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Abstract

Determination of optimal clinical target volume (CTV) margins around gross tumour volume (GTV) for modern
radiotherapy techniques, requiring more precise target definitions, is controversial and complex. Tumour localisation has
been greatly improved using molecular imaging integrated with conventional imaging techniques. However, the exact
incidence and extent of microscopic disease, to be encompassed by CTV, cannot be visualised by any techniques developed
to date and remain uncertain. As a result, the CTV is generally determined by clinicians based on their experience and
patients’ histopathological data. In this article we review histopathological studies addressing the extent of subclinical
disease and its possible correlation with tumour characteristics in various tumour sites. The data have been tabulated to
facilitate a comparison between proposed margins by different investigations and with current margins generally accepted
for each tumour site. It is concluded that there is a need for further studies to reach a consensus on the optimal CTV

pertaining to each tumour site.

The recent technological advances in treatment
techniques have led to further development of three
dimensional conformal radiotherapy (3DCRT),
leading to intensity modulated radiation therapy
(IMRT), image guided radiation therapy (IGRT),
and gated radiotherapy. These techniques offer the
advantage of decreasing the volume of irradiated
normal tissue and a more conformal dose distribu-
tion to irradiated target volumes. However, improved
treatment outcomes from these new techniques
depend strongly on the accurate determination of
intended target volumes.

In order to treat the disease successfully, the
entire population of clonogenic cells within the gross
tumour and its microscopic extension (ME), i.e.
parts of tumour which are not within the resolution
of imaging techniques, has to be eradicated. Accord-
ing to ICRU report 50, the “clinical target volume
(CTV) is a volume encompassing visible gross
tumour volume (GTV) and subclinical malignant
disease” [1]. As a result of imaging modalities limita-
tions, the exact incidence and extent of microscopic
disease remains uncertain and the delineation of a

CTYV that contains the original lesion including any
possible invasion beyond gross tumour or nodal
microscopic spread is empirical in most instances.
Indeed, there is no consensus on whether CTV
margins are unnecessarily generous [associated with
toxicity of normal tissue and increased normal tissue
complication probability (NTCP)] or inadequate
[associated with poor treatment efficacy and there-
fore reduced tumour control probability (TCP)].
Therefore, both large and tight margins could
yield local failure and an optimal CTV that keeps
NTCP and TCP in balance is desired. Hence CTV
represents the most controversial irradiation volume
to be defined.

Current radiotherapy treatment modalities like
IMRT especially require precise determination of
target volumes. In addition, due to more accurate
organ specification provided by IGRT the set up
errors have been minimised, allowing the PTV
margin to be reduced. Despite these advances in
treatment modalities and imaging techniques, the
uncertainty regarding microscopic  extension
incorporated within the CTV margin limits further
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reduction of irradiated volumes since the risk of
missing a part or even a few cells of malignant dis-
ease is increased. To have an estimation of the extent
of the risk, it is worth noting that the Poisson dis-
tribution model of TCP (i.e. TCP=¢ "® where
n(D) is the expected number of surviving clono-
gens) suggests that one single cell surviving radia-
tion therapy will reduce TCP to 37%. While this
definition is a crude approach to TCP assessment, as
it does not consider host contribution to eradication
of last few cells (such as immune response, bystander
effect, and vascular damage), it is the most widely
accepted cell-survival model for clinical use. Overall,
to take the advantage of current treatment modalities
and their capacity to reduce irradiation target vol-
umes, an understanding of distribution patterns of
microscopic growth is required.

The aim of this study is to review and aggregate
histopathological studies evaluating microscopic
extension of tumours quantitatively in various tumour
sites for potential use for bio-mathematical model-
ling. Predictions of the pattern of subclinical disease
provided by developed models (current and future)
can serve as a guideline for clinicians to define the
CTYV margin as precisely as possible and to improve
therapeutic ratio. Moreover, this information can be
considered for future inclusion into treatment
planning systems (TPSs). Literature search was
performed over the past 12 months. US National
Library of Medicine, PubMed, was explored with the
following keywords used either separately or in vari-
ous combinations: tumour microscopic extension;
clinical target volume; subclinical disease; infiltra-
tion; extracapsular extension. In addition, references
of articles found in the library were searched seeking
for relevant studies.

Clinical findings

A number of studies have investigated microscopic
extension of gross tumours in various tumour sites.
In this article, we review the histopathological
studies addressing the incidence and extent of
microscopic disease and also its correlation to
tumour characteristics such as anatomic location,
tumour size, histologic type and grade in different
organs. The most commonly reported sites in the
literature are lung, brain, prostate and breast and
the findings regarding the ME are presented in the
following sections.

Lung carcinoma

Lung carcinoma has become the top of 10 leading
cancer types in terms of reported death among both
male and females with slightly higher incidence
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among men compared to that of women [2]. Despite
recent advances in radiotherapy, the survival rate has
continued to be relatively low with little improve-
ment in the course of the past 30 years [2,3], par-
ticularly for unresectable and non-localised tumours.
This statistics implies that the local control cannot
be achieved in the majority of cases and thus research
to define appropriate target volume which encom-
passes the whole tumour including its subclinical
contents (without compromising critical normal tis-
sue protection) is still needed. Several studies have
examined infiltration beyond macroscopic tumour
and the discrepancy between the real extent of
tumour and what is detected by imaging techniques.
In addition, possible correlation of the incidence and
extent of ME with biological parameters such as
nuclear grade, tumour size and type was investigated.
These correlations can be used as prognostic factors
and illustrate the complexity of microscopic tumour
extension.

