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ABSTRACT

Aim: To analyse and predict early response 3 months post definitive chemoradiation (CCRT)
utilising tumour volume (TV) measurement in locally advanced head and neck cancers
(LAHNC).

Background: LAHNC are 3-dimentional lesions. The largest diameter of these tumours mea-
sured for T-classification may not necessarily reflect the true tumour dimensions. TV
accurately reflects the tumour burden because it is a measurement of tumour burden in
all three dimensions.

Materials and methods: It is a single institutional prospective study including 101 patients
with LAHNC treated with definitive CCRT. TV data noted were primary tumour volume (PTV),
total nodal volume (TNV) and total tumour volume (TTV). Response evaluation was done
at 3 months after the completion of definitive CCRT and patients were categorised either
having achieved complete response (CR) or residual disease.

Results: Patients who had not achieved CR were found to have larger TV compared with
those who had achieved CR. There were significant inverse correlations between PTV and
response (median 16.37 cm?3 vs. 45.2 cm?; p =0.001), and between TTV and response (median
36.14 cm? vs. 66.06 cm?; p <0.001). Receiver operating characteristic (ROC) analysis identified
an “optimal cut-off” value of 41 cm?® for PTV and 42 cm? for TTV above and below which the
magnitude of difference in response was the greatest.

Conclusions: If response evaluation 3 months post CCRT is to be predicted it is simply not
enough to measure the largest single dimension of the tumour. TV seems to be a better and

more accurate reflection of the true total tumour burden or extent of the disease.
© 2016 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
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1. Background

Head and neck cancers (HNC), particularly locally advanced,
are a group of heterogeneous tumours and are diverse in their
natural history and behaviour. To understand and bring this
diversity into clinical use, the American Joint Committee on
Cancer (AJCC) uses a TNM staging system. Amongst many oth-
ers, the purpose of this staging system is to predict prognosis.

The TNM system is an expression of the anatomic extent
of disease. T classification in TNM staging system depends
mainly on the measurement of maximum single dimension
of the primary tumour. Although this system of staging is
user-friendly, universally applicable and provides the basis
for most cancer care and research, it is felt that this sys-
tem has certain limitations. Firstly, HNC are 3-dimensional
lesions, not only spreading into different planes and direc-
tions within the head and neck region but also with unequal
rate of spread/invasion/infiltration into the surrounding tis-
sues. Hence, the largest diameter of tumour measured for
T classification may not necessarily reflect the true tumour
dimensions. Indeed, studies have shown that there is a
significant variation in the tumour volumes within the same T-
classification.? This reflects the poor ability of T-classification
to describe true dimensions of locally advanced head and neck
cancers (LAHNC). Secondly, for certain sites, T-classification
takes into account tumour features which are mainly impor-
tant for surgeons to decide on operability or resectability,
such as invasion and infiltration of primary tumour into sur-
rounding important structures. Although this information is
of paramount significance to surgeons, it is not so for a non-
surgical treatment modality such as definitive radiotherapy
(RT) or concurrent chemoradiation (CCRT).

Thus, there is a need to take into account certain other
feature(s) of these heterogeneous tumours, besides maximum
single dimension, which can reflect the total tumour burden
more accurately. While doing so we must also ensure that we
do notlose out the very vital information about the anatomical
extent of disease provided by the TNM staging system.

Tumour develops from a single transformed cell. In order to
completely sterilise a tumour by RT or, in other words, achieve
complete response at the end of RT, every single clonogenic
cell capable of tumour growth has to be killed. Many authors
have shown that the number of clonogenic cells increases
almost linearly with increase in tumour load and thus tumour
volume (TV).>* But it was Fletcher who first proved that there
does exist a direct relationship between clonogen numbers
and TV.” Hence, it seems that there exists a relationship
between the probability of tumour response to RT and the
TV. There is growing evidence recognising positive correlation
between TV and prognosis.®® Knegjens et al.” have shown TV
to be a good predictor of early response to RT, there beinglarger
TV in those with residual disease.

