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Volumetric MR Imaging of Oral, Maxillary

Sinus, Oropharyngeal, and Hypopharyngeal

Cancers: Correlation between Tumor Volume
and Lymph Node Metastasis

Yasuo Kimura, Misa Sumi, Yoko Ichikawa, Yosuke Kawai, and Takashi Nakamura

BACKGROUND AND PURPOSE: The size of the primary lesion and the lymph node metas-
tasis are critical indicators for the patient prognosis. Here we attempted to assess the corre-
lation between these 2 prognostic parameters in patients with oropharyngeal, hypopharyngeal,
oral, or maxillary sinus cancer.

METHODS: We retrospectively studied 66 patients with oropharyngeal or hypopharyngeal
(n = 24), oral (n = 35), or maxillary sinus (n = 7) cancer. Of these patients, 25 (10 with oral
or maxillary sinus and 15 with pharyngeal cancers) had lymph node metastases. We measured
the volumes of the primary lesions as sums of gadolinium-enhanced areas on fat-suppressed,
spectral presaturation with inversion recovery (SPIR) T1-weighted images. Histologically con-
firmed metastatic nodes were mapped to the neck levels.

RESULTS: The tumor volumes were well correlated with the clinical T-category for the
primary lesions in oral, maxillary sinus, and oropharyngeal and hypopharyngeal cancers. The
volumes of the oropharyngeal and hypopharyngeal cancers were significantly greater (P < .05)
in patients with metastatic nodes than in patients without metastasis, whereas there was no
significant correlation between the tumor volume and nodal metastasis in patients with oral or
maxillary sinus cancer (Mann-Whitney U test). Furthermore, the correlation between tumor
volume and the distribution of metastatic nodes in the neck was observed to be weak in patients
with oral or maxillary sinus cancer.

CONCLUSION: The MR image-based tumor volume measurement proved to be clinically
feasible. We observed a good correlation between tumor volume and lymph node metastasis in
patients with oropharyngeal or hypopharyngeal cancer but not in those with oral or maxillary

sinus cancer.

Tumor volume is known to be a significant prognostic
indicator for the treatment of cancers arising in the
head and neck regions (1-4). CT provides good ref-
erences in measuring tumor volume. Most volumetric
studies of head and neck cancers are based on mea-
surements that are carried out by using serial CT
images via the summation-of-area technique (2-4);
however, the low tissue contrast between the tumor
areas and surrounding tissues and artifacts from den-
tal fillings hampered the usefulness of this technique
in measuring tumor volumes to a great extent (5).
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As compared with CT, MR imaging affords better
tissue contrast and can depict cancer invasion more
accurately (6). Furthermore, a recent study on pha-
ryngeal cancer showed that the measurements of MR
image—based tumor volumes are accurate and repro-
ducible (7).

The presence of regional lymph node metastasis is
another factor that significantly affects patient prog-
nosis. Several studies revealed that the tumor volume
is a dominant determinant for patient prognosis over
the nodal stages (7-9). These findings indicate that an
increase in tumor volume is closely correlated with
the occurrence of lymph node metastasis. Most of
these studies, however, were performed on pharyn-
geal cancers, and there exists a lack of reports on
volumetric measurements of oral cancers.

MR imaging has been proved to be more accurate
than CT in evaluating soft-tissue or bone extension of
head and neck tumors (5, 10, 11). Therefore, the
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purpose of the present study was to assess the corre-
lation between the T-stage and the presence of lymph
node metastasis. We also compared the tumor vol-
umes of the primary lesions of oral, maxillary sinus,
and pharyngeal cancers with the incidence and distri-
bution of lymph node metastasis.

Patients and Methods

Patients

The study cohort comprised 66 patients with oral (n = 35; 10
women and 25 men; average age, 67 * 12 years), maxillary
sinus (n = 7, 7 women; average age, 59 * 10 years), or
oropharyngeal or hypopharyngeal (n = 24; 1 woman and 23
men; average age, 67 = 9 years) cancer. Primary lesions of the
oral cancers were located in the tongue (n = 13), floor of the
mouth (n = 10), or mandibular (» = 7) and maxillary (n = 5)
gingiva. Primary lesions of the pharyngeal cancers were located
in the oropharynx (n = 15) and hypopharynx (n = 9). In this
study, we omitted nasopharyngeal cancers because most of the
cancers arising in this region are hypo- or undifferentiated
types of squamous cell carcinomas; they are reportedly prone
to metastasize to the regional lymph nodes and frequently
exhibit different behavior in response to radio- and chemother-
apy, as compared with those arising in the other pharyngeal
regions (12). The initial study cohort comprised 68 patients;
however, 2 of these were excluded from the study because of
the poor quality of the tumor image.