Giraud et al. [4] has undertaken a histopatho-
logical investigation of the incidence and extent of
microscopic extension beyond GTV in 70 patients
having non-small cell lung cancer INSCLC). Forty-
five percent of all patients were diagnosed with ade-
nocarcinoma (ADC) and 55% with squamous cell
carcinoma (SCC). No correlation was found between
the extent of microscopic invasion and the size of
gross tumour. The mean microscopic extension was
found to be 2.69 mm (0-12 mm) for ADC and 1.48
(0-13 mm) for SCC. Given the distribution of micro-
scopic extension, a margin of 8 mm for ADC and
6 mm for SCC around GTV was proposed to be
adequate to encompass 95% of disease. These results
do not agree with the conventionally used CTV
margin reported in the literature to be 5-7 mm for
ADC [5,6] and 5 mm for SCC [7]. In particular, for
ADC patients, the current treatment covers only
80% of subclinical disease (based on histograms
generated in the study of Giraud) which is clearly
associated with poor local control.

In the study of Li et al. [8] the mean ME mea-
sured on surgical specimens of 43 patients with
NSCLC, was 2.18 mm for ADC and 1.33 mm for
SCC. It was also concluded that a margin of 7 mm
for ADC and 5 mm for SCC is required to cover
95% of the disease. These margins are in sensible
agreement with those proposed by Giraud.

In a more elaborate analysis of ADC, Grills et al.
[9] histopathologically measured surgical specimens
of 35 patients with adenocarcinoma of lung. Along
with ME, gross tumour size, nuclear grade and the
extent of lepidic growth were analysed so as to be
correlated with ME. Bronchioloalveolar carcinoma
(BAC) is a subtype of adenocarcinoma which “shows
growth of neoplastic cells along pre-existing alveolar
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structures (lepidic growth) without evidence of
stromal, vascular or pleural invasion” [10]. A nega-
tive correlation between ME and both nuclear grade
and BAC involvement was found. Margins of 9 mm,
7 mm and 4 mm were proposed for grade 1, 2, and
3 of NSCLC adenocarcinoma, respectively, to
encompass the ME with 90% confidence.

Another histopathological study on surgical
resection specimens of 243 patients with NSCLC
was conducted by Yuan et al. [11] to quantify the
extent of ME beyond nodal GTV. The extent of
nodal extra capsular extension (ECE) on pathologi-
cally-dissected lymph nodes was measured and the
correlation between ECE and various lymph node
sizes (<10 mm, 10-19 mm, 20-30 mm), nodal stage,
nodal station, histological type, and tumour cell
differentiation (well, moderate, poor) was studied.
The ECE incidence positively related to lymph node
size and inversely correlated to distance from cap-
sule. Also, positive correlations between ECE exten-
sion and lymph node size, differentiation and nodal
stage were observed. For lymph node sizes =20 mm
and =20 mm, margins of 3 mm and 8 mm around
GTV were proposed, respectively, as indicated in
the Supplementary Appendix Table I to be found
online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2012.720381. For comparison,
nodal CTV margin around GTV applied for NSCLC
typically ranges from 0—25 mm at various institutions
[12]. Some of the limitations of Yuan’s study to be
mentioned here are: 1) 2D measurement of ECE
(thus part of ECE would have been missed); 2) tissue
shrinkage during fixation; and 3) inter-observer vari-
ations not being considered.

Investigations of bronchial extension of lung can-
cer have also resulted in quite varying conclusions.
Cotton et al. [13] examined surgical specimens of
100 patients with lung cancer and showed that at
least a margin of about 1.9 cm should be allowed
around gross tumour. However, Kara et al. [14]
reported maximum ME of 3 cm for ADC and pro-
posed a margin of 1.5 cm around GTV to encompass
the disease in 93% of cases.

Prostate cancer

Prostate carcinoma is the second leading cause of
death among cancer cases and the most common
cancer among men, accounting for around one third
of all diagnosed cancer incidences [2]. The high
survival rates for localised prostate cancer which
drops substantially for cases with distal disease spread
indicate that while localised disease is amenable to
treatment, the tumour control is not achieved for
tumours with infiltration. More importantly, despite
technological advances in radiotherapy, the survival

rate for infiltrative cases has further declined in recent
years [2,3]. This could have been caused as a result
of the microscopic cells being missed following the
reduction of irradiation target volumes in modern
treatment techniques. The microscopic extension of
prostate tumours or extra prostatic extension (EPE),
generated by tumour either piercing through capsule
or extending out through surrounding tissue, is asso-
ciated with poor prognosis and increased recurrence
rate. Therefore, to provide an efficient treatment with
either external beam radiotherapy or brachytherapy,
EPE has to be taken into account in the course of
target planning. However, the incidence and extent
of EPE is unknown and is estimated based on
pathological findings. It is known that the incidence
and extent of EPE is correlated with certain pre-
treatment characteristics like prostate-specific anti-
gen (PSA), T stage and biopsy Gleason score (bGs)
[15-17].

