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Purpose: Breast cancer is a growing public health challenge in Thailand. Pathum Raksa
project was launched in 2015, as a result of higher than expected rate of triple-negative breast
cancers in Thai women. The purpose of this project was to identify the cause(s) and address
the issue(s), hence improving the quality of breast cancer biomarker testing in Thailand.
Materials and Methods: Nineteen hospitals across the country, with 902 breast cancer
patients were enrolled in this study during 2015-2020. The pre- and post-data from Pathum
Raksa initiative was only available for Khon Kaen University (KKU) and Udonthani
hospitals in Northeast Thailand. We developed a resource-stratified strategic plan that
included designing a unique specimen container, forming multidisciplinary teams from the
Surgery and Pathology Departments, and employing locally developed innovative technolo-
gies to optimize the entire process of breast cancer diagnostics and biomarker testing.
Results: The rate of triple-negative breast cancers in KKU and Udonthani decreased 52.8%
(p = 0.02) and 28.9% (p = 0.48), respectively. The rate of ER+ breast cancers in both hospitals
increased 5% post-Pathum Raksa implementation. The rate of HER2-neut+ (score 3+) also
increased in both hospitals (particularly an increased 65% rate in KKU). Luminal A/B cancers
were the most common subtype in both KKU and Udonthani hospitals.

Conclusion: Pathum Raksa project has significantly improved breast cancer biomarker
testing in Thailand. As a result of this national innovation, false-negative rates of breast
biomarkers have significantly decreased, resulting in improving prognosis, treatment, and
survival of breast cancer women in Thailand.

Keywords: breast cancer, biomarkers, Pathum Raksa, multidisciplinary teams, pre-analytical
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Introduction
Breast cancer is the most common malignancy in women globally and is a growing
public health challenge, especially in economically underdeveloped and developing
countries.' Breast cancer deaths disproportionately affect individuals in low-income
and middle-income countries, where most breast cancer deaths occur prematurely
(in women younger than 70 years old).! In Thailand, breast cancer incidence is
significantly increasing in all regions across the country, ranging from 3% to 7%
increases per year.” Breast cancer is the most common cancer among Thai women
and is expected to remain one of the leading to cancer diagnosis through to 2025.
Laboratory services are an integral part of clinical decision-making and con-
tribute to various aspects of health services including cancer diagnostic, therapeutic
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decision-making, disease monitoring, and prevention.’
Early diagnosis and accurate histologic interpretation of
breast tumors are fundamental pillars of any breast cancer
care program. It is well-known fact, that biomarker testing,
ER (estrogen receptor), PR (progesterone receptor), and
HER2/neu (human epidermal growth factor receptor 2),
are of utmost importance for correct patient therapy, where
anti-hormonal and HER2-targeted therapies provide sig-
nificant clinical benefit.** Immunohistochemical assays
for breast biomarkers are the current standard of care,
however, these biomarkers must be appropriately vali-
dated, reproducibly performed, correctly interpreted, and
reliably reported on specimens that have been handled
properly in order to preserve both antigenicity and
morphology.”

Pathum Raksa project, which literally means “Better
Breast Cancer Treatment”, was launched in 2015, as a
result of a higher than the expected rate of triple-negative
breast cancers in Thai women. The initial purpose of this
project was to identify the cause(s) and address the issue
(s), hence improving the quality of breast cancer biomar-
ker testing in Thailand. This paper will outline how this
national innovative initiative was successfully implemen-
ted and has positively impacted the lives of Thai breast
cancer patients.

Country Profile

With a population of nearly 70 million, Thailand is con-
sidered a middle-income country located in Southeast
Asia. As per the most recent 2020 World Health
Organization (WHO)
(world) incidence and mortality rates for breast cancers

statistics, the age-standardized
among Thai women are 37.8 and 12.7 per 100,000
population.® Estimated past and future trends in total
breast cancers per year are from 13,000 in 2012 to
23,000 cases in 2040.° Thailand is a diverse country in

many aspects including demographics, geography, socio-
economic, and culture, leading to variable region-specific
cancer incidence profiles and care-related resources.’

National breast cancer screening campaigns were intro-
duced in 2002 and the Thai government promoted guide-
lines concerning self-breast examinations and clinical
breast exams.” It is estimated that there are nearly 2800
CT, MRI, and mammography machines in Thailand, with
close to 25% located in the capital Bangkok, and the
remaining across the 76 provinces.” Further, approxi-
mately one-third of these machines are in private sectors
and not available to the majority of the Thai women
population, who are covered under the universal health
coverage program.’

