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The study analyses the impact of volumetric nodal involvement (total nodal volume —TNV) on local control of the primary
tumour (LTC) in radiotherapy for oral cavity and oropharyngeal cancer. The results show a significant decrease of the LTC
(within a constant GTV) by about 10-20%, when the TNV increases from 10 to 40 cm?. It suggests delivering an extra
boost dose of 3-4 extra fractions of 2.0 Gy fractions to the primary tumour in the case of nodal involvement (initial total

nodal volume).
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Introduction
Standard radiotherapy protocols for head and neck cancers
define techniques and dose fractionation regimens for primary
tumours and for regional neck lymph nodes when they are
involved or not. Both depend on tumour (T) or neck nodes (N)
stages defined by the TNM staging system. It sounds illogical to
use the TNM staging to design technique and dose fractionation,
because the direct target for radiation is tumour or nodal volu-
mes (which reflect the initial number of stem cells which have
to be eradicated), but not the T and/or N stage. This argument
is supported by increasing number of published studies [1-8].
There is no doubt that malignant tumours are highly he-
terogeneous as regarding their biological characteristics and
response to radiotherapy. The ability of a cancer to metastasize
to regional lymph nodes is one of its universal characteristics.
This does not mean, however, that cancer cells which escape
to regional lymph nodes are the same as those which remain
in the primary tumour. It is probable that the biology and
sensitivity of primary cancer stem cells which remain in the

tumour do not necessarily stay unchanged. Therefore, it is inte-
resting to answer to the question whether there is any impact
of the involved neck lymph nodes on radiation response (local
tumour control — LTC) of the primary tumours compared with
those with NO status.

Material and methods

The retrospective study consists of consecutive 103 patients
with oropharyngeal or oral cavity cancer (OPC) treated with
radiotherapy alone (3D-IMRT) in a single institution. Based on
frequent, serial CT/MRI scans, volumes of primary tumours and
neck lymph nodes were estimated using the formula:

V =4/3nr = 4.186 x r (radias) [1]

Volumes of individual lymph nodes were added giving
total nodal volume (TNV):

TNV =3, WN, 2]
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The distribution of TNM tumour stages, primary tumour
volumes (GTV) and nodal volumes (TNV) is presented in table
. Involved neck nodes (N+) occurred in 62 patients (60%) and
this group was used to analyze the impact of the TNV on 3-year
local control of the primary tumour (LTC). The remaining group
of 41 cases withstatus was used as a control group.

Three different NO dose fractionation regimens were used
including conventional treatment with 66-71 Gy in 42-46 days,
accelerated CAIR with 70-72 Gy in 35-40 days and hyperfrac-
tionated split-course (CHA-CHA) with 64 Gy in 28 days. Since
total doses (TD), doses per fraction (di) and overall treatment
times (OTT) differed, to analyze and compare their clinical
efficacy, the biologically equivalent dose (BED) was estimated
using the following linear-quadratic formula [9]:

BED, 45 = [TD (di + a/B) / (20 + a/B)] + [~ (OTT - 45 days) -
0.7 Gy/d] 3]

Table I. Characteristics of 103 OPC patients in relation to the TNM and
volumetric staging

Stage No. cases %
TNM stage
T1-2NO 27 26%
T1-2N+ 13 13%
T3-4NO 14 14%
T3-4N+ 49 47%
volumetric diameter primary tumour (PTV)
<5cm? <2cm 10 10%
51-14cm? 2-3cm 28 27%
14.1-27 cm? 3.1-3.7cm 32 31%
27.1-33cm? 38-4cm 7 7%
33.1-47 cm? 41-45cm 16 15%
>47 cm? >45cm 10 10%

neck lymph nodes (TNV)

NO 0cm 41 40%
<5cm? <2cm 31 30%
51-14cm? 2-3cm 17 16%
14.1-17 cm? 3-33cm 8 8%
17.1-35cm? 33->4cm 6 6%

which, is a biologically equivalent total dose if given in 2.0 Gy
fractions in the OTT of 45 days (BED,  ,5) using o/ = 10 Gy.
Parameter 0.7 Gy/d represents an average daily dose, the biolo-
gical effect of which is neutralized by accelerated repopulation
of cancercells [10, 11]. The OTT of 45 days represents an avera-
ge timefactor. If the OTT was shorter/longer than 45 days, then
the respective factor of the repopulated dose was added to or
deducted from the estimated BED, . [3]. Physical parameters
5 /45 Of the three fractionation regimens are
presented in the table Il.