2. Aim

This study aims at analysing and predicting early response
(3 months post definitive CCRT) utilising TV data in patients
with LAHNC in the era of intensity modulated RT (IMRT). While

doing so we will also discuss various ways in which TV data
can be incorporated in day to day clinical practice to predict
early response and few related issues.

3. Materials and methods

It was a single institutional prospective study conducted
from June 2013 to April 2015. In the study, 108 newly diag-
nosed patients with LAHNC treated with definitive CCRT were
recruited. All patients provided informed consent for the pro-
posed treatment. Clearance from the institute’s review and
scientific committee board was obtained. Patient inclusion
criteria were histologically proven squamous cell carcinoma
of any grade, oropharyngeal, hypopharyngeal or laryngeal pri-
mary sites, accurately TNM staged locally advanced disease —
stage IIl or IV non-metastatic disease, clear and well visualised
primary and nodal disease on diagnostic imaging, age >18
years, no co-existing or prior malignancy in the head and neck
region, no prior RT to the head and neck region, and eastern
cooperative oncology group status <2. All underwent staging
as per AJCC recommendations. The pre-treatment work up
included detailed history, physical examination, and endo-
scopic assessment for primary tumour extent and to rule
out synchronous malignancy. 18F-fluorodeoxy-p-glucose (18F-
FDG) positron emission tomography-computed tomography
(PET CT) was done to assess for loco-regional tumour extent
and distant metastasis. All patients were planned for defini-
tive CCRT.

3.1. Diagnostic imaging, RT planning and simulation,
and tumour volume measurement

PET-CT scans were performed using full ring dedicated PET
scanner (Siemens Biograph scanner, Lutetium Oxyorthosili-
cate crystal based 40 slice scanner) in 3D mode. Non-contrast
CT scans (120kV, 80 mA) were performed for attenuation cor-
rection and anatomical localisation. Standard whole body
PET-CT scans were acquired from skull base to mid-thigh. The
acquisition time was 120-180s/bed position. An appropriate
head rest was used during PET-CT. After the diagnostic scan
was done, the table couch was changed to a flat table couch.
The patients were immobilised with ordinary head, neck and
shoulder thermoplastic orfit cast along with the same head
rest as used during PET-CT. Alignment was ensured with the
help of lasers. Planning CT scans were done with slice thick-
ness of 3mm from the vertex of skull to carina. The regional
scan was taken with the same set up criteria as that of plan-
ning CT scan. All data sets were sent by way of Digital Imaging
and Communications in Medicine to SomaVision v10 (Varian
Medical System, Palo Alto, CA) radiation planning workstation.
The contrast-enhanced CT simulation scans were fused with
PET-CT scans using ECLIPSE v10 (Varian Medical System, Palo
Alto, CA) using automatic image registration algorithm. Fine
manual adjustments were required in most cases for more
precise fusion. Target volumes and organs at risk (OARs) were
contoured.

For the purpose of this research, various TV delineated
were as follows: primary tumour volume (PTV) - volume occu-
pied by macroscopic visible primary tumour, yielding the gross
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demonstrable extent and location of the primary malignant
growth; total nodal volume (TNV) - the sum total volume of
all macroscopic nodal disease visible; and total tumour vol-
ume (TTV) - sum total of PTV and TNV. All TVs were verified
by experienced radiologist and appropriate modifications in
target delineation were made if required. Volumetric three-
dimensional measurements of the contoured PTV and TNV
were noted from SomaVision v10 (Varian Medical System, Palo
Alto, CA) radiation planning workstation. The TTV was the
sum total of PTV and TNV. All the three TV were expressed in
cubic centimetres (cm?3).