Most pathology laboratories in Thailand are hospital-
based and challenged with increasing workload and staff
shortages.” In Thailand, there are more than 300 hospitals
performing breast surgeries, where the specimens are
either examined by in-house pathology laboratories or out-
sourced. It should be noted that there are only 32 pathol-
ogy laboratories across the country that are officially
certified and accredited by the Royal Committee of
Pathologists of Thailand. The certification also includes
immunohistochemistry (for ER, PR, and HER2-neu) and
in situ hybridization (ISH) for HER2-neu testing.®

The varying resources for pathology laboratories across
the country can potentially lead to cancer care diagnostics
and treatment disparity due to the variation in personnel,
infrastructure, expertise and experience. Table 1 presents
the geographic distribution of Anatomical Pathologists per
100,000 population in Thailand (source: The Royal
Committee of Pathologists of Thailand). It is evident that
the rate of anatomical pathologists per 100,000 population
for the capital Bangkok (3.8/100,000) is comparable to
other economically developed countries such as the USA
(3.9/100,000) and Canada (4.8/100,000).” However, there

Table | Distribution of Anatomical Pathologists per 100,000 Population in Thailand (Source: The Royal Committee of Pathologists of

Thailand)
Regions Retired Active Total Population Active Pathologists per 100,000 Population
Bangkok 78 210 288 5,588,222 38
Central 0 14 14 9,613,128 0.1
East 5 13 18 4,847,817 0.3
West 0 4 4 2,794,160 0.1
North Il 51 62 12,027,271 0.4
Northeast 7 44 51 21,848,228 0.2
South 3 29 32 9,467,901 0.3
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is a wide gap in the pathologist workforce in the remainder
of the country, ranging from 0.1 to 0.4 per 100,000 popu-
lation, resulting in a significant gap (at least 10 times less)
in accessing surgical pathology-related services including
breast cancer diagnostics.

Project History and Background

The original idea of this national initiative began with the
senior author (S.K.) observing significant disparity in life
expectancy and breast cancer diagnostics quality between
economically developed countries and Thailand. In 2003,

9 carried out a

the senior author (S.K.) and colleagues'
baseline study examining breast cancer immunohisto-
chemical biomarker status (ER/PR, HER2-neu) in
Srinagarind Hospital, Khon Kaen University (KKU)
affiliated hospital in Northeastern Thailand. The study
showed that the rate of ER+ breast cancers in this region
was 53.1%, which is significantly lower than the 79-84%
expected ER+ breast cancer rate worldwide.” Additionally,
a high rate of triple-negative breast cancers (22%) was
observed in Northeastern Thailand.

These alarming findings led to further investigations,
both locally and nationally, to identify the cause(s) of low
ER+ and high triple-negative breast cancer rates, by the
Royal College of Pathologists of Thailand EQA (External
and the “SPHeRE
Programme (Scientific Partnership for HER2 Testing

Quality Assurance) program
Excellence) in Asia-Pacific”. All investigations similarly
identified gaps in proper tissue fixation as pivotal pre-
analytic factor.

It should be noted that as per the American Society of
Clinical Oncology/College of American Pathologists
(ASCO/CAP) practice guidelines, core biopsies of breast
tumors are the preferred samples for biomarker testing if
they are representative of the tumor (grade and type) at
resection.” Unfortunately, this guideline is not consistently
followed or practiced across Thailand, mainly due to a
lack of infrastructure, resources, and personnel. In small
and remote hospitals, mainly located in the “periphery”
(away from Bangkok and/or other major university cen-
ters) biomarkers testing is mostly performed on surgical
specimens, creating pre-analytic challenges resulting in
high false-negative biomarker (ER/PR/HER2-neu) results.

Ideally and as per the most recent 2020 ASCO/CAP
guidelines,” the time from tissue acquisition to fixation
should be as short as possible, and samples for biomarker
testing should be fixed in 10% neutral buffered formalin
(NBF) for 672 hours. Specimens should also be sliced at

5-mm intervals after appropriate gross inspection and mar-
gin designation, and placed in sufficient volume of NBF to
allow adequate tissue penetration. Further, when tumors
come from remote locations, they should be bisected
through the tumor on removed and sent to pathology
laboratories immersed in a sufficient volume of NBF.
Additionally, a record must be kept for the cold ischemia
time, the fixative type, and the time the sample was placed
in NBF.

Upon identifying the problem, its scope, and the poten-
tial root causes, the research team developed a resource-
stratified strategic plan to address the issues in the most
affected areas of the country. The plan included designing
a unique and specialized specimen container, forming
multidisciplinary teams from the Surgery and Pathology
Departments, and employing locally developed innovative
technologies to optimize the entire process of breast cancer
diagnostics and biomarker testing.

Materials and Methods

Breast Specimen Container
To address the issue of poor formalin tissue fixation, a
specialized specimen container was designed in 2012
(Figure 1A—-C). To the best of our knowledge, this inno-
vative design is the first of its kind to be used in Southeast
Asia as well as other low- and middle-income countries.
The container measures 20 cm (length) x 14 cm
(width) x 12 cm (height), with a cover locking system to
prevent NBF spills during transportation. The container
has the potential to be divided into 2 to 4 compartments,
using acrylic barrier plates while maintaining a specimen
thickness of 3 cm. The plate design also has at least three
0.5 cm diameter holes, allowing for the NBF to flow freely
between compartments. A customized surgical requisition
form was developed, pink paper (compared to routine
white paper surgical requisitions), to visually identify the
specimen ensuring critical demographic, clinical, and pre-
analytical factors (Figure 2) are recorded consistently. The
specialized breast container is a unique and innovative
solution used in Thailand, where most breast specimens
come from remote hospitals and need to be transferred to
central and major referral pathology laboratories resulting
in significant delays before reaching the pathology labora-
tories. Before the implementation of this specialized speci-
men container, many samples arrived at the laboratory
with poor tissue fixation ultimately leading to potential

errors in biomarker testing.
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Figure | (A) Breast specimen (Pathum Raksa) container size 14x20% |2cm with a cover locking system to prevent NBF leakage. (B) The acrylic barrier plates have at least 3
holes measuring in diameter of 0.5 cm, allowing NBF free flow between sections. (C) Breast tumor surgical specimens were serially cut to a thickness of 3 cm before being

placed in the specialized container.

