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BACKGROUND AND PURPOSE: Head and neck cancer can cause substantial morbidity and mortality.
Our aim was to evaluate the potential usefulness of a computerized system for segmenting lesions in
head and neck CT scans and for estimation of volume change of head and neck malignant tumors in
response to treatment.

MATERIALS AND METHODS: CT scans from a pretreatment examination and a post 1-cycle chemo-
therapy examination of 34 patients with 34 head and neck primary-site cancers were collected. The
computerized system was developed in our laboratory. It performs 3D segmentation on the basis of
a level-set model and uses as input an approximate bounding box for the lesion of interest. The 34
tumors included tongue, tonsil, vallecula, supraglottic, epiglottic, and hard palate carcinomas. As a
reference standard, 1 radiologist outlined full 3D contours for each of the 34 primary tumors for both
the pre- and posttreatment scans and a second radiologist verified the contours.

RESULTS: The correlation between the automatic and manual estimates for both the pre- to post-
treatment volume change and the percentage volume change for the 34 primary-site tumors was 0.95,
with an average error of —2.4 = 8.5% by automatic segmentation. There was no substantial difference
and specific trend in the automatic segmentation accuracy for the different types of primary head and
neck tumors, indicating that the computerized segmentation performs relatively robustly for this
application.

CONCLUSIONS: The tumor size change in response to treatment can be accurately estimated by the
computerized segmentation system relative to radiologists’ manual estimations for different types of

head and neck tumors.

ABBREVIATIONS: Auto = automatic; GTV = gross tumor volume; GUI = graphic user interface;
ICC = intra-class correlation; MDCT = multidetector row CT; RECIST = Response Evaluation
Criteria In Solid Tumors; RT = radiation therapy; TV = tumor volume; WHO = World Health

Organization

H ead and neck cancer is a relatively common type that can
cause substantial morbidity and mortality in both men
and women. Every year 48,000 new head and neck cancer cases
are diagnosed in the United States." Head and neck cancer
causes 11,200 deaths per year.'

The treatment of patients with oropharyngeal and laryn-
geal cancer remains controversial. Treatment options have
included surgery with or without RT or various nonsurgical
organ-preservation protocols. In the United States, organ-
preserving strategies are the treatment of choice for patients
with locally advanced tumors. Organ-preservation treatment
consists of combined chemotherapy and radiation therapy.”®
Another treatment approach is the use of neoadjuvant ther-
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apy,””® which consists of a trial of chemotherapy followed by
definitive radiation. Patients with a >50% reduction in the
primary tumor determined at endoscopy are considered re-
sponders and can be treated with combined chemotherapy
and radiation therapy. Patients who have <50% response are
treated with surgical resection.

A precise estimation of the response to induction therapy
is very important for identifying those patients who would
best be treated with nonsurgical organ-preservation therapy.
This assessment is usually performed by endoscopic evalua-
tion, which is often subjective. Numerous studies have shown
that CT is an effective noninvasive technique for measuring
primary-site GTV, which has been identified as an indepen-
dent variable for predicting local control for a variety of
subsites in the head and neck.'%'> Primary-site tumor volume
can also be reliably measured across institutions.'® However,
CT GTV estimation is often time-consuming because cur-
rent state-of-the-art imaging requires thin-section acquisition
(<2.5 mm) with a 50% overlap by using multidetector CT.
The large number of images that must be manually contoured
precludes tumor volumes obtained in routine patient care. In
addition, there are inter- and intraobserver variabilities in a
radiologist’s manual segmentation of CT head and neck tu-
mors, which can influence the accuracy of the results.

