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Abstract

Background: Advanced therapies for non-small cell lung carcinoma (NSCLC), such as targeted
therapy and immunotherapy, are available; however, their use depends on biomolecular testing. In
the Indonesian context, EGFR testing is covered by the national health insurance (JKN). According
to the Indonesian Clinical Guideline for Lung Cancer, if the EGFR test is negative, further testing,
including ALK and PD-L1 immunohistochemistry, is required. Nevertheless, the JKN does not
currently cover ALK and PD-L1 IHC tests, which restricts access to the appropriate therapies. This
study aims to determine the positivity rates of ALK and PD-L1 IHC tests.

Method: This study employs a cross-sectional approach to analyze 2,553 ALK and PD-L1 IHC tests
conducted from 2019 to 2023, sourced from four major provinces in Indonesia

Results: The positivity of ALK IHC tests is 8% with a median age of 52 years. The positivity rate for
PD-L1 IHC in all patients is 49%, while based on the tumour proportion score (TPS), TPS 250% is
17% and TPS 1-49% is 32%. ALK positivity correlates with age and female gender (P<0.001 and
P=0.006). Conversely, PD-L1 positivity was significantly associated with cancer type (P=0.008).

Conclusion: ALK positivity in NSCLC in Indonesia is relatively high (8%), with a relatively young
median age of 52 years and is predominantly found in females. PD-L1 positivity does not significantly
differ by gender and age, but positively correlates with adenocarcinoma cancer type.
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INTRODUCTION

adenocarcinoma, squamous cell carcinoma, and

others. Approximately 85% of lung cancer cases in
According to the Global Cancer Observatory op y ° g

(GLOBOCAN) 2022, there were approximately 19
million new cancer cases globally, with the highest

Indonesia are NSCLC, with adenocarcinoma being
the most frequently found subtype.? In 2018, of all
cancer deaths in Indonesia, lung cancer-related
deaths reached 30,023 (8.6%) and increased to
34,339 cases (14,1%) in 2022."3

Lung cancer is the primary cause of cancer-

cases being lung cancer (12.4%) of the total cancer
cases, followed by breast cancer (11.5%)." In 2018,
the number of lung cancer deaths worldwide was
recorded at 1,761,007, making up 18.4% of all

cancer deaths. By 2022, this number had risen by 3% related mortality. It is projected that the number of

new cases will increase twofold, from 30,023 in 2018
to 54,983 in 2040.2 The high mortality rate is primarily
attributable to the
influenced by delayed diagnosis and limited access

to 1,817,469 deaths, underscoring a growing global

health crisis. In Indonesia, lung cancer was the ) ) )
low survival rate, which is

second most common cancer in 2022, with 38,904

cases (9.5% of all cancer cases), up from 34,783 o th i dalitios. includi dioth q
o therapeutic modalities, including radiotherapy an
cases (8.8%) in 2020. This alarming rise in both peutic modalities, Including radi Py
. —_ systemic therapies such as chemotherapy, targeted
global and national cases highlights an urgent need i di | A
erapy, and immuno-oncology.
to intensify efforts to combat lung cancer.? Py ! ) u gy- )
. . . . Two principal categories of therapeutic
Histologically, lung cancer is classified as . ] i
intervention are employed in the treatment of lung
small cell lung cancer (SCLC) and non-small cell lung Nt ted th hich i dos t
cancer: argeted therapy, which impedes tumour
cancer (NSCLC), which includes subtypes such as (1) targ Py P
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cell proliferation (cytostatic), and (2) chemotherapy,
which seeks to destroy tumour cells (cytotoxic). To
enhance its capacity to impede the dissemination
and proliferation of malignant cells, targeted therapy
intervenes at specific molecular targets that are
instrumental in the pathogenesis of cancer.*

According to meta-analysis results, the
efficacy yielded by chemotherapy for lung cancer
could provide an average survival time of 11.8
months and an average time to disease progression
of 4.2 months.® Several targeted therapies and
immunotherapies have been developed in the field of
medicine, with some of these therapies currently
available in Indonesia.?