Note: Figure 1C used with permission from Thaomani Ruaysoongnern; copyright Squamosa 2013.

Specimen Handling in Operating Room

In order to place a breast specimen in the container (with
multiple compartments), the sample is serially sectioned
by the surgeon in 3-4 cm slice thickness, allowing for

NBEF tissue penetration (Figure 3). Guidelines were devel-
oped to ensure specimen orientation remained intact dur-
ing specimen transportation within the container from the
operating room (OR) to the pathology laboratories.
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D Never done
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Surgical Procedure Request for Immunohistochemistr,
[] Breast (wide excision, lumpectomy) e [er  [Jki67 []HER2
I:I Breast (mastectomy) O with axillary content I:I ER/PR/Ki-67/HER-2
Tumor Location : Date and time of specimen removed from the surgical field (cold ischemic time)

_ _ ............ Y S [oveeieennannns , Time: ............t ... amu/pm.

Date and time of specimen fixed in 10% NBF

voo uIQ v0Q viQ || oo fassonmennsasoacnassscoss Jovoeieeiiins , Time: ............t ..o amu/pam.
Container #1 : Number of specimen................piece (s)
. Container #2 (if any): Number of specimen...
Requested DY .....ooovuiiiiiiiieeiii e Physician
LOQ LIQ LOQ LIQ Medical LICENSE NO. ....vuittieitiieeiteiee ettt et ea e e e e e ea e e e e e e s eaeaeanns
T e
Margin with Silk : .
o . X o . IR ECE1V 0| Dy ——
«eeeveoosilk with superior margin+ ....................silk with lateral margin
. . k L . Date Received .......... /S——— ./ —
«eeevvnosilk with anterior margin+— ....................silk with other margin
Total time of cold ISChEMIC tHME..........uiuieciiiiiiciet it i hour.
Total time of fixative duration (should be fixed in 10% NBF between 6 and 72 hOUIS) ............uuiiiiiieeeiiiieeeeeieeeeeei e e e e e hours.

GY Developed by Department of Pathology, Faculty of Medicine, Khon Kaen University &&3

Figure 2 A special surgical request form in a visual pink color for recording data of demographic, clinical, and pre-analytical factors.
Note: Figure courtesy of and developed by Department of Pathology, Faculty Medicine, Khon Kaen University.
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Figure 3 The serial sections of the breast tumor are divided by the acrylic barrier
plates.

Mastectomy specimens are oriented by the surgeons mark-
ing the superior and lateral margins with a single short and
long surgical silk sutures, respectively. For lumpectomy
samples, a third suture marks the anterior margin with

double surgical silks (Figure 4).

Superior
margin

Lateral
margin

Medial
margin

Inferior
margin

Figure 4 The mastectomy specimen margins are marked superior and lateral with
single short and long surgical silk sutures, respectively. For the lumpectomy speci-
men, the third margin (anterior) is marked with a double surgical silk.

Monitoring Pre-Analytic Factors

In this study, pre-analytic factors such as cold ischemic
time, fixation type, and time of collection are recorded on
the surgical requisition form. As per the ASCO/CAP clin-
ical practice guidelines,” samples for biomarker testing
should be fixed in NBF between 6 and 72 hours. In some
of the hospitals involved in this project, the geographic
distance between OR and outsource pathology laboratories
is upwards of 300 miles in upcountry hospitals. It was
evident that this can result in over-fixation of specimens,
which could potentially impact biomarker testing. In order
to address this concern, the research team collaborated
with the Electrical Engineering Department at KKU, lead-
ing to the development of a monitoring tool, based on the
Internet of Things (IoT) concept, allowing for monitoring
fixation time.

The Internet of Things is a network of physical objects
(“things” such as in this case breast container) that are
embedded with sensors, software, and other technologies
for the purpose of connecting and exchanging data with
other devices and systems over the Internet. Further, a
notification feature was designed and integrated to assist
in notifying laboratory staff of fixation time, preventing
potential over-fixation. The notification feature has been
proven to be extremely helpful, particularly in laboratories
with high workloads and staff shortages. This innovative
technology enabled laboratories to prioritize gross exam-
ination of breast cancer specimens, by ensuring all speci-
mens were processed before exceeding the recommended
72 hours fixation time.

From a logistical perspective, designed electronic
devices are placed and installed both in the OR and
pathology laboratories. A tagged breast cancer specimen
container is scanned two times by radio frequency identi-
fication (RFID) technology reader: 1) after placing the
specimen in NBF and before leaving the OR and 2) upon
arriving at the pathology laboratory as shown in Figure 5.
Once the breast container is initially scanned in the OR,
the data (date/time, hospital, container number) is sent to
the server and a notification message is sent to laboratory
staff. A web-based application tool was also designed for
monitoring specimen fixation time (Figure 6).

