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Effect of Patterned Information Program on Post-operative Pain Intensity and Satisfaction
among Patients with Oral-cavity Cancer, ENT Ward, Songklanagarind Hospital
by  Amornrat Sottirit, Naree Pantong

ENT Ward, Songklanagarind Hospital, Faculty of Medicine,

Prince of Songkla University, Songkhla

Abstract The purpose of this quasi-experimental research was to study the effects of a patterned

information program on pain intensity and satisfaction among post-operative patients with oral
cavity cancer in the ENT ward of Songklanagarind Hospital. The study sample comprised 64
patients with oral-cavity cancer, who were enrolled during the period March 2011-February
2012. The samples were divided equally by lottery sampling into an experimental and a control
group, with 32 persons per group. The experimental group was administered the pre-operative
patterned information program and pain management, while the control group received routine
information. The research instruments consisted of patient's general characteristics and medical
history; postoperative pain was measured by a Numerical Rating Scale and patient satisfaction
form. Content validity was examined by 5 experts. The Cronbach's alpha coefficient for patient
satisfaction was 0.94. The study data were analyzed by percentage, mean, and standard deviation. The
Chi-square test and independent t-test were used to compare groups; significance was set at
P<0.05. The results showed that the subjects in both groups had similar characteristics, including
gender, age, marital status, education, history of surgery, pain and pain management, type of
cancer, surgery and surgery time (P>0.05). The experimental group had significantly less post-
operative pain during ambulation and at rest at 24, 48, and 72 hours post-surgery than the
control group (P<0.001). After 72 hours, the experimental group had greater satisfaction with
pain management than the control group (P<0.001). The results of this study suggest that a
patterned information program for pain management should be used with other ENT patients
undergoing major surgery. (Thai Cancer J 2014,34:160-171)

Keywords: patterned information, patient satisfaction, post-operative pain, pain intensity,

oral-cavity cancer
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A 1 deyadauyprawazdeyaninniduilosueangusioaciia

ANHUTAIULAARLAL NANVNIARDY NANAUAN P

< 1
AMNLAULlas n=232 n=32

AU (5888L) AU (5R2AL)

LWA 0.442
T8 21 (65.6) 18 (56.3)

ISTN 11 (34.4) 14 (43.7)

ang (?J) Mean (SD) 60.31 (13.6) 63.94 (13.7) 0.293

ANTUNNANTS 0.414
A 22 (68.7) 24 (75.0)

Tan 2 (6.3) 2 (6.3)
nein 2 (6.3) 0 (0)

N1SANEN 0.498
TallgAne 3 (9.4) 3 (9.4)
Uszoudnmn 20 (62.5) 23 (71.9)

@ TseuAnmn 6 (18.7) 6 (18.7) @
auydTeynn 1 (3.1) 0 (0)
Sy ms 2 (6.3) 0 (0)

szamnigiAn 0.317
LALINNGTA 14 (43.8) 18 (56.2)
Laliati6in 18 (56.2) 14 (43.8)

lszdnnnsdianuiliauaznigldenussimilon 0.758
Tadtlan 14 (43.8) 14 (43.8)

Uapust bl ldenuAtan 6 (18.7) 4 (12.4)
Uanuazldauilan 12 (37.5) 14 (43.8)

lszdRn1sannisanuilanlanedflalden 0.496
Tadvpeld 30 (93.8) 31 (96.9)

NNaNNS 1(3.1) 0 (0)
M AnuFaw/dulszay 1 (3.1) 1 (3.1)

gfnvasnzifeludasin 0.719
A EAE R b i ata 1 (3.1) 4 (12.5)

IR 13 (40.7) 10 (31.2)
AENERA TR 3 (9.4) 4 (12.5)
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A7 1 Feyadauyprauazdayaninuiduilinaesngusiaecing (sa)

ANHUSAIULARALAL NANNARDY NANAWAN P

(=3 "
AMNLautlag n=32 n=32

MUY (588RL) AUIU (5R8AL)

a 3 1 1
dinuasNziaelugasdin (Aa)

NZI5IUTIUNIN 4 (12.5) 2 (6.3)
NTUWAULT 1(3.1) 2 (6.3)
Nzifmsan 4 (12.5) 5 (15.6)
uziaiuln 6 (18.7) 5 (15.6)
FUANITHIAR 0.387
Wide excision 3 (9.4) 9 (28.1)
Wide excision + mandibulectomy 2 (6.3) 2 (6.3)
Wide excision + neck dissection 12 (37.5) 7 (21.9)
Mandibulectomy 2 (6.2) 5 (15.6)
Mandibulectomy + neck dissection 8 (25.0) 5 (15.6)

@ A '”m%lu"] Tugasdnn 5 (15.6) 4 (12.5)
FEASLINNIGA (W) Mean (SD) 260 (132.7) 294 (154.0)  0.346
#fipuaseussmlanild 0.641

Opioid 3 (9.4) 2 (6.3)
Opioid + non-opioid 29 (90.6) 30 (93.7)

SD = standard deviation

AFNA 2 uﬁ‘ﬂmﬁﬂummmemwmﬂumummﬂqmLL@:i:ﬁummﬂqwﬁqsjwﬁmmmjwﬁq&mq

UAIHIAA NANNARRY (n = 32) NaxNAIAN (n = 32)
LRFEILT) LRFEILT P

ATLUULAAY (SD) 9TAU  ATLUULARY (SD)  F¥AL

anizedenlwalu 24 alue 4.31(1.12) \nias 6.63(1.24) 3N <0.001
anuzsinli 24 Falu 3.16 (1.05) \@nias 5.22(1.10) 11una1e  <0.001
sauzaanilyalu 48 $alug 3.44 (0.95) WNNey  5.66(1.07) 1d1unane  <0.001
anuzsinlu 48 Falus 2.25(0.76) Wwnilee  4.16 (1.08) Wanias <0.001
anseieully 72 Hilue 3.03 (1.03) WWnilae  5.31(1.12) unany  <0.001
anazinli 72 Falu 1.84(0.88) W@ntiae  4.03(1.00) \Antiag <0.001
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Trends and Projections of Cancer Incidence in Lampang Province
by  Donsuk Pongnikorn
Division of Information Technology and Academic Support, Lampang Cancer Hospital

Abstract A population-based cancer registry is an essential element in a national cancer-control

program. Cancer registry data can be used to analyze trends and projections of the incidence of
cancer. Monitoring cancer-incidence trends is important for evaluating progress in cancer control,
while projecting cancer incidence is also crucial for planning cancer control activities. The
purpose of this study was to examine age-standardized cancer incidence trends by using population-
based cancer registry data of Lampang province from 1993-2012, and to project cancer incidence
rates for 2022. Data were analyzed to calculate the crude and age-standardized incidence rate
using world-standard population. Time-trends were analyzed using Joinpoint Regression. Annual
changes in trends in age-standardized incidence rates were examined by sex for all cancers
combined and the five most common cancers (lung, liver, colorectum, breast, and cervix). Incidence
rates for cancers that demonstrate the most notable changes in trend were extrapolated to the
year 2022 by using recent annual percentage changes. From 1993 to 2012, overall cancer incidence
rates decreased slightly: 0.7% per year for males and 0.6% for females. Lung- and cervical-cancer
incidence rates decreased significantly, while significantly and steadily increasing trends of
colorectal, female breast and male liver cancers were observed from 1993 to 2012. The lung-
cancer incidence rate for males was projected to decrease from 36.2 per 100,000 in 2012 to 28.1
per 100,000 in 2022. In contrast, the liver-cancer incidence rate for males was projected to
increase from 41.1 per 100,000 in 2012 to 49.2 per 100,000 in 2022, and the female colorectal
cancer rate was projected to increase from 13.1 per 100,000 in 2012 to 17.4 per 100,000 in 2022.
Although the overall cancer rates in Lampang are declining, some cancers still show increasing
trends. Studies of the effectiveness of cancer control for cancers with declining rates, and the
need for continued prevention efforts for cancers with increasing trends, are important in the
cancer-control plan for Lampang Province. (Thai Cancer J 2014,34:172-186)

Keywords: population-based cancer registry, trend of cancer incidence, projection of cancer
incidence, Lampang province
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(Crude rate) (ASR) (Crude rate) (ASR)
2536 608 163.0 164.5 575 157.3 145.1
2537 634 169.3 167.9 591 160.5 142.9
2538 728 193.5 188.8 663 178.5 159.4
2539 709 187.3 179.5 655 174.8 152.3
2540 732 192.2 182.0 670 177.0 152.4
2541 656 171.0 159.4 644 168.3 142.4
2542 705 182.3 165.4 657 169.7 142.5
2543 680 174.2 154.6 757 193.2 160.0
2544 768 1994 172.9 776 200.3 161.2
2545 822 215.9 179.2 840 219.0 168.1
2546 802 212.9 168.1 833 219.0 166.1
2547 822 220.2 168.5 842 223.0 166.2
2548 853 230.3 171.4 812 216.2 155.9
2549 828 224.9 162.8 880 235.2 165.1
2550 887 242 1 166.8 892 239.0 165.8
2551 812 222.4 153.2 808 216.7 149.8
2552 865 237.3 158.1 811 217.3 142.6
2553 941 258.2 163.8 900 240.5 154.8
2554 954 262.0 167.2 913 243.9 154.8
2555 936 257.4 153.2 831 221.9 132.8

ASR = age-standardized rate
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All cancer : Male : 0 Joinpoints versus Female : 1 Joinpoint
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Joinpoint analysis

ASR Projected ASR
Site (ICD-10) Sex Trend 1 Trend 2 AAPC

Period APC Period APC 1993-2012 2012 2017 2022

All sites Male 1993-2012  -0.7* -0.7* 153.2 150.4 146.1

(C00-C96andD45D47)  Female 1993-2004 0.8  2004-2012 -24* -0.6 132.8 118.1 106.5

Lung Male 1993-2012  -2.7* 2.7 36.2 31.6 28.1
(C33-34) Female 1993-2012 -2.2* -2.2* 20.3 18.2 16.6
Liver Male 1993-2012  2.0* 2.0* 411 45.3 49.2
(C22,C24) Female 1993-2012 0.5 0.5 15.3 15.6 16
Colorectumandanus Male 1993-2012 1.8~ 1.8* 156.1 16.5 17.9
(C18-21) Female 1993-2012  3.0* 3.0* 13.1 15.3 17.4
Breast (C50)* Female 1993-2004 6.2 2004-2012 -1.3 3.0 255 29.6 335
Cervix (C53)*** Female 1993-2006 -1.1  2006-2012 -13.5*-5.2* 8.9 - -

Annual percent change (APC) mﬂmnmﬂ@ﬂuuﬂm'ﬂsmfm_lmmsmﬂmmammﬁmmﬂ

Average annual percent change (AAPC) mm@ﬂmﬂa”m@Lﬂ@auuﬂm'am*vaummimﬂmmﬂmm%mmﬂ
Age-standardization rate (ASR) @mﬁ@qummimﬂmmﬂqmm}gm

* AdednAtynneatia P < 0.05

** msananisnigUiinisniuzias i ldan average annual percent change
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Trend and Projection of Male Lung Cancer Incidence rate in Lampang

L L L L L L L L

Age-Adjusted Rate

Observed
== 2012-2022 projected

1993-2012 Annual Percent Change (APC) = -2.71% per year. T~
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Trend and Proiection of Male Liver Cancer Incidence rate in Lampang
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Age-Adiusted Rate
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Observed
1993-2012 Annual Percent Change (APC) = 1.97% per year.
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Trend and Projection of Female Colorectal Cancer Incidence rate in Lampang

Age-Adjusted Rate

Observed
1993-2012 Annual Percent Change (APC) = 3.05% per year.
2012-2022 projected
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Trend of Cervical Cancer Incidence rate in Lampang

L L L L L L

L L L L L

Age-Adjusted Rate

OoBssVEd

1993-2006 Annual Percent Change (APC) = -1.07% per year.
2006-2012 Annual Percent Change (APC) = -13.48% per year.
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Vitamin D Receptor Expression in Breast Cancer Patients: a Preliminary Study

by  Adisorn Jedpiyawongse!, Vimol Suktangman', Sunanta Chariyalertsak’,
Amporn Jariyapongskul?, Pensri Saelee!, Jidapa Thammasiri’,
Somchai Thanasitthichai'
!National Cancer Institute, Department of Medical Service, Ministry of Public Health,
’Department of Physiology, Faculty of Medicine, Srinakharinwirot University, Bangkok

Abstract Vitamin D receptor (VDR) is a nuclear receptor. It acts as a transcription factor and

mediates the actions of the active form of vitamin D which is involved in cell growth and cell
differentiation by anti-proliferation. VDR is reportedly involved in a good prognosis for breast-
cancer patients. The objective of this study was to detect VDR expression in breast-cancer
patients and correlate VDR expression with patients' clinicopathological features--age, tumor
size, nodal status, histological grade, ER, PgR, HER2, Ki67, and P53. VDR expression among 63
patients with breast cancer was detected using immunohistochemistry. Of the 63 cases, 32 (51%)
showed VDR expression-positive. No correlation was found between VDR expression and patients'
clinicopathological characteristics. However, the number of cases examined in this study was
small. Therefore, further investigations should use a larger sample size for more reliable
results. The detection of VDR expression using immunohistochemistry may not be a prognostic

indicator for breast-cancer patients, but may be useful for future targeted vitamin D therapy

among suitable patients. (Thai Cancer J 2014,34:187-194)
Keywords: breast cancer, vitamin D receptor, immunohistochemistry, prognosis
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Plasma Selenium Levels and Whole Blood Glutathione
Peroxidase Activity among Thai Breast—Cancer Patients

Significantly Lower than Healthy Adult Female Subjects

Watcharee Attatippaholkun’
Kornwipa Wikainapakul'

Pensri Saelee®

Abstract Selenium is a key component of antioxidant glutathione peroxidase enzymes, which
remove hydrogen peroxide and damaging lipid and phospholipid hydroperoxides generated ir
vivo by free radicals. This study aimed to compare plasma selenium levels and whole blood
glutathione peroxidase (GPX) activity between 67 patients with breast cancer, and 124 clinically
healthy adult female subjects. The age range of the subjects was 20-59 years. Plasma selenium
levels were assayed by electro-thermal atomic absorption spectrophotometry (ETASS) with
Zeeman background correction. Whole blood glutathione peroxidase activity was assayed by
kinetic spectrophotometry. The average value (meantSD) for plasma Se level was 113.941+23.48
ug/L and whole blood GPX activity 8090.91205.06 U/L among the healthy Thai women. The
plasma Se levels (49.95114.20 ug/L) and whole blood GPX activity (6426.581131.09 U/L) of the
Thai breast-cancer patients were significantly lower than the healthy controls in the same age
groups (P<0.05). These results imply the potential involvement of Se and glutathione peroxi-
dases in breast cancer risk, and suggest further study of using selenium supplementation in the
prevention of breast cancer. (Thai Cancer J 2014;34:195-203)

Keywords: selenium, glutathione peroxidase, breast cancer, healthy women
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Introduction

Selenium (Se) is an essential nutrient of
fundamental importance to human health and its
low status has been linked to increased risk of
cancer, but might also be harmful when the taken
in excess'. The functions of Se are believed to
be carried out by selenoproteins, in which
selenium is specifically incorporated as the amino
acid selenocysteine. In addition to incorporation
as selenocysteine, Se can replace sulfur in
methionine, forming selenomethionine. This com-
pound can be incorporated non-specifically into
proteins in place of methionine. Selenium occurs

naturally in plants as selenomethionine, Se-methyl-

selenomethionine, selenocysteine and seleno-
cystineZ. Selenocysteine is recognised as the 21st
amino acid, and it forms a predominant residue
of selenoproteins and selenoenzymes in biologi-
cal tissues. Unlike other amino acids present in
biological proteins, selenocysteine is not coded
for directly in the genetic code and recognised as
the 21stamino acid. During protein synthesis, the
selenocysteine residue is cotranslationally inserted
and encoded by the UGA codon, which is nor-
mally associated with a termination codon®*

Se is an integral component of several
selenoproteins and the first true selenoprotein

identified was glutathione peroxidases (GPXs)

.
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which is one of the most important antioxidant
enzymes. GPXs protect cells against oxidative
damage by reducing hydrogen peroxide to water
and a wide range of organic peroxides with
reduced glutathione, preventing lipid peroxidation
and cellular damage®. Six groups of the gluthathione
peroxidases including GPX1, GPX2, GPXS3,
GPX4, GPX5 and GPX6 play a significant role in
protecting cells against oxidative damage from
reactive oxygen species (ROS) and reactive
nitrogen species (RNS), which include superoxide,
hydrogen peroxide, hydroxyl radicals, nitric oxide
and peroxynitrite. GPX1 is the most abundant
version, found in the cytoplasm of nearly all
human tissues®’.

Human body contains complex antioxidant
systems that require adequate intake of Se for
normal physiological function. The human require-
ment for Se is not precisely known, but the amount
of dietary Se needed to maintain adults in Se
balance is influenced by habitual Se intake. Se
occurs naturally in the soil and its level varies from
place to place. Organic crops absorb and transfer
it into a form that is bioavailable to human. Foods
are the major source of Se and, in general, seafood,
cereals and meat products contain relatively high
levels of Se, while low levels are found in milk,
vegetable and fruit®. The levels of Se in foods can

vary widely between geographical regions

depending on soil Se levels, and these wide
variations in soil Se level are reflected in the wide
variations found in the Se status of human popula-
tions around the world. The Se content of foods
varies greatly and depends upon the extent of its
presence in the soil’. Crops convert inorganic
selenium in the soil into organic forms that can be
absorbed nutritionally by human and animal™.
Maintaining an optimum level of Se and GPXs,
therefore, is important to protect human from the
development of diseases induced by oxidative
damage such as cancer''. Epidemiological studies
since the 1970s and prospective studies
published in the 1980s and early 1990s, low Se
status was associated with a significantly
increased risk of cancer incidence and mortality™".

Breast cancer is the third most common
cancer in human and the second leading cause
of cancer death in woman. Itis the most common
malignancy in women, accounting for 27% of all
female cancers. In Thailand, the incidence of breast
cancer is steadily increasing as the country
develops and as it adopts more western lifestyles
and is responsible as the number-two cause of

cancer death in women™™

. Hereditary forms of
breast cancer constitute only 5% to 10% of breast
cancer cases overall. A number of common risk

factors have been linked to the development of

cancer with an unhealthy lifestyle including
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inadequate diet. Se is essential for the production
of GPXs and Se deficiency can lead to a lack of
GPXs. Again unlike the other amino acids, no free
pool of selenocysteine exists in human cells. When
cells are grown in the absence of selenium,
translation of selenoproteins terminates at the UGA
codon, resulting in a truncated, nonfunctional
enzyme. Se research has attracted tremendous
interest because of its important role in antioxidant
selenoproteins for protection against oxidative
stress initiated by excess reactive oxygen species
(ROS) and reactive nitrogen species (RNS).
Controversy surrounds the hypothetical relation-
ship between low Se levels and reduced activity
of selenium-dependent enzymes, such as
glutathione peroxidase, and an increased risk of
cancer in human. Our study investigated the
possible relationship between plasma Se levels
and whole blood GPX activity of patients with
breast cancer comparing to clinically healthy

woman subjects.

Materials and Methods
Subjects

In this study, 86 healthy Thai women with
the age ranges 20-59 years had applied in check-
up program of the National Cancer Institute,
Bangkok. These healthy women were defined by

physical examination, laboratory examination and

U1 34 aUuf 4 AaI1AN-5UINAN 2557

historical questionnaires without consideration of
occupation or hometown origin. Patients with
breast cancer (N=67) aged 20-59 years herein
were also obtained from the National Cancer
Institute, Bangkok. The inclusion criteria for the
patient were: 1) cases of breast cancer proven by
histopathology/ cytopatheology, 2) no treatment
specific for breast cancer, 3) not getting suffered
a concomitant disease such as diabetes mellitus,
rheumatoid arthritis or thyroid and liver disorders,
4) no vitamin or mineral supplements intake dur-
ing the last year. All the presented subjects
were accepted to participate after their informed
consent. The Ethical Committees of the National
Cancer Institute, Bangkok, approved the research

protocol for this study.

Plasma selenium assessment

In the present study, all blood samples of
both healthy women and the patients were
collected after a 12 hour fasting period.
Heparinized plasma samples were used for Se
assay by the method of Electrothermal Atomic
Absorption Spectrometry (ETAAS) with Zeeman

81 The selenium assessment

background correction
was done by Varian Spectra AA 220 Zeeman
equipped with a GTA 110 graphite furnace and
PSD-100 autosampler (Varian Australia Pty Ltd.,

Australia). The instrument parameters were:
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196.0-nm wavelength, 1.0-nm slit width, co-
injection mode, peak height in measurement
mode. All the glasswares and plastic-wares were
washed with 5% (v/v) nitric acid, rinsed with
ultrapure water and finally dried at 60°c in a hot air
oven. High-quality water, obtained using a Milli-Q
system (Millipore), was used exclusively. All the
chemicals used were of the highest purity
available. All the plasma samples were stored in
the Se free-plastic tubes and kept at -20°C until
analyzed. Each plasma sample (50ul) was added
with matrix modifier containing 1% (v/v) NiNO3 and
2% (v/v) Triton-X-100, to reach the final concentra-
tion of 1000 pg Ni/ml and 0.1% (v/v) Triton-X-100.
Samples were measured in triplicate. Appropriate
blank measurements were obtained by repeating
the procedure in the absence of the selenium

standard solution.

Glutathione peroxidase assay

Whole blood GPX activity was assayed
using a commercial kit namely 'RANSEL' (Randox
Laboratories, UK) which was a modification of the
spectrophotometric method as described by
Paglia and Valentine™. GPX catalysed the oxidation
of glutathione (GSH) by cumene hydroperoxide.
In the presence of glutathione reductase (GR) and
NADPH, the oxidized glutathione (GSSG) was

immediately converted to the reduced form with a

concomitant oxidation of NADPH to NADP".

The decreased in absorbance at 340 nm
was measured. Each heparinized whole blood
sample (50 ul) was diluted with 1 ml of diluting
agent and incubated for 5 min to convert the
glutathione peroxidase to the reduced form. Then
1 ml of double strength Drabkin's reagent was
added, mixed well and assayed within 20 min.
Each diluted sample or distilled water (20 pl) was
mixed with 1 ml of RANSEL reagent (glutathione,
glutathione reductase and NADPH) and 40 pl of
cumene hydroperoxide. The mixture was mixed
and read initial absorbance at 340 nm of sample
and reagent blank at 37°c and then read absorbance
after 1 and 2 min. The enzyme activity was
monitored by following the decrease in absorbance
at 340 nm as a function of NADPH exhaustion.
GPX activity was calculated as the following:

GPX activity (U/L of hemolysate)= 8412 x (A A340/min).

Statistical analyses
All values of plasma Se levels as well as
whole blood GPX activity were presented as mean
standard deviation (SD). Differences between
means were assessed with Students' t-test. A value
level of P<0.05 was considered as statistically
significant.
Results

Our results demonstrated the comparison
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of plasma Se level as well as whole blood GPX
activity in patients with breast cancer and healthy
woman subjects at the same ages of 20-59 years.
In our study, plasma Se levels (49.95 £ 14.20 pg/L)
and whole blood GPX activity (6426.58%131.09
U/L) among Thai patients with breast cancer were
firstly reported. Both plasma Se level and whole
blood GPX activity of these patients were found to
be significantly lower than the healthy controls
(123.94+23.48 pg/L; 8090.90£205.06 U/L,

respectively) (P<0.05).

Discussion
Selenium is a nutritional trace element
that is incorporated in the form of selenocysteine
into glutathione peroxidases (GPXs) which are
essential antioxidant selenoenzymes in protecting
human cells from oxidative stress'. Knowledge of
the plasma Se levels associated with optimized

concentration or activity of GPXs can provide

U1 34 aUUl 4 AAIAN-5UIIAN 2557

considerable insights from epidemiological data
on the possible involvement of these antioxidant
selenoenzymes in cancer. Controversy surrounds
the hypothetical relationship between low serum
selenium levels and reduced activity of glutathione
peroxidases, and an increased risk of cancer in
humans.

In our study, low levels of plasma Se could
be assayed by the method of Graphite Furnace
Atomic Absorption Spectrometry (GFAAS) with
Zeeman background correction by direct
injection of the samples into the Graphite Furnace
Spectr AA. The procedure was fast and it
facilitated the routine assay of plasma Se levels
since no sample pretreatment was necessary. In
addition, whole blood GPX activity could be
specifically assayed using a commercial kit used
in routine service namely "RANSEL" (Randox
Laboratories, UK) which was a modification of the

spectrophotometric method as described by

Table 1 Plasma selenium (Se) levels and whole blood glutathione peroxidase (GPX) activity of the

patients with breast cancer comparing to healthy woman subjects

Test assays Patients Healthy subjects P
(N=67) (N =124)
Plasma Se levels 49.95%x14.20 123.94123.48 <0.05
Mean+ SD (ug/L)
Whole blood GPX activity 6426.58+131.09 8090.90£205.06 <0.05

Mean £SD (U/L)
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Paglia and Valentine'®. The plasma Se levels
(113.94+23.48 pg/L) of Thai healthy woman
subjects reported herein were in agreement with
the normal value previously reported™.

In this study, plasma Se level and whole
blood GPX activity were presented and firstly
compared with those of healthy woman subjects.
Our results showed significant decreases of both
plasma Se levels and whole blood GPX activity of
the patients with breast cancer in the patients as
compared with those of controls (P<0.05). Several
studies showed that plasma, serum, or erythrocyte
selenium levels were found to be significantly lower
in breast cancer cases compared with healthy

control®"®

. It has been hypothesized that the
most possible mechanistic action of Se as
chemoprevention is its role in the antioxidant
defense systems to reduce oxidative stress and

%28 hoth of which have been

limit DNA damage
linked to cancer risk.

Research on Se during the last few years
has produced a great deal of evidence demon-
strating the important role that Se and its
metabolites play in human cancer. In particular,
our knowledge of the functional roles of the GPXs
as essential antioxidant selenoenzymes in protect-
ing cells from oxidative stress has greatly

increased, as has the link between these enzymes

and human cancer. These Se-containing glutathione

peroxidases act both inside and outside human
cells to maximize antioxidant protection. In cases
of Se deficiency and with the resulting impaired
function of GPXs destructive hydrogen peroxide
breaks down into even more dangerous hydroxyl
radical which damages cell membranes and cell
DNA eventually leading to cancer. A correlation
was observed between Se levels and GPX
activity. In our study, both plasma Se levels and
whole blood GPX activity in patients with breast
cancer were found to be significantly lower than
control subjects. These results support the
hypothesis of an association between low Se level
and reduced GPX activity in human cancer.
Several studies conducted on tissue as well as
blood/serum samples have shown that levels of
the antioxidant enzyme GPXs were decreased in
a number of human cancers, including breast,
gastric, prostate and colorectal cancer®®'. It has
been shown that there is a positive correlation
between the GPX activity, in whole blood of cattle
and Se status®. In estrogen receptor (ER)-positive
breast cancer cell lines, very low expression of
glutathione peroxidase-1 (GPX-1) activity and
hgpx1 mRNA has been observed®. When cells
are grown in the absence of Se, translation of
selenoproteins terminates at the UGA codon,
resulting in a truncated, nonfunctional enzyme™.

Knowledge of the plasma selenium levels
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associated with optimized GPX activity can
provide considerable insights from epidemiological
data on the possible involvement of these
antioxidant selenoenzymes in health, most
notably with respect to breast cancer. Our data
reported herein encouraged a study of the effects
of selenium supplementation in breast cancer
prevention. However, there are still areas of
research that require in-depth study, including the
mechanistic modes of Se action in cancer
etiology, how Se delivers its anticancer activity
at the molecular and genetic levels, and what
biomarkers can be used to accurately measure
the Se efficacy for use in chemoprevention.
Similarly, there is still a gap in our knowledge on
the specific mechanism by which Se protects
human cells and tissues at the cellular level from
damage due to oxidative stress; this is particularly
relevant in human cancer, which is still a major

cause of human death worldwide.
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HER (ErbB) Family as a Cancer Therapeutic Target
Anchalee Tantiwetrueangdet1
Ravat Panvichian®
Abstract Over the last decade, it has become clear that HER (ErbB) family members have an

important role in the initiation and maintenance of several carcinomas. This has led to the
development and widespread utilization of specific HER (ErbB) inhibitors as cancer therapeutic
agents. In this review, we will focus on the therapeutic approaches for targeting HER (ErbB)
family members in cancer, with a particular emphasis on HER2 (ErbB2)-amplified breast and
gastric cancer, as well as EGFR (HER1/ErbB1) mutant lung cancer. (Thai Cancer J 2014,34:204-
216)

Key words: HER, ErbB, cancer therapeutic target, monoclonal antibodies, tyrosine kinase
inhibitors
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HER (ErbB) family

The human epithelial growth factor
receptor (EGFR/HER/ErbB) protein family contains
4 structural-related transmembrane receptor
tyrosine kinases: EGFR (HER1/ErbB1), HER2
(ErbB2/Neu), HER3 (ErbB3), and HER4 (ErbB4)"™.
The gene symbol ErbB stands for its close
similarity to v-erb-B oncogene which is implicated
in avian erythroblastosis7, whereas Neu is named
for its discovery in a rodent glioblastoma cell
line, a type of neural tumor4. HER (ErbB) proteins
function as cell-surface receptors for the peptide
ligands of the epidermal growth factor (EGF) family
and play crucial roles in regulating cell proliferation,
migration, and differentiation®; their dysregulated
activity is implicated in tumorigenesis®. Therefore,
HER (ErbB) proteins, especially EGFR and HER2,
are among the most intensely investigated drug

targets.

HER (ErbB) structure

HER (ErbB) receptors are composed of a
glycosylated extracellular domain (comprising
domains I, Il, lll, and 1V), a single hydrophobic
transmembrane segment, and an intracellular
portion with a juxtamembrane segment, a protein
tyrosine kinase domain, and a long carboxy-

terminal tail'*%.

*

Anchalee Tantiwetrueangdet et al. 205

HER (ErbB) activation and signaling

HER (ErbB) receptors are capable of
forming homodimers, heterodimers, and possibly
higher-order oligomers upon activation by a
subset of growth factor of the EGF family'**'. The
EGF protein family consists of 11 growth factor
ligands; seven ligands-including epidermal
growth factor and transforming growth factor
a -bind to EGFR, none binds to HER2, two ligands
bind to HER3, and seven ligands bind to HERA4.
Although HER2 does not bind any ligand of the
EGF family directly, HER2 conformation resembles
a ligand-activated state and favors dimerization®?.
Although HERS3 is an impaired kinase; upon
transphosphorylation by another HER (ErbB)
family member, HERS serves as an efficient
phosphotyrosine scaffold, leading to potent
activation of downstream signaling™.

EGFR (HER1/ErbB1) activation is
dimerization dependent™. Growth factor binding
to EGFR induces a large conformational change
in the extracellular domain, which leads to the
exposure of a dimerization arm in domain Il of the
extracellular segment (Figure 1); then, two ligand-
EGFR complexes unite to form a "back-to-back"
dimer in which the ligands are on opposite sides

of the dimer'>"*'82°

. Following ligand binding, the
extracellular domains assume conformations

favoring dimerization of the transmembrane
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helices near their N termini, dimerization of the
juxtamembrane segments, and formation of
asymmetric kinase dimers (i.e., activator kinase

and receiver kinase)'®"

. The carboxy-terminal
lobe of the activator kinase of the dimer interacts
with the amino-terminal lobe of the receiver kinase,
thereby leading to its allosteric stimulation™
(Figure 2). Thus, ligand binding induces receptor-
mediated EGFR dimerization and kinase
activation which results in transphosphorylation of
several tyrosine residues in the cytoplasmic

domain®?®

. These phosphorylated tyrosine
residues then serve as binding sites for a number

of adapter and signaling molecules leading to

PDB: INQL

U1 34 aUuil 4 AAIAN-UIIAN 2557

the activation of several intracellular signaling
pathways downstream of the receptor. Down-
stream HER (ErbB) signaling modules include the
phosphatidylinositol 3-kinase (PI3K)/Akt (PKB)/
TOR pathway, the Ras/Raf/MEK/ERK1/2 pathway,
and the phospholipase C (PLCY) pathway, Src

227 |Inacti-

kinases, and STAT transcription factors
vation of the EGFR can be mediated either by
receptor dephosphorylation or receptor down-
regulation. Receptor downregulation is the most
prominent regulator of EGFR signaling attenua-
tion and involves the internalization and subse-
quent degradation of the activated receptor in the

28,29
lysosomes™ .

L Dimerization

interface

__Dimerization
interface

PDB: 3NJP

Figure 1 Structures of the closed tethered extracellular segment of human EGFR and the growth-factor-

induced open extended EGFR. (A) The dimerization arm from domain Il of tethered EGFR interacts with
domain IV and is buried (PDB ID: 1NQL)%. (B) Ligand binding induces a largeconformational change
that results in the exposure of the dimerization arm that allows EGFR back-to-back dimer formation
(PDB ID:3NJP)”'. Structures were displayed using the PyMOL Molecular Graphics System Version

1.5.0.4 Schrodinger, LLC.
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PDB:3NJP

PDB:2M20

PDB:2GS6

Figure 2 Structural model for the EGF-induced, EGFR-mediated dimerization. The current structural
model for the EGFR activated receptor, based on crystal structures of the extracellular (PDB ID: 3NJP)*
and kinase domains (PDB ID: 2GS6)™. The transmembrane helices and the antiparallel coiled-coil are
modeled based on NMR studies (PDB ID: 2|\/I2O)19. Note that the extracellular domain is extends upon
ligand binding stabilizing an extensive dimer interface. This extended conformation provides the
properspacing for the transmembrane domains to dimerize via the N-terminal GxxxG motif, the JM-A
region to form an antiparallel coiled-coil, and the active a symmetric kinase dimer to be stabilized by the
juxtamembrane latch'. Structures were displayed using the PyMOL Molecular Graphics System Version

1.5.0.4 Schrodinger, LLC.

HER (ErbB) family gene amplification,
overexpression, mutation, and cancers
Several cancers are associated with the
mutation/amplification or increased expression of
members of the HER (ErbB) family including
lung, breast, stomach, colorectal, head and neck,
and pancreatic carcinomas and glioblastoma

(Table 1) %,

EGFR (HER1/ErbB1) and targeted therapy
The EGFR was originally identified as an

oncogene because of its protein sequence simi-

larity to v-erb-B oncogene protein which enables
avian erythroblastosis virus to transform chicken
cells’. Subsequently, EGFR overexpression was
shown to be transforming in animal models, and
EGFR amplification was reported in various
carcinomas.

EGFR mutation that deletes exons 2-7 in
the receptor ectodomain, EGFRVIII, is found in
about 40% of high grade gliomas with wild-type
EGFR ampilification®. EGFRuvIII displays constitu-
tive dimerization, impaired downregulation, and

aberrant tyrosine kinase activity, all leading to

3
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enhanced tumorigenicity®". In addition to glioblas-
toma multiforme (GBM), EGFRvIIlI has been
detected in a subset of breast, lung, head and
neck, ovarian, and prostate cancers®. Because of
its restricted expression to tumor tissues, EGFRUVIII
has been therapeutically targeted with specific
antibodies and vaccines. Clinical evidence suggests
that the presence of EGFRVIII can predect clinical
response of GBMs to the EGFR tyrosine kinase

inhibitors (TKI), gefitinib and erlotinib™".
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Furthermore, somatic, activating mutations
in EGFR were discovered in a subset of non-small
cell lung cancers (NSCLs) in 2004 (Table 1).
The discovery was initiated to answer why
occasional NSCLs were highly sensitive to small
molecule EGFR TKis. Itis currently well accepted
that lung cancers harboring these EGFR mutations
are highly responsive to single-agent EGFR
inhibitors (gefitinib, erlotinib, afatinib) with RECIST

response rates of approximately 55-75%""*,

Table 1 Various aberrations of HER receptors in human cancer”

Molecular Alteration Cancer types Notes References
EGFR Mutation(L858R,etc) NSCLC (adenocarcinoma) Substitution, 38-40
deletion and
insertions
EGFR vill glioma Deletion of exon 33
2-7 inthe
ectodomain
EGFR amplification NSCLC (squamous), head and 27
neck, glioma, esophageal,
colorectal, anal (?)
HER2 amplification Breast, gastric, esophageal 65
HER2 mutation Breast (lobular), lung, gastric, Unclear whether 65
bladder, endometrial all those reported
are activating or
gain of function
HERS3 mutation Breast, gastric 86
HER4 mutation Melanoma, NSCLC, 87, 88

medulloblastoma
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(Table 2). EGFR mutations are primarily localized
within 2 hot spots of the kinase domains, a series
of overlapping deletions in exon 19 and a leucine-
to-arginine substation at amino acid position 858
(L858R)*. In addition, mutations are also rarely
observed elsewhere in the kinase domain, includ-
ing insertions in exon 20*. The EGFR exon 19
deletion, or L858R (exon 21) point mutation, is
predictive of a treatment advantage with EGFR-
tyrosine kinase inhibitor (EGFR-TKI) therapy*®*’.
However, about 60% of patients with disease pro-
gression after the initial response to EGFR-TKI are
associated with a second mutation in the EGFR
kinase domain, T790M point mutation®“®.
Regardless of ethnicity, EGFR mutations are more
often found in tumors from female never/minimal
smokers with adenocarcinoma histology®*’.
EGFR is also important for growth of some
colorectal cancers and head and neck cancers.
Although some studies suggest that EGFR
amplification correlates with response with
cetuximab, a monoclonal antibody to EGFR™
(Table 2), this aberration is not currently used
as a predictive biomarker. Importantly, cetuximab
yields clinical benefit primarily in colorectal
cancers that do not harbor KRAS mutations® and
in those with high expression of the EGFR ligands

amphiregulin and epireugulin®. Currently, cetuximab

is usually administered with chemotherapy in KRAS

*
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wild-type colorectal cancer (CRCs). In the same
way, in head and neck cancers, cetuximab is
primarily used in conjunction with chemo’[herapy53
and radiotherapy™. In spite of conflicting reports
on the utility of EGFR expression by immunohis-
tochemistry for patient selection in head and neck
cancers (and CRCs), there currently are no vali-
dated predictive biomarkers of response to EGFR

inhibitors in head and neck cancers®" %%,

HER2 (ErbB2/neu) and targeted therapy

HER2, a proto-oncogene encoded by
ERBB2 on 17921%, is a 185-kDa transmembrane
tyrosine kinase (TK) receptor. The first evidence
for a role of HER2 (ErbB2/neu) in cancer was
deduced from its sequence similarity to a rat gen,
Neu, a mutant cDNA isolated from carcinoma-
induced neuroblastoma®. Although rodent Neu is
mutated, human HER2 is amplified in human
cancers such as breast, gastric, and esophageal
cancer (Table 1)*. In a sininal study, Slamon DJ
et al® found that HER?2 is amplified in about 20%
of breast cancers and is associated with poor prog-
nosis, suggesting a causal relationship to cancer
virulence. HER2 amplification/overexpression has
been reported about 10-30% of gastric or gas-
troesophageal junction (GEJ) cancer, and it was
most commonly found in gastroesophageal junc-

tion (GEJ) tumors and tumors with intestinal type
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59,60

histology™"". HER2 status has been recognized
as an important prognostic factor. Patients with
HER2-positive breast cancer or gastric cancer
have significantly worse survival than those with

6182 An aberrant form of

HER2-negative tumors
HER?2 (p95), lacking the extracellular domain, is
found in breast cancer, p95 is constitutively active
and causes resistance to trastuzumab which
requires the extracellular domain of HER2 for bind-
ing®*®". Recently, studies using next-generation
sequencing have identified less-frequent activat-
ing mutation in HER2 of several cancer types
without HER2 gene amplification®.
Trastuzumab is a humanized immuno-
globulin G1 (IgG1) antibody that binds to the
extracellular domain IVof the HER2 receptor
(Table 2). Trastuzumab inhibits cleavage of the
HER2 extracellular domain, uncouples ligand-
independent HER2-containing dimmers leading
to partial inhibition of downstream signaling, and
triggers antibody-dependent, cell-mediated
cytotoxicity (ADCC)**”°. The ADCC cooperatives
with the recruitment of a T-cell population that
mediates an adaptive immune (memory) response;
these lead to an enhancement of tumor eradica-

71,72

tion"*“. Trastuzumab has demonstrated a survival

advantage in patients with HER2-positive breast
60,73-76

and gastric cancers

Pertuzumab is a monoclonal antibody that

U1 34 aUuf 4 AaI1AN-5UINAN 2557

recognizes an epitope in heterodimerization
domain Il of HER2, hence blocking ligand-
induced HER2-HER3 dimerization, resulting in
partial inhibition of PI3/AKT signaling”'(Table 2).
Because pertuzumab and trastuzumab bind to
different epitopes in the HER2 excellular domain’®,
thus their complementary abilities to disrupt HER2-
containing dimmers; the combination of
pertuzumab and trastuzumab has demonstrated
synergy in preclinical studies™ and clinical

trials®#

and is now approved for treatment of
patients with HER2-positive breast cancer.

Trastuzumab-derivative of maytansine 1
(T-DM1 or trastuzumab emtansine) is a HER2-
targeted antibody-drug conjugate (ADC), in which
one molecule of trastuzumab (T) is covalently
bonded via a noncleavable linker to 3.5 molecules
of a maytansinoid that inhibit microtubule
polymerization (DM1). After binding to the
extracellular domain IV of the HER2 receptor, the
T-DM1/HER2 complex is internalized, followed
by degradation in lysosomes, release of DM1, and
finally cell lysis®. T-DM1 binds to HER2 receptor
with similar affinity as trastuzumab, and retains the
capability of the naked antibody (trastuzumab) to
inhibit ligand-independent HER2-containing
dimmers and signal transduction, as well as to
mediate ADCC®.

Lapatinib is an ATP-competitive, rever-
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Table 2 HER receptor inhibitors: mechanisms of action and key clinical trials®

Drug Type of Molecule Mechanism of Action  FDA Approval Key Clinical Trials
Trastuzumab humanized IgG1, binds inhibits ectodomain 1998 (metastatic breast); 60, 73-76
juxtamembrane domain IV cleavage and ligand- 2006 (adjuvant early
independent HER2- breast); 2010 (advanced
containing dimers; ADCC  gastric)
and adaptive immunity
to HER2
Pertuzumab humanized IgG1, binds inhibits ligand-induced 2012 (metastatic breast); 80-82
heterodimerization HER2-containing dimers 2013 (neoadjuvant breast)
domain I
Lapatinib small molecule reversible, ATP- 2006 (advanced breast) 85
competitive TKI
Trastuzumab antibody-drug same as trastuzumab 2013 (advanced breast) 89
emtansine conjugate plus inhibition of micro-
(T-DM1) tubules and cell lysis
(DM-1)
Erlotinib small molecule reversible, ATP- 2004 (third-line advanced 41, 90, 91
competitive TKIof EGFR  NSCLC);
2005 (pancreas cancer);
2013 (first-line EGFR
mutant NSCLC
Afatinib small molecule irreversible, ATP-com- 2013 (metastatic EGFR 43
petitive TKI of EGFRand  mutant NSCLC)
HER2
Neratinib small molecule irreversible, ATP- N/A trials in progress
competitive TKI of HER2 53, 54, 92
Cetuximab human-murine chimeric  inhibits ligand-dependent 2004 (originally for late
IgG2, binds ligand- activation of EGFR line EGFR+CRC, but
binding domain now only used in earlier-
line wild-type KRAS
CRC); 2006 (head and
neck with radiotherapy
or chemotherapy 93
Panitumumab humanIgG1, bindsligand-  inhibits ligand-dependent 2006 (originally for late-
binding domain activation of EGFR line EGFR+ CRC, but
now only used in earlier-
line wild-type KRA CRC)
sible small-molecule inhibitor of the HER2 and Acknowledgments

EGFR tyrosine kinase®. It has shown clinical

efficacy in HER2-positive breast cancers that

have progresses on trastuzumab®.
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