Currently, clinical estimation of the tumor size is based on
the WHO criteria,'” as well as the RECIST criteria.'® In the



Table 1: The average signed errors and average absolute errors of the automatic estimate of the percentage pre- to posttreatment volume
change for the 34 primary tumors based on reading 1 and reading 2 bounding hoxes

Tumor Number of Average Difficulty Reading 1 Reading 2

Type Tumors (mean, range) Signed Error (%)* Absolute Error (%)* Signed Error (%)* Absolute Error (%)?
Tongue 10 34,2-5 —-25+69 5644 1.8 +10.0 79+60
Tonsil 2 4, 3-5 —-02+55 39+03 —04 =141 100+ 06
Vallecular 2 35,25 —-51+02 51%02 —-83+04 8304
Supraglottic 14 2,1-3 —-09+80 57 +55 —54+131 108 =88
Epiglottic 5 22,13 —28+ 136 92+94 —36x80 75+ 31

Hard palate 1 3 —200=*0 200+0 -189=0 1890

Total 34 —24+85 6.4+59 -33+113 95+68

2 Mean.

WHO criteria,'” the longest tumor diameter and its perpen-
dicular diameter are measured. The response to treatment is
estimated as the percentage reduction in the product of the
longest tumor diameter and its perpendicular diameter be-
tween post- and pretreatment measurements. In the RECIST
criteria,'® only 1 diameter (the longest tumor diameter) is
measured. The response to treatment is estimated as a percent-
age reduction in the longest tumor diameter between post-
and pretreatment measurements. Both methods, however,
can be inaccurate and can produce large inter- and intraob-
server variations, especially for tumors with irregular shapes.
The volumetric information available in CT scans is vastly
underused."

With the increase in radiologists’ workloads and the in-
crease in the number of organ preservation procedures by us-
ing neoadjuvant therapy, automatic and semiautomatic seg-
mentation tools will likely play an important role in the
evaluation of tumor response to treatment. To address this
important issue, we are exploring the development of tech-
niques that permit automated and semiautomated GTV seg-
mentation and TV measurements. Previously we performed a
pilot study with a limited dataset to evaluate the feasibility of
using a computerized system developed in our laboratory to
estimate the volume change of head and neck cancer in re-
sponse to treatment and have obtained promising results.”
The purpose of the current study was to further validate the
performance of the system with a larger dataset, to investigate
the dependence of the volume estimate on the lesion type and
on the variability of the user-selected bounding box for initial-
ization of the segmentation, and to compare the automatic
estimations with the results based on the WHO and RECIST
criteria.

Materials and Methods

Dataset

The data-collection protocol was approved by our institutional re-
view board and is compliant with the Health Insurance Portability
and Accountability Act. Patient informed consent was waived for this
retrospective study. Our dataset contained temporal CT volume pairs
from 34 patients with head and neck neoplasms who participated in a
nonsurgical organ-preservation-therapy clinical trial in our institu-
tion. Twenty-two patients were men, and 12 were women. The pa-
tients’ ages ranged from 37 to 80 years (mean, 57.9 years). The pri-
mary tumors were stages III and IV, and their locations are listed
in Table 1. For the estimation of the change in tumor volume, a pre-
treatment contrast-enhanced CT scan followed by a second contrast-

enhanced CT scan after 1 cycle of chemotherapy were evaluated. A
total of 68 intravenous contrast-enhanced CT scans were, therefore,
collected for the 34 patients (collected by L.H., B.S., H.-P.C., F.P.W.,
J.M., M.L.). The CT studies were acquired in our clinic with a variety
of scanners (GE Healthcare, Milwaukee, Wisconsin), including the
LightSpeed series scanner models Ultra, Pro 16, and LightSpeed 16.
The pixel size ranged from 0.352 to 0.586 mm. The section thicknesses
were 1.25and 2.5 mm. Ten of the 34 primary tumors were necrotic, 12
had spiculated/irregular margins, 10 were heterogeneous, and 3 were
in proximity to bone.

