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ABSTRACT

Backgrounds: Over two decades, breast cancer incidence has increased worldwide. It is the most common
cancer in Thai women. The prediction of trends in breast cancer incidence can help to raise awareness on
breast cancer problem and provide appropriate policies.

Objectives: This study aimed to describe and predict incidence trend of female breast cancer in Chiang Mai
population through 2028.

Materials and Methods: Data were collected from all hospitals in Chiang Mai, from 1989 through 2013.
Age-standardized rates (ASR) were calculated as a single calendar year and used to describe trend of breast
cancer. Age-period-cohort model with geometric cut trend was used to predict the incidence trend by
taking into account the effects of age, year of diagnosis (period) and year of birth (cohort).

Results: Breast cancer was detected in 5, 417 females, median age of 50 years (interquartile range: 43 to
59 years). The age specific incidence rate increased from age 20-25 years (0.6 per 100,000 women-years)
to the peak incidence at age 50-54 years (76 per 100,000 women-years) and then moderately declined in
older age groups. Percentage of cases with localized cancers, a stage that cancers had not metastasized
to nearby lymph vessels, increased while a decrease in metastatic cancers was observed. Overall, breast
cancer incidence rates increased from the ASR of 14.8 per 100,000 women-years in 1989 to 32.9 cases per
100,000 women-years in 2013. The ASR trended to increase and was expected to reach the highest in 2024
at 36.7 per 100,000 women-years.

Conclusion: A wider coverage of mammogram screening may have contributed to the increase of detection
rates in early stage of breast cancer in women. Since the increasing trend of breast cancer incidences were
expected, a budget for treatment facilities, such as surgical, radiotherapy and medical oncology is essential
and should be planned for.

Keywords: female breast cancer, incidence trend, future trend, Chiang Mai population, breast cancer stage
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Dose comparison between variable angle and semi-orthogonal
reconstruction techniques of the Fletcher applicator in 2D-based
brachytherapy
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ABSTRACT

Background: The applicator reconstruction uncertainties lead to an incorrect dose distribution for the
patient.

Objective: To compare the point dose between the variable angle (VA) reconstruction technique and the
semi-orthogonal (SO) reconstruction technique of the Fletcher applicator in 2D-based brachytherapy
treatment planning.

Materials and methods: The applicators, tandem and tandem + ovoid set, in water equivalent in-house
phantom with a localization jig were exposed at 0o and 900 gantry angles by conventional treatment
simulator (Varian Acuity). The applicators were set at the localization jig center and the machine isocenter,
4 cm shifted in right, left, cranial and caudal directions. These 5 image sets were exported to brachytherapy
treatment planning system, Oncentra Brachy v.4.3. Both VA and SO used the same images. The dwell
positions and dwell times were identical defined for both techniques. The dose at 4 reference points at
right, left, anterior, and posterior around the applicator were compared each technique.

Results: When the applicator was not at the center of the device, the maximum dose difference shown
at cranial-caudal shifted in tandem + ovoid was 6.48 + 1.78% (4.01 to 8.97%) while the applicator set at
the center of the device, the maximum dose difference shown in tandem + ovoid was 1.72 + 1.25% (0.21
to 2.76%). The details of the study were in the article.
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Conclusion: Based on this study, the two techniques could be used interchangeably although the applicator
was 4 cm shifted of the applicator in right, left directions from the center of the localization jig but should
not shift to cranial and caudal direction. The maximum dose difference was found in the tandem + ovoid
set.

Key Words: 2D brachytherapy, dose comparison, semi-orthogonal, variable angle.
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ABSTRACT

Background: Periostin is overexpressed in metastases from bone cancer. Many studies have indicated that
periostin plays an important role in bone metastasis. Radiotherapy improves local tumor control, but recent

evidence suggests that irradiation of the target tumor can promote tumor invasion and metastasis.

Objective: The purpose of the study was to examine the effects of irradiation with carbon ion or gamma
ray on the expression of periostin in breast cancer cells and the cytokine levels of osteoblasts in bone

tumor metastases.

Materials and methods: Breast cancer cells (FM3A/R cells) were exposed to carbon ion or gamma ray and
then cocultured with non-irradiated osteoblastic MC3T3-E1 cells. Periostin expression in breast cancer cells

and the levels of cytokines influencing bone invasion in osteoblastic cells were measured.

Results: Periostin expression increased after irradiation with carbon ion or gamma ray. Carbon ion-irradiated
cells expressed less periostin than did gamma ray-irradiated cells. Carbon ion irradiation stimulated low
levels of periostin synthesis than gamma ray irradiation. The cytokines influencing bone invasion levels rose

in tandem with the increase in periostin level.

Conclusions: Carbon ion irradiation may reduce the production of bone-destroying cytokines and
vascularization factors by osteoblasts in the microenvironment of cancer invasion in bone. A combination
of carbon ion irradiation and a periostin inhibitor would improve treatment of bone metastatic breast

cancer.

Key words: bones; breast cancer; carbon; radiotherapy; periostin
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Introduction

Breast cancer has become the principal
malignant tumor in females. Many patients die
annually from breast cancer metastasis, which triggers
advanced skeletal disease, because bone is the
preferred site for metastatic dissemination of breast
cancer.! Metastasis can occur via blood or lymphatic
vessels or directly to bone. The biochemical
mechanisms involved remain poorly understood in
terms of both bone metastasis and bone distraction.
Many complications are associated with the
development of bone metastases, including pain,
hypercalcemia, fracture, and spinal cord compression.

Thus, quality of life is severely affected.”

Bone metastases are the most frequent
indication for palliative radiotherapy in patients with
breast cancer. Radiotherapy, alone or in combination
with chemotherapy, is widely used. Irradiation may
be an effective treatment option in the context of
cancer therapy. However, clinical evidence indicates
that relapses developing after radiotherapy for
treatment of breast cancer are associated with
increased metastatic potential and poor prognosis.’
Tumors growing within previously irradiated mammary
tissue tend to be more invasive and to form more
metastases in experimental models.*® On the other
hand, it has been reported that it is effective for local
control and inhibition of metastasis with heavy ion
in breast cancer radiotherapy.’ The National Institute
of Radiological Sciences (NIRS) has been carried out
the first treatment in April 2013. The final result of
treatment outcome will need a longer follow-up
period, but effects of carbon radiotherapy on breast

cancer are as good as on other cancers.”

Few reports on cytokine expression in the bone
microenvironment after irradiation have appeared.
Prevention of skeletal events is one goal of palliative

radiotherapy in patients with bone metastases. In the

tumor microenvironment, osteopontin (OPN) and
other proteins of the extracellular matrix contribute
to metastasis, by modulating the maintenance and
expansion of both normal and metastatic cancer
cells. In particular, the role of receptor activator of
nuclear factor kappa-B ligand (RANKL) inducing
osteoclasts, and vascular endothelial growth factor
(VEGF) inducer of angiogenesis is important in the

bone invasion of tumor.!**!

