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Tumour volume measurement in head and neck cancer
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Abstract

Tumour volume is a significant prognostic factor in the treatment of malignant head and neck tumours. Studies of
laryngeal and pharyngeal tumours have shown tumour volume to be an important predictor for tumour recurrence.
Some studies (for instance nasopharyngeal carcinoma) have shown through multivariate modelling that tumour
volume is a dominant covariate that overwhelms T stage, N stage and stage group. The results of these studies
have prompted several investigators to suggest the inclusion of tumour volume as an additional prognostic factor in
future revisions of the TNM staging system. This paper briefly reviews the TNM system as a staging tool, the
measurement of tumour volume and how tumour volume could possibly be incorporated in the system or used as
an additional prognostic factor.
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Introduction

There is an increasing interest in the relationship
between tumour volume and treatment outcome over
the last 10�15 years. With the continued improve-
ment in segmentation algorithms and advances in com-
puter technology it now appears possible to measure the
volume of malignant tissues from computed tomography
(CT) and magnetic resonance (MR) images.

Tumour volume is now known to be a significant prog-
nostic factor in the treatment of malignant tumours[1�6].
Investigators have suggested the importance of incorpor-
ating tumour volume into the TNM staging system.
However, if tumour volume is to be used as an indepen-
dent prognostic factor, it is imperative that the methods
for volume measurement be standardised, robust and reli-
able. Unfortunately, to date, there are no simple or user-
friendly systems to achieve the desired level of accuracy
and reproducibility in results for routine clinical practice.

Staging and the TNM Classification
System

The TNM System for the classification of malignant
tumours was developed by Pierre Denoix between 1943
and 1952[7�10]. The objectives of the TNM System are to

(1) aid the clinician in the planning of treatment, (2) give
some indication of prognosis, (3) assist in the evaluation
of the results of treatment, (4) facilitate the exchange of
information, and (5) contribute to continuing investiga-
tions of human malignancies[11]. Hence, an understand-
ing of the natural history of a malignancy (which guides
the selection of an appropriate treatment option) and the
comparison of treatment outcome are central to the aims
of the TNM System. The measurement of tumour volume
may provide a further tool to achieving these purposes.

The TNM System was originally constructed to assess
only three basic indicators of anatomic spread, that is,
the local tumour extent (T), locoregional nodal spread
(N) and distant metastasis (M). This system, like
any other system, is not perfect and over the years,
non-anatomic factors were included to further refine
prognostic accuracy[12,13]. For instance, in the staging
of thyroid cancers, additional prognostic factors include
sex, age and histology of the lesion. Similarly in the stag-
ing of liver cancer, the alpha-fetoprotein, total bilirubin
and alkaline phosphatase levels are taken into consider-
ation. In recent years, efforts have been directed at elu-
cidating the relationship between the TNM system and
tumour volume in stratifying patients into prognostic
groups. Such stratification has a direct relationship with
the objectives of the TNM system.
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The TNM System recognises the importance of
tumour volume. Currently, about half of the
malignant head and neck tumour subsites are T-classified
by a single dimensional measurement which acts as
a surrogate measurement for tumour volume. Tongue,
oropharyngeal and hypopharyngeal carcinomas,
for instance, are classified as follows: T1 tumours, mea-
sures less than 2 cm; T2 tumours, between 2 cm and
4 cm; and T3 tumours measure more than 4 cm in
diameter.

However, Sorensen et al. have demonstrated that the
differences in volumes derived from diameter measure-
ment and the computer-assisted perimeter method was
large enough to have an impact in gauging the response
of treatment[14]. Furthermore, staging based on subjec-
tive and single dimensional measurement is often ques-
tionable. For instance, superficial spreading carcinomas
frequently exceed 4 cm in diameter without deep penetra-
tion. These tumours are classified as T3 lesions but have
very low volumes. It is now known that the depth of the
tumour in tongue carcinoma is a good predictor of lymph
node metastases.

Tumour volume and treatment outcome

Various reports in the literature have recognised a posi-
tive correlation between tumour volume and prognosis
for various head and neck subsites[16�18]. Several authors
have noted that tumour volume is a better predictor of
treatment outcome compared with the TNM System[3�6].
The basis for this observation is easy to understand.
T-classification remains dependent upon subjective
and single dimensional criteria which may fail to
define the true three-dimensional tumour volume.
Studies have demonstrated a tremendous variation in
tumour volume within any of the T-classification
groups[15,19].