3.2 Treatment protocol

As per institutional protocol all patients were treated with
3 dose target levels simultaneous integrated boost (SIB)
IMRT. The 3 clinical target volumes (CTV) delineated were
prescribed following doses: CTV1=70Gy, CTV2=63Gy and
CTV3=50Gy in 35 fractions, daily once and 5 days a week. All
patients received concurrent weekly cisplatin chemotherapy
40mg/m?.

3.3.  Disease response evaluation

Disease response evaluation was done at 12 weeks after the
completion of definitive CCRT by clinical examination, PET-
CT and endoscopic assessment. PET-CT done at this time gap
after the completion of CCRT provides the best specificity, sen-
sitivity and very high negative predictive value (approximately
95%). Complete response (CR) by PET was defined as com-
plete disappearance of FDG activity attributable to tumour,
without regard to the degree of CT response, as assessed
on fused PET-CT. Those found to have CR were planned to
follow up regularly. Those found to have residual disease
(non-complete responders) of any amount were discussed
in tumour board and if found operable underwent salvage
surgery, and if inoperable underwent palliative chemother-
apy/targeted therapy/supportive care. Further follow up was
continued as per institutional protocol.

3.4. Statistical analysis

Statistical analysis was conducted with the statistical package
for the social science system (SPSS) version 20.0. Continuous
variables were presented as mean or median and interquar-
tile range (IQR). The Spearman’s rank-order correlation test
was run to measure the strength and direction of the asso-
ciation between either two continuous variables, two ordinal
variables and one ordinal and one continuous variable. The
Kruskal-Wallis H test was used to determine if there was a
statistically significant difference between two or more groups
of an independent variable on a continuous dependent vari-
able. A receiver operating characteristics (ROC) analysis was
performed to determine an “optimal threshold cut-off value”
for PTV, TNV and TTV above and below whichthe difference
in response at 3 months of completion of CCRT was the great-
est. The area under the curve, sensitivity and specificity were
also calculated to analyse the diagnostic value of this “opti-
mal threshold cut-off value”. For all statistical tests, a p value

Table 1 - Patient and disease related characteristics.

Characteristic n (%)
Age (years)

Median (range) 57 (38-64)
Gender

Male 91 (90.1)

Female 10 (9.9)
Sites

Oropharynx 61 (60.4)

Hypopharynx 24 (23.8)

Larynx 16 (15.8)
Histological grade

Grade I 7 (6.9)

Grade Il 82 (81.2)

Grade III 12 (1.9)
Clinical T-stage

T1 9 (8.9)

T2 10 (9.9)

T3 36 (35.6)

T4 46 (45.5)
Clinical N-stage

NO 16 (15.8)

N1 18 (17.8)

N2a 3(3)

N2b 18 (17.8)

N2c 40 (39.6)

N3 6 (5.9)
Clinical stage

111 18 (17.8)

Va 75 (74.3)

Vb 8(7.9)
Tumour volumes (cc) (all sites combined)
Median (IQRY)

PTV? 27.68 cc (13.24-58.06)

TNV 10.07 cc (1.93-22.15)

TTVE 45.47 cc (27.68-75.98)

Primary tumour volume.
Total nodal volume.
Total tumour volume.
Interquartile range.

Q& n T ®

less than 0.05 was taken to be significant. All p values reported
represent two-sided tests.

4, Results

Of 108 patients included in the study, 106 completed planned
CCRT, 1 defaulted and 1 died of disease progression while on
treatment. Of 106 patients who completed CCRT, 101 were
available for disease response evaluation at 3 months of com-
pletion of CCRT, the remaining 5 were lost to follow up and
did not return for 3 months post CCRT evaluation, and these 5
patients were excluded from the analysis. Patient and disease
characteristics of these 101 patients available for analysis are
summarised in Table 1. Tumour volume data is summarised
in Fig. 1.