To administer these therapies effectively, it is
essential to perform relevant biomolecular tests to
identify biomarkers that indicate the progression of
lung cancer. These biomarkers may include gene
mutations, protein overexpression, or other
molecular changes. The results of these tests will
inform the decision-making process regarding the
administration of the aforementioned therapies.®

The biomolecular tests conducted include
examinations for oncogenic mutations such as
Epidermal Growth Factor Receptor (EGFR),
Anaplastic Lymphoma Kinase (ALK), and c-ros
oncogene 1 (ROS1). EGFR testing in Indonesia
shows a high positivity rate (45%).6 Chemotherapy
combined with anti-EGFR treatment provides a
slightly longer survival compared to chemotherapy
alone, with an average survival of 7.6 months versus
6.0 months, and a side effect rate of 31%.7

Epidermal Growth Factor Receptor testing is
covered under the National Health Insurance (JKN)
as stipulated in the Regulation of the Minister of
Health No. 3 of 2023 concerning the Standard Tariff
for Health Services in the implementation of the
Health Insurance Program.® As recommended by the
national guidelines for lung cancer management in
Indonesia, further tests such as ALK and
death-ligand 1 (PD-L1)
Immunohistochemistry (IHC) testing are required if

programmed

the result of the EGFR test is negative.®
Anaplastic Lymphoma Kinase and PD-L1 are
known as proteins produced by cancer cells to avoid
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detection by the immune system. It is essential to
have the results of ALK and PD-L1 tests to determine
the decisions in administering the first-line treatment,
between the anti-ALK targeted therapy and anti-PD-
L1 immunotherapy.’® Therefore, this study was
conducted to determine ALK and PD-L1 IHC
positivity as essential tests for guiding precision
therapy in NSCLC that have a greater impact on
reducing lung cancer mortality.

METHOD

This cross-sectional study aimed to determine
the prevalence of ALK and PD-L1 IHC positivity in
lung cancer. This approach was selected to
demonstrate the prevalence of positive results
obtained through ALK and PD-L1 IHC tests in a
specific population at a given point in time.

Patient Assistance Program for ALK and PD-
L1 IHC Testing in 2019-2023 is the main source of
the data sample, collected from nine laboratories in
the provinces of DKI Jakarta, West Java, DI
Yogyakarta, and East Java. Overall, this data
consists of 2,553 specimens retrieved from 2,439
patients. As an initial step, a data cleaning process
was carried out, starting with ensuring the
completeness of information regarding age, gender,
and cancer type for each patient.

The data cleaning process excluded 845
sample data and 792 patient data due to incomplete
information, resulting in a ready-to-analyse dataset
of 1,708 samples and 1,647 patients. These data
were then classified according to the type of test,
namely ALK, PD-L1, and both ALK and PD-L1. For
descriptive and bivariate analysis, this study used
patient data that had undergone further data cleaning
by excluding patients who did not have test results of
"ALK positive," "ALK negative," "PD-L1 positive
strong/high (250%)," "PD-L1 positive weak/low (1-
49%)," and "PD-L1 negative."

This final data cleaning stage resulted in 1,161
patients undergoing ALK IHC testing, 448 with PD-
L1 IHC testing results, and 61 patients who
underwent both ALK and PD-L1 tests within the
same period.
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{Number of tested specimens)

Early Specimen Data: 2533 I—l Early Patient Data; 2439

(Number of tested patients)

| | Cleaned Specimen Data: 1708 |

| Cleaned Patient Data: 1647

Excluding 792 (32.4%) data entries lacking

Excluding 825 (32.5%) data entries lacking complete
information on age, gender, and cancer types

® 659 entries lack cancer type.
146 entries lack age and gender.
14 entries lack age, gender, and cancer type.
3 entries lack age and cancer type.
3 entries lack age

LR )

complete information on age, gender, and cancer
types

e 626 entries lack cancer type.

- 146 entries lack age and gender.

e 14 entries lack age, gender, and cancer

type.
- 3 entries lack age and cancer type.
e 3 entries lack age

| ALK Testing: 1194 |

Excluding 33 data entries
with results ather than e
"Positive” and "Negative"

Descriptive & Bivariate
Analysis Data: 1161

| PD-L1 Testing: 514 |

ALK & PD-L1 Testing: 61

Excluding 66 data entries with results
other than PD-L1 positive strong/high __|
(2 50%)," "PD-L1 positive weak/low
(1-49%)," and "PD-L1 negative.