Project Implementation

The first step towards a successful implementation of this
project required building support and coalitions with the
surgeons in order to present the idea of using the specially
designed container for better handling of breast cancer

8742 https:
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Figure 5 A breast specimen container is scanned by the sensor reader at the OR (left picture), and again by the pathology laboratory (right picture).
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Figure 6 Fixation time monitoring, using a web-based application system.

cases. This was made possible through a successful colla-
boration with the former president of the Royal Committee
of Thailand (Prof.
Bhudhisawasdi) who advocated for quality breast cancer

of  Surgeons Vajarabhongsa
biomarker reporting,
Northeastern Thailand.

In 2013, a pilot study was carried out in two

particularly for hospitals in

Northeastern provinces of Kalasin and Roi Et hospitals,
where surgeons agreed to collaborate and implement the
innovation. These two hospitals sent their breast speci-
mens to Chiang Mai (the largest city in Northern
Thailand and the capital of Chiang Mai province) and
Bangkok for pathology, with an average geographic dis-
tance of 300-400 miles. It should be noted that in addition
to poor tissue fixation and adverse biomarker testing qua-
lities, the turn-around time for reporting breast cancers

from these two provinces were a concern to the surgeons
and oncologists. The key performance indicator of breast
cancer care in the country, supported and prioritized by the
Thai Government, required a maximum duration of 2
weeks for issuing a pathology report post-biopsy and
access to treatment within 4 weeks after the pathology
report. This was certainly not the case in these two pro-
vinces, which further led to their selection in the pilot
phase.

An educational orientation session with surgeons, OR
nursing staff, and pathologists in each hospital was con-
ducted. The orientation session included an hour workshop
and an online video training regarding pre-analytic factors
and logistical aspects of the project including the use of
the container, slicing, orientation, and handling of breast
surgical specimens. A post-training assessment tool was
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developed, requiring a passing score of at least 70% for
surgeons and OR nursing staff and 80% for pathologists. It
should be noted that all pathology laboratories participat-
ing in the project (including the pilot and subsequent
laboratories) were required to be certified in breast cancer
biomarker testing and accredited by the Royal Committee
of Pathologist of Thailand.

Specialized breast containers and breast surgical requi-
sition forms were provided to the two pilot hospitals and it
was decided to redirect breast specimens from these two
provinces to KKU Pathology Department at Srinagarind
Hospital, with an average distance of 40—70 miles. The
shorter geographic distance coupled with the use of the
specialized container resulted in faster turn-around time,
improved tissue fixation quality, and accurate biomarker
results (unpublished data).

Subsequent to the implementation of the pilot project
in the two Northeastern provinces and the success of our
initiative in addressing breast cancer care disparity in
Thailand, it received a national recognition and resulted
in the inclusion of many additional hospitals from across
the country. It is worth noting that a clear demand by
surgeons and oncologists from different parts of the coun-
try in accessing timely pathology reports and quality bio-
marker testing helped expand the mandate. In fact, Pathum
Raksa project was subsequently supported and endorsed
by the Thai Breast Disease Society (TBS) in 2017, which
resulted in national clinical practice guideline change, to
adopt serial sectioning of breast specimens prior to send-
ing to pathology laboratories. The support from the TBS
also facilitated the expansion of the project across the
nation, by allowing hospital administrators to access,
adopt, and utilize project resources. Thus, cancer centers
(university, government, and army) and community hospi-
tals were all able to access the program and its resources.
This also included private pathology laboratories mainly
located in Bangkok, which are mostly the outsource
laboratories from the hospitals that have access to the
program.

Since the implementation of Pathum Raksa project in
2013, 19 hospitals across the country have officially joined
the initiative, of which 6 agreed to share their data.
Figure 7 presents the geographic distribution of participat-
ing hospitals across Thailand.

KKU and Udonthani Hospitals

Of all 19 participating hospitals, six agreed to share their
data (Table 2), resulting in a total of 902 patients with

18 4

16 4

14

12 4

10 4

@ Hospital with in-house lab
@ Hospital with outsource lab

@ Hospital with data

T

% 100 102 104 106

Figure 7 Geographic distribution of 19 participating hospitals using Pathum Raksa
containers.

breast cancer surgeries (ie, mastectomy) over a 6-year
study period (2015-2020). The data on pre- and post-
only available for KKU and
Udonthani hospitals in Northeast Thailand, and as such

Pathum Raksa was

these two hospitals were included in the analysis. The data
was collected from 2015 to 2020, including 3 years pre-
Pathum Raksa (2015-2017) and 3 years post-Pathum
Raksa (2018-2020), and a comparative analytic study
was conducted.

A total of 595 patients with primary invasive mam-
mary carcinoma, who underwent surgery were enrolled
(405 from KKU and 190 from Udonthani hospitals).
Biomarker testing was carried out in-house at KKU,
while in Udonthani hospital specimens were tested at
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the National Pathology Institute, a government-based
pathology laboratory in the capital Bangkok. The immu-
nohistochemistry platform used at KKU was Ventana,
whereas Leica was used in Udonthani. Table 2 shows
the antibodies utilized at each immunohistochemistry
laboratory.

