the two reads by using patho-
logic, imaging, and/or clinical follow-up, these inves-
tigators found the reinterpretations to be correct in
95% of cases. In another study that looked at rein-
terpretation of abdominal and pelvic CT and MR
studies in oncology patients, discordant reads were
found in 41% of cases. Of these, the second interpre-
tation was found to be correct in 92% of cases (4).
Subspecialty expertise by the radiologist was believed
to be at least in part responsible for the improved
accuracy of the reinterpretations. Bechtold et al (5)
analyzed the error rate in the interpretations of ab-
dominal CT scans. They found no statistically signif-
icant correlation between error rates and the number
of cases read per day by an individual radiologist, the
presence of a resident at the time of reading, inpa-
tient versus outpatient cases, or the organ system
involved. Therefore, they also believed that a primary
determinant of misinterpretations was the skill of the
interpreting radiologist.

Another study looked at interobserver variability
between radiologists in interpreting MR and CT stud-
ies. Bollen et al (8) found a significant interobserver
variability among four radiologists in assessing nodal
status in lung cancer. In an attempt to explain the
inconsistencies, the radiologists’ findings were held
against histologic analysis of the lymph nodes. These
authors suggested that the experience of the reader
was the most important factor in determining accu-
racy. However, they also found other contributing
factors such as the volume of cases read in a day, with
the error rate doubling when the number of cases
read each day was more than 20. From this study,
other radiologists concluded that variation among ra-
diologists’ observations might arise because margins
of nodes may be poorly defined, making it difficult at
times to differentiate between adjacent normal-sized
nodes and a single enlarged node. Also, nodes in
certain areas may be difficult to distinguish from
normal structures (9). However, reviewers of this
work also concluded that interobserver variability at
least in part reflected differences in training among
readers.

Similar to these studies, we have shown significant
results regarding the value of image reinterpretation.
We found a change in interpretation in 41% of our
cases, which affected management and prognosis of
patients in over 95% of these cases. The most com-
mon changes in image interpretation included iden-
tification of regional cervical nodal metastases (Fig
1), under- or overestimation of tumor extent, and
missed second primary neoplasms (Fig 2) (Table 1).
We propose the following factors to explain the
greater accuracy of the reinterpretations compared
with the initial readings. It is valuable to have a
subspecialized radiologist who sees a high volume of
cases within an area of interest compared with radi-
ologists in a more generalized practice. Also critical is

the availability of clinical history and physical exami-
nation findings at the time of image interpretation.
Furthermore, in the setting of a multidisciplinary can-
cer center, the radiologists have available to them the
expertise of their clinical colleagues. We want to
stress that the purpose of this study was not to com-
pare academic medical centers with private practice
settings. In fact, our results (despite differences in
sample size) showed significant rates of misinterpre-
tation for both. Thus, it is not so much the differences
between these two settings, but rather the benefits
found in the setting of a multidisciplinary cancer cen-
ter that may lead to more accurate interpretations of
imaging studies. Finally, radiologists initially inter-
preting the images may suspect that certain patients
(especially those with significant abnormalities) will
be referred to a more specialized medical center, at
which time their readings will be expounded upon.

Conclusion
Our study found a change in interpretation in 41%

of patients with head and neck cancer when their
images were re-read in the cancer center. There was
a statistically significant change in TNM staging in
34% of patients (P � .001), with management and
prognosis affected in over 95% of these cases. These
changes in interpretation were found to be more
accurate, showing that reinterpretation of cross-sec-
tional imaging studies in the setting of a multidisci-
plinary cancer center is invaluable.
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