Descriptive & Bivariate
Analysis Data: 61

Descriptive & Bivariate
Analysis Data: 448

Figure 1. Data Cleaning Process

Table 1. Total samples based on the IHC instrument used in the patient assistance program for ALK and PD-L1 IHC testing 2019-2023

Specimen

Patient

Machine Type ALK PD-L1 ALK& PD-L1__ ot ALK PD-L1 ALK& PD-L1__ ot
Ventana Ultra 1112 (71%) 450 (29%) 10 (1%) 1572 1112 (71%) 450 (29%) 5(0,32%) 1567
Ventana GX 19 (51%) 2 (5%) 16 (43%) 37 19 (66%) 2 (7%) 8 (28%) 29
Ventana XT 2 (2%) 1(1%) 96 (97%) 99 2 (4%) 1(2%) 48 (94%) 51
Total 1133 (66%) 453 (27%) 122 (7%) 1708 1133 (69%) 453 (28%) 61 (4%) 1647

More detailed results of the data cleaning
process are illustrated in Figure 1. Data sampling
was also conducted based on the type of machine
used in the nine laboratories, as presented in Table
1.

Statistical analysis was conducted using Stata
Version 17 (StataCorp). Descriptive analysis was
performed to examine the distribution of ALK IHC test
results only, PD-L1 IHC test results alone, and the
combination of both ALK and PD-L1 test results.
Meanwhile, in the bivariate analysis, Pearson’s Chi-
Square test was used to assess the association
between positivity results with variables such as age,
gender, cancer type, and type of machine used. To
explore the rationale and policy options for
expanding ALK and PD-L1 IHC testing services, in-
depth
pulmonologists and other healthcare professionals
involved in ALK and PD-L1 IHC testing at the hospital
and private laboratory levels.

interviews were conducted with

Data analysis was performed using cleaned
patient data. The incompleteness of information in
these data is likely due to non-standardized data
collection procedures at the respective healthcare
facilities. This study has obtained approval from the
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health research ethics committee of Persahabatan
Hospital National Respiratory Center, as stated in the
Ethics Review Approval Letter No. 0012/KEPK-
RSUPP/01/2024.

RESULTS

The overall ALK positivity rate was 8%. The
overall ALK positivity rate was 8%. Among the
different machines used, the closest positivity result
was observed with the Ventana Ultra. A similar
pattern was observed in the IHC test for PD-LA1,
which demonstrated a 49% positivity rate, with the
Ventana Ultra again producing consistent results.

Table 2. ALK and PD-L1 IHC test results by machine type in the
Patient Assistance Program (2019-2023)

ALK PD-L1
Ventana Ultra 68 1016 175 137 77
Ventana GX 5 22 7 3 0
Ventana XT 22 28 15 24 10
Total 95 1066 197 164 87

As presented in Table 3, the PD-L1 positivity
result is higher among male patients, especially
those of older age and diagnosed with non-
adenocarcinoma.
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Table 3. PD-L1 IHC test results by gender, age group, and cancer type (n=448)

PD-L1
Factor Positive High (250%) Positive Low (1-49%) Negative (<1%) P
(n=87) (n=164) (n=197)
Gender
Male 55 (19.4%) 108 (38.1%) 120 (42.4%) 0.63°
Female 32 (19.3%) 56 (33.9%) 77 (46.6%)
Age group
<59 years 38 (18.0%) 72 (34.1%) 101 (47.8%) 0.29°
259 years 49 (20.6%) 92 (38.8%) 96 (40.5%)
Type of cancer
Adenocarcinoma 69 (17.9%) 135 (35.1%) 180 (46.8%) 0.008%
Non-adenocarcinoma 18 (28.1%) 29 (45.3%) 17 (26.5%)

Note: “using Pearson’s Chi-Square Statistical Analysis; "Fisher’s exact if expected frequency of machine <5; *significant by statistic if <0.05

Table 4. ALK IHC test results by gender, age group, and cancer
type (n=1,161)

ALK
Factor Negative Positive P
(n=1,066) (n=95)
Gender
Male 711 (934%) 50 (6.5%) 0.006°
Female 355 (88.7%) 45 (11.2%)
Age group
259 years 582 (95.2%) 29 (4.7%) <0.001°
<59 years 484 (88.0%) 66 (12.0%)

Type of cancer
Adenocarcinoma 875 (91.1%) 85 (8.8%)

Non-adenocarcinoma 191 (95.0%) 10 (4.9%)
Note: ®using Pearson’s Chi-Square Statistical Analysis;
PFisher’s exact if expected frequency of machine <5;
*significant by statistic if <0.05

0.068°

As shown in Table 4, the ALK IHC test result
demonstrated a higher positivity rate in females
compared to males, particularly in the younger age
group and those diagnosed with adenocarcinoma.