The probability of cure depends on a number of fac-
tors, including the initial number of tumour clonogens.
It is also known that the number of tumour clonogens
increase linearly with tumour volume. Hence tumour
volume can be a useful predictor (prognostic factor)
of local treatment outcome[18]. If tumour prognosis
depends on the number of tumour clonogens to be
sterilised, it can be seen that a single dimensional
measurement appears inadequate for prognostication.
Furthermore, for some tumours such as laryngeal
and nasopharyngeal carcinoma, T-classification is
determined by only anatomical structure involvement,
irrespective of tumour size inferred by anatomical
extent or measurements. Hence a small tumour affect-
ing a critical area may have a higher T-classification
compared to a large tumour confined to a defined
anatomic site.

Tumour volume measurement issues

Even to date, technical considerations have prevented
tumour volume measurements from being routinely
used in a clinical setting. The measurement of tumour
volume has always been tedious. It involves tracing the
tumour outline and the volume is derived by the summa-
tion of area technique. Whether this process is done by a
radiologist or by a technician, there is always an impor-
tant element of subjectivity that results in both intra- and
inter-operator performance[20�22]. To overcome this
problem, several investigators have developed semi-auto-
mated or automated systems to reduce inter-operator as
well as intra-operator variability[23�25]. Errors encoun-
tered by computer-based techniques are thus likely to
be classified as systematic errors and not as a result of,
for example, the experience of the operator.

Investigations highlighting the relationship between
tumour volume and treatment outcome bring into ques-
tion the validity of the tumour volume measurement
methodology employed by various investigators. For
instance, in the landmark paper by Chua et al.[3], there
was no mention of validation of the tumour volume mea-
surement methodology. Similarly, in a subsequent report
by Willner et al.[4], there was also no validation study on
the volume measurement technique used in their study.
In addition, volume measurements were performed on
digitised hard copies and the reliability of this technology
is uncertain. Sze et al.[6], in contrast, used a more elab-
orate method. The tumour outline was first drawn by a
diagnostic radiologist on MR images. These images were
then transcribed by the radiation oncologist to the CT
planning system where tumour volume was calculated.
The inter-operator variance or inter-observer variability
of this method also remains unknown. The need for vali-
dated tools and a consensus on measurement criteria
appear clear under such circumstances.

Computer-based tumour volume
segmentation

The development of segmentation algorithms is central to
tumour volume measurement. Generic segmentation
algorithms were originally developed as image processing
tools in a variety of engineering applications. In recent
years some of these algorithms were modified and
adapted for possible medical imaging purposes. Newer
algorithms are now being developed and tested specifi-
cally for medical imaging needs. They include: (1)
deformable models (active contour and level set); (2)
machine learning-based approach (support vector
machine) with shape prior; (3) atlas-based segmentation;
and (4) spectral clustering and normalised cut.

Before any of the above imaging-based tumour volume
measurement methods can gain acceptance in clinical
practice, information on inter-observer and intra-observer
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variability in tumour volume estimation is necessary.
For instance, Hermans et al.[26] showed that in the mea-
surement of laryngeal tumours based on CT images, the
most important component of total variability was inter-
observer variability (89.3%) while intra-observer variabil-
ity accounted for only 6.4%. These findings were attrib-
uted to the experience of the observer in head and neck
radiology and the complex pattern of tumour spread.

The study by Hermans et al.[26] highlights the impor-
tance of developing tumour volume measurement meth-
ods that are not critically dependent on operator ability.
One of the most desirable features of computer-based
automated or semi-automated tumour segmentation is
the minimisation of inter- and intra-observer variability.

TNM System and tumour volume

Assuming we already have validated and robust tools for
measuring tumour volume, it is interesting to speculate
how tumour volume might be introduced into the TNM
system. One possible way is to replace is to directly
replace tumours that are currently staged with single
dimensional measurements with tumour volume. For
tumours currently staged by only anatomical extent, fur-
ther work will be required to determine the relationship
between tumour volume and T classification.

Conclusion

In conclusion, investigations in recent years have identi-
fied an important relationship between tumour volume
and treatment outcome. The initial challenge is to
develop validated measuring tools that can be used in a
clinical setting. The next challenge is to determine the
relationship between T-classification and tumour volume
derived from the validated tools.

References
[1] Brenner DJ. Dose, volume and tumor control predictions in radio-

therapy. Int J Radiat Oncol Biol Phys 1993; 26: 171�9.
[2] Johnson CR, Thames HD, Huang DT, et al. The tumor volume

and clonogen number relationship: tumor control predictions
based upon tumor volume estimates derived from computed
tomography. Int J Radiat Oncol Biol Phys 1995; 33: 281�7.

[3] Chua DT, Sham JS, Kwong DL, et al. Volumetric analysis of
tumor extent in nasopharyngeal carcinoma and correlation with
treatment outcome. Int J Radiat Oncol Biol Phys 1997; 39:
711�19.