The clinico-histopathological studies aiming to
quantify the extent of EPE in prostate cancer started
two decades ago by early works of Stamey et al. [18]
and Epstein et al. [19]. Later, Davis et al. [20] exam-
ined the radial distances of EPE (EPEr) and their
correlations with pre-operative and pre-treatment
parameters in a series of 376 radical prostatectomy
(RP) specimens of patients with organ-confined
prostate cancer. Among those, 105 specimens con-
tained measurable disease for those patients with a
mean PSA level of 17.9 and clinical stage of T1-2.
The EPE was found in the range of 0.04—4.4 mm
and it was concluded that a 3-5 mm margin is a valid
criterion for early stage prostate cancer to be treated
with brachytherapy.

Sohayda et al. [21] evaluated extracapsular exten-
sion by performing histopathological measurements
on 265 RP specimens, among which 92 contained
EPE. Prostate tumours were classified as favourable
(Stage T1-2, PSA =10, bGs =6) and unfavourable
(Stage T3, PSA =10, bGs =7). The median extent
of EPE for the unfavourable group was evaluated to
be 1.3 mm which was higher than that of favourable
group, i.e. 0.6 mm. However, the range of EPE was
significantly higher for the unfavourable group
(0.1-5 mm vs. 0.1-10 mm) thus a margin of 4 mm
was proposed with approximately 90% coverage of
the disease.

An investigation of prostatectomy specimens
from 712 patients among which 185 specimens con-
tained measurable radial extent of disease was con-
ducted by Teh et al. [22,23] to quantify the extent of
EPE aimed to be used in target planning for IMRT
treatment. The mean value of PSA level was 13.73
and 89% of patients had T1 and T2 stage tumours.
In contrast with previous studies, the shrinkage fac-
tor due to fixation was taken into account in this



study. Compared to the study of Davis, a greater
range of EPEs were found in the work of Teh
(0.5-12 mm vs. 0.04—4.4 mm). This result could
have been due to the inclusion of patients with stage
T3 and also greater mean PSA values in the study of
Teh compared to those of Davis’s. Teh concluded
that a margin of 5 mm is sufficient to encompass
subclinical EPE in 97.2% of patients.

Chao et al. [17] performed a histopathological
review of 371 prostatectomy specimens for ADC
prostate cancers stage 1 and 2 (stage 3 was excluded)
to correlate linear EPE with clinical features. The
same classification as that of Sohayda [21] for favou-
rable and unfavourable tumours was considered.
The radial EPE occurred primarily posterolaterally
with the range of 0.05-5 mm and 0.05-7 mm for
favourable and unfavourable groups, respectively.
It can be inferred that the exclusion of stage T3 in
Chao’s study underlies the discrepancy in the range
of EPE for the unfavourable group when compared
to Sohayda’s work.

Schwartz et al. [24] investigated the correlation
between EPEr with pre-operative and pre-treatment
findings to develop a model predicting EPEr with
respect to pre-treatment factors. The RP specimens
of 404 patients were histopathologically analysed to
identify determinant variables of EPEr. Histological
T-grade, PSA level, and the percentage of cancer
involvement in biopsy cores were found to be cor-
related with EPEr. On the basis of the measured
median of EPEr, which was 0.6 mm (0-5.7 mm
range), a three-category mathematical model was
developed: no EPE, near median EPE (range:
0—-0.59 mm), and equal or greater than medium (far)
EPE (=0.6 mm). A hierarchical predictive structure
was designed for each of these EPEr categories. The
first three levels of each hierarchy are PSA (04,
4.1-10, 10.1-20, >20 ng/ml), T-stage (T1-T2a,
T2b, T3), and percentage of cancer in biopsy cores
(10%, 50%, 90%) followed by the last level predict-
ing the risk that a patient would have an EPEr asso-
ciated with that hierarchy. These data are useful when
defining the CTV for external beam radiotherapy as
well as permanent prostate brachytherapy based on
known pre-treatment factors. However, further inves-
tigation to identify factors associated with EPE
beyond 3-5 mm is yet required.