Of 101 patients available for analysis, 56 (55.4%) were found
to have CR and remaining 45 (44.6%) were found to have resid-
ual disease on response evaluation. The 5 patients who were
found to have resectable residual disease underwent salvage
surgery, and surgical histopathological examinations for all of
them were positive for disease.
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Fig. 1 - Graph showing median and interquartile range (in
cc) for primary tumour volume (PTV), total nodal volume
(TNV) and total tumour volume (TTV) (all sites combined).

4.1.  Relationship between T stage, N stage, and
clinical stage and corresponding TV

A Spearman’s rank-order correlation was run to observe the
relationship between T-stage and PTV, N-stage and TNV, and
clinical stage and TTV. Preliminary analysis showed the rela-
tionship between the variables to be correlated as monotonic,
as assessed by visual inspection of scatter plots in Fig. 2.
There was a strong positive correlation between T-stage and
PTV, 15(99) =0.686, p <0.001. That is, PTV increased as T-stage
increased. Similarly, there was a strong positive correlation
found between N-stage and TNV, r5(83)=0.540, p<0.001 and
clinical stage and TTV, r5(99) = 0.540, p <0.001.

4.2.  Variability of TV within similar stage

Distributions of PTVs were similar for all four T-stages, T1
(n=9), T2 (n=10), T3 (n=36) and T4 (n=46), as assessed
by visual inspection of a boxplot. A Kruskal-Wallis H test
showed median PTVs to be statistically significantly differ-
ent between four groups of T-stages, x?(3)=46.563, p=0.000.
Subsequently, pairwise comparisons were performed using
Dunn’s (1964) procedure with a Bonferroni correction for mul-
tiple comparisons. Adjusted p-values are presented. This post
hoc analysis revealed statistically significant differences in

median PTV between the T1 (7.29cm?3) and T4 (54.88cm?)
(p=0.000); T2 (16.08 cm?3) and T4 (p =0.000); and T3 (20.92 cm?)
and T4 (p=0.000); but not between the T1 and T2; T1 and T3;
and T2 and T3. One example of variability of PTV within simi-
lar T-staged tumours of LAHNC of 6 patients from the current
study is shown in Fig. 3.

Distributions of TNV were similar for all five N-stages, N1
(n=18), N2a (n=3), N2b (n=18), N2c (n=41) and N3 (n=6),
as assessed by visual inspection of a boxplot. Median TNV
were statistically significantly different between five N-stages,
x*(4)=29.60, p=0.000. The post hoc analysis revealed statis-
tically significant differences in median TNV between the
N1 (2.12cm?) and N2c (13.62cm?) (p=0.001); N1 and N3
(76.60 cm?) (p=0.000); N2b (11.77 cm?®) and N3 (p=0.016); and
N2c (13.62cm?®) and N3 (p=0.048) but not between other
groups.

Similarly, distributions of TTV were similar for all three
clinical stages, III (n = 18), IVa (n=75) and IVb (n = 8), as assessed
by visual inspection of a boxplot. Median TTV were statisti-
cally significantly different between the three clinical stages,
x%(3)=27.18, p=0.000. The post hoc analysis revealed statis-
tically significant differences in median TTV between the
stage III (17.81 cm?) and IVa (46.45 cm?) (p=0.000); III and IVb
(p=0.000); and IVa and IVb (p =0.000). Thus, these results show
that there is a great variability in TV within the same T-stage,
N-stage and clinical stage.

4.3.  Prediction of early response utilising TV data

There were significant inverse correlations between PTV and
response at 3 months post CCRT (median 16.37cm3 vs.
45.2cm?; p=0.001), and TTV and response at 3 months post
CCRT (median 36.14cm? vs. 66.06 cm?; p<0.001). However,
there was no significant correlation found between TNV and
response (median 8.01cm?3 vs. 12.78 cm?; p=0.229) (Fig. 4).