Tumors were considered positive for ER and PR when
at least 1% of the tumor cells showed unequivocal nuclear
staining according to ASCO/CAP guidelines.'' HER2-neu
was scored according to the pattern of membranous stain-
ing and percentage of stained malignant cells as follows: 0,
no staining or faint incomplete staining in < 10% of cells;
1+, faint incomplete staining in > 10% of cells; 2+, weak
to moderate complete staining in > 10% of cells; and 3+,
strong complete staining in > 10% of cells. Only score 3+
was considered positive. The fraction of proliferating cells
was based on a count of at least 500 tumor cells. The Ki67
values were expressed as the percentage of positive
(nuclear staining) cells in each case. Cases with > 15%
positive nuclei were classified as high Ki67 expression,
and those with < 15% were classified as low Ki67
expression.'>!?

We used the clinicopathological surrogate definitions
of breast cancer subtypes adopted by the 13th St. Gallen
International Breast Cancer Conference (2013) Expert
Panel, based on immunohistochemical measurements of
ER, PR, HER2-neu, and Ki67 with in situ hybridization
confirmation where appropriate."* This included luminal
A, with hormone receptor expression, without HER2-neu
expression and low Ki67; luminal B, with hormone recep-
tor and with HER2-neu expressions or high Ki67; HER2-
enriched, without hormone receptor expression and with
HER2-neu expression; and triple-negative, without hor-
mone receptor or HER2-neu expressions. It should be
noted that Ki67 proliferation index was consistently exam-
ined for the KKU specimens, while for the Udonthani
samples; it was mainly not carried out. Thus, we did not
include Ki67 labeling index to determine breast cancer
subtypes for the Udonthani specimens. Selected equivocal
HER2-neu (score 2+) at KKU were further analyzed by
dual in situ hybridization (DISH) assay. This is because in
KKU biomarker testing is performed on both core biopsies
and surgical specimens as per institutional policy; thus,
depending on pertinent clinical indications DISH testing
was performed on some of equivocal HER2-neu. On the
other hand, we have no data available on equivocal HER2-
neu at Udonthani hospital.

Statistical Analysis

The values of continuous parameters were calculated as
means + standard deviation (SD). Pearson’s y* test was
used for categorical variables. All tests were two-tailed,
and p < 0.05 was considered the level of statistical sig-
nificance. All descriptive and inferential statistical ana-
lyses were carried out using the Statistical Package for
the Social Sciences (SPSS), version 19.0 (Chicago,
IL, USA).

Results

Mean (+SD) patient age at KKU hospital was 55+10.9
years (median 55 years), ranging from 26 to 92 years.
The corresponding figure for Udonthani hospital was
53.5+11.3 years (median 53 years), ranging from 26 to
82 years. At KKU, 2 of 405 patients were male, while
there was only one male patient out of 190 at Udonthani
hospital. The clinicopathological characteristics of patients
in KKU and Udonthani hospitals are presented in Table 3.

Table 4 shows the distribution of biomarker testing pre-
and post-Pathum Raksa. The rate of ER+ breast cancers at
KKU hospital trended to increase from 59.3% to 65.0%.
Similarly, there was increased in rate of ER+ breast can-
cers at Udonthani hospital, from 58.3% 63.6%. There were
also increased rates of PR+ breast cancers in both hospitals
(the increased rate for Udonthani was statistically signifi-
cant, from 43.7% to 59.1%, p = 0.040). The rate of HER2+
breast cancers in both hospitals were markedly increased
from 16.9% to 28.0% (p = 0.001) for KKU, and trended to
increased for Udonthani from 22.3% to 24.7% (p = 0.635).
Interestingly, the rate of equivocal HER2-neu (score 2+)
was particularly decreased for KKU breast cancers from
35.6% to 15.9% (p = 0.001). The corresponding figure for
Udonthani hospital was slightly decreased from 10.7% to
7.1% (p = 0.635).

Table 5 shows the distribution of surrogate breast can-
cer subtypes pre- and post-Pathum Raksa. During the
study period, luminal A/B was the most common breast
cancer subtype in KKU and Udonthani (both pre- and
post-Pathum Raksa). The rate of triple-negative breast
cancers in both hospitals were significantly decreased
from 26.9% to 12.7% in KKU (p = 0.02), while it trended
to decrease from 22.8% to 16.2% in Udonthani (p = 0.48).
The rate of HER2-enriched breast cancers remained con-
stant in Udonthani, while it increased in KKU after the
implementation of Pathum Raksa project (from 13.5% to
20.1%, p = 0.33).
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Table 3 Clinicopathological Characteristics of Breast Cancer Patients

in KKU and Udonthani Hospitals

Age (Year), Median (Range) Total KKU Udonthani
No. (%) No. (%) No. (%)
54 (26-92) 55 (26-92) 53 (26-82)
<39 52 (8.7%) 31 (7.7%) 21 (11.1%)
40-49 147 (24.7%) 96 (23.7%) 51 (26.8%)
50-59 198 (33.3%) 137 (33.8%) 61 (32.1%)
60-69 140 (23.5%) 101 (24.9%) 39 (20.5%)
270 58 (9.7%) 40 (9.9%) 18 (9.5%)
n 595 405 190
Site
Left 309 (51.9%) 211 (52.1%) 98 (51.6%)
Right 285 (47.9%) 194 (47.9%) 1 (0.5%)
Left and Right 1 (0.2%) - 91 (47.9%)
n 595 405 190
Type of specimen
Mastectomy 102 (17.1%) 98 (24.2%) 4 (2.1%)
Modified radical mastectomy 477 (80.2%) 291 (71.9%) 186 (97.9%)
Wide excision 16 (2.7%) 16 (4.0%) 0 (0%)
n 595 405 190
Tumor size (cm.)
<2 147 (24.7%) 114 (28.1%) 33 (17.4%)
2-5 387 (65.0%) 231 (57.0%) 156 (82.1%)
>5 61 (10.3%) 60 (14.8%) 1 (0.5%)
n 595 405 190