Periostin, originally considered an osteoblast-
specific factor, is a disulfide-linked 90-kDa secretory
protein that functions as a cell adhesion molecule
in pre osteoblasts and is involved in osteoblast
recruitment, attachment, and spreading.12 Periostin
was originally identified in a mouse osteoblastic
library.” The name “periostin” reflects the expres-
sion of the protein in the periosteum and periodon-
tal ligament." The protein is homologous to an insect
cell adhesion molecule (fasciclin 1) in terms of both
sequence and structure, having four repeat domains
of 120-160 amino acids. Such proteins often serve
as adhesion molecules.” Thus, we investigated
periostin expression in breast cancer tissue and the

clinical relevance thereof.

Periostin plays roles in skeletal development,
heart development, disease, and cancer.”*® Any
possible role for periostin in tumor progression
remains unclear, and the associated data are often
contradictory. Periostin overexpression has been
observed in most cancers, while reports of periostin
downregulation are rare and exceptional. Periostin
was found to be overexpressed in various types of
human cancer."” Periostin may play an important
role in breast cancer bone metastasis.”"*® Previous
reports showed that a novel angiogenic factor
expressed in human breast cancer and ovarian cancer

significantly enhanced angiogenesis.'*""*"*
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In the present study, periostin expression in
breast cancer was explored and evidence was
obtained that the protein potentially contributed to
bone invasion by both breast cancer per se and
metastases thereof. In addition, we explored the
effects of irradiation on bone invasion using mouse
FM3A/R mammary carcinoma cells, and chose to
work with these cells to experimentally determine
the differences in their responses to carbon ion and
gamma ray irradiation. When breast cancer cells were
irradiated with different radiation of linear energy
transfer (LET) application, the difference response,
for example proteins produced in the breast cancer
cells after each of irradiation was not due to the
cytotoxic effect by LET, but due to difference in
quality of LET. In order to verify, we searched for the
case of cells whose survival rate after irradiation was
not significantly different. As a result, FM3A/R cells
met this requirement. The proliferative potentials of
FM3A/R cells after carbon ion and gamma ray
irradiation [estimated from the median lethal doses
(LD50 values)] were approximately equivalent.
Moreover, we investigated the mechanisms by which
periostin mediated the bone invasion effects of
irradiation, and irradiation-induced bone resorption
of mammary cancer. Finally, to investigate the
mechanisms underlying the effects of irradiation on
breast cancer bone invasion and distraction mediated
by periostin, we compared the changes in bone
resorption factors induced by carbon ion or gamma

ray irradiation of breast cancer cells.

The principal purpose of this study was to
evaluate the effects of irradiation with carbon ion or
gamma ray on the expression of periostin in breast
cancer cells and the cytokine levels of osteoblasts
in bone tumor metastases.

Materials and methods
Cell culture
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FM3A/R breast cancer cells (kindly provided by
the Cell Resource Center for Biomedical Research,
Institute of Development, Aging, and Cancer, Tohoku
University) were grown in RPMI-1640 medium
(Invitrogen, Carlsbad, CA, USA) supplemented with
10% (v/v) charcoal-stripped fetal bovine serum (FBS;
Gibco, New York, NY, USA), 100 U/mL penicillin, and
100 pg/mL streptomycin (Gibco, Palo Alto, CA, USA)
under 5% (v/v) CO, in air at 37°C.

MC3T3-E1 osteoblastic cells (derived from the
calvarias of newborn C57BL/6 mice) were obtained
from the Riken Cell Bank (Tsukuba, Japan), and
cultured in DMEM (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% (v/v) charcoal-stripped FBS,
100 U/mL penicillin, and 100 pg/mL streptomycin at
37°C under 5% (v/v) CO_in air.

Irradiation

FM3A/R cells were cultured into 50 mL cell
culture flasks (Falcon 25 cm® Flask; Corning Inc. Life
Sciences, Tewksbury, MA, USA) grown to about 5 x
10" cells/flask (over 2 or 3 days), and then exposed
to 5, 10, or 15 Gy of carbon ion or gamma ray
irradiation as described previously™ to evaluate cell
proliferation after irradiation. Cells were irradiated in
the following method, in order to make the radiation
dose of each cell uniform. Carbon ion irradiation was
performed using the 290 MeV pm-1, 6-cm Spread-Out
Bragg Peak (SOBP) at the Heavy lon Medical
Accelerator in Chiba (HIMAC), NIRS. The estimated
LET averaged 40 KeV um-1 for the proximal SOBP,
and the dose rate was 3 Gy min-1. The beam intensity
was measured using dose monitors installed in the
beam path. Binary filters made of poly (methyl
methacrylate) plates (0.5-128 mm thickness) were
used to control LET. Gamma ray irradiation was
performed at 1 Gy min-1 using a Gamma cell 40
Exactor (Best Theratronics Ltd., Kanata, ON, Canada).
Radiation dose and fractionation (5, 10, or 15 Gy)



were decided based on our experience with other
breast cancer cells. The survival rate of breast cancer
cells FM3A/R decreased after irradiation 10 Gy or
more, but periostin production of surviving cells was
increased three days after irradiation. According to
these previously results, 5, 10, and 15 Gy were

irradiated to FM3A/R cells in this experiment.

MTT assay

The relative viable cell numbers of FM3A/R cells
were determined by the MTT assay using a Cell
Counting Kit-8 (Dojindo Molecular Technologies,
Gaithersburg, MD, USA). Briefly, control and irradiated
cells were cultured for 24 hours in 90 uL of RPMI-1640
medium at 1000 cells/well, followed by addition of
10 pL of Cell Counting Kit-8 solution to each well.
After incubation for 1-4 hours at 37°C in the incubator,
the absorbances at 450 nm were measured using a
microplate reader (Model 550; Bio-Rad, Hercules, CA,
USA). The amount of formazan dye generated by
dehydrogenases in the cells was directly proportional

to the number of living cells.

Coculture assay

Cocultivation was aimed to investigate the effect
of two or more cells on each other. In the present
study, irradiated FM3A/R cells, and non-irradiated
MC3T3-E1 cells were cocultured in the same dish for
the purpose of studying how periostin produced by
FM3A/R cells that affected the differentiation and
maturation of osteoblastic cells MC3T3-E1. FM3A/R
cells were cultured in 50 mL cell culture flasks and
then exposed to carbon ion or gamma ray irradiation.