Table 5. Bivariate analysis of ALK and PD-L1 positivity based
on IHC testing by sex, age and cancer type (n=61)

ALK & PD-L1
Factor Positive Other P
(n=17) (n=44)

Gender 0.61°
Male 12 (30.0) 28 (70.0) 0.77°
Female 5(23.8) 16 (76.1)

Age group 0.44°
<59 years 10 (32.2) 21 (67.7) 0.55°
=59 years 7 (23.3) 23 (76.6)

Type of cancer 0.53°
Adenocarcinoma 15 (26.7) 41 (73.2) 0.61°
Non-adenocarcinoma 2 (40.0) 3 (60.0)

Note: ®using Pearson’s Chi-Square Statistical Analysis;

®Fisher’s exact if expected frequency of machine <5;

*significant by statistic if <0.05

As indicated in Table 5, the positivity rates for

specimens tested in parallel for ALK and PD-L1 were
slightly higher among male patients, particularly
those younger age with non-adenocarcinoma cancer
type. The findings suggest that a positive test for both
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biomarkers is more likely due to PD-L1 expression.
This distinction may be relevant for treatment
decisions.

DISCUSSION

This is the first study in Indonesia examining
the positivity rate of ALK expression in NSCLC using
a large sample size and broad subject range.
Although not statistically representative, the data
reflect national use patterns of Ventana-type IHC
machines. However, the single-center design and
non-concurrent sample collection may affect the
findings, particularly in molecular research where
results can be affected by the variability of reagents
or kits used.

Anaplastic Lymphoma Kinase is a receptor of
tyrosine kinase that belongs to the superfamily of
insulin receptors.? Anaplastic Lymphoma Kinase IHC
testing aims to detect the arrangement of the ALK
gene specifically on cancer cells and tissues and to
determine the likelihood of ALK inhibitor responses.
The decision to conduct ALK IHC testing in Indonesia
is based on negative EGFR test results.%"

Of the total ALK IHC tests performed on 1,194
patients, the number of samples that could be
analysed was 1,161. A total of 33 samples were not
analysed further due to a lack of definitive results,
with details of 4 cancelled, 6 no result and 23
requesting new samples. The results of ALK IHC test
are highly likely to be positive in the Asian population,
such as 5% in the United Arab Emirates, 9.4% in
China, 9.6% in Saudi Arabia, 10% in Morocco, and

J Respir Indo Vol. 45 No. 3, 2025
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19.6% in Egypt in where these countries use the
Ventana IHC instrument.?-'4

Meanwhile, in the United States, ALK positivity
rates are relatively low at 2.8-3.8% using the FISH
method.''® The low positivity rates are also evident
in the population of the United Kingdom at
approximately 4%, 2,1% in Norway, 3.5% in
Slovenia, 3.5% to 4.8% in the Czech Republic, and
4.1% in Malaysia.'2'-'"® The ALK IHC positivity
analysed in this study shows that the results tend to
be higher than in other countries, at 8%.

Positive ALK IHC results from these 95
patients were obtained using different types of
instruments: 68 patients were tested on the Ventana
Ultra, 22 patients on the Ventana XT, and 5 patients
on the Ventana GX. Bivariate analysis showed a
significant association between ALK IHC positivity
and instrument type (P=0.041). Anaplastic
Lymphoma Kinase IHC testing using Ventana’s
BenchMark XT or BenchMark ULTRA machines is
known to be used as a diagnostic modality to guide
the administration of anti-ALK therapies such as
crizotinib, ceritinib, and alectinib in the United States
and Japan.?