[4] Willner J, Baier K, Pfreunder L, et al. Tumor volume and local
control in primary radiotherapy of nasopharyngeal carcinoma.
Acta Oncol 1999; 38: 1025�30.

[5] Chen MK, Chen TH, Liu JP, et al. Better prediction of prognosis
for patients with nasopharyngeal carcinoma using primary tumor
volume. Cancer 2004; 100: 2160�6.

[6] Sze WM, Lee AWM, Yau TK, et al. Primary tumor volume of
nasopharyngeal carcinoma: prognostic significance of local con-
trol. Int J Radiat Oncol Biol Phys 2004; 59: 21�7.

[7] Denoix PF. Bull Inst Nat Hyg (Paris) 1944; 1: 69.
[8] Denoix PF. Bull Inst Nat Hyg (Paris) 1944; 2: 82.
[9] Denoix PF. Bull Inst Nat Hyg (Paris) 1950; 5: 81.

[10] Denoix PF. Bull Inst Nat Hyg (Paris) 1952; 7: 743.
[11] Sobin LH, Wittekind Ch, editors. UICC TNM classification of

malignant tumors. 6th ed. New York: Wiley-Liss; 2002.
[12] Gospodarowicz MK, Henson DE, Hutter RVP, O�Sullivan B,

Sobin LH, Wittekind Ch, editors. Prognostic factors in cancer.
2nd ed. New York: Wiley-Liss; 2001.

[13] Sobin LH. TNM: Evolution and relation to other prognostic
factors. Semin Surg Oncol 2003; 21: 3�7.

[14] Sorensen G, Patel S, Harmath C, et al. Comparison of diameter
and perimeter methods for tumor volume calculation. J Clin
Oncol 2001; 19: 551�7.

[15] Pameijer FA, Balm AJM, Hilgers FJM, Muller SH. Variability of
tumor volumes in T3-staged head and neck tumors. Head Neck
1997; 19: 6�13.

[16] Johnson CR, Khandelwal SR, Schmidt-Ullrich RK, Ravalese III J,
Wazer DE. The influence of quantitative tumour volume measure-
ments on local control in advanced head and neck cancer using
concomitant boost accelerated superfractionated irradiation. Int J
Radiat Oncol Biol Phys 1995; 32: 635�41.

[17] Lee RW, Mancuso AA, Saleh EM, Mendenhall WM, Parsons JT,
Million RR. Can pretreatment computed tomography findings
predict local control in T3 squamous cell carcinoma of the glottic
larynx treated with radiotherapy alone? Int J Radiat Oncol Biol
Phys 1993; 25: 683�7.

[18] Hermans R. Head and neck cancer: how imaging predicts treat-
ment outcome. Cancer Imaging 2006; 65: S145�53.

[19] Chong VFH, Zhou JY, Khoo JBK, Chan KL, Huang J.
Correlation between MR Imaging-Derived Nasopharyngeal
Carcinoma Tumor-Volume and TNM System. Int J Radiat
Oncol Biol Phys 2006; 64: 72�6.

[20] Clarke LP, Velthuizen RP, Camacho MA, et al. MRI segmenta-
tion: methods and applications. Magn Reson Imaging 1995; 13:
343�68.

[21] Zijlstra EJ, Taphoorn MJ, Barkhof F, Hoogenraad FG,
Hermans JJ, Valk J. Radiotherapy response of cerebral
metastases quantified by serial MR imaging. J Neurooncol
1994; 21: 171�6.

[22] Ten Haken RK, Thorton Jr AF, Sandlesr HM, et al. A quantita-
tive assessment of the addition of MRI to CT-based, 3-D
treatment planning of brain tumors. Radiother Oncol 1992; 25:
121�33.

[23] Schad LR, Blum S, Zuna I. MR tissue characterization of intra-
cranial tumors by means of textual analysis. Magn Reson Imaging
1993; 11: 889�96.

[24] Velthuizen RP, Clark LP, Phuphanich S, et al. Unsupervised mea-
surement of brain tumor volume on MR images. J Magn Reson
Imaging 1995; 5: 594�605.

[25] Phillips WE, Velthuizen RP, Phuphanich S, Hall LO, Clark LP,
Silbiger ML. Applications of fuzzy c-means segmentation tech-
nique for tissue differentiation in MR images of hemorrhagic
glioblastoma multiforme. Magn Reson Imaging 1995; 13:
277�90.

[26] Hermans R, Feron M, Bellon E, Dupont P, Van Den Bogaert W,
Baert AL. Laryngeal tumor volume measurements determined
with CT: A study on intra- and interobserver variability. Int J
Radiat Oncol Biol Phys 1998; 40: 553�7.

Monday 1 October 2007 S49