After irradiation, FM3A/R cells and medium were

Table 1 Primer sequences used for RT-PCR

immediately transfered into a dish in which non-
iradiated MC3T3-E1 cells were cultured approximately
80% confluent. FM3A/R cells were cocultured with
non-irradiated MC3T3-E1 osteoblastic cells for 3 days
after irradiation. FM3A/R cells floating in the medium
were evaluated by RT-PCR assays and MC3T3-E1 cells
in dishes were evaluated by western blotting. The
floating FM3A/R cells with medium were transferred
to centrifuge tube, and after centrifuge, medium was
aspirated. FM3A/R cells were used for RT-PCR assays.
MC3T3-E1 cells on the bottom of dishes were washed
by PBS three times, and used for western blotting.

RT-PCR and real-time PCR

Total RNA was prepared using RNAiso Plus (Takara
Bio, Shiga, Japan) according to the manufacturer’s
instructions. First-strand cDNA was synthesized using
a ReverTra Ace gPCR RT Kit (Toyobo, Osaka, Japan)
prior to RT-PCR. Real-time quantitative RT-PCR was
performed using DyNamo polymerase (Thermo
Fisher, Waltham, MA, USA) and an ABI Prism 7700
Sequence Detection System (Applied Biosystems,
Foster City, CA, USA). The relative amounts of
periostin mMRNA were normalized to those of beta-
actin mRNA in the same samples. The primers used
to amplify the periostin and GAPDH sequences are
shown in Table 1. The amplification parameters were
as follows: initial denaturation at 94°C for 5 min; 40
cycles of denaturation at 94°C for 30 s, annealing at
62°C for 30 s, and extension at 72°C for 30 s; and final

extension at 72°C for 4 min.

Gene Forward Primer

Reverse Primer

GAPDH CGGAGTCAACGGATTTGGTCGTAT

Periostin AATGCTGCCCTGGCTATATG

AGCCTTCTCCATGTTGGTGAAGAC
GTAGTGGCTCCCACAATGC
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Raft culture

A collagen matrix solution was prepared using
seven volumes of type | collagen (Nitta Gelatin, Tokyo,
Japan), two volumes of 5x concentrated RPMI-1640
medium, one volume of 10x reconstruction buffer,
and FM3A/R cells (1.5 x 10° cells/mL). The final
concentration of collagen gel was 0.24% (w/v).
Aliquots (2 mL) of the collagen-cancer cell
suspension were poured into 60-mm-diameter plastic
dishes and allowed to gel for 30 min at 37°C. RPMI-
1640 medium (2 mL) was added to each dish and
the cells were cultured for 3 days. The collagen—
cancer cell suspensions were then fixed in 4% (v/v)
paraformaldehyde, dehydrated in a graded series of
alcohol baths, embedded in paraffin, and sliced into
4 um thick sections. The sections were subjected to

immunofluorescence staining.
Western blotting

Cells were lysed using cell

factor kappa-B ligand (RANKL) and anti-vascular
endothelial growth factor (VEGF) (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) primary
antibodies and then with horseradish peroxidase-
conjugated anti-rabbit IgG as a secondary antibody.
Antibody-bound protein bands were visualized using
ECL-plus reagent (GE Healthcare, Little Chalfont, UK).
An anti-beta-actin monoclonal antibody (013-24553;
Wako Pure Chemical Industries) was used to detect

beta-actin (internal control).

Recombinant periostin experiments

The expression levels of RANKL and VEGF in
MC3T3-E1 osteoblastic cells grown under periostin-
enriched conditions were evaluated. Briefly, MC3T3-
El cells were grown for 3 days in medium
supplemented with various concentrations of
recombinant periostin. The cells were then lysed and

the proteins were extracted. The expression levels

lysis solution comprised of
Pierce RIPA buffer, Halt Protease
and Phosphatase Inhibitor
Cocktail, and 0.5 M EDTA
Solution (all from Thermo
Scientific Inc., Rockford, IL, USA).
After centrifugation, the

)

o
™

supernatants were subjected to
SDS-PAGE with 10-20% gel
concentrations (ATTO Corp.,

o
N

Tokyo, Japan)and electroblotted

Cell survivalrate of FM3A/R cells
o o
N o~

onto Immobilon-P transfer

membranes (EMD Millipore 0 -

-=-Carbon

—Gamma

Corp., Billerica, MA, USA). After L

blocking with 5% (w/v) skim milk

2 3 4 75775"7 67'7 7 8 9
Irradiated dose (Gy)

(Wako Pure Chemical Industries,

FIGURE 1. Cell survival rates of FM3A/R cells at 24 hours after irradiation were measured

Osaka, Japan), the membranes
were incubated with anti-

receptor activator of nuclear

by the MTT assay. Cell viability decreased in a dose-dependent manner. LD50 values
were estimated from the graphs, and the killing effects of carbon ion irradiation were
expressed as ratios to the killing effects of gamma-ray irradiation. Data represent the

means * SD of three experiments.
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of RANKL and VEGF in MC3T3-E1 cells were measured
by western blotting.

siRNA-induced periostin gene silencing

A periostin siRNA (sc-61325; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) was used to
knock down periostin gene expression. FM3A/R cells
subjected to carbon ion or gamma ray irradiation
were transfected with 50 pmol siRNA in 100 pL of
transfection medium, in accordance with the
manufacturer’s instructions. After 8 h, the FM3A/R
cells were subjected to the coculture assays
described above. A scrambled siRNA sequence lacking
significant homology to any rat, mouse, or human

gene sequence was used as a control.
Results

FM3A/R cells were treated with various doses of
carbon ion or gamma ray irradiation and evaluated
for their cell proliferation. Cellular replication was
decreased after both carbon ion and gamma ray
irradiation in a dose-dependent manner. The
proliferative potentials of the cells (Figure 1) were
estimated by reference to the LD50 values of
radiation, and were approximately 1.18 after both
types of irradiation. FM3A/R cells were used for these
experiments because the cell survival rates were
nearly equal after exposure to the two types of

irradiation.

FM3A/R cells were exposed to 5, 10, or 15 Gy
of carbon ion or gamma ray irradiation, and their
periostin expression levels were measured by RT-PCR.
Periostin expression was decreased immediately after
irradiation, but recovered after 3 days. On day 3 post
irradiation, higher doses of radiation were associated
with rapid increases in periostin expression. Besides,
periostin expression in irradiated cells increased to
higher levels than those in non-irradiated cells.

Moreover, cells subjected to gamma ray irradiation

expressed higher levels of periostin than cells

subjected to carbon ion irradiation (Figure 2).

Non irradiation
Carbonion 5Gy
@ Carbonion 10 Gy
Carbonion 15 Gy
3 Gammaray 5Gy

8§ Gammaray 10 Gy
24 Gammaray 15 Gy *

Relative expression of Periostin

FIGURE 2. FM3A/R cells were exposed to 5, 10, or 15 Gy of
carbon ion or gamma ray irradiation. Total RNA was extracted
and their periostin mMRNA levels were measured by RT-PCR at
0 hour, 2 hours, and 3 days after irradiation. Significant
increases in these levels were evident in gamma ray-irradiated
cells by day 3 post irradiation. Expression of mRNA was
represented by ratio. The non-irradiated cells are shown as 1
(paired t-test, *P < 0.05). Data represent the means + SD of
three experiments.

The periostin levels were increased in irradiated
FM3A/R cells, as shown in Figure 3. FM3A/R cells grew
in a collagen gel, and formed clumps. Sections of

irradiated cells were stained more strongly for

Non irradiation

Carbonion 10 Gy Gammaray 10 Gy

FIGURE 3. Irradiated FM3A/R cells in raft cultures were
assessed for periostin expression. (A) Non irradiation. (B)
Carbon ion irradiation (10 Gy). (C) Gamma ray irradiation (10
Gy). Immunohistochemically, expression of periostin (green) in
the cytoplasm was observed surrounding the nucleus (blue) in
both irradiated and non-irradiated FM3A/R cells. Gamma

ray-irradiated cells expressed high levels of periostin.
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periostin than sections of non-irradiated cells. In
particular, gamma ray irradiation significantly
increased periostin expression, as evidenced by the

density of immunofluorescence staining.

The periostin levels in irradiated FM3A/R breast
cancer cells were clearly higher than those in non-
irradiated cells. Next, the effects of periostin on
MC3T3-E1 osteoblastic cells were examined. For this,
MC3T3-E1 osteoblastic cells cocultured with carbon
jon- or gamma ray-irradiated FM3A/R breast cancer
cells were compared. The expression levels of RANKL
and VEGF in MC3T3-E1 cells cocultured with carbon
jon-irradiated FM3A/R cells were lower than those in
MC3T3-E1 cells cocultured with gamma-irradiated
FM3A/R cells. The RANKL and VEGF protein levels in
cocultured MC3T3-E1 cells were measured by
western blotting. The levels of RANKL (bone invasive
cytokine) in MC3T3-E1 cells were significantly
increased upon coculture with gamma-irradiated
FM3A/R cells (Figure 4).

Periostin produced by irradiated FM3A/R breast
cancer cells may enhance the expression of RANKL
and VEGF in MC3T3-E1 osteoblastic cells cocultured
with the breast cancer cells. The expression levels
of RANKL and VEGF after addition of recombinant
periostin (as a supplement) to osteoblastic culture

medium were measured (Figure 5).

The levels of both RANKL and VEGF increased
with the recombinant periostin level, and the levels
were similar to those seen upon coculture with
irradiated FM3A/R breast cancer cells. The RANKL
and VEGF levels in MC3T3-E1 osteoblastic cells
cocultured with irradiated FM3A/R cells were also
measured after siRNA-mediated suppression of
periostin synthesis. The siRNA-mediated suppression
inhibited the expression of RANKL and VEGF in MC3T3-
E1 cells (Figure 6).

| 803U 91SASANALSLASNYLE:L:5UINEWLUS:INATNg
3 on 23 adun 2 nsnniAu - sUIIAU 2560

Non  Carbonion  Gammaray
Iradiation 5 10 15 5 10 15 Gy

RANKL Wi s s @ 0 5 9

veer R -~ ey
Non iradiation B-ACHN v wne e W 45 S5
9 Carbonion § Gy "
8 @ Carbonion 10 Gy
Carbonion 15 Gy
7 Gammaray 5 Gy §§
5 6 8 Gammaray 10Gy * §§
g Gammaray 15 Gy §
g5 \
8 N\
\
5, \
: \
2 \
0 BN

RANKL VEGF

FIGURE 4. Immediately after carbon ion or gamma ray
irradiation, FM3A/R breast cancer cells were cocultured with
non-irradiated MC3T3-E1 osteoblastic cells. Total protein was
extracted from the adherent MC3T3-E1 cells. The RANKL and
VEGF protein levels were measured by western blotting. The
levels of RANKL and VEGF in cocultured MC3T3-E1 cells
increased with the periostin levels in irradiated FM3A/R cells.
The increases were significant upon coculture with FM3A/R
cells exposed to higher doses of irradiation. Expression of
target protein was represented by ratio. The non-irradiated
samples are shown as 1 (paired t-test, *P < 0.05). Data
represent the means * SD of three experiments.
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FIGURE 5. MC3T3-E1 cells were cultured in medium
supplemented with recombinant periostin for 3 days, and then
measured for their RANKL and VEGF levels by western
blotting. The 0.00 pg/mL periostin-supplemented cell group is
shown as 1 (paired t-test, *P < 0.05). Data represent the
means + SD of three experiments.
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FIGURE 6. Irradiated FM3A/R cells (15 Gy) were cultured
with a siRNA targeting periostin and a decrease in the
periostin levels was confirmed by RT-PCR (upper right).
Periostin expression was not suppressed in cells cultured with
a control scrambled siRNA. The RANKL and VEGF levels in
MC3T3-E1 cells cocultured with transfected and irradiated
FM3A/R cells expressing reduced levels of periostin revealed
suppressed expression of RANKL and VEGF. Expression of
target protein was represented by ratio. The non-transfected
cell groups are shown as 1 (paired t-test, *P < 0.05). Data
represent the means * SD of three experiments.

Discussion

The effects of irradiation on cancer cell
metastasis have been poorly studied.”* It has been
suggested that ionizing radiation increases cancer cell
escape into the lymphatic and vascular channels.
However, few data are available. Irradiated tissue
may be more metastatic than non-irradiated tissue.
Carbon ion irradiation is effective for both killing cells
and suppressing metastatic potential. An
understanding of the effects of carbon ion irradiation
on the metastatic potential of bone metastatic cancer
cells might improve the clinical outcomes of cancer

radiotherapy.

FM3A/R mouse breast cancer cells that can
invade bone were studied, because these cells
responded similarly to carbon ion and gamma ray
irradiation, as assessed by reference to the LD50

values.

In general, high LET radiation has high cells killing
effect. The survival rate of cells after carbon ion
irradiation is lower than at the same dose of gamma
ray irradiation markedly. It is difficult to differentiate
the difference in the cells response after carbon ion
or gamma ray irradiation due to the difference of LET
or the cell viability of irradiation. For this reason, we
searched cells that did not differ greatly in the cell
survival rate after irradiation due to the difference of
LET. Therefore, we used FM3A/R cells in this study.

Periostin expression in FM3A/R cells was assessed
by RT-PCR, commencing immediately after irradiation
and continuing over the next 3 days. Periostin
expression was decreased immediately after
irradiation, but increased 2 hours later. Irradiation
exerted a clear antiproliferative effect. In addition,
irradiation stimulated cancer cells to produce
periostin in a dose-dependent manner, being
particularly evident in gamma ray-irradiated cells.
Bone invasion by cancer is caused by osteoclasts
induced by cancer cells and osteoblasts. The
osteoclast-inducing factor RANKL, and VEGF, are
produced by osteoblasts.'>”> Both RANKL and VEGF
levels were increased upon coculture with irradiated
cells. MC3T3-E1 osteoblastic cells cocultured with
FM3A/R breast cancer cells exposed to higher doses
of irradiation expressed RANKL and VEGF strongly,
while MC3T3-E1 cells cocultured with gamma ray-
irradiated FM3A/R cells expressed both cytokines to
greater extents than MC3T3-E1 cells cocultured with
carbon ion-irradiated FM3A/R cells.

It was hypothesized that periostin triggered the
observed increases in RANKL and VEGF levels. Thus,
MC3T3-E1 osteoblastic cells were cultured in medium
supplemented with recombinant periostin for 3 days,
and measured for their RANKL and VEGF levels. Both
cytokines increased with the periostin concentration,
suggesting that cancer invasiveness was enhanced
by periostin. It is possible that irradiation of breast
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cancer cells enhances periostin expression, in turn
accelerating bone metastasis by cells that survive
irradiation. Gamma ray irradiation possibly induces

more periostin synthesis than carbon ion irradiation.

The effects of a reduction in the periostin level
were also evaluated. MC3T3-E1 osteoblastic cells
were cocultured with irradiated FM3A/R breast cancer
cells previously cultured in medium with a periostin
SiRNA, and measured for their expression levels of
RANKL and VEGF. Both levels were decreased,
compared with cells cultured with the scrambled
siRNA control. It is thus possible that bone absorption
and vascularization are enhanced by periostin, in turn

promoting cancer cell metastasis and tumor invasion.
Conclusion

Carbon ion irradiation was slightly superior to
gamma ray irradiation in terms of killing FM3A/R breast
cancer cells capable of invading bone, but carbon
jon irradiation stimulated lower levels of periostin

synthesis than gamma ray irradiation. Thus, carbon
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Dosimetric analysis between Intensity Modulated Radiotherapy and
Three-Dimensional Conformal Radiotherapy for Esophageal Cancer
Treatment: a systematic review
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ABSTRACT

BACKGROUND:

Radiotherapy is one of the main treatments of esophageal cancer. Intensity-modulated radiation
therapy (IMRT) is an advanced type of radiotherapy and is rapidly used in many sites of cancer including
esophageal cancer. Due to the benefit of IMRT which theoretically can reduce the dose to normal organ
and increase dose to the target volume, this study will evaluate the benefit of fixed-gantry IMRT and
Volumetric Modulated Arc Therapy (VMAT) for treating esophageal cancer comparing to three-dimensional

conventional radiotherapy (3DCRT).

OBJECTIVES:
To compare dosimetric data , cost effectiveness and quality of life of patients with esophageal cancer

treated with IMRT technique comparing to 3DCRT.

SEARCH METHODS:
We searched the Cochrane Central Register of Controlled Trials (CENTRAL) and MEDLINE lists of articles
during January 1990 to December 2015.

SELECTION CRITERIA:
Randomised controlled trials and Quasi-randomized controlled trials comparing the effect of Fixed-

gantry IMRT or VMAT versus 3DCRT on treating patients with esophageal cancer.

DATA COLLECTION AND ANALYSIS:
Three reviewers independently evaluated the quality of the relevant trials and extracted the data

from the included trials.
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MAIN RESULTS:

Six trials contributed to this review. Fixed-gantry IMRT did not show either superior comformal index
(C1) or heterogeneity index (HI) while VMAT had a statistically significant better CI but no different HI. As
organ-at-risk comparison, fixed-gantry IMRT and VMATsignificantly decreased the volume of lung receiving
at least 20 Gy (V20), mean lung dose (MLD), and VMAT significantly decreased spinal cord maximal dose.
There was no study showed local control, distant metastasis, progression-free survival, disease-free survival,
or overall survival. There was also no study reported the cost effectiveness or quality of life. These trials

did not report adverse events.

CONCLUSIONS:

These trials suggested that VMAT had a better Cl. Fixed-gantry IMRT and VMAT statistically significant
reduced the V20 to lung, MLD while VMAT also reduced spinal cord maximal dose. There was no such
evidence of any important clinical effects on acute or late radiotherapy adverse events, local control,
distant metastasis, progression-free survival, disease-free survival, or overall survival. There was also no
evidence of the effect on the cost effectiveness or quality of life. Further research is required to establish

the clinical benefit of any therapy. An economic evaluation should be undertaken.
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A15°9% 1 uanes1uasldenesnuifeNtnunyi meta-analysis

Prescribed Dose to Primary

Included Study Number of cases Cancer Site
tumor
Fakhrian 2013" 15 Cervical — 1 * 54 Gy in 3DCRT
Upper/middle thoracic — 6 *52.5 Gy in IMRT (SIB
Lower thoracic — 5 technique with primary tumor
Overlap - 3 2.1 Gy/fraction)
Fenkell 2008™” 5 Cervical 70 Gy
Fu 2004 5 Upper esophagus 67.2 Gy, 2.4 Gy/fraction
Nicolini 2012 10 Upper third - 3 59.4 Gy
Upper + middle third — 4
Middle + lower third — 3
Nutting 2001"% 5 N/A 55 Gy
Vivekanandan 2012 10 N/A 54 Gy

wansus:1uAUNWSI8VILNISANEN
HansUszidliueaRveaNsAnwandlugui 2 uas 3
wan1sdlps:Ana:duins:rideya

nNsavAuteyailawideves Linazaug"” ER
nannensUssufisusnsn1ssendinliluundnde ua
nMaideliannsamaiideatudulafinuideld Tuns
numuauadeadiiiddasoanauisuiiousng
n33ea¥in msmunulsaamzd Sasmsnszaneves
Tsn w30 sasnssendinlaeusiaannlsald saumadslsl
wuuAsiuTeufisunaunmdinveafUisusiss
waenemsTileunsanesidsenitunadanisanesad
UsuAuduiun1saessdaudia (3DCRT)

TudunisnszevesSinasadnui manuauya
293U u 5 E AW wd munedidesnisaneyed
(Conformal Index: C) diaw3auifisunisatediemaia
Fixed-gantry IMRT fu 3DCRT wuiludauunneiariu
ag198lted1AgyMeada fe -0.36 (95% CI, -0.78 to 0.05;
b =0.09) (3Uf ) wsiwud1 VMAT didn CI #iindn 3DCRT
fi9 -0.30 (95% Cl, -0.44 to -0.16; p <0.0001) (3U71 5)
druA1ANLANA 192035 E TR WL e e
(Homogeneity Index: HI) wuanlaidasuansneiueeng
ﬁﬁaﬁﬂﬁ’zquaﬁaﬁy’ﬂmim%auLﬁﬂ‘u wAilA Fixed-gantry
IMRT /U 3DCRT#30 VMAT #u 3DCRT (5U11 6 uaz 7)

Random sequence generation (selection bias)
Allocation concealment (selection bias) _
Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition bias) _ ]
Selective reporting (reporting bias) [N |

Other bias | |

i 1 B

' 25% 50%

75%  100%

[ Low risk of bias

[Junclear risk of hias

0%
[l Hioh risk of bias

P~ N = = o = -
gﬂ‘lﬂ 2 miﬂi:mu@mmmmmiﬁﬂmmmmqmﬂw
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dumsnszaeveslinaussdludedsizae wui
msmesavuauduansoanUsunassanivenldsu
1§ nglunmsiSeuifieuaiadefivenldsused sewinanis
uAeaila Fixed-gantry IMRT AU 3DCRT WUn
fixed-gantry IMRT @unsaanaadeiivenldsusedls
(Mean Lung Dose: MLD) -1.37Gy (95% Cl, -2.25 t0 -0.48
 p =0.003) (3Uf 8) wagmisiIsuiiivuiesazuesond
I§suUSnaided 20 Gy Tl (V20lung) sewinensane
paemadla Fixed-gantry IMRT fiu 3DCRTWU1 V20 lung
vpsn1sanewmaia Fixed-gantry IMRT anasfiguiu

Incomplete outcomne data (attrition hias)

v | Blinding of participants and personnel (performance bias)

-9 | Randorn sequence generation (selection bias)

~ | @ | @ | @ | Blinding of outcome assessment (detection bias)

S 2
(2] § =
= 2
S e
£ =
[~ o
g g
2 £ = 3DCRT At -5.54% (95% CI, -9.61 to -1.47; p=0.008)
2 3 5 (5U7 9) WawSeuiieuseninamsangsiemaila VMAT
F akhrian 2013 @) 2| @ fiu 3DCRT WuUi1 VMAT @@ MLD -2.49Gy (95% Cl, -4.92
Fenkel 2008 | 2 | @ | 2 2| @ to -0.06; p=0.04) (U7 10) uaz VMAT aa V20 lung 1¢i
Fu2004 | 2 (@ | 2 ® o -8.89% (95% Cl, -12.77 to -5.02; p<0.0001) (g‘d‘ﬁ 11)
Nicolini 2012 | 2 | @ | @ 2| @
Nutting2001 | 2 (@ |2 | @ |2 | 2
Vivekanandan2012 | 2 @ (@ |2 & | @

o o o . " o 4
51U 3 nsdssifiuenRreauAayNNIANE (+ AB AINIAENEN
Tunaiinens, ? Ae Anudsalunisiinennlidalau was —
Aa Arudeluniainanfiga)

fixed-gantty IMRT 3DCRT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fenkell 2008 12 041 5 1905 5 208% -0.70[1.15-0.29) —
Fu 2004 07 01 5 0502 5 257% 0.20(0.00, 0.40] o
Nicolini 2012 1201 10 1502 10 265% -0.30[044,-0.1§) = &
Vivekanandan 2012 11 01 10 1801 10 27.0% -0.70[0.79,-0.61] -
Total (95% CI) 30 30 100.0%  -0.36[-0.78,0.05] —~eetiiiion---
Heterogeneity: Tau®= 0.17; Chi*= 77.72, df= 3 (P < 0.00001); IF= 86% 3 o 3 o 3
e fonocealisfilLulH =08 Favours fixed-gantry IMRT Favours 3DCRT

v v

JUN 4 nsiSeuiiguauauyavesUsinasEnimuiadmneifein1sanedd ssrimsanememeila Fixed-gantry
IMRT iU 3DCRT

VMAT 3DCRT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Nicolini 2012 1.2 01 10 1.5 0.2 10 100.0% -0.30[-0.44, -0.16]
Vivekanandan 2012 1 0 10 1.8 01 10 Not estimable
Total (95% Cly 20 20 100.0% -0.30[-0.44,-0.16] -
Heterogeneity: Not applicable 1 0 5 0 &’5 1
Test for overall effect: Z = 4.24 P < 0.0001) Favour.sVMAT Favours 3DCRT

o

UM 5 mswisuiiguanuauyavesUSunusdnduviadminendenisaiesid seninnsatemewmaia VMAT
ffu 3DCRT
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Fixed-gantry IMRT
Study or Subgroup

3DCRT
Mean [Gy] SD [Gy] Total Mean [Gy] SD [Gy] Total

IV, Fixed, 95% CI[Gy]

Mean Difference
IV, Fixed, 95% CI [Gy]

Mean Difference

Nicolini 2012 54 1.1 10 6.4
Vivekanandan 2012 53 08 10 5.2
Total (95% CI) 20

Heterogeneity: Chi*= 1.97, df=1 (P = 0.16); 1*= 49%
Test for overall effect Z=136 P =017)

Weight

1.8 10 552%
22 10 44.8%
20 100.0%

-1.30 [-2.61, 0.01]
0.10-1.35, 1.59]

-0.67 [-1.64, 0.30]

t 4 4 L

= S I
Favours feced-gantry IMRT Favours 3DCRT

5% 6 nsuFauiauanuLAnANges Brnuf @A liauNgiis sendnanisanadiaamadia Fixed-gantry IMRT iU 3DCRT

VMAT 3DCRT Mean Difference Mean Difference
Study or Subgroup  Mean [Gy] SD [Gy] Tota Mean [Gy] SD [Gy] Total Weight IV, Random, 95% CI [Gy] IV, Randoi, 95% Cl [Gy]
Nicolini 2012 4.2 14 10 6.4 18 10 50.0% -220(-361,-0.79) ——@——
Vivekanandan 2012 48 06 10 5.2 22 10 50.0% -0.40[-1.81,1.01] —
Total (95% CI) 20 20 100.0% -1.30 [-3.06, 0.46] ——eagiiiinee-—
Heterogeneity: Tau=1.10; Chi*= 312, df = 1 (P = 0.08); I*= 68% L7 5 3 7
Test for overall effect: Z=1.44 P = 0.15) Favours VMAT Favours 3DCRT
P a ' o ad o |y a ' o a o
ﬁﬂ‘ﬂ 7 ﬂ’]i‘L‘LE‘?;I‘i_ILV]iIUﬂ’.}’mLLMﬂﬁ]’]\i“ﬂ’ﬂ\iﬂ?‘N’]mN’&ﬂﬁl’]Lmu\iﬂ’ﬂuNZLN FEUINNITRNEAENALA VMAT nU 3BDCRTRT
Fixed-gantry IMRT 3DCRT Mean Difference Mean Difference
Study or Subgroup Mean [Gy] SD [Gy] Total Mean [Gy] SD [Gy] Total Weight IV, Fixed, 95% CI[Gy] IV, Fixed, 95% CI1 [Gy]
Fakhrian 2013 13 3 15 15 4 15 123% -2.00 [-4.53, 0.53] =
Fu 2004 10.7 1:3 5 124 17 5 223% -1.70[-3.58, 0.18] ik
Nicolini 2012 12.2 45 10 18.2 85 10 22% -6.00 [11.96,-0.04) >
Nutting 2001 1.7 39, 5 1 29 5 55% 0.70[-3.09, 4.49)
Vivekanandan 2012 138 1:32 10 14.72 1.34 10 57.7% -1.12[-2.29, 0.05) Fll
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ABSTRACT

Background: The human body composition is consisted of four important parts; water, muscles, bones,
and fat. It can be used as an obesity indicator and nutritional status for general population. The assessment
of body composition by noninvasive bioelectrical impedance analysis may be a tool to improve the
management in cancer patients.

Objective: To study body composition in cancer patients.

Material and methods:This cross-sectional description study consisted of 78 volunteer cancer patients
at Radiotherapy unit, Maharaj Nakorn Chiang Mai hospital in May, 2017. We divided patients into two groups;
head and neck cancer and non-head and neck cancer. We hypothesized that the body composition of
head and neck cancer patients is different from those with other types of cancer due to their disease and
treatment. We analyzed patients’ body composition by using a body composition analyzer (Bioelectrical
impedance analysis: Tanita SC-330) and using Excel’s descriptive statistics tool for statistical analysis.

Results: There were 49 females (62.8%) and 29 males (37.2%) with an average age of 61.2 years old.
Most of the patients were diagnosed with cervical cancer (23%) followed by head and neck cancer (21.8%).
The result showed that the average of body fat percentage was 21.8%, muscle mass was 37.8 Kg, basal
metabolic rate (BMR) was 4806.7 KJ, and visceral fat rating was 6.38. For the body mass index (BMI), we
found that 15.4% of patients were underweight, 65.4% were normal, and 19.2% were overweight. Comparing
to other types of cancer, patients with head and neck cancer had statistically significant lower BMI and
muscle mass.

Conclusions: Our results suggested that most of the cancer patients in this study had the body
composition within the normal reference range. Head and neck cancer patients had lower body composition

than others.

Key words: body composition, cancer
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Introduction

Body composition is the proportion of fat and
fat-free mass in human body. Fat free mass included
water, muscle, and bones. We often use body
composition in the assessment of the healthiness.
There are many techniques for measuring the body
composition such as; skin fold thickness measurement
or waist circumference which were assessed by the
magnetic resonance imaging (MRI). The simpler way
to predict body composition nowadays is using the
body composition analyzer with bioelectric

impedance analysis (BIA) technique. A small electric

alternating current (1-2 volts) pass through the body.
Because each body component impedes the current
differently. Conductivity within blood and water is
high, that of muscle is intermediate, and that of bone
and fat is low". BIA is a widely used technique to
measure the body composition and used as an
indicator of the inner health and a tool for weight
loss program. In the recent years, body composition
was used to improve outcome in cancer patient care
by integrating it into the standard clinical care and
supportive care.The common information reported

by BIA machine were body fat percentage, muscle
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mass, basal metabolic rate (BMR), visceral fat rating,
and body mass index (BMI). Body fat percentage is
the proportion of fat to the total body weight. It is
the actual weight of fat in the human body. Factors
that affect body fat are the level of activity and
nutrition habits. Exercise, menstrual period, and
chronic illness also associated with low level. There
was a study of fat-free mass in colorectal cancer
patients treated with chemotherapy®. Muscle mass
includes the weight of the muscles in the human
body in kilograms or pounds. Muscle wasting
condition or cachexia was commonly found in
advanced cancer patients’. In the majority of patients
with advanced cancer, their muscles will gradually
waste away from protein catabolism. This change is
the result of cancer disease and their treatments;
surgery, chemotherapy, and radiotherapy®. Cachexia
is the most common consequence of cancer and is
characterized by anorexia, early satiety, severe body
compositional change with weight loss, adipose and
muscle loss, weakness, and edema®”. Basal Metabolic
Rate (BMR) is the rate of metabolism that occurs at
rest. Patients with cancer cachexia were often
associated with increased BMR despite a decrease in
physical activity®. Visceral fat is a hormone active
component of total body fat. It influences both
normal and pathological processes in the human
body.Some cancers are well known as an ‘obesity-
related’ cancer such as colorectal cancer (CRC). There
was a study reported the association between visceral
fat and the prevalence of CRC’. Body Mass Index
(BMI)is a measure of body fat based on height and
weight. A higher BMI increases the risk for many
cancers such as colorectal cancer, uterus cancer, and
pancreatic cancer. However, there is a study in
metastatic CRC showed that lower BMI increased risk
of progression and death®. An objective of this study
was to examine the body composition of cancer
patients.
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Material and methods:

This study was a cross-sectional descriptive
study. The subjects were 78 volunteer cancer patients
who were being treated at Division of Radiation
Oncology, Maharaj Nakorn Chiang Mai Hospital in May
2017. Body composition was measured by the
calibrated body composition analyzer (Tanita SC-330;
Tanita Corp., IL, USA). Sex, age, body weight, height,
and type of cancer were recorded. Percentage fat,
muscle mass, basal metabolic rate (BMR), visceral
fat, and body mass index (BMI) were also reported
by this machine. We analyzed the body composition
in all volunteer cancer patients and divided them
into 2 groups (head and neck cancer versus non- head
and neck cancer) based on our knowledge that
patients with head and neck cancer always had
chewing, eating, and swallowing problem and would
be affected on patient’s weight.We used the Excel
Analysis to generate descriptive statistics in this study.
The assessment of body mass index (BMI) was divided
into underweight (<18.5 kg/m?), normal weight (18.5-
24.9 kg/m?), overweight (25-30 kg/m?), and obesity
(>30 kg/m?).

Results:

The body composition of seventy-eight volunteer
cancer patients were analyzed. There were 49
females (62.8%) and 29 males (37.2%). The mean
age was 53.6 years (range, 28-79 years; SE1.3). The
most common types of cancer were cervical cancer
(23%), followed by head and neck cancer (21.8%),
and breast cancer (16.7%), as shown in Table 1. Body
composition analysis by BIA technologywas shown
in Table 2. The means of body fat percentage,
muscle mass, BMR, visceral fat rating were within the
normal range. Most of the cancer patients in this
study (65.4%) had the standard BMI. As shown in
Table 3, we found 12 patients (15.4%) who had

underweight; which were 5 head and neck cancer



Table 1 Patient Characteristics

Table 2 Analysis of body composition in 78 patients

Variables No (%) (N=78)

Sex
Male 29 (37.2)
Female 49 (62.8)
Age

<40 9(11.5)

40-59 46 (59)
60-69 12 (15.4)

>70 11(14.1)

Types of cancer

Head and neck 17 (21.8)

Non-head and neck 61 (78.2)
« Cervix 18 (23.1)
« Breast 13 (16.7)
» Gastrointestinal tract 9(11.5)
* Brain 9(11.5)
. Lung 2(2.6)
« Others 10 (12.8)

patients, 4 gastrointestinal cancer patients, and 2
cervical cancer patients. We found 15 patients (19.2%)
who had the body weight over the standard, four of
them were obesity; 2 cervical cancer patients, 1 breast
cancer patient, and 1 brain tumor. Head and neck
cancer patients had statistically significant lower of
body fat percentage, musclemass, and BMI than
non- head and neck cancer patients. Mean + SE of
body weight and visceral fat in head and neck cancer
group was lower than the other group but there was
no statistically significant difference. BMR was also
higher in head and neck cancer patients and again
non-statistically significant difference was observed.
(Table 4).

. Mean = standard error
Variables

(SE)
Weight (Kg) 54.8 (1.1)
Body fat percentage (%) 25.2(1.1)
Muscle mass (Kg) 37.8(0.8)

BMR (KJ) 4806.7 (85.2)

Visceral fat rating 6.4 (0.4)

BMI (Kg/m?) 22.2 (0.5)
Discussion:

Although most of the cancer patients in this
study had the body composition within the normal
reference range in every variable, but these results
should be interpreted with caution. Because there
are many factors that affect the body composition
including age, sex, menopausal status, activity,
nutrition, chronic disease, and etc. In this study, we
did not control these variables. Results from our
investigation of BMI in head and neck cancer are
consistent with the previous study’. The median BMI
of head and neck cancer patients in their study was
21.5 Kg/m” whereas 20.3 Kg/m’in our study which
was normal weight’. In our population of head and
neck cancer patients, we observed that, means of
body fat percentage, muscle mass, and BMI were
significantly lower than non-head and neck cancer
patients.This can be explained by the low dietary
intake and malnutrition in this group of patients.
Although we did not find the significant difference of
the mean of BMR between the two groups of patients,
but this value is higher in the head and neck cancer
patients. We knew that cancer patients had higher
resting energy expenditure than non-cancer controls,
Head and neck cancer patients who lose more
muscle mass and total body fat might have increase
BMR.
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Table 3 Body mass index in 78 patients

BMI (Kg/m?) No (%) (N=78)
Underweight (<18.5) 12 (15.4)
Healthy weight (18.5-24.9) 51 (65.4)
Overweight (25-30) 11(14.1)
Obese (>30) 4 (5.1)

Table 4 Comparison of body composition between head and neck and non-head and neck cancer patients

Variables Head and neck cancer Non-head and neck cancer p-value
patients (n = 17) patients (n = 61) (t-test)
(Mean = SE) (Mean = SE)
Body weight 53.2+23 55.3+1.3 0.23
Body fat percentage (%) 174+2.2 27.3+1.2 <0.005
Muscle mass (Kg) 36.9+0.9 408+ 1.5 0.03
BMR (KJ) 4927.7 £181.5 4773 +95.9 0.23
Visceral fat rating 6.41+0.8 6.4+0.5 0.49
BMI (Kg/m?) 20.3+£0.9 22.8+0.5 0.01
Conclusion: Acknowledgements:

Our results suggested that most of the cancer We acknowledge the support of all the volunteer
patients in this study had the body composition cancer patients and the staffs of Division of Radiation
within the normal reference range. Head and neck Oncology and Health Promotion Unit, Maharaj Nakorn
cancer patients had lower body composition than Chiang Mai Hospital.

others. However, further studies with more number

of cancer patients are needed.
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" Data in June 2016

* Data of patients from January-December 2015

? Data of patients from October 2015-September 2016
* Data of patients from January-December 2016

? number of patients

* number of insertions

1 9 1 10 6 5 6
2 1 5 1 1 1 0
10 9 1 10 4 4 3
0 2 1 0 1 0 0
25 25 4 19 14 12 16
0 0 1 0 0 0 0
8 20 4 7 8 6 6
1 19 4 3 2 1 5
0 0 0 0 0 0 0
1 0 0 1 0 0 1
0 0 0 1 0 0 0
0 0 0 1 0 2 1
0 0 0 0 0 0 0
0 0 0 0 1 0 0
1 1 1 2 3 1 )
5 1 0 1 2 1 1
0 0 0 0 0 0 0
3 2 1 5 5 3 3
31 22 4 37 4 16 15
1 2 0 1 1 1 1
2 g 1 1 1 1 1
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 1 1 1 1 1 1
0 0 0 0 0 0 0
2 2 0 3 2 0 0

2693 3184 879 2617 2337 2549

2549 2232 349 2134 2337 2314

232 78 340 243

1 1 5 1 23

6 0 15 7

35 1 47 88 62

443 103 501 390 502

187 94 259 201 367

216 17 126 294 285

104 0 56 5 81

7 0 5 4 9

1 6 8 28 19

83 17 82 82 99

259 35 298 275 394

42 22 194 68 101

22 3 10 13 31

28 5 20 22 13

177 41 81 40 30

4 0 2 0 0

13 9 15 9 15

157 19 151 151 178

83 28 81 113 176

13 0 41 4 13

2 0 17 2 12

2 0 3 0 7

1 0 9 2 0

0 0 0 3 4

21 0 10 2 17

26 14 46 32 48

208 0 30 43 45

53 1 10 90 32

18 1 12 358 28
I A A A R

0 0 0 0 1

0 0 0 0 0

1077 43 461 993 1107

18 0 0 4 0

0 0 0 0 0

0 0 7 5 4
. /(. | | |

20 0 0 0 0

0 0 9 0 3

0 0 0 0 0

0 0 194 29 5

0 0 19 0 9

515 195 344 21 434

7818 420 1596 433 894
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