The modality of the diagnosis method and the
antibodies used in the testing may influence the
positivity of the ALK IHC test. The recommended
method for ALK testing is IHC with sensitivity and
specificity of 100% and 96%, respectively, which are
higher compared to other methods such as FISH, RT-
PCR, and NGS (Next Generation Sequencing)
technology.?'

Furthermore, the more complex techniques
and/or higher costs associated with FISH, RT-PCR,
and NGS are other factors contributing to the
increasing use of IHC as an ALK testing method."”
The ALK antibody (D5F3), which contains a
recombinant rabbit monoclonal antibody, is used to
detect ALK expression in FFPE (formalin-fixed
paraffin-embedded) cancer tissue. Testing results
using a dichotomous system indicate positivity or
negativity based on staining in the granular
cytoplasm.

The D5F3 antibody is recommended for ALK
IHC testing as it can recognize the carboxyl terminus

J Respir Indo Vol. 45 No. 3, 2025

of the human ALK protein and has been approved by
the United States Food and Drug Administration.'”
The use of different antibodies in ALK IHC testing can
produce varying staining concordance results. This is
consistent with a study by Shen et al that examined
60 FFPE tissue biopsies using the D5F3 (Ventana),
D5F3 (CST), 1A4/1H7 (OriGene Tech.), and 5A4
(Abcam) clones, resulting in staining concordance of
96.7%, 91.7%, 96.7%, and 76.7% respectively
(compared to the D5F3, Ventana clone).?

This study shows a higher positivity rate in 45
female patients in which 11.2% compared to the
positivity rate in 50 male patients (6.5%). This finding
is consistent with the results of two studies conducted
by Liang et al and Poh et al, which also reported
higher ALK positivity in female patients. 2"

Table 3 shows a significant association
between gender and ALK IHC positivity (P=0.006).
The higher proportion of females (11%) with positive
ALK results compared to males (6.5%) in this study
is consistent with the study by Liang et al, who found
that ALK positivity tends to occur in females aged <60
years without a history of smoking (P<0.001)."3
Similar results were also shown by Chang et al, who
reported that female lung cancer patients tend to
have positive ALK IHC results (P=0.005).23

The results of the ALK IHC test in this study
revealed that 95 (8%) patients with positive ALK
results had a median age of 52 years (age range: 25—
72 years). Bivariate analysis indicated no significant
correlation between age and ALK IHC test positivity.
Although not statistically correlated, the median age
of patients associated with positive ALK results in this
study is similar to Liu's study and Kim et al study,
which reported a median age of 53 years (P<0.001),
suggesting a tendency for ALK positivity in patients of
this age group.?42°

Among the 95 patients with positive ALK
results, 85 (89.5%) had adenocarcinoma and 10
(9.5%) had non-adenocarcinoma cancers. This study
shows that adenocarcinoma is the most frequently
tested cancer type for the ALK IHC test. This finding
is consistent with the study by Chang et al, which
reported that adenocarcinoma is the most commonly
tested cancer type for the ALK IHC test (90.6%) with
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a positivity rate of 9.9%.2 Bivariate analysis indicated
no significant correlation between positivity and
cancer type. Although not statistically correlated, the
higher proportion of adenocarcinoma aligns with the
study by Uruga, which showed a tendency for
patients with adenocarcinoma (female, under 50
years old, non-smokers) to have positive ALK
results.?°

According to the 2020 edition (printed in 2024)
of the Indonesian Society of Respirology's Guidelines
for the Diagnosis and Management of Lung Cancer
in Indonesia, a positive ALK test result is used as a
reference for administering anti-ALK therapy as first-
line treatment.?® The Overall Response Rate (ORR)
for anti-ALK therapy is known to contribute to a
survival increase of 11 months in about 88% of lung
cancer patients undergoing ALK IHC testing in China,
Japan, and South Korea.?” The ALK treatments
approved by the U.S. Food and Drug Administration
(FDA oncology approval) include Crizotinib, Alectinib,
Brigatinib, Lorlatinib, and Ceritinib.?