The T-category of the primary lesions was clinically deter-
mined on the basis of the International Union Against Cancer
(UICC) criteria (13). In some cases, particularly in the T4
cases, however, we used MR gadolinium-enhanced T1-
weighted MR images to determine precise tumor invasions,
such as, invasions into the thyroid/cricoid cartilage, pterygoid
process, and deep portion of the tongue.

MR Imaging

MR imaging was performed by using a 1.5T MR imager
(Gyroscan Intera 1.5-T Master; Philips Medical System, the
Netherlands) with a head neck coil (Synergy Head Neck coil,
Philips Medical Systems) or a surface coil (Synergy Flex L coil,
22 cm; Philips Medical Systems). Gadolinium-enhanced, fat-
suppressed (spectral presaturation with inversion recovery
[SPIR]) T1-weighted images (TR/TE/numbers of signal inten-
sity acquisition, 500/15/4) of the primary lesions were obtained
by using a conventional spin-echo sequence. The section thick-
ness was 4 mm. The MR imaging was performed with a 204 X
256 matrix, a 20-cm field of view, and a 0.8-mm interslice gap.
Gadolinium was injected intravenously at a dose of 0.2 mL/kg
body weight.

Nonenhanced axial T1-weighted images (TR/TE/numbers of
signal intensity acquisition, 500/15/4) and fat-suppressed
(SPIR) axial T2-weighted images (TR/TE/numbers of signal
intensity acquisition, 4674/80/4) were obtained from all the
patients by using a conventional spin-echo sequence and a
turbo spin-echo sequence, respectively.

Tumor Volume Measurement

The tumor area was manually outlined from axial MR im-
ages as gadolinium-enhanced areas on fat-suppressed TI-
weighted images (Fig 1). The tumor volume was then deter-
mined by adding the extracted areas multiplied by the sum of
the section and gap thicknesses. The results obtained by 2
radiologists (M.S. and Y.I.) were averaged. For interobserver
precision, 3 observers examined the gadolinium-enhanced T1-
weighted images obtained from 5 patients. The precision of the
MR-based tumor volume measurements was determined as the
coefficient of variance on the basis of the following formula:
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Fic 1. Manual tracing of tumor area on gadolinium-enhanced,
fat-suppressed T1-weighted (TR/TE, 500/15) image. The out-
lines show tumor areas (S) on MR image of 69-year-old man with
squamous cell carcinoma in the tongue.

CV (%) = (s/X) X 100,

where s is the SD and X is the mean of the volume measure-
ments obtained from the 3 observers (M.S., Y.I., and Y.K.).
The resultant precision was expressed as an averaged %CV for
the 5 patients.

Mapping of the Metastatic Lymph Nodes in the Neck

All patients underwent either unilateral or bilateral radical
dissection of the neck. The surgeon mapped the excised nodes
relative to the surrounding structures of the neck. The nodes
were then processed for histologic examination. On the basis of
the imaging-based classification proposed elsewhere (14), his-
tologically confirmed metastatic nodes were categorized into 6
neck levels (I-VI). We did not distinguish separately the nodes
on the left and right sides of the neck; for example, if a patient
had a single metastatic node at level II on the left side of the
neck and 2 metastatic nodes at level II on the other side, it was
determined that he or she had 3 metastatic nodes at level II.

Statistical Analysis

The Mann-Whitney U test was used to evaluate the signifi-
cance of the differences in tumor volumes between any 2
separate groups.

Results

We found that the precision was 2.0% (range, 1.0-
4.1%) among the 3 observers for the gadolinium-
enhanced, fat-suppressed T1-weighted images. Figure
2 shows a good correlation between the T-category
and MR image-based tumor volumes for the oral,
maxillary sinus, oropharyngeal and hypopharyngeal
cancers. The T4-category pharyngeal cancers exhib-
ited a certain amount of overlap with the T3-category
cancers for the 75th percentile box because the T4-
category hypopharyngeal cancers contained relatively
small tumors with cartilage involvement.
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Fic 2.  Graph (box plots) shows primary tumor volumes of oral and maxillary sinus (A) and pharyngeal (B) cancers categorized at
T1-T4. The horizontal line is a median (50th percentile) of the measured volumes, the top and bottom of the boxes represent 25th and
75th percentiles, respectively, and whiskers indicate the range from the largest to smallest observed data points within 1.5 interquartile

range presented by the box. P, Mann-Whitney U test.

Summary of 66 patients with oral, maxillary sinus, oropharyngeal,
and hypopharyngeal cancers

Patient

No. TT T2 T3 T4 n

Oropharynx 15 2 6 4 3 9
Hypopharynx 9 0 3 3 3 6
Maxillary sinus 7 0 0 0 7 2
Maxillary gingiva 5 0 3 2 0 2
Mandibular gingiva 7 3 3 0 1 1
Tongue 13 1 9 3 0 2
Oral floor 10 3 4 2 1 3
Total 66 9 28 14 15 25

We summarized the results of the T-categories of
the primary tumors and of the incidences of meta-
static nodes in the necks of these patients (Table).
The T4-category primary lesions were associated
with an average of 4.0 metastatic nodes on average
for the oropharyngeal and hypopharyngeal cancers
and 2.7 for the oral and maxillary sinus cancers,
whereas the T1- to T3-category primary lesions
were associated with an average of 1.0 metastatic
node on average for the oropharyngeal and hypo-
pharyngeal cancers and 0.4 for the oral and maxil-
lary sinus cancers.

When comparing the tumor volumes between the
patients with and without metastatic nodes, the vol-
umes for the oropharyngeal and hypopharyngeal can-
cers were significantly greater for patients with met-
astatic nodes (33.2 = 27.2 cm’) as compared with
those without metastasis (10.5 = 8.4 cm?); however,
no significant correlation was observed between the
tumor volume and nodal metastasis for patients with
oral or maxillary sinus cancer, which was 26.8 + 31.1
cm? in those with metastasis and 15.5 = 21.4 cm® in
those without metastasis (Fig 3).

Finally, we assessed the metastatic node distribu-
tions in the neck relative to the primary tumor vol-
umes and found that, for the oropharyngeal and hy-
popharyngeal cancer patients, the number of involved
neck levels and neck levels with multiple metastases
increased with the size of the primary tumor volume
(Fig 4B). In this type of cancer, metastatic nodes only
appeared at neck levels II and III when the tumor
volume was equal to or less than 20 cm®. In cases of
patients with larger tumor volumes, the condition was
associated with metastatic nodes at the lower as well
as the upper levels of the neck and was also associated
with an increase in the number of neck levels with
multiple metastases. In patients with oral and maxil-
lary sinus cancer, however, the metastatic nodes were
confined to levels I and II, and the incidence of multi-
ple metastases at each neck level was <50% until the
tumor volume reached 31 cm® (Fig 44).

Discussion

We have presented in this study that the volume of
the primary lesion and the extent of nodal metastasis
in the neck were well correlated in patients with
oropharyngeal or hypopharyngeal cancer, but not in
those with oral or maxillary sinus cancer. Further-
more, there was a stepwise increase in the number of
nodal metastases and the number of the neck levels
involved by metastases in the patients with oropha-
ryngeal or hypopharyngeal cancer, but not in those
with oral or maxillary sinus cancer. Collectively, these
results imply that oral and maxillary sinus cancers and
oropharyngeal and hypopharyngeal cancers may have
distinct biologies, thereby exerting different behaviors
during the development of lymph node metastasis.

The tumor volume was found to be the dominant
factor when determining the local control of patients
with head and neck cancer; multivariate analysis
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Graph (box plots) shows primary tumor volumes of oral and maxillary sinus (A) and pharyngeal (B) cancers in patients with (+)

or without (—) metastatic lymph node in the neck. P, Mann-Whitney U test.
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oral and maxillary sinus (A) or pharyngeal (B) cancer. The multiplicity of metastatic nodes at each level of the neck is expressed as >50%
(dark box) or =50% (gray box) of patients with corresponding tumor size range (cm®) having multiple nodes at that neck level or as no

patient having metastatic nodes at that level (white box).

showed that the tumor volume was independently
important and that the state of nodal metastasis, eval-
uated by the staging based on the absence or presence
and extent of regional lymph node metastasis, was not
independently significant (15). A more recent study
that applied the multivariate analysis to a large cohort
of pharyngeal and laryngeal cancer patients, however,
showed that the burden of metastasis was an indepen-
dent prognostic factor (16). Nodal metastasis was
previously found to be a significant prognostic factor
for patients with oral or oropharyngeal cancer (17),
but not for patients with nasopharyngeal cancer (18).
Although we did not test whether tumor volume and

nodal metastasis are independently important as
prognostic factors, these previous studies, in conjunc-
tion with the present report, suggest that the differ-
ence in the type of cancer or the difference in ana-
tomic location of the primary lesion significantly
affects the metastatic potential. Therefore, in some
types of the head and neck cancers, nodal metastasis
may occur independent of the tumor size and may
significantly affect the patient’s prognosis.

At present, we do not know why the tumor volume
is not well correlated with the extent of nodal metas-
tasis for patients with oral or maxillary sinus cancer.
One of the keys to this question may be the lym-
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phangiogenesis around the tumor margin. It is not
well understood whether the lymphatic-vessel atten-
uation is related to metastatic spread (19). In this
context, Padera et al showed that the lymphatic ves-
sels at the periphery rather than those within the
tumor are responsible for lymph node metastasis (20).
Furthermore, a significant correlation exists between
the lymphatic vessel attenuation and lymph node me-
tastasis for oropharyngeal cancers, but not for oral
cancers (21). Taken together, these findings suggest a
critical contribution of lymphangiogenesis to the
nodal metastasis of cancer cells and further imply
intrinsic or extrinsic differences in reactive lym-
phangiogenesis between cancers arising in the oral
and maxillary sinus regions and those arising in the
oropharyngeal and hypopharyngeal regions. Future
development in imaging technology of lymphatic ves-
sels might contribute to the prediction of metastasis
from head and neck cancers.

The tumor size is one of the critical factors neces-
sary for accurate tumor staging. Currently, the TNM
classification is the most commonly used system for
describing tumor size and regional lymph node me-
tastasis (22). There are, however, limitations with
respect to tumor staging that is based only on subjec-
tive criteria, particularly in defining the extent of
tumor invasion into the deep portions, such as thy-
roid/cricoid cartilage, pterygoid process, and the deep
portions of the tongue. CT and MR imaging are
useful in evaluating tumor extensions into such struc-
tures. Tumor volume measurements on the basis of
section images obtained by CT and MR imaging may
further compensate for such limitations in tumor
staging. Several pros and cons exist for tumor volume
measurements by using CT or MR imaging (6, 7); for
example, MR imaging was more effective than CT at
identifying obliteration of the fascial spaces, invasion
into the skull base, and lymph node metastasis. Al-
though CT is effective in identifying submucosal dis-
eases, the definition of tumor boundaries is often
inaccurate because distinguishing edema and tumors
from each other is difficult. MR imaging is not effec-
tive in differentiating edema from tumors; however,
MR imaging is more sensitive than CT in distinguish-
ing tumors (and peritumoral edema) from normal
adjacent structures. A recent study of oropharyngeal
and hypopharyngeal cancers showed that CT and MR
imaging did not exhibit significant differences (5).

The measurement of tumor volume is, however, a
laborious process that is performed by manually trac-
ing the tumor outline and then calculating the tumor
volume by using the summation-of-area technique.
Therefore, inter-reader or intrareader errors are un-
avoidable. To overcome this, some investigators ap-
praised the use of a semiautomated method, which
provides a higher interobserver reliability and re-
duced interobserver error (22). Another group
showed that MR imaging—based tumor volume mea-
surements with tumor area extraction by using
manual tracing resulted in a 13% mean percentage
measurement error for primary lesions (7). We expe-
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rienced interobserver error at levels lower (2%) than
those of the preceding report.

It is plausible that manual tracing is error-prone if
peritumoral edema is included as part of the tumor.
Chong et al (22) showed that the average volumes
obtained from semiautomated measurements were
smaller than those obtained from manual tracing.
This may result from the ability of the semiautomated
method to measure a more detailed outline of the
irregular tumor margin (23). Therefore, the peritu-
moral edema may significantly affect the results ob-
tained from manual tracing.

Conclusion

The MR imaging—based tumor volume measure-
ment proved to be clinically feasible. A good corre-
lation was observed between tumor volume and
lymph node metastasis in patients with oropharyngeal
or hypopharyngeal cancer, but not in those with oral
or maxillary sinus cancer.
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