All cases had at least a 3 years follow-up, and therefore the
LTC curves estimated using the Kaplan-Meier method are raw,
not actuarial. The statistical significance of the LTC differences
was estimated using a t-Student test modified by Yates and
p = 0.049 was accepted as a limit of significance.

and respective BED

Results

For 103 analyzed patients, overall 3-year local tumour control
(LTC) was 78% and 67% of locoregional control (LCR). The
LTC-TNM stage relationships (tab. Il a) have shown no signifi-
cant impact of N stage on the LTC for T1-2, whereas for T3-4
tumours, neck node involvement (N+) resulted in lower LTC,
compared with N, data sets, however a significant difference
(p < 0.01) was noted only between T1-2N0 and T3-4N+.

For primary tumour GTV volumes, an increase of their sizes
resulted in significant (p < 0.01) decrease of the LTC. However,
changes in the GTV do not linearly correlate with changes in
the total nodal volume (TNV) and any analysis of relationships
between four variables, which are: LTC, NTD izoGy, , .., GTV and
TNV, and the impact of the TNV on the LTC is not simple and
precise; it is likely to be a source of uncertain interpretation.
For that reason, to enhance the reliability of the achieved re-
sults claster (which simply means a bunch of grapes) analysis
is based on grouping the data into fairly homogenous sets
(at least in one or two parameters e.g. GTV and TNV). The aim
of such analysis is to find the interrelationship among the

Table II. 3-year local control of primary tumour (LTC) depending (a) TNM status, (b) volumetric status

Stage

60-65
TNM (a)
T1-2 NO 80%
T1-2 N+ 75%
T3-4 NO 50%
T3-4 N+ 45%
volumetric (b)
GTVcm3 TNV cm3
<5 <10
10 10
20 <10
30-50 20-40
40-60 40-60
60-90 50-70

NTD in izoGy , (45 Overall
66-70 275
90% 95% 85%
90% 85%
70% 80% 79%
50% 60% 59%

70 £ 3iz0Gy,

5/5-100%
7/8-88%
5/7-71%

8/16-50%
2/6-33%
1/6-17%

p < 0.0005
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analyzed variables and to determine whether some variables
can be grouped together based on their similarities. Therefore
LTC-TNV-NTD, s — relationships were analyzed in the marked
out small subsets of data being fairly homogeneous regarding
at least one or two parameters. Four clasters include all together
62 casesirradiated withNTD, s

Figure 1 shows that primary tumour control (LTC) in relation
to primary GTV and TNV cannot be represented by a single LTC
curve, but there are series of LTC curves that depend on the
relations between the tumour and nodal volumes. In claster A
overall arrange LTC equals 86% but for GTV (<5 cm?), TNV in the
range 5-10 cm? has noimpact on the LTC, but for a bit larger GTV
(5-10 cm?), TNV of >10 cm? causes a decrease of LTC by about
25%, although this tendency is not significant. For larger GTV
(>20 cm?) significant (p < 0.005) impact of the increasing TNV to
more than 50 cm? results in significant (p < 0.005), decreasing
LTC from 65% (clasterB) to 33% (claster D). In claster D local recur-
rences of primary tumours predominate. This negative impact
of the TNV on primary LTC is shown in table Il b, which includes
only cases irradiated with the NTD, , , within the narrow range
of 70 £ 3iz0Gy, , . Increasing TNV from <10 cm?® to 50-70 cm?
for larger GTV (from 5 cm? to 90 cm?) significantly (p < 0.005)
lowers 3-year primary LTC. In the group of NO cases (tab. Il a),
the LTC only depends on the NTD, s

Figure 2 shows that the LTC curve for NO cases (solid lines)
depends on primary GTV compared with the lower LTC curve
which represents the impact of involved neck lymph nodes
(dotted lines for TNV > 10 cm?). The relationship between three
variables LTC, GTV and TNV shown in figure 2 convincingly

in the range 65-75 120Gy, o .

value.

confirms the significant negative impact of the total volume
of positive neck nodes (TNV) on the lowered LTC, than in the
case of the GTVs with no evidence of regional nodal disease;
and suggests that in the case of positive TNV, a boost dose of
3-6izoGy, , to the primary tumour should be considered to
increase the LTC to the level expected for NO status.
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Figure 1. Four data clasters of primary tumour control (J) or recurrence
(m) depending on tumour (GTV) and nodal (TNV) volumes
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Figure 2. Local tumour control curves for non-involved (M) and
metastatic (@) neck lymph nodes depending on their total nodal
volume (NTV)