4.4. Determination of “optimal threshold cut-off”’
value for each TV to predict early response

ROC analysis was done to determine an “optimal thresh-
old cut-off” value for PTV and TTV (Fig. 5). PTV of <41cm?
predicted the CR with a sensitivity of 55.8%, specificity of
88.9%, positive predictive value of 83.3% and negative predic-
tive value of 66.7%. The greatest magnitude of difference in

2001 3001 400
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Fig. 2 - Scatter plots showing correlations between primary tumour volume (PTV) and T-stage (Left), total nodal volume
(TNV) and N-stage (middle) and total tumour volume (TTV) and clinical stage (Right).
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22.4cm3

54.6 cm3

88.1cm3

45.5 cm3

112.0cm3

Fig. 3 - Primary tumours delineated on computed tomography of 6 patients having similar T-stages but different primary

tumour volumes (PTV).

outcome was found in patients having PTV above and below
this cut-off of 41cm3 (p=0.001). Similarly, ROC analysis for
TTV identified an optimal threshold cut-off of <42 cm3, which
predicted the CR with a sensitivity of 85.2%, specificity of
70.4%, positive predictive value of 74.2% and negative predic-
tive value of 82.6%. The greatest magnitude of difference in
outcome was found in patients having TTV above and below
this cut-off of 42cm? (p<0.001). This implies that patients
having a PTV <41 cm? and/or TTV <42 cm? have the greatest
chances of achieving CR.

5. Discussion

Patients with LAHNC have poor prognosis, approximately half
of them achieving CR at 3 months of completion of defini-
tive CCRT. It is therefore important to identify those who will
benefit most from this morbid treatment modality. Although
AJCC-TNM staging system has been successful to a great
extent for prognostication purposes, it does not take into
account the true three-dimensional load or burden of this

100
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80 +
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Fig. 4 - Graph showing association between tumour volumes and early tumour response.
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Fig. 5 - ROC curve for predictive value of primary tumour volume (PTV) in detecting complete response (CR) (left), and total

tumour volume (TTV) in detecting CR (right).

class of heterogeneous and diverse disease. TV data easily
calculated from today’s RT planning systems seems to be an
answer to this limitation of the TNM staging system.

Similar staged HNC do not necessarily have similar TV."?
There is indeed a great variability in TV within the same T-
stage, N-stage and clinical stage, as seen in our study too.
Considering the growing evidence that TV are associated with
prognosis, it seems unjustified to give similar probability of
achieving CR with CCRT to two or more patients having simi-
lar staged HNC but with different TV. Physician may often face
this dilemma in their day to day clinical practice.

It should be the goal of any radiation oncologist to predict
residual disease shortly after CCRT and identify early those
to whom salvage surgery for cure could be offered as soon as
possible before it becomes surgically unresectable or radiation
induced fibrosis sets in making surgery difficult. However, the
early disease response evaluation post CCRT has proved to be
a difficult task due to the post-treatment effects which hinder
clinical and imaging (CT and MRI) findings such as delayed
anatomical response in the tumour, distortions as a result of
early mucositis, late fibrosis, etc. PET-CT has also been found
to have poor positive predictive value to detect failure post
CCRT owing to radiation-induced acute inflammation.'%?
Pre-treatment TV measurement can help in the prediction of
early response to RT, thereby identifying upfront those who
are likely to have residual disease and may require salvage
surgery. Knegjens et al.® in a large multi-institutional study of
361 patients with LAHNC treated with definitive CCRT showed
that patients having residual disease post CCRT had larger
pre-treatment TV compared with those who had achieved CR
(mean 51.9 cm3 vs. 33.8 cm?; p=0.0001). In our study, too, we
found a significant inverse correlation between tumour vol-
umes (PTV and TTV) and response at 3 months. Patients who
did not achieve CR at 3 months post CCRT had larger tumour
volume (PTV and TTV) compared with those who achieved CR.
However TNV was found to be not correlated with response at
3 months in our study. A similar observation was noted by
Bhatia et al. in a study of 69 HNC patients for whom MRI was

performed at diagnosis (pre-treatment), 2 weeks during the
CCRT and 6 weeks after CCRT, and early treatment outcome
was correlated with TV. Those who were found to have local
failure had higher TV compared to those with local remis-
sion, at diagnosis (p =0.01), 2 weeks during CCRT (p =0.009) and
6 weeks after CCRT (p=0.0001), which led to the conclusion
that TV based on MRI is predictive of response, however, the
correlation is the strongest at 6 weeks post CCRT.*?