Brain cancer

Gliomas, the most common brain tumours, are notori-
ous for their aggressive proliferation and extensive
invasion to normal tissue before any symptoms are
revealed. Glioblastomas are the most aggressive gliomas
with a very high fatality rate (i.e. at best scenario,
27.2% survival rate at two years when concomitant
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and adjuvant chemotherapy and radiotherapy are
administered [25]). The high rate of fatalities imply
inadequate treatments and since the decision of how
far CTV is extended from the border of GTV is
probably the most uncertain step in radiotherapy
planning, CTV delineation appears to be even more
controversial in brain cancer and requires an extensive
investigation. It is worth noting that, apart from micro-
scopic extension uncertainty, intrinsic radioresistance
of glioblastoma stem cells is also another major factor
of tumour relapse. Jansen et al. [26] reviewed the lit-
erature regarding high grade gliomas and accumulated
pre- and/or post-radiotherapy computed tomography
(CT)/magnetic resonance imaging (MRI) images
together with associated recurrence patterns and
tumour delineations. The data were tabulated and
studies were categorised based on two treatment
modalities: whole brain irradiation (WBI) and partial
brain irradiation (PBI). It was demonstrated that the
recurrence pattern is roughly independent of the
modes of treatment used (WBI and PBI). Given this
finding and that WBI is associated with higher risk of
normal tissue toxicity compared to PBI, switching
from WBI to limited field irradiation was recom-
mended. A successful implementation of PBI, how-
ever, requires more critically understanding of the
exact extent of microscopic extension of a tumour.
The analysis of above-mentioned data showed that
90% of tumour extension is within CTV (contrast-
enhancing mass) plus 2 cm margin. For large tumours
(CTV >250 cm?), it was suggested to define a second
target volume (TV) to GTV by 1 cm (i.e. TV is smaller
than CTV). The reason for choosing another target
volume (TV) was to enable delivering a boost dose to
TV (e.g. >40-50 Gy) so as to improve local control
(TCP) while limiting normal brain tissue toxicity.
Jansen argued against the previously-suggested CTV
of 2-3 cm beyond GTV with the boost field of
2-2.5 cm [27], on the grounds that the majority of
local recurrence is at the primary site of tumour so
the expansion of CTV just leads to increased normal
brain tissue toxicity.

For target definition of glioblastoma in radiation
therapy planning, several studies have used the
contrast enhanced area on MRI image and/or
peritumoral edema area on CT image [28-30]. For
example, in the study of Urtasun et al. [29], the CTV
was defined as the visible lesion (GTV) plus peritu-
moral edema enclosed by 2 cm margin. The boost
volume was considered as the contrast-enhanced
area (GTV) plus 2.5 cm margin. Matsuo et al. [31]
conducted a study to quantify the extent of viable
GBM tumour cells by comparing MRI and carbon-
11-labelled Methionine PET (['!C] MET-PET). The
MRI and PET images were acquired for 32 patients
diagnosed with GBM within two weeks after surgery.
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Since the uptake of ['!C] MET is distinctively lower
by normal brain parenchyma, [!!C] METPET is
known to have high sensitivity for detection of gliomas
[32]. Therefore, the [''C] MET-PET images of
patients served as the standard for evaluation of
MRI-based defined CTVs. CTV-T, (x mm) and
CTV-T, (x mm) which were defined as x-mm mar-
gin outside Gd-enhanced T -weighted MRI and high
intensity area on T,-weighted MRI, respectively,
were compared with PET image-based CTV and
corresponding sensitivity and specificity parameters
were derived. It was demonstrated that a margin of
2 cm to the T,-MRI (i.e. which is post-operative
peritumoral edema plus 2 cm) is necessary to achieve
optimal tumour control and prevent local failure
(this margin results in 96% sensitivity). However,
another study by Minniti et al. [33] evaluating dif-
ferent target volume definitions in terms of their
associated recurrence patterns in 105 GBM patients,
concluded that plans including expansion of edema
by 2 cm are associated with greater risk of late radi-
ation-induced toxicity without offering a consider-
able improvement in recurrence patterns as compared
to plans where CTV includes residual tumour and
resection cavity plus 2 cm.

Stereotactic radiosurgery (SRS) of the brain is a
surgical intervention that utilises a 3D coordinate
system to locate particular targets inside a brain and
to ensure immobility and proper positioning of a
patient. Multiple radiation beams converge on the
target in question and deliver a high-dose radiation
in a single fraction to eradicate the disease, while
sparing adjacent normal tissue. The accurate defini-
tion of CTYV is of crucial importance in the success-
ful implementation of this technique. There are
discrepant opinions between institutions regarding
the necessity and the extension of CTV for brain
metastasis to be treated with SRS. Among studies
focusing on the evaluation of SRS alone or together
with WBRT in terms of its associated TCP and recur-
rence rates, some authors reported a margin of 2 mm
beyond a contrast-enhancing lesion [34,35] whereas
others considered no further margin around visible
tumour margin on CT/MRI images [36,37]. More
recently, an analysis conducted by Noel et al. [38]
on 61 patients’ data assessed the merit of different
definition of CTV (GTV + 1 mm and GTV + 0 mm)
with respect to their corresponding TCP. It was con-
cluded that when a margin of 1 mm was added to
GTYV, the local tumour control was significantly
improved, from 54% to 92% at 18 months, while the
incidence of complications remained unchanged.
This is in contrast with the results of a recent analy-
sis performed by Nataf et al. [39] who compared the
outcome of SRS with 2 mm margin (51 patients) and
without margin (42 patients). They found that adding

2 mm margin not only lacked better local tumour
control but also resulted in severe parenchymal com-
plications. Hence, this approach was not recom-
mended. In contrast, based on the study of Soltys
et al. [40], post-operative SRS need not only to target
the surgical bed but also a 2 mm margin beyond.
This recommendation was supported by an evalua-
tion study of the effect of target volume margin on
tumour control conducted by Choi et al. [41].

Baumert et al. [42] histopathologically analysed
specimens from 45 patients with brain metastases
(intra-parenchyma) in order to quantify the extent of
infiltration and to suggest a reliable margin for CTV
to be used in SRS. The correlation between depth of
infiltration and histologic origin was also investi-
gated. It was observed that microscopic growth pat-
terns and infiltration differed for brain metastasis
with different histological origins. Therefore, depend-
ing on histology, appropriate margins were proposed,
as indicated in the Supplementary Appendix Table I
to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2012.720381. According
to the results, addition of a margin of almost 1 mm
around the GTV using MRI-based planning was rec-
ommended. The result of Baumert’s study supports
the outcome of Noel’s investigation (i.e. the addition
of 1 mm margin to the GTV in patients with brain
metastasis improves TCP) [38]. There are other
studies in favour of adding a margin for brain
metastasis, e.g.Yoo et al. [43] demonstrated that even
after en bloc resection with 5 mm margin, the risk of
local relapse remained significant and was corrected
by WBRT.

In contrast, a more recent study by Raore et al.
[44] evaluating brain infiltration of metastatic tumour
cells to be used in CTV planning in SRS led to dif-
fering results. Microscopic examination of 12 resec-
tion specimens revealed no evidence of infiltrating
malignant glial cells, except for glioblastoma. Hence,
given the adverse side effects of SRS (normal brain
tissue toxicity) this study suggests that there is no
need for CTV and only 1-2 mm margin for set-up
and planning uncertainties is sufficient.

Breast cancer

Breast cancer is the most commonly diagnosed can-
cer type and the second high cause of cancer death
among women [2,3]. The standard treatment for
breast carcinoma has been either simple/radical
mastectomy or breast-conserving therapy (BCT)
which is the removal of the primary tumour fol-
lowed by radiotherapy to eradicate residual subclin-
ical disease. The decision on whether a patient is
eligible for BCT is highly disputable since the extent
of subclinical disease, in form of residual invasion,



intraductal carcinoma in situ (DCIS), and invasive
lobular carcinoma, is unknown. To overcome this
shortcoming and provide a scientific basis for deter-
mination of the extent of surgery resection as well as
CTYV margin for following RT, several investigations
have been carried out. These studies aimed to cor-
relate microscopic extension in its various forms with
clinico-pathological factors such as the presence or
absence of micro calcification or DCIS and age.

Aiming to study tumour multifocality of breast
cancer, Holland et al. [45] examined mastectomy
specimens of 406 patients. The probability distribu-
tion of tumour foci with respect to the distance from
pathologically estimated gross tumour for different
gross tumour sizes (<2 cm, <4 cm, <5 cm) were
acquired. This ranged from O cm and decreased,
approximately exponentially, to 9 cm from gross
tumour. It was found that 90% of residual disease is
encompassed within 30 mm margin. Given that sur-
geons allow a wide excision margin of around 10-20
mm, it is concluded from this data that a margin of
1020 mm from tumour bed (TB) is sufficient [46].

Based on clinical data analysis, it has been pos-
tulated that the presence of an extensive intraductal
component (EIC) is associated with increased risk of
local recurrence [47-50]. A positive EIC is defined
as a DCIS when 25% or more carcinoma cells are
growing in intraductal compartments. To justify this
observation, Holland et al. [51,52] differentiated
between specimens with and without EIC and exam-
ined the presence of microscopic disease (tumour
multi-foci) in each group. EIC(+) tumours were
found to be more likely to have microscopic residual
extension as compared to EIC(-) specimens (74% vs.
42%). Hence, the underlying reason for association
of EIC and recurrence was found to be subclinical
disease which was more probable to occur for
tumours with EIC. This study also reports the pres-
ence of microscopic disease at distances >2 cm from
gross tumour in 29% of cases. More specifically,
microscopic disease at distances >2 cm from gross
tumour was found in 47% and 16% of cases for two
histologically sub classified groups in terms of nuclear
grade, the extent of necrosis and architectural pat-
tern: micropapillary and comedo (corresponding to
high nuclear grade and substantial necrosis) types,
respectively.

In contrast to the studies of Holland [45,52],
more recent publications reveal that the microscopic
disease is rarely beyond 1 cm [53,54]. For example,
Ohtake et al. [53] examined quadrantectomy spec-
imens of 20 patients with invasive breast cancer to
quantify the extent of microscopic DCIS and found
residual DCIS with the median extension of 6 mm
(0-28 mm range). Also, data analysis of the dis-
tance of extensions corresponding to various
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clinico-pathological factors revealed that intraductal
extension was inversely correlated to the age of patients,
ranging from 8 mm for women older than 50 years
to 23 mm for women between 30 and 39 years old.

Breast conserving therapy has been embraced as
the mode of treatment to manage early-stage breast
cancer patients due to comparable outcome of BCT
with that of radical mastectomy in terms of tumour
control and recurrence rate [55]. However, the long
course of whole breast irradiation following lumpec-
tomy does not seem to be necessary since the inci-
dences of recurrence mostly occur at close proximity
to the TB [55,56]. Hence, an alternative mode of
treatment was proposed in which lumpectomy is fol-
lowed by RT restricted to the TB with appropriate
margins at a higher dose over a shorter time [57].
This technique is called accelerated partial breast
irradiation (APBI) and is found to be a very effective
mode of treatment illustrated by the five years
follow-up (e.g. tumour control) equivalent to con-
ventional BCT [57,58]. Nonetheless, the optimal
CTV of breast tissue requiring post-lumpectomy
irradiation has not been clearly defined.

Vicini et al. [59] histopathologically examined
specimens of 333 patients who underwent reexcision
after lumpectomy and before RT, to quantify the
distance and amount of subclinical disease on reexci-
sion specimens. A classification for margins, defined
as negative vs. positive, was the major parameter
determining the extent of invasion. The original
lumpectomy was inked. Invasive carcinoma (IC)
margin on original lumpectomy was classified as
negative when IC is situated more than half low-
power field (LPF) (i.e. the area of a slide visible
under the low magnification system of a microscope)
from inked margin (=4.2 mm), and positive when
IC is present at inked margin. Patients with positive
margins were excluded due to protocol restrictions
whereby APBI is not allowed for patients with posi-
tive margins in their lumpectomy. Reexcision speci-
mens were classified into two groups based on the
type of residual disease they contain: DCIS only,
invasive carcinoma, and either invasive carcinoma or
DCIS. It was shown that among 134 patients having
negative margin, 90% had an invasion <10 mm from
the edge of the original lumpectomy (TB) so a
margin of 10 mm beyond TB will be adequate to
encompass the disease for these patients. Moreover,
a correlation between features of original excision
(e.g. the extent of microscopic invasion and the num-
ber of DCIS ducts) with the likelihood of subclinical
disease (DCIS or invasive carcinoma) in reexcision
specimens was found. This correlation allowed
identifying patients with disease extending beyond
10 mm based on their initial excision features,
such that patients whose lumpectomies contain
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more than 3 mm invasive carcinoma or more than
13 DCIS ducts near the margin are likely to have
microscopic disease beyond 10 mm. This study sup-
ports Holland’s data [45] which was the basis for the
current protocol for TB-CTV of 15 mm to be applied
in APBI. However, this criterion has recently been
argued by Kirby et al. [60] on the ground that uni-
form 15 mm margin for TB-CTV could lead either
to missing a part of subclinical disease or impose irra-
diation risk on healthy tissue unnecessarily encom-
passed (since this criterion is valid as long as excision
margin is uniform in three dimensions). Since cur-
rent histopathological analysis of surgical resections
has revealed that 3D excision margins are often asym-
metric [61], it was recommended to consider an
asymmetric CTV which is defined as 30 mm minus
the surgical excision margins in three dimensions.
Such asymmetrically-defined CTV margins were
applied in the study of Stroom et al. [62]. In this
study, a histopathological examination was performed
on 38 specimens of 10 lumpectomy patients treated
by external RT. As the recurrence occurs in the tumour
bed in the majority of cases, in post-lumpectomy
external radiation therapy, in addition to whole
breast irradiation, a radiation boost is applied to the
tumour bed to improve TCP. The volume of the
radiation boost (boost volume) consists of the TB or
excision cavity enclosed by a CTV margin which
accounts for subclinical disease present after surgery.
The boost volume should be reduced to minimise
side effects to normal tissue while encompassing the
whole ME. However, the uncertainty in the extent of
microscopic disease resulting in an uncertain CTV
does not allow achieving an optimal boost volume.
This study aimed to quantify the incidence and extent
of subclinical disease beyond GTV to be applied for
a more confident CTV determination and conse-
quently optimisation of the boost volume. The micro-
scopic disease was found beyond 1 cm in 53% and
beyond 2 cm in 19% of cases, respectively. A 19% of
microscopic disease was found to be beyond current
standard margin (i.e. asymmetric excision margin
plus symmetric CTV margin as shown in Figure 1a).
In the second part of the study [62], given the
distribution of ME derived in the first stage of study,
an alternative asymmetric boost CTV margin, yield-
ing the same probability of ME outside the margin,
was defined. In this configuration, as schematically
illustrated in Figure 1b, CTV margin compensates
for the asymmetry of excision margin (i.e. CTV is
not uniform but the addition of CTV and excision
margin is constant, e.g. given that the smallest boost
volume has a margin of 15 mm beyond GTYV, if the
excision margin in one direction is 7 mm, then the
CTV margin will be 15-7 =8 mm). The alternative
boost volume was smaller by 27% compared

e

__ | Excision Cavity
I o
(a) (b)
Figure 1. Schematic diagram of the boost volume in post-
lumpectomy external radiotherapy, a) current approach that
considers a symmetric volume to the asymmetric excision margin,
as compared to b) new proposed approach with asymmetrically

defined CTV to the excision cavity, suggested to reduce the boost
volume in the current approach (on the left).

to current boost volume with symmetric margins
for CTV without compromising the coverage of
microscopic disease.

Other organs

While pathology studies are generally concentrating
on the four above-discussed tumour sites which con-
stitute the majority of cases encountered, other
organs, though more sparsely, have also been
addressed by a number of authors.

Head & Neck. Radiation therapy has been the
common approach in the management of head and
neck carcinoma due to the complex anatomy of head
and neck which renders many tumours unresectable.
The routine clinical use of RT for head and neck
tumours has become even more convincing after the
development of advanced treatment techniques such
as IMRT which offers a better conformity to irregular
target volumes. However, the effectiveness of these
techniques requires a precisely-delineated target
volume which encompasses the whole disease
without compromising the risk to critical normal
tissue. To our knowledge, there is only one study by
Ho et al. [63] examining the microscopic extension
in head and neck cancer. The submucosal tumour
extensions on resected specimens of 57 patients with
hypopharyngeal cancer were evaluated in the
superior, medial, lateral and inferior directions. Skip
metastases (when submucosal tumour is completely
separated from tumour bulk) were observed up to
37 mm from primary for patients who had previously
received radiotherapy.