Discussion
For a number of years, growing interest has been focused on
the impact of tumour heterogeneities on their response to
radiotherapy. A lot of efforts have been focused to identify
various types of heterogeneities which may limit tumour radio-
curability. Differences in the intrinsic radiosensitivity of tumour
cells and environmental factors affecting tumour responses
to radiation. Tumour stage and dose fractionation have been
considered important parameters to design radiotherapy stra-
tegy, including that for head and neck cancers. Primary tumour
control (LTC) and neck lymph node curability (RNC) are tradi-
tionally considered separately, since techniques and delivered
dose fractionation also differ. It is obvious that local control
(3- or 5-years) lowers when T and N stage increases (tab. Il a).
Inthe 1980s, some authors [12, 13] noted the adverse effect
of lymph node involvement on local tumour control, however,
for the first time, Wall and Peters et al. [14] demonstrated the
direct impact of neck lymph node disease on local control of
the primary tumour of the supraglottic larynx (fig. 3). Although
authors convincingly documented the negative impact of re-
gional nodal involvement on 5-year local control of the primary
laryngeal tumour, this fact was ignored for the next 3-4 de-
cades, until the present study was undertaken. The authors
widened N in TNM staging from 0-3 to 0-9 N scores for the
group of 248 patients with supraglottic cancer (149 patients
with NO status). Treatment to the neck varied — only 59 patients
(24%) received whole neck indication, and 38 patients (15%)
had a neck dissection prior to radiotherapy. Moreover, the
average total dose (Gy) delivered to the primary tumour was
not modified by N stage, and did not differ much, being in the
range of 65 + 10 Gy. Despite of that, Wall and Peters clearly
showed a significant (p < 0.03) decrease of 5-year TCP of T1-2
and T3-4 with increasing N scores from 1-9 compared with
NO status (fig. 3). The results of these authors are very similar
to those found in the present study (fig. 2). As opposed to
their study, in the present one, T and N scores are replaced by
more precise parameters as GTVand TNV volumes. Despite the
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Figure 3. Wall and Peters [14] local control of T1-2 and T3-4
supraglottic cancer depending on neck lymph node scale (0-9) of
metastatic involvement

different tumour types, both studies show the same adverse
impact of neck node disease on the TCP of the head and neck
primary tumour.

According to Wall and Peters, a plausible explanation for
such adverse impact of nodal involvement on the primary
tumour TCP could be that both primary tumour radioresistan-
ce and nodal metastatic potential might result from a higher
proportion of clonogenic cancers cells. More jaunly, well
oxygenated clonogens escaping into the lymphatics are able
to establish metastatic lesions in the regional lymph nodes.
The cells which remain to stay in the primary tumour may
likely be characterized by slower cell turnover. It is hard to
dismiss the possibility that they are synchronized in the most
resistant phase of the cell cycle, being even more resistant
than hypoxic cells in the more sensitive phase. This does not
exclude the other option that the greater the number of
clonogenic cells in the tumour and involved population of
nodes, the lower the probability that they will be sterilized
by a given dose of radiation. Such a concept was defined
by Peters et al. [15] as "probabilistic radioresistance”. On the
other hand, cellular genetic factors may determine primary
radioresistance and metastatic potential. Increasing cellular
aneuploidy could likely be considered as one such factor.
High ploidy H&N tumours has been recognized as more
resistant [16]. Finally Wall and Peters et al. [14] suggest that
primary tumour radioresistance was due to inherent cellular
characteristics, reflected by nodal metastases. Wall and Peters
[15] used a very similar range of delivered doses independent
of early or advanced T and N stages. Similarly to the present
study, the NTD, . for various clasters of the GTV and TNV did
not differ very much. Both studies clearly show that a given

T stage or GTV volume is not represented by a single dose
and the same TCP values, but its differ depending on N sta-
tus (NO-9) or in our study, by the TNV volume (0-> 40 cm?).

Conclusions

Whatever the mechanism of such an effect is, both studies sug-
gest that primary tumours in patients with nodal involvement
should likely be treated more aggressively than those with the
sameT (or GTV), but without nodal involvement. According to
the present results, in the N+ patients, primary tumours should
receive an extra boost dose depending on initial GTV and TNV.
For the GTV and TNV of about 10 cm? (early stage), one extra
fraction of 2 Gy is recommended which should increase to
2-3 fractions (each of 2 izoGy, , ,.) with increases in GTV and
TNV above 40 cm?.
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