To obtain a reference standard for comparison with the computer
segmentation, 1 radiologist (S.K.G.) with 7 years’ experience reading
head and neck scans identified and marked 34 primary-site cancers on
both the pre- and posttreatment CT scans with bounding boxes by
using an in-house-developed GUI. To define the bounding box, we
first selected a “best section,” namely, the 2D section in which the
lesion was best visualized (with its maximum size), and we drew a
rectangle that enclosed the lesion on the best section. The top and
bottom of the box were chosen to enclose the top and the bottom part
of the lesion with sufficient margins. The sizes of the bounding boxes
were variable, to enclose lesions of different sizes. Following WHO
and RECIST criteria, the radiologist also measured the longest diam-
eter and its perpendicular diameter on the pre- and posttreatment
scans for each tumor by using an electronic caliper provided by the
GUI. The size measurements were performed on the best section. The
radiologist also provided a subjective rating of the degree of difficulty
in visualizing the lesion boundaries on a 5-point scale (1 = very easy,
2 = easy, 3 = intermediate, 4 = hard, 5 = very hard) relative to lesions
seen in clinical practice. The average degree of difficulty for the pri-
mary tumors at the different locations is also listed in Table 1. A
second radiologist (S.K.M.) with 16 years’ experience reading head
and neck scans inspected and verified the lesion measurements. The
average size (the longest diameter) for the 34 tumors was 30.9 mm
(range, 14.7-60.6 mm) on the pretreatment CT scans and 24.9 mm
(range, 10.5-59.8 mm) on the posttreatment CT scans. For clarity of
the presentation, the above estimations are referred to as reading 1.

For all 34 primary tumors, the first radiologist (S.K.G.) also out-
lined full 3D contours on both the pre- and posttreatment scans by
using the GUI The second radiologist (S.K.M.) inspected and, if
necessary, modified the 3D contours.

To study the effect of the interobserver variability of the bound-
ing box marking on the automatic segmentation, a third radiologist
(M.L.) with 6 years’ experience reading head and neck scans inde-
pendently identified and marked the 34 primary-site cancers on
both the pre- and posttreatment CT scans by using the GUI. This
radiologist also measured the longest diameter and its perpendicular
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Fig 1. CT sections of a tonsil carcinoma on pre- and posttreatment CT scans. The carcinoma is necrotic on the pretreatment scan. This is also a subtle lesion (difficulty rating = 4 for
the posttreatment scan) in the dataset. A and B, An axial section on the pretreatment scan (A), the automatic segmentation (white contour, B), and the reference-standard (hand-drawn)
segmentation (black contour, B) superimposed on the pretreatment scan. C and D, An axial section on the posttreatment scan (C), the automatic segmentation (white contour, D), and
the reference-standard segmentation (black contour, D) superimposed on the posttreatment scan. The radiologist's hand-drawn bounding box (white rectangle) used for the automatic
segmentation is also shown in B and D. The lesion is shown on the best section marked by the radiologist for each scan.

diameter on the pre- and posttreatment scans on the best section,
following the WHO and the RECIST criteria by using the electronic
caliper. The above estimations of this radiologist are referred to as
reading 2.

Segmentation of Head and Neck Lesions on MDCT

An initial evaluation of the feasibility of automated segmentation of
head and neck lesions on CT scans in a pilot study was reported
previously.”! This segmentation method will be summarized briefly
as the following: It consists of 3 stages—preprocessing, initial seg-
mentation, and 3D level-set segmentation. The system uses as input
an approximate bounding box for the lesion of interest.

In the first stage, a set of smoothed images and a set of gradient
images are obtained by applying 3D preprocessing techniques to the
original CT images. Smoothing, anisotropic diffusion, gradient filter-
ing, and rank transform of the gradient magnitude are used to obtain
an edge image.

In the second stage, based on attenuation, gradient, and location,
a subset of pixels is selected, which are relatively close to the center of
the lesion and belong to smooth (low gradient) areas.”" The pixels are
selected within an ellipsoid with axes one-half of the inscribed ellip-
soid within the volume of interest. This subset of pixels is considered
to be a statistical sample of the full population of pixels in the lesion.
The mean and SD of the intensity values of the pixels belonging to the
subset are calculated. The preliminary lesion contour is obtained after
thresholding and includes the set of pixels falling within 3.0 SDs of the
mean and with values above —400 HU. A morphologic dilation filter,
a 3D flood fill algorithm, and a morphologic erosion filter are applied
to the contour to connect nearby components and extract an initial
segmentation surface.”! The size of the ellipsoid and the remaining
parameters are selected experimentally in a way that enables seg-
mentation of a variety of lesions, including necrotic tumors.*!