Pathological type

Invasive ductal carcinoma of no special type

564 (94.8%)

379 (93.6%)

185 (97.4%)

Invasive lobular carcinoma 11 (1.8%) 10 (2.5%) 1 (0.5%)
Invasive mucinous carcinoma 10 (1.7%) 8 (2.0%) 2 (1.1%)
Other 10 (1.7%) 8 (2.0%) 2 (1.1%)
n 595 405 190
Histologic grade

Grade | 51 (8.6%) 37 (9.1%) 14 (7.4%)
Grade 2 312 (52.4%) 207 (51.1%) 105 (55.3%)
Grade 3 232 (39.0%) 161 (39.8%) 71 (37.4%)
n 595 405 190
Lymphovascular space invasion

Negative 247 (41.5%) 228 (56.3%) 110 (57.9%)
Positive 338 (56.8%) 167 (41.2%) 80 (42.1%)
N/A 10 (1.7%) 10 (2.5%) -

n 595 405 190

Lymph node positive

0 361 (60.7%) 203 (50.1%) 158 (83.2%)
1-3 130 (21.9%) 107 (26.4%) 23 (12.1%)
4-9 47 (7.9%) 41 (10.1%) 6 (3.2%)
210 27 (4.5%) 24 (5.9%) 3 (1.6%)
N/A 30 (5%) 30 (7.4%) -
(Continued)
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Table 3 (Continued).
Age (Year), Median (Range) Total KKU Udonthani
No. (%) No. (%) No. (%)
54 (26-92) 55 (26-92) 53 (26-82)
n 595 405 190
TNM staging (8th AJCC/UICC)
IA 98 (16.5%) 70 (17.3%) 28 (14.7%)
[: 28 (4.7%) 26 (6.4%) 2 (1.1%)
IIA 239 (40.1%) 110 (27.2%) 129 (67.9%)
B 108 (18.2%) 86 (21.2%) 22 (11.6%)
A 64 (10.8%) 58 (14.3%) 6 (3.2%)
s 0 (0%) 0 (0%) 0 (0%)
ne 28 (4.7%) 25 (6.2%) 3 (1.6%)
v 0 (0%) 0 (0%) 0 (0%)
N/A 30 (5%) 30 (7.4) -
n 595 405 190
Abbreviation: N/A, data not available.
Table 4 Biomarker Breast Cancer Testing Pre- and Post-Pathum Raksa in KKU and Udonthani Hospitals, 2015-2020
Biomarker | Status KKU Udonthani
Pre-Pathum Post-Pathum p-value Pre-Pathum Post-Pathum p-value
Raksa Raksa Raksa Raksa
ER Positive 35 (59.3%) 225 (65.0%) 0.398 60 (58.3%) 56 (63.6%) 0.498
Negative 24 (40.7%) 121 (35.0%) 43 (41.7%) 32 (36.4%)
PR Positive 29 (49.2%) 190 (54.9%) 0.412 45 (43.7%) 52 (59.1%) 0.040
Negative 30 (50.8%) 156 (45.1%) 58 (56.3%) 36 (40.9%)
HER2-neu Positive 10 (16.9%) 97 (28.0%) 0.001 23 (22.3%) 21 (24.7%) 0.635
Negative 28 (47.5%) 194 (56.1%) 69 (67.0%) 58 (68.2%)
Equivocal 21 (35.6%) 55 (15.9%) I (10.7%) 6 (7.1%)
The distribution of surrogate breast cancer subtypes by Discussion

age group in each hospital (pre- and post-Pathum Raksa) is
shown in Figures 8 and 9. The rate of luminal tumors
(luminal A/B) increased by age in Udonthani, while it
was relatively constant across various age groups in
KKU. Similarly, the rate of triple-negative cancers
decreased by age in Udonthani.

Breast cancer continues to be a growing public health
challenge in Thailand, with its incidence significantly
increased in all regions of the country.” The rate of breast
cancer in Northeastern Thailand, is 19.4 cases per 100,000
population. This rate is lower than other regions such as
the Northern, Central, and Southern regions, with rates of

Table 5 Surrogate Breast Cancer Subtypes Pre- and Post-Pathum Raksa in KKU and Udonthani Hospitals, 2015-2020

Subtypes KKU Udonthani

Pre-Pathum Raksa Post-Pathum Raksa | p-value Pre-Pathum Raksa Post-Pathum Raksa | p-value
Luminal A/B 31 (59.6) 223 (67.2) 0.62 55 (59.8%) 53 (66.3%) 0.67
HER2-enriched 7 (13.5%) 67 (20.1%) 0.33 16 (17.4%) 14 (17.5%) 0.85
Triple-negative 14 (26.9%) 42 (12.7%) 0.02 21 (22.8%) 13 (16.2%) 0.48
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Figure 8 Age-specific distribution of surrogate breast cancer subtypes in KKU pre- and post-Pathum Raksa (2015-2020).
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Figure 9 Age-specific distribution of surrogate breast cancer subtypes in Udonthani pre- and post-Pathum Raksa (2015-2020).