Crizotinib is the first-generation anti-ALK
therapy approved by the FDA since 2011 and is
included in first-line treatment. However, resistance
to first-generation anti-ALK therapy has developed,
leading to the approval of Ceritinib in 2014 as a
second-generation anti-ALK therapy for patients after
first-line treatment. The development of second-
generation anti-ALK therapies continued with the
introduction of Alectinib, which can overcome
resistance to Ceritinib. Currently, a third-generation
anti-ALK therapy, Lorlatinib is also available.

In addition to ALK IHC testing, PD-L1 IHC
testing is needed to detect protein expression that
inhibits T cells in the detection of cancer cells.?®
Immunohistochemistry testing has been proven to be
a widely available, practical, and economical method
for assessing PD-L1 protein expression in cancer and
is useful in identifying appropriate therapy for
patients.3°

Programmed death-ligand 1 expression
testing is also necessary to support the
administration of anti-PD-L1 immunotherapy, which
works by blocking the interaction between PD-L1 and
receptors on T cells, allowing the immune system to
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more effectively attack and destroy lung cancer cells.
NSCLC with EGFR mutations tends to have lower
PD-L1 response, and PD-L1 response correlates
more strongly in NSCLC with negative EGFR
mutations.?

Unlike ALK IHC positivity, PD-L1 expression is
graded based on the tumor proportion score (TPS):
high positivity is indicated by a TPS of =50%
(strong=high positive) and low positivity by a TPS of
1-49% (weak=low positive). PD-L1 testing results
are specifically obtained from tissue samples with a
minimum of 100 tumor cells.®’ One study noted a
tendency for PD-L1 IHC positivity with a TPS of 250%
in a small proportion of patients (11.3%) with EGFR
or ALK mutations.3?

Programmed Death Ligand 1 IHC test results
form the basis for the administration of
immunotherapy, with the level of positivity based on
TPS determining the line of therapy. According to the
2020 edition (printed in 2024) of the Indonesian
Society of Respirology's Guidelines for the Diagnosis
and Management of Lung Cancer in Indonesia,
patients with high positivity (TPS 250%) receive first-
line immunotherapy, while patients with low positivity
(TPS 1-49%) receive second-line immunotherapy.

Out of a total of 514 patients tested for PD-L1
IHC, 448 patient samples were analyzable. A total of
66 samples were not further analyzed due to
inconclusive results (no result). The PD-L1 IHC
positivity rate analyzed in 251 patients was 49%. The
patient population associated with PD-L1 IHC
positivity had a median age of 60 years (age range
23-83 years), comprising 163 male patients and 88
female patients, with 204 patients having
adenocarcinoma and 47 patients having non-
adenocarcinoma cancers.

This positivity rate is lower than the previous
study conducted by Syahruddin et al, which reported
a positivity rate of 53%.%% Based on the tumor
proportion score (TPS), out of 251 patients with
positive PD-L1 IHC results, 87 (17%) had a TPS of
250%, and 164 (32%) had a TPS of 1-49%. There
are variations in PD-L1 positivity across different
countries. The 2019 multicenter study by Dietel et al
found variations in PD-L1 IHC positivity rates: 52% in
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Europe (Austria, Denmark, Germany, Italy, Spain,
Sweden, and the Netherlands), 53% in the Asia
Pacific (Japan, Hong Kong, Korea, Singapore, and
Taiwan), and 47% in United States, Argentina,
Canada, and Columbia.

The distribution of PD-L1 IHC positivity by
instrument type was as follows: 214 patients tested
on the Ventana Ultra, 34 patients tested on the
Ventana XT and 3 patients tested on the Ventana GX.
Bivariate analysis showed no significant correlation
between PD-L1 IHC positivity and the type of
instrument used. One study mentions that PD-L1 IHC
tests used to assess protein expression in cancer
cells include PD-L1 IHC 28-8 pharmDx (28-8), PD-L1
IHC 22C3 pharmDx (22C3), Ventana PD-L1 SP142
(SP142), and Ventana PD-L1 SP263 (SP263).%
Differences in antibody types may produce varying
assessments of specimen prevalence.3%%"

Programmed death-ligand 1 IHC testing with
antibodies SP263, 22C3, and 28-8 shows relatively
high results in PD-L1 membrane staining, while PD-
L1 protein expression is lower when using the SP142
antibody.3'3238 Other studies have demonstrated that
IHC testing with 22C3 and SP263 antibodies shows
high correlation results in determining first- and
second-line targeted therapy for lung cancer.®