In the third stage, the initial segmentation surface is propagated
by using a 3D level-set method.?' Four level sets are applied sequen-
tially to the initial contour. The first 3 level sets are applied in 3D with
a predefined schedule of parameters, and the last level set is applied
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in 2D to every section of the resulting 3D segmentation to obtain
the final contour. The first level set slightly expands and smoothes the
initial contour. The second level set pulls the contour toward the
sharp edges, but at the same time, it expands slightly in regions of low
gradient. The third level set further draws the contour toward the
sharp edges. The 2D level set performs final refinement of the seg-
mented contour on every section.

Evaluation Methods

The pre- to posttreatment lesion change was defined as the dif-
ference between pretreatment and posttreatment estimations, and
the percentage pre- to posttreatment change was defined as this
difference relative to the pretreatment estimation. The percentage
pre- to posttreatment change was calculated for the following: 1) vol-
ume (3D), 2) product of longest tumor diameter and its perpendicu-
lar (the WHO criteria), and 3) longest tumor diameter (the RECIST
criteria).

For all lesions, the ICC?? between the automatic and manual esti-
mation of the pre- to posttreatment volume change was calculated.
Bland-Altman plots®>**
and manual estimations. The pre- to posttreatment volume change

were also used to compare the automatic

and the percentage change were analyzed. The average error for the
automatic estimate of the percentage change in volume was com-
puted. The average error is defined as the difference between the au-
tomatic 3D estimate and the manual 3D estimate averaged over the
34 lesions. Because the over- and undersegmentation tend to mask the
actual deviations from the manual estimates when the average is
taken, the average absolute (unsigned) errors of the percentage pre- to
posttreatment change in volume were also reported, which averages
the absolute difference between the percentage pre- to posttreatment
change of the automatic and manual estimates in volumes, respec-
tively. A paired Student ¢ test was used to estimate the statistical sig-
nificance of the difference between the automatic and manual estima-
tions as well as the difference between the automatic estimations
based on reading 1 and reading 2.



Fig 2. CT sections of a heterogeneous tongue carcinoma on pre- and posttreatment CT scans. This lesion has a difficulty rating of 2. A and B, An axial section on the pretreatment scan
(A), the automatic segmentation (white contour, B), and the reference-standard (hand-drawn) segmentation (black contour, B) superimposed on the pretreatment scan. C and D, An axial
section on the posttreatment scan (C), the automatic segmentation (white contour, D), and the reference standard segmentation (black contour, D) superimposed on the posttreatment
scan. The radiologist’s hand-drawn bounding box (white rectangle) used for the automatic segmentation is also shown in Band D. The lesion is shown on the best section marked by the

radiologist for each scan.

Table 2: Pre- and posttreatment volumes for the 34 primary-site
tumors®

Radiologist Automatic
Pretreatment Posttreatment Pretreatment Posttreatment
Average 14.5 6.7 15.9 7.7
Range 2.1-55.4 0.4-42.0 2.2-613 0.6-45.1

2The estimated volumes (cubic centimeters) are based on the radiologists’ outlined
contours.

Results

Examples of the computerized 3D level-set segmentation of
the primary head and neck carcinomas on pre- and post-
treatment CT scans are shown in Figs 1 and 2 for a necrotic
tonsil carcinoma and a heterogeneous tongue carcinoma, re-
spectively. In both figures, the radiologist’s hand-drawn
bounding box used for the automatic segmentation is also
shown.

Volume Estimates and Volume-Change Estimates

The pre- and posttreatment tumor volumes based on the
radiologist-outlined contours and automatic segmentation
with the first set of bounding boxes (reading 1) for the 34
tumors are summarized in Table 2. The average pre- and post-
treatment tumor volumes were 14.5 and 6.7 cm?, respectively,
by radiologists’ contours and 15.9 and 7.7 cm?, respectively, by
automatic segmentation. The correlations between the auto-
matic and the manual volumes were high (ICC = 0.98) for
both the pretreatment (Fig 3) and the posttreatment volume
estimates (Fig 4). The average time to perform a level-set seg-
mentation was 42 seconds. The average time to perform a full
manual 3D contour was 313 seconds (5.22 minutes).

Good agreement was also observed between the automatic
and manual estimates for the pre- to posttreatment volume
change (Fig 5) and between the automatic and manual esti-
mates for the percentage pre- to posttreatment volume change
(Fig 6), both with correlations (ICCs) of 0.95. The difference
between the manual and automatic estimates for the pre- to
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Fig 3. Automatic-versus-manual estimates of the pretreatment volumes for the 34 primary-
site tumors (correlation ICC = 0.98). A, Scatterplot. B, Bland-Altman plot. The solid line is
the mean; the dashed line is =2 SDs.
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posttreatment volume change and the percentage volume
change did not achieve statistical significance (P = .21 and P =
.11, respectively).

Table 1 shows the errors of the automatic estimate of the
percentage pre- to posttreatment changes of the 34 primary
tumor volumes by using the 2 sets of bounding boxes. From
reading 1, the average error was —2.4 * 8.5% and the average
absolute error was 6.4 £ 5.9%. The errors for cancers at dif-
ferent locations are also shown.

Automated Volume Estimates by using Reading 2
Bounding Boxes

The segmentation results for the second set of bounding
boxes (reading 2) are summarized below. The average pre-
and posttreatment primary tumor volumes based on the au-
tomatic estimates were 16.4 and 7.6 cm’, respectively. The
correlations between the automatic and the manual volumes
were ICC = 0.93 for the pretreatment and ICC = 0.89 for the
posttreatment volume estimates. Good agreement was also
observed between the automatic and manual estimates for the
pre- to posttreatment volume change (correlation ICC =
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0.89) and between the automatic and manual estimates for the
percentage pre- to posttreatment volume change (correlation
ICC = 0.91). The difference between the manual and auto-
matic estimates for the pre- to posttreatment volume change
and the percentage volume change did not achieve statistical
significance (P = .07 and P = .10, respectively). The average
error of the automatic estimate of the percentage pre- to
posttreatment change was —3.3 = 11.3%, and the average
absolute error was 9.5 * 6.8%. The errors for the cancers at
different locations are also shown in Table 1.

Effects of Bounding Box Variation on Automatic
Estimates

The average difference in the size of the bounding boxes be-
tween reading 1 and reading 2 was approximately 20% for
each of the x-, y-, and z-dimensions (Table 3). The average
displacement between the box centers was 4.0 = 3.0 mm. The
average absolute difference of the best-section location in z
between reading 1 and reading 2 was 3.9 = 4.3 mm. The au-
tomatic volume estimates and the pre- to postvolume change
estimates based on the set of bounding boxes from reading 1
were compared with the corresponding automatic volume es-
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Table 3: The average difference of box size between reading 1 and
reading 2 in x-, y-, and z-dimensions

Difference of the

Box Size in Signed Absolute
Dimension Difference (%) Difference (%)
X 00+212 16.0 £ 137
Y —21+276 175+213
Z —14.1 + 266 200+ 224

Table 4: Correlation between the automatic estimates obtained from
the reading 1 and reading 2 bounding boxes for the 34 primary site
tumors

ICC P Value?®
Pretreatment volume 0.92 .58
Posttreatment volume 0.88 .86
Pre- to posttreatment change 0.89 29
% Pre- to posttreatment change 0.90 67

@ Paired Student t test estimation.

timates and the pre- to postvolume change estimates based on
the set of bounding boxes from reading 2. The results are sum-
marized in Table 4. A good agreement was observed for all
comparisons (ICC range, 0.88—0.92). The difference between

the automatic estimates based on reading 1 and reading 2
bounding boxes did not achieve statistical significance for any
of the estimates (P > .29).

Effects of Tumor Characteristics on Automatic Estimates
The average error and the average absolute error of the
automatic estimate of the percentage pre- to posttreatment
change of the necrotic primary tumor volumes compared
with the non-necrotic primary tumor volumes did not show a
specific trend (Table 5). The difference between the auto-
matic estimates for necrotic and non-necrotic tumors did not
achieve statistical significance for any of the error estimates
(P > .40). The additional comparison of the average error
and the average absolute error of the automatic estimate of
the percentage pre- to posttreatment change of the tumor vol-
umes for different tumor characteristics—heterogeneous ver-
sus nonheterogeneous, spiculated/irregular margin versus
smooth/lobulated margin, and in proximity to bone versus
not in proximity to bone—revealed an average error differ-
ence of 2% between the corresponding groups, without show-
ing a specific trend (based on both reading 1 and reading 2
bounding boxes). The error differences between the above
corresponding groups did not achieve statistical significance
for any of the groups (P > .22). If we grouped the cases with
the degree of difficulty 4 and 5 as “difficult” and the cases with
degree of difficulty 1, 2, and 3 as “easy,” there was not a specific
trend for the average absolute error of the automatic estimate
of the percentage pre- to posttreatment change of the tumor
volumes between cases of the easy group and the difficult
group (based on both reading 1 and reading 2 bounding
boxes). The error differences did not achieve statistical signif-
icance (P > .19).

Comparison of Volume-Change Estimates with WHO and
RECIST Criteria-Based Estimates

The percentage pre- to posttreatment change following the
WHO criteria was estimated by using the product of radiologist-
measured longest tumor diameter and its perpendicular diam-
eter, and that following the RECIST criteria, by using the long-
est tumor diameter alone. The ICC between the percentage
pre- to posttreatment change by manual volume estimate
(3D) and that by the WHO criteria-based estimate was 0.72.
The ICC between the percentage pre- to posttreatment change
by manual volume estimate (3D) and that by the RECIST
criteria-based estimate was 0.55. The WHO and RECIST
criteria-based estimates were also obtained by using the long-
est tumor diameter and its perpendicular measured in reading
2. The ICC between the percentage pre- to posttreatment change
by manual volume estimate (3D) and the WHO criteria-based
estimate was 0.59. The ICC between the percentage pre- to
posttreatment change by manual volume estimate (3D) and
that by the RECIST criteria-based estimates was 0.52.

Discussion

Volume Estimates and Volume-Change Estimates

The automatic segmentation showed high correlation with
radiologists’ manual segmentation for the volume estimates.
There was no statistically significant difference between the
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Table 5: The average signed errors and average absolute errors of the automatic estimate of the percentage pre- to posttreatment volume
change of the necrotic and non-necrotic primary tumors based on reading 1 and reading 2 bounding boxes

Reading 1 Reading 2
Tumor Type No. Tumors Signed Error (%)? Absolute Error (%)* Signed Error (%)* Absolute Error (%)?
Necrotic tumors 10 —25+106 7396 —-0.8 = 10.1 8348
Non-necrotic tumors 24 —24+77 6.1 =51 =44 +111 100x74
P valug® 0.97 061 0.41 052
2 Mean.

b Student ¢ test estimation.

manual and automatic estimates for the pre- to posttreatment
volume change and the percentage volume change for both
reading 1 and reading 2 bounding boxes, further confirming
the good agreement between the automatic and manual
segmentations.

The segmentation system performed well in some of the
lesions visually judged to be most difficult by radiologists. Fig-
ure 1 shows a subtle necrotic tumor with a difficulty rating of
4, which was accurately segmented by the computer system on
both the pre- and the posttreatment scans compared with the
manual outlines. Although most of the boundaries between
the lesion and the adjacent normal tissues had low contrast,
the preprocessing in combination with the level-set method
was able to find reasonable boundaries in this case.

Effects of Bounding Box Variation on

Automatic Estimates

The automatic estimates based on reading 1 and reading 2
bounding boxes showed good agreement.

Effects of Tumor Characteristics on Automatic Estimates
There were 6 different types of primary tumors in the dataset.
Because of the complicated anatomic structures in the head
and neck regions, the tumor shapes vary greatly depending on
the locations. For a given set of bounding boxes (reading 1 or
reading 2), the difference in the average absolute errors for the
automatic estimates of the percentage pre- to posttreatment
volume change between any 2 types of tumors was within
3.3%, indicating the adaptability of the level-set segmentation
to the different tumor shapes. The absolute errors for the au-
tomatic estimates of the hard palate cancer were higher for
both reading 1 and reading 2 estimations, probably reflecting
the more complex shape of the cancer in this case. Note that
there was only 1 hard palate cancer in this preliminary dataset,
so no general observation can be made.