32.4, 339, and 27.4 cases per 100,000 population,
respectively.'> However, it is expected to increase and
become comparable to other regions by 2030.'> On the
other hand, the rate of active practicing pathologists per
100,000 population in this region is one of the lowest in
the country (0.2 in Northeast vs 3.8 in Bangkok per
100,000 population).

Biomarker testing (ER/PR/HER2-neu) is an important
prognostic and predictive indicator in the management of
breast cancer patients, and is included in the ASCO/CAP
treatment guidelines.” Patients with ER+ tumors generally
have a better prognosis and survive longer than patients
with ER— tumors.'® Patients with receptor positive tumors
(ER+/PR+) are more likely to be offered adjuvant
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endocrine therapy and also more likely to benefit from that
therapy.'®'” Thus, accurate assessment of biomarkers is
critical for the optimal treatment of breast cancer.

ER, PR, and HER2-neu are thermolabile proteins whose
expressions can be altered by prolonged exposure to room
temperature prior to fixation or the length of fixation, and
likely by fixation type.'® There are a number of studies from
Thailand, which examined breast cancer biomarker profiles
in various regions (Table 6).'*'® 2 Similar to the index study
conducted by Koonmee et al,'’ the majority of the Thai
studies showed a rather low ER+ and higher than expected
triple-negative breast cancer rates among Thai women. The
range of ER+ cancers was as low as 50%, and the triple-
negative rate ranged from 13% to 23%. The ER+ breast
cancer is the most common surrogate subtype with an aver-
age global rate of 79-84%, while the triple-negative breast
cancer rate is expected at approximately 10-15%.’

In interpreting data on breast biomarkers in Thai studies
(Table 6), it is important to note that the immunohistochemical
biomarker diagnostic criteria changed over time. ASCO/CAP

Table 6 Thai Studies Examining Breast Cancer Biomarkers

changed the criteria for ER+/PR+ from 10% to 1% threshold,
and for HER2-neu+ (score 3+) from 30% to 10% for cut-off
value. Despite considering the above-mentioned changes in
biomarker diagnostic criteria, the issue of low ER+ and high
triple-negative breast cancers, particularly in the North and
Northeastern Thailand, has remained a clinical and pathologi-
cal quality issue, which negatively impacts patient care. We
believe that one of the main pre-analytical causes of high false-
negative biomarker breast testing in this region is related to
poor tissue fixation. Pathum Raksa project was launched in
2015, to specifically target specific pre-analytical factors
through innovation to address the breast cancer care disparity
in the country. This included designing an innovative process
through various methods addressing the handling of surgical
specimens based on local needs and available resources in
Thailand, where population demographics, geographical
access to care, hospital manpower, and pathology laboratory
expertise are not equally distributed.

The design and proper engineering of the specialized
breast container in this project was innovative and served

Study Region Criteria Cases Study ER PR HER2- Triple-
Period Enriched | Negative
Chirappapha et al'® | Bangkok ER/PR >10%, 256 20022006 N/A* N/A N/A 23% (<60Y)
HER2 Score 3 14% (>60Y)
+
Chottanapund Bangkok N/A 95 20112013 60% N/A 40% 19%
etal' (score 2
+3+)
Sujarittanakarn Central (Pathum Thani - ER/PR> 1% 99 20112015 74.7% 71.7% 26.3% N/A
et al* Bangkok metropolitan) HER2 > 10%
Laohavinij et al*' Bangkok ER/PR> 1% 232 20052013 LuA** 48.7% LuB##* 18.5% 18.5%
HER2 > 10% 14.3%
Sripan et al* North (Chiang Mai ER/PR> 1% 3228 | 2004-2013 LuA 39% LuB 21% 18%
province) HER2 > 10% 22%
Koonmee et al'® Northeast (Khon Kaen) | ER/PR >10%, 294 2004-2006 LuA 51% LuB 8% 19% 22%
HER?2 Score 3
+
Chuthapisith et al*® | Bangkok N/A 321 2009-2010 71.6% 64.5% 26% 15%
Virani et al®® South (Songkhla N/A 635 2010-2012 LuA 46% LuB 13% 13%
Province) 28%
Lertsanguansinchai | Bangkok ER/PR >10%, 576 1995-2001 53.4% 42.1% N/A N/A
et al”? HER2 Score 3
+

Abbreviations: *N/A, data not available; **LuA, Luminal A; ***LuB, Luminal B.
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as one of the foundations in addressing poor breast tissue
fixation. Engaging the surgical team in various parts of the
country to join the project and to coordinate their efforts
with pathology laboratories was also an instrumental step
towards the success of this national innovation. As a result
of this, there are currently 19 hospitals from 13 provinces
across the country (South: 3 hospitals in 2 provinces,
Northeast: 9 hospitals in 6 provinces, North: 2 hospitals
in 2 provinces, and Central: 5 hospitals in 3 provinces) that
have joined the Pathum Raksa project.