According to the patient's gender, PD-L1 IHC
positivity involves 163 males and 88 females, with a
slightly higher positivity in the male group at 49%
compared to 48% in the female group. This aligns
with the study by Fu et al, which mentioned a higher
percentage of PD-L1 positivity in NSCLC cancer in
males compared to females (P<0.001), witha TPS 1—
49% proportion of 26% in males and 18.3% in
females, and a TPS 250% proportion of 17% in males
and only 5.5% in females.*® Similarly, the study by
Wu et al reported that PD-L1 expression is more
commonly found in males than in females
(P=0.019).*" In contrast, the study by Rangachari et
al stated that there is no significant relationship
between gender and PD-L1 test results (P=0.0743).4?

The PD-L1 IHC positivity in this study was
observed in 251 patients with a median age of 60
years (age range 23-83 years). Bivariate analysis
showed that PD-L1 IHC positivity did not correlate
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with age. This finding aligns with several studies that
also found no significant correlation between PD-L1
IHC test results and patient age.*>*¢ However, in the
study by Fu et al, age was reported to have a
significant relationship with PD-L1 IHC positivity, with
a median age of 64 years (P<0.001).4°

Of the 251 (49%) patients with positive PD-L1
results, 204 (81.3%) had adenocarcinoma, and 47
(18.7%) had non-adenocarcinoma cancer. PD-L1 is
frequently found in adenocarcinoma, especially in
males.?” A positive correlation between PD-L1 IHC
positivity and cancer type was shown by bivariate
analysis with P=0.008. This finding is similar to two
other studies: Lin stated that lung cancer histology
with adenocarcinoma significantly influences PD-L1
test results (P<0.001), and Takada et al also showed
a positive correlation with P=0.0166.4748

In clinical practice, PD-L1 expression is the
most widely used predictive biomarker for the use of
immune checkpoint inhibitors (IClI) in NSCLC.
Patients with PD-L1 TPS 250% typically receive PD-
1 inhibitor monotherapy. Conversely, patients with
PD-L1 expression below 50% generally receive a
combination of chemotherapy and PD-L1 inhibitors.*®
According to the 2020 edition (printed in 2024) of the
Indonesian Society of Respirology's Guidelines for
the Diagnosis and Management of Lung Cancer in
Indonesia, a PD-L1 positivity result with a proportion
of 250% is used as a reference for administering
immunotherapy as a first-line treatment.

Immunotherapy is the most commonly used
treatment for lung cancer and aims to block the
interaction between PD-1 and PD-L1. PD-1 is a
receptor commonly found on the surface of immune
cells, while PD-L1 is a protein found more widely,
including on tumour cells.®® Five immunotherapies
that have been approved by the US Food and Drug
Administration (FDA) and/or the European Medicines
Agency (EMA) include pembrolizumab and
nivolumab, which are classified as anti-PD-1
therapies, and atezolizumab, avelumab, and
durvalumab, which are classified as anti-PD-L1
therapies.?®

Pembrolizumab and nivolumab were approved
by the US FDA in 2015 as second-line treatments for
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NSCLC cases, followed by atezolizumab in 2016. In
2016, pembrolizumab was further recognized as a
first-line immunotherapy, followed by atezolizumab in
2020 for patients with PD-L1 TPS 250%.5
Meanwhile, in Indonesia, in June 2017, Badan
Pengawas Obat dan Makanan (BPOM) approved
pembrolizumab as the first available immunotherapy
drug in Indonesia for lung cancer treatment and in
2019, another immunotherapy option, atezolizumab,
became available.®? According to experts from a
pulmonologist at one of the vertical hospitals in
Indonesia, immunotherapy for advanced-stage lung
cancer is administered as first-line treatment, and if it
fails, it will be given as second-line treatment.

As an attempt to diagnose lung cancer through
biomolecular testing, the term "reflex testing" is
known, defined as rapid tests that standardize the
ordering of biomarker tests to ensure more patients
are tested and these tests must be regulated by
protocols established by a multidisciplinary team
(MDT).%3 Up to this point, reflex testing standards are
not found in international guidelines due to variations
in resources, challenges, and reimbursement in
various countries. However, several international
guidelines have mentioned EGFR, ALK, and PD-L1
testing as part of the main predictive biomarker tests
needed.

The EGFR and ALK biomolecular testing for
lung cancer diagnosis is mentioned in five
international  guidelines: Pan-Asian, European
Society for Medical Oncology (ESMO), National
Comprehensive Cancer Network (NCCN), College of
(CAP)/International
Association for the Study of Lung Cancer
(IASLC)/Association for Molecular Pathology (AMP),
and American Society of Clinical Oncology (ASCO).

American Pathologists

Meanwhile, PD-L1 testing for lung cancer is
mentioned in three guidelines: ESMO, NCCN, and
Pan-Asian.®*

Nationally, the Indonesian Clinical Guideline
for Lung Cancer mentions the need for molecular
testing as a predictive factor in determining the
administration of  targeted therapy and
immunotherapy. The first recommended tests are

EGFR, ALK, and ROS-1, including PD-L1 testing that
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can be done as indicated. It also mentions additional
tests such as RET, KRAS, PIK3CA, BRAFV600E,
MAP2K1, MET, ERBB2, NRAS, TP53, NTRK
mutations, and others, as indicated and depending
on the availability of facilities. In the context of the
availability of targeted therapy and immunotherapy in
Indonesia at present, ALK and PD-L1 testing are
recommended to be performed after EGFR is
negative.

In this study, there were 61 patients who
underwent two biomolecular tests, ALK and PD-L1,
with a positivity rate of 28% (17 patients). This
positivity was determined using the Ventana XT
machine, involving 12 male and 5 female patients,
with a median age of 54 years. Among these, 15
patients had adenocarcinoma, and 2 had non-
adenocarcinoma. Bivariate analysis only showed a
significant correlation between positivity and the type
of machine used (P<0.041), while other variables
such as gender, age, and cancer type did not show
statistical significance. Studies focusing on
simultaneous ALK and PD-L1 testing in lung cancer
are still quite limited, which may be influenced by
differences in guidelines, availability of facilities, and
accessible therapies.%>%7

The NSCLC can be classified as a
heterogeneous disease, characterized by genetic
alterations in oncogene drivers or key mediators that
regulate the proliferation, growth, and survival of
cancer cells.®® The success of NSCLC therapy, which
has seen many innovations, is influenced by the
various genetic mutations and immunogenicity of
each patient.

According to the Indonesian Lung Cancer
Diagnosis and Management Guidelines, 2020 edition
(printed in 2024) by the Indonesian Pulmonologist
Association (PDPI), if both ALK and PD-L1 tests are
positive, the prioritized therapy is anti-ALK. This
aligns with the analysis by Ota et al, which stated that
ALK mutation positivity, as an oncogene driver in lung
cancer, can be immunogenic; ALK inhibitors can
reduce PD-L1 expression, potentially affecting the
cancer's ability to evade the immune system.
Targeted therapy is recommended as a priority,
especially if there are limitations in conducting
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molecular genotyping for patients with oncogene
driver mutations (e.g., non-smoking patients).

The technique used in clinical practice in
Indonesia to detect ALK and PD-L1 is
immunohistochemistry (IHC) because it requires less
time and has high sensitivity and specificity.
However, IHC testing for ALK and PD-L1 is still
limited as it is not yet covered under the benefits
package of the National Health Insurance or Jaminan
Kesehatan Nasional (JKN). Data related to IHC
testing for ALK and PD-L1 in Indonesia is also limited,
posing a challenge in formulating evidence-based

policy.
LIMITATION

This study has several limitations that may
affect the analysis results. The primary limitation is
the unknown data collection or recording techniques
of the Patient Assistance Program for ALK and PD-
L1 IHC testing from 2019-2023. The data is also
limited in terms of demographic and racial data,
smoking history, and EGFR mutation results for each
patient. If the smoking status can be identified, a
positive result can be more robustly explained in
smokers and non-smokers, specifically in guiding the
decision-making process regarding treatment
options for patients with lung cancer.® If a patient
has a positive EGFR mutation, it will be related to the
selection of therapy with a positive ALK or PD-L1
result.

In the event of a positive EGFR mutation
despite the ALK-positive or strong PD-L1 result, the
prioritized therapy for patients is anti-EