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Summary
The aim. The aim of this paper was to compare the methods of specifying margins in
patients with gastric cancer.
Material and methods. The material included 57 patients with gastric cancer during
chemoradiotherapy in whom the positioning in the therapeutic system was verified using
2 kV images prior to each radiotherapy fraction. Subsequently, shifts in three axes were
assessed. Based on the shifts obtained, systematic and random errors were calculated
in given axes and margins were specified using the van Herk, Stroom and ICRU 62
formulae.
Results. The margins resulting from the interfraction motion based of the van Herk,
Stroom and ICRU formulae were as follows: 9 mm, 7 mm and 6 mm in the lateral axis,
16 mm, 14 mm and 11 mm in the craniocaudal axis as well as 8 mm, 7 mm and 5 mm
in the anteroposterior axis, respectively for each formula. The lowest percentage of shifts
that were greater than the calculated margin was observed in the van Herk method (1.5%
in the lateral axis, 3.3% in the craniocaudal axis and 1.9% in the anteroposterior axis).
Conclusions. Based on the material investigated, the margin recommended for centers
in which daily patient position verification is not possible is the one calculated with
the use of the van Herk formula.
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INTRODUCTION
According to the Polish National Cancer Registry, gas-
tric carcinoma still remains the fourth most common
cancer and the second cause of death due to neoplasms.
In 2011, gastric cancer accounted for 5% and 3% of all
malignant cancers in men and women, respectively.
Surgical treatment is the standard management in patients
with this neoplasm (1, 2). The INT 0116 study has re-
vealed that the usage of adjuvant chemoradiotherapy
reduces the risk of local recurrences and contributes to
longer survival (3). Radiotherapy in a neoplasm of such
a location requires particular precision due to the posi-
tion of critical organs (the kidneys, spinal cord, liver,
bowel and heart) in the vicinity of the target volume. At
the same time, radiotherapy must take into account the
motion of the stomach and a degree to which it is filled
as well as the accurate position of the patient in the

therapeutic system. That is why, it is necessary to deter-
mine safety margins around the clinical target volume
(CTV), as recommended in Report 62 of the International
Commission on Radiation Units and Measurements
(ICRU) (4). The internal margin (IM) results from the
respiratory motion of internal organs, changes in the CTV
due to tumor regression and, in the case of gastric car-
cinoma, a degree of filling the organ in the subsequent
days of treatment. Also, setup errors require safety mar-
gins (setup margin, SM). Unfortunately, Report 83 of the
ICRU does not unambiguously indicate the method to
calculate SMs and, at the same time, suggests that they
should be determined individually for a center in which
radiotherapy is executed (5). The report states that nu-
merous authors base their margin calculations on system-
atic and random errors. It also indicates examples of
calculations according to Bel, Antolak and Rosen,

References

Figures

Tables

Word count

STATISTIC

1459

2

2

25



29Calculation of planning target volume margins using the van Herk, Stroom and ICRU methods…

3 (33) 2015

Tab. 2. Percentage of shifts beyond the margins calculated using
the van Herk, Stroom and ICRU formulae in axes X, Y and Z

Axis van Herk Stroom ICRU
X 1,5% 3,5% 6,7%
Y 3,3% 4,9% 9,4%
Z 1,9% 4,1% 10,6%

Tab. 1. Margins calculated using the van Herk, Stroom and ICRU
formulae in axes X, Y and Z [cm]

Axis van Herk Stroom ICRU
X 0,9 0,7 0,6
Y 1,6 1,4 1,1
Z 0,8 0,7 0,5

Stroom, Van Herk, Mc Kenzie, Parker, Ten Haken and
Engelsman (6–13). Despite so many suggestions concern-
ing SM calculation methods, the question which of them
is the most appropriate is still not answered. In the case
of gastric carcinoma, there are only few papers that
present statistical data concerning the specification of
margins for interfraction motion. So far, the margins
proposed have been based only on clinical experience
(14–16). The author’s own calculations indicate that in
order to eliminate interfraction motion, there is a need to
apply a 9 margin in the lateral axis, a 16 mm margin in
the craniocaudal axis and an 8 mm margin in the anter-
oposterior axis (17). The selection of a method to spec-
ify PTV margins is a significant issue in radiotherapy.
Numerous radiotherapy centers use the van Herk meth-
od. The aim of this paper was to compare various meth-
ods of specifying margins in patients with gastric cancer.

MATERIAL AND METHODS
The investigated material included 57 patients with gas-
tric carcinoma treated in the Department of Radiothera-
py of Maria Sk³odowska-Curie Institute of Oncology in
Gliwice, Poland. The material encompassed both patients
after surgery who were receiving adjuvant treatment (48
patients) and those treated with neoadjuvant chemoradi-
otherapy (9 patients). Combined chemoradiotherapy was
applied in patients at various stages of the disease (T2–
4N0M0 and T1–4N1–3M0). The patients were irradiat-
ed to the stomach bed or stomach including a margin and
the regional lymphatic system, i.e. perigastric, pyloric and
peripancreatic lymph nodes as well as the nodes of the
celiac trunk, splenic hilum, hepatic hilum and pancrea-
ticoduodenal nodes, with a fractional dose of 1.8 Gy to
the total dose of 45 Gy. During radiotherapy, 2 chemo-
therapy cycles were administered based on 5-fluorouracil
with or without leucovorin. The treatment was described
in detail in the previous publications (17, 18, 19, 20).