A number of authors conducted studies to deter-
mine the optimal CTV margin around gross nodal
disease in head and neck cancer [64—66]. At present,
there is no consensus for the delineation of nodal



CTV margin and it actually ranges from 5-20 mm
in different institutions (e.g. CTV is reported 20 mm
in the Chao’s study [64]).The determination of CTV
becomes particularly challenging when the probabil-
ity of tumour extension outside the nodal capsule,
i.e. ECE, is increased. The presence of ECE is trou-
blesome due to the adverse impact of microscopic
disease associated with ECE on the incidences of
local recurrences [66—69].

Apisarnthanarax et al. [66] conducted a histo-
pathological study on 96 specimens of 48 patients
with squamous cell carcinoma of the head and neck
to quantify the ECE for potential application in CTV
determination. ECE inversely correlated with the
distance from the gross tumour and a 10 mm margin
was found to be sufficient to encompass microscopic
extension of lymph nodes <3 cm to be treated with
IMRT. For patients receiving 3DCRT, however, a mar-
gin of 13—15 mm was recommended. Unlike the previ-
ous studies which reported a positive correlation
between the incidence of ECE and nodal size (when
the nodal size is less than 1 cm the incidence of ECE
ranged 17-40% but when it exceeds 3 cm then inci-
dence is increased to >75%), the data of Apisarn-
thanarax [66] does not show any correlation between
ECE and size of lymph nodes. Nevertheless, since the
samples included in their study were quite small (mostly
<2 cm), a more generous margin for CTV could be
allowed if lymph node size is larger than 3 cm.

Bladder. The bladder is another pathological site
which was investigated in relation to ME. The
extension of microscopic disease outside nodal
capsule in bladder cancer is defined by the extra-
vesical extension (EVE). Jenkins et al. [70] examined
80 cystectomy specimens of patients with bladder
cancer to measure the incidence and extent of EVE,
whereby to define the appropriate CTV margin.
Patients were differentiated based on whether EVE is
seen on their CT images (i.e. when there is an irregular
interface between a tumour and perivesical fat or an
overt solid EVE is seen) or not. A margin of 10 mm
and 6 mm beyond the outer wall of bladder was found
to be sufficient to encompass 90% of ME in patients
with and without EVE on their CT images, respectively.
Furthermore, radiological and histopathological data
were compared to find a correlation between the
extentofhistological EVE and radiological information
[e.g. tumour size and lymphovascular invasion (LVI)].
LVI and tumour size were found to be associated with
more extensive EVE.

Liver. The liver, among other sites, by having relatively
low tolerance to radiation warrants more detailed
investigations. Wang et al. [71] examined specimens
of 76 patients with hepatocellular cancer to evaluate
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the presence and extent of microscopic disease and
also to correlate these values to pre-treatment factors.
ME status (positive or negative) was found to be
associated with elevated o-fetoprotein (AFP) levels
and tumour grade while the extent of microscopic
disease was only related to tumour grade. No
correlation between tumour size and ME was observed.
The range of microscopic disease and the proposed
margins for all three grades of liver cancer are indicated
in the Supplementary Appendix Table I to be found
online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2012.720381. A previous study
of this group on 149 patients’ specimens suggested
that a margin of 4 mm will encompass the whole
microscopic disease with 100% confidence level [72].

Quantitative evaluation of the extent of subclini-
cal invasion of a tumour into adjacent tissue has been
carried out for three other cancer sites, including
melanoma of the skin, vulva, and ovarian cancer
[73-75].The latter study, however, was aimed to pro-
vide a guideline for the optimal margin beyond visual
ovarian tumour to be resected [75].

To our knowledge, histopathological evaluation
of ME in other tumour sites such as colon, rectum,
uterus, and oral cavity, has not been addressed in the
literature. It is worth noting that a number of these
tumour sites have high incidence and cancer-related
death rates which further justifies ME studies.

Discussion

The pattern of microscopic extension of a tumour
is a crucial piece of information when determining
CTV for modern radiotherapy techniques which
restrict the high dose regions to defined irradiation
volumes. Nowadays, advanced treatment tech-
niques such as IMRT and IGRT rely upon molec-
ular imaging modalities such as positron emission
tomography (PET) integrated with CT to detect
areas with altered functionality on its respective
anatomical location depicted by CT. The accuracy
of detection of suspicious lesions, however, is con-
strained by the resolution of PET/CT scanners. In
other words, subclinical disease to be incorporated
in CTV cannot be detected by imaging modalities
developed to date. In addition to imaging uncer-
tainty, clinician variability in CTV definition is
also considerable. This issue was explicitly illus-
trated in the results of a head and neck IMRT
survey conducted by Hong et al. [76] where the
need for consensus guidelines for effective imple-
mentation of modern treatment techniques was
confirmed. In this article we reviewed studies con-
cerning the pathological assessment of the inci-
dence and extension of microscopic disease beyond
the visible part of tumours and also identifying
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possible correlations between pre-treatment factors
and the extent of ME.