Having established and concluded that TV affect response
at 3 months post CCRT, the next more important relevant
question is how to incorporate TV data objectively in day to
day clinical practice in predicting early treatment response
to CCRT. The most accurate way studied so far is to iden-
tify an “optimal threshold cut-off” value (using ROC analysis
as explained above) for various TVs, above and below which
the magnitude of difference in outcome is the greatest. Var-
ious studies with long term tumour control and survival as
end points have identified such cut-off values for PTV ranging
from 19.6 cm?3 to 35 cm? and for TTV, from 22.8 cm3 to 110 cm?
depending upon the places where these were conducted.’*?3
In our study, for early response evaluation at 3 months of
CCRT “optimal threshold cut-off” for PTV and TTV were higher
(41cm3 and 42 cm3, respectively), primarily owing to a large
tumour burden in our country. This method may categorise
patients into either a favourable group (TV less than cut-off) or
unfavourable group (TV more than cut-off) at a pre-treatment
stage. For example, a patient with carcinoma oropharynx (base
tongue) cT3N2cMO with TTV 62 cm® may even be more accu-
rately staged as cT3N2cMO (unfavourable). Another method of
utilising TV data in prediction of early response is to strat-
ify TV in serially increasing categories, for example 1-10 cm?,
11-15cm3, 16-20cm?3, 21-25cm?3, etc. in which one individ-
ual patient’s TV can fit in. Yet another method, although least
accurate one, could be to dichotomise TV at median or mean
value set on the basis of individual or multi-institutional data.

With the advances in radiologic imaging and conformal
RT techniques, tumour volume (PTV, TNV and TTV) mea-
surements are easy to obtain. Since all patients undergo
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pre-treatment imaging, little extra cost is needed to measure
TV.

There is a need for newer methods of staging by which
response to treatment can be determined more accurately
but without losing the very vital anatomical extent of disease
information given by TNM system. One such method shown
in this study is incorporation of TV data into already exist-
ing TNM staging. Tumour volume staging system or derived
prognostic cut-off values of tumour volumes may be brought
into routine clinical practice for staging and prognostication
purposes. If TVs are to be used clinically for prognostication
purposes, it is vital that the methods of TV measurement be
more standardised and reliable across the world, so as to have
accurate exchange and comparison of results.

One limitation of the study is that the whole premise of
this research, as outlined in the introduction, is based on the
assumption that TV is a reflection of the number of tumour
cells. This assumption may not hold true for cystic tumours,
those with central necrosis, those that may have sustained
bleeding or inflammation due to diagnostic biopsy or concur-
rent reactive inflammation (likely to be an important factor at
nodal sites). Another limitation of this study is that Human
papilloma virus (HPV) status was not checked in participating
cohorts primarily due to cost factors. The prognosis and treat-
ment response to HPV positive tumours is markedly different
to HPV negative tumours, and if this variable was known it
could have been factored into the analysis.

6. Conclusions

If response evaluation 3 months post CCRT is to be predicted it
is simply not enough to measure the largest single dimension
of the tumour. TV seems to be a better and more accurate
reflection of the true total tumour burden or extent of the
disease. TVs, particularly PTV and TTV may be utilised as pre-
dictors for 3 months post CCRT response. However, in order
to incorporate TV staging system or derived prognostic cut off
values into routine clinical practice for staging and prognos-
tication, the study’s findings on an independent sample and
then undertaking further prospective validation studies are
needed.
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