The comparison of the average error and the average ab-
solute error of the automatic estimate of the percentage pre-
to posttreatment change of the tumor volumes for tumors
of different characteristics (necrotic versus non-necrotic,
heterogeneous versus nonheterogeneous, spiculated/irregular
margin versus smooth/lobulated margin, in proximity to bone
versus not in proximity to bone, difficult versus easy) did not
show a specific trend (based on both reading 1 and reading 2
bounding boxes) or significant difference for any of the
groups. This further indicates that the level-set segmentation
performs relatively robustly for the different types of head and
neck tumors.
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Comparison of Automatic Volume-Change Estimates with
WHO and RECIST Criteria-Based Estimates

The comparisons between the percentage pre- to posttreat-
ment volume change by manual segmentation and the per-
centage volume change by the automatic segmentation, the
estimate by the WHO criteria, and the estimate by the RECIST
criteria revealed that the 3D automatic segmentation was
closest to the manual segmentation. The estimates by the
WHO criteria, though closer than the estimates by the RECIST
criteria, were still far from the manual segmentation. One rea-
son is that head and neck tumors have complicated shapes and
the 1-dimensional measurement cannot represent adequately
the 3D pre- and posttreatment tumor shapes. The 2D mea-
surement improves over the 1-dimensional measurement,
but the change in tumor size in the direction perpendicular to
the axial plane is still obscured. The 3D pre- and posttreatment
volume estimates obtained by computer segmentation pro-
vide the best description of the 3D tumor shape and the
tumor-volume changes.

Limitations of the Study

There are limitations in this preliminary study. The dataset
is relatively small. This may potentially introduce some bias.
Although the relatively robust performance of the automatic
segmentation for the different types of primary tumors is an
indication that the effect of such a bias may not be substantial,
a larger dataset with different types of lesions is necessary to
further confirm its generalizability. In a future study, the
dataset will be further enlarged and the potential bias will be
studied. A larger dataset will also be important to study the
accuracy of and the correlation among the WHO criteria, the
RECIST criteria, and the automatic volume estimates for
monitoring of the pre- to posttreatment changes in head and
neck tumors. In this study, the reference standards were ob-
tained by 2 radiologists. One radiologist provided initial man-
ual outlines of the lesions and a second radiologist confirmed
the outlines by modifying them when necessary.

To study the inter- and intraobserver variabilities in man-
ual segmentation of head and neck tumors, several radiolo-
gists must obtain independent segmentations and individual
radiologists must also obtain repeated segmentations. As a
step in this direction, we have performed a pilot study® for
estimation of the interobserver variability, in which a third
radiologist independently provided 3D contours for a subset
of 13 cases (26 primary tumors). The estimates based on the
3D contours by radiologist 3 were compared with the refer-
ence manual estimates. The difference between the estimates
of radiologist 3 and the reference manual estimates for the
percentage change in pre- to posttreatment volume was com-



parable with the difference between the automatic estimates
and the reference manual estimates, indicating that the dis-
agreement between the automatic and manual estimates is
comparable with interobserver variability in the radiologists’
estimates.

We will investigate the effects of these variabilities on the
validation of our computer segmentation and the assessment
of volume change and treatment response in future studies.
The correlation results of the automated estimates based on
the reading 2 bounding boxes were slightly lower than the
correlation results of the automated estimates based on the
reading 1 bounding boxes. This difference may be partly at-
tributed to the fact that the reading 2 bounding boxes were
obtained independently by a third radiologist, while the read-
ing 1 bounding boxes were obtained by a radiologist involved
with providing the initial manual outlines of the lesions, which
might introduce some bias. However, there was good agree-
ment between the automatic estimates based on the reading 1
and reading 2 bounding boxes (ICC range, 0.88-0.92), and
the difference did not achieve statistical significance for any of
the estimates (P > .29), which implies that if such a bias exists,
it has a small effect.

Conclusions

Our results indicate that the tumor size change in response
to nonsurgical organ-preservation therapy can be accurately
estimated for different types of head and neck tumors by the
3D computerized-segmentation system relative to radiolo-
gists’ manual segmentations. The automatic and manual esti-
mates for the pre- to posttreatment tumor-volume change
showed good agreement for a variety of tumor morphologies,
attenuations, and internal architectures. This study suggests
that the estimation of the tumor size change in response to
nonsurgical organ-preservation therapy may be assisted by a
computerized segmentation system.
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