All patients were immobilized with the use of a ther-
moplatic mask (Orfit, Belgium) and underwent planning
contrast-enhanced computed tomography scans every
3 mm, at both resting inspiration and expiration. Subse-
quently, these images were matched and, irradiation sites
were determined: internal margin for ITV (internal tar-
get volume) and PRV (planning organ at volume). Prior
to radiotherapy, the position was verified using 2 kV
images at 0° and 90° before each radiotherapy fraction.
Subsequently, the portal images were matched with dig-
ital reconstruction radiographs (DRR) in order to assess
the position of bony structures (spine, ribs, wing of the
ilium). Shifts were assessed in craniocaudal (CC) plane
(axis Y), lateral (LL) plane (axis X) and anteroposterior
(AP) plane (axis Z). Next, the shifts in the aforemen-
tioned axes were corrected. The kV images were archived
in the database of the Soma Vision system. Based on the
shifts obtained, systematic and random errors were cal-
culated in given axes, and margins were specified using
the van Herk formula (2.5Σ+0.7σ), the method recom-

mended by ICRU 62 (Σ+0.7σ) and the Stroom formula
(2Σ+0.7σ), where Σ denotes squared standard deviation
for systematic errors and σ – for random errors (4, 8, 9).
The calculations were conducted in the platform R (21).

RESULTS
The material included 57 patients with gastric cancer. In
total, 1,284 2D kV images were obtained. PTV margins
resulting from setup errors in the therapeutic system were
calculated with the use of the van Herk, Stroom and
ICRU formulae. The margins were: 9 mm, 7 mm and
6 mm in axis X, 16 mm, 14 mm and 11 mm in axis Y
as well as 8 mm, 7 mm and 5 mm in axis Z, respectively
for each formula (Table 1). Figures 1 and 2 present re-
lationships of the PTV margins and shifts detected in
accelerators for each of the three methods in the individ-
ual axes. The lowest number of shifts beyond the spec-
ified margin was observed in the van Herk method (1.5%
in the lateral axis, 3.3% in the craniocaudal axis and 1.9%
in the anteroposterior axis). When using the Stroom and
ICRU formulae, the following results were obtained:
3.5% and 6.7% in axis X, 4.9% and 9.4% in axis Y as
well as 4.1% and 10.6% in axis Z. The results are pre-
sented in Table 2.

DISCUSSION
Most authors base their margin calculations on the Van
Herk formula, and the greatest number of statistical data
concern prostate cancer (22–24). Also, in Report 83 of
the International Commission on Radiation Units and
Measurements, the PTV margin is based on the literature
data concerning prostate cancer (5). The report does not
unambiguously specify which of the methods is the best,
but merely indicates authors who have performed such
calculations, i.e.: Bel, Antolak, Stroom, van Herk, Mc
Kenzie and Parker. Currently, the literature provides lit-
tle information about statistical calculations concerning
interfraction setup errors in the therapeutic system in
patients with gastric cancer (7). In the study above, this
margin was calculated with the use of the van Herk
formula (2.5?+0.7ó). Considering Report 83 of ICRU,
a question arises whether other calculation methods could
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Fig. 1. Relationships between shi-
fts in axes X and Y and margins
calculated with the use of the van
Herk, Stroom and ICRU formulae
[cm]

Fig. 2. Graphical representation
of the relationships between shi-
fts in axes X and Z and margins
calculated with the use of the van
Herk, Stroom and ICRU formulae
[cm]

be better. In the material investigated, the formula pro-
posed by Bel et al. was not used since it is based only
on random errors (0.7σ) (6). According to the Stroom
formula, this margin should equal 2Σ+0.7σ, and the au-
thors claim that 99% of the CTV is exposed to 95% of
the dose. Report 62 of ICRU indicates that the margin
of Σ+0.7Σ should be sufficient. In the material investi-
gated, the margin based on the van Herk formula should
equal: 9 mm in the lateral axis, 16 mm in the craniocau-
dal axis and 8 mm in the anteroposterior axis. Accord-
ing to the Stroom method, margins are smaller by 1–2
mm. As for the ICRU recommendations, margins are

smaller by approximately 30% in individual axes. Seem-
ingly, a lower margin is more beneficial since it reduces
the risk of both acute and late radiation reactions in the
critical organs. However, narrower margins can increase
the risk of geographical errors and insufficient PTV ir-
radiation. Margins should be sufficient. It means that 95%
of shifts should be included within the margin. The low-
est percentage of shifts beyond the specified margin was
obtained when margins were calculated with the use of
the van Herk method. However, margins obtained with
the use of the Stroom formula also seem to be sufficient.
As for the ICRU method, the results obtained are neg-
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ative. In the craniocaudal axis, as many as 9.4% of shifts
were found to be beyond the margin, and this value
amounted to 10.6% in the anteroposterior axis. Based on
the material investigated, it can be stated that in radio-
therapy centers in which daily verification is not used,
the van Herk or Stroom formulae seem to be good cal-
culation methods to be used in gastric cancer patients. The
percentage of shifts beyond the margin is below 5%.

CONCLUSION
Both the van Herk and Stroom formulae are satisfacto-
ry methods in determining margins for the planning
target volume. However, based on the center’s own ex-
perience, the recommended margin is the one determined
with the use of the van Herk formula (2.5Σ+0.7σ) owing
to the low percentage of setup errors beyond the calcu-
lated margins.
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