Despite the fact that the issue of CTV uncer-
tainty is probably one of the reasons for treatment
failure even after technological advances in RT, the
number of studies which address the ME is either
very limited or inexistent for many cancer sites. To
our knowledge there is only one study investigating
tumour microscopic extension for several tumour
sites: ovarian cancer [75], bladder [70], skin [74],
head and neck, and vulva [73]. While it seems there
are more than one study related to ME in head and
neck, there is actually one study focusing on the sub-
mucosal extension [63] and another on ECE outside
nodal capsule [66] which are clearly not addressing
the same condition. More investigations regarding
tumour subclinical spread of these sites are required
to confirm the results of above-mentioned studies.
Also several cancer sites, such as colon and rectum,
have not been addressed in any clinical studies so
far, thus the tumour microscopic extension for these
sites is currently in the dark.

Furthermore, as shown in the Supplementary
Appendix Table I to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2012.720381, discrepancies can be seen between the
outcomes of different studies for the same organ (e.g.
brain) in contrast to other organs showing a better
consistency in proposed margins (e.g. lung and pros-
tate). The evaluations of the extent of infiltration
beyond macroscopic tumour for NSCLC by different
studies have led to fairly conclusive results for ADC
and SCC histologic types [4,8,9] with the study of
Grills et al. [9] further stratifying ADC patients and
proposing different margins for grades 1, 2, and 3
ADC, NSCLC. However, evaluations of bronchial
extension of lung cancer have not reached the con-
sensus (1.9 cm margin proposed by Cotton et al. [13]
vs. 1.5 cm margin proposed by Kara et al. [14]). Also
the extent of microscopic nodal ECE (addressed by
only one study [11]) and microscopic extension in
SCLC (no data available) remains uncertain. In the
light of information acquired for ECE of prostate
cancer being investigated by plenty of studies which
have resulted in quite consistent proposed CTV mar-
gins for favourable and unfavourable groups (refer to
Supplementary Appendix Table I to be found online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2012.720381), a conclusive decision on
the extent of CTV margin can be made.

For breast cancer, the data does not seem to be
conclusive since the studies have been done for dif-
ferent scenarios (e.g. different selection criteria for
PBI in current studies, as compared to those applied
in the 1980s [45], results in a group of samples with
smaller tumour sizes which will affect the pattern

of subclinical disease distribution). While the results
of two studies [53,54] on the evaluation of ductal
carcinoma extension and its correlation with differ-
ent determinant factors (e.g. age and tumour size)
are in approximate agreement, they do not corre-
spond to those acquired by Vicini et al. [59] in terms
of median value and range of microscopic exten-
sion. On top of that, more recent studies [46,62]
argue the effectiveness of symmetric CTV and
believe that since the excision margin is not typi-
cally uniform, the optimal CTV must be defined
asymmetric such that the addition of CTV and exci-
sion margin remain constant in all directions.

Regarding brain cancer, a significant contra-
diction was revealed between expert opinions. With
reference to CTV margin definition for GBM, the
study of Matsuo et al. [31] concluded that a margin
of 2 cm to the enhanced area on T2-MRI
(i.e. edema+2 cm) is required to achieve tumour
control. On the other hand, in a related work by Min-
niti et al. [33] it was demonstrated that 2 cm margin
to T2-MRI leads to late radiation-induced toxicity
without bringing about improved recurrence pat-
terns as compared to plans with smaller margins
where CTV includes residual tumour and resection
cavity plus 2 cm. The controversy persists for delin-
eation of CTV for brain metastasis treated with SRS.
The study of Noel et al. [38] showed that adding a
margin of 1 mm to GTV would increase tumour
local control significantly. This result was supported
by the study of Baumert et al. [42] who stratified
brain metastasis in terms of their histological origin
and came to the same conclusion that 1 mm margin
outside GTV will suffice proper coverage of tumour.
In contrast, the study of Soltys et al. [40] demon-
strated that SRS should target the tumour bed and
2 mm beyond. This idea was supported by the anal-
ysis performed by Choi et al. [41], while it was
strongly disagreed by Nataf et al. [39] whose study
indicated that addition of 2 mm margin would result
in severe parenchymal toxicity without offering a bet-
ter tumour control. Another study [43] showed that
even the addition of 5 mm did not improve tumour
control and WBI rectified the low TCP.

In summary, we conclude that further histo-
pathological studies are required to reach a consen-
sus for each individual organ site regarding CTV,
particularly for those sites with inexistent data as
well as those showing discrepancies among different
studies (such as brain and breast). Additionally,
these data could serve as valuable tools in the devel-
opment and validation of bio-mathematical models.
These models, based on a sequence of observations
or development of a hypothesis can assume various
links between biological mechanisms involved in
cancer development and progression to provide



quantitative or qualitative measures of tumour
behaviour as well as tumour response to treatment.
The determinant parameters correlated with the
extension of microscopic disease could be consid-
ered as model parameters. Alternatively sensitivity
studies can be performed by developing a model of
a specific tumour and using these data to predict
TCPs and NTCPs associated with current and
proposed CTV margins. The outcome of these
models could serve as guidelines for clinicians to
define optimal CTVs.
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