The main goal of tissue handling and preparation are/is
to ensure adequate tissue preservation, which was success-
fully achieved in this project. Inaccurate results due to
compromised tissue quality can lead to false positive or
false negative results with therapeutic consequences that
can harm patients and affect their eventual outcome.?
Fixation time often remains poorly controlled in general
practice for the majority of cancers,”’ but we were able to
implement a system to effectively and efficiently monitor
fixation time, using IoT concept in this project. We believe
that
Departments in various institutions across the country, to

collaboration between Surgery and Pathology

proactively transfer specimens to laboratories, has proven
to be successful in achieving the goal of standardizing
tissue handling rather than trying to expect or to push an
already busy OR staff to deliver specimens in a more
timely fashion.

In this study, we examined pre- and post-Pathum Raksa
data from two hospitals (KKU and Udonthani) in
Northeastern Thailand, to assess the impact of the project
on key biomarker performance indicators. Both hospitals
performed histologic examinations in-house. As for bio-
marker testing, breast specimens were carried out in-house
in KKU, while they were outsourced to a government-
based laboratory in the capital Bangkok for Udonthani,
as the pathology laboratory in this province does not
have immunohistochemistry infrastructure and
capabilities.

Specimen of choice for biomarker testing in KKU is
both core biopsy and surgical samples, while in Udonthani
is predominantly (approximately 90%) surgical specimens.
The rate of ER+ breast cancers in both hospitals increased
on average 5%, post-Pathum Raksa implementation.
Similar findings were observed for PR testing. Our find-
ings are consistent with improved ER/PR biomarker pro-
file as the result of Pathum Raksa project implementation.
Our research team recently compared the DNA quality of

Formalin-Fixed Paraffin-Embedded (FFPE) tissue breast

cancer specimens between those enrolled in Pathum
Raksa project versus routine services at KKU laboratory,
using real-time PCR method. This analysis showed sig-
nificantly higher DNA quality of Pathum Raksa specimens
than the routine services [unpublished data].

One of the most important key performance indicators
examined in this study was the change in the rate of triple-
negative breast cancers. As a result of the Pathum Raksa
project, the rate of triple-negative breast cancers in KKU
decreased 52.8%. The corresponding figure for Udonthani
showed a similar pattern with a 28.9% decrease in triple-
negative breast cancer rate. At the population level, this
translates to preventing inaccurate biomarker results and
subsequent inappropriate treatments in approximately 50
women with breast cancer in Khon Kaen province and 15
in Udonthani province each year (data: Thai Cancer
Registry). We believe this is one of the most important
key clinical impacts of Pathum Raksa project by decreas-
ing false-negative rates of triple-negative breast cancers,
resulting in a significant change in the prognosis, treat-
ment, and potentially survival of these women. It is worth
noting that due to the invalidation of endocrine and target
therapies, triple-negative breast cancer tends to be more
aggressive and lethal than non-triple-negative breast can-
cer subtypes (luminal tumors).?**°

The rate of HER2-neu+ (score 3+) was also increased
in both hospitals post-Pathum Raksa. This was more pro-
nounced for KKU with over 65% increase in HER2-neu+
(score 3+). At the population level, it is projected that
approximately 40 women with breast cancer in Khon
Kaen province may qualify for HER2 targeted therapy
(data: Thai Cancer Registry). Interestingly, the rate of
equivocal HER2-neu (score 2+) in KKU decreased 54%
and the HER2-enriched rate increased approximately 50%.
This is a clinically significant finding since trastuzumab is
the most common targeted therapy drug used to treat
HER2-positive breast cancer patients. HER2-positive
breast cancers consist of intrinsic molecular subtypes
luminal A, luminal B, and HER2-enriched subtype, with
the HER2-enriched subtype, has the function to activate of
the EGFR-HER2 pathway. The previous study has shown
that patients with the HER2-enriched subtype will benefit
the most from certain therapeutic regimens, such as dual
HER2 blockade.*°

As expected, luminal tumors were the most common
breast cancer subtypes in this study, which is similar to
other Thai studies'®'**"*

Luminal B was found to be the most frequent breast cancer

and the global literature.*'
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subtype in KKU both pre- and post Pathum Raksa, while
luminal A cancers were the most common subtype in
Udonthani. 2013 St.  Gallen
Consensus'* the luminal B subtype accounted for nearly

According to the

40% of all breast cancers, which is similar to post-Pathum
Raksa implementation in KKU (44%). We further investi-
gated this matter in a cohort of 74 breast core biopsies at
KKU during the study period and found that 55.4% (41/
74) of all were luminal B. We believe that the difference in
the luminal tumor profile between the two provinces is due
to the fact that Ki67 index data was not available in
Udonthani (unlike KKU). This, as a limitation of the
study, which may have resulted in the discrepant luminal
breast cancer profile between the two provinces. Further
analysis of the data in Udonthani, we found only six cases
of breast cancers with Ki67 index, of which 2/6 (33%)
were luminal A and 4/6 (67%) were luminal B. This
further supports the above-mentioned possibility for such
a discrepancy.

Conclusions

Pathum Raksa project is a national innovative initiative, which
has significantly impacted the lives of Thai breast cancer
patients. This project demonstrated a successful example of
how a combined national public health vision with resource-
stratified planning can address the issue of breast cancer care
disparity in Thailand. As a result of this innovation, false-
negative rates of breast biomarkers have significantly
decreased, resulting in significant change in the prognosis,
treatment, and survival breast cancer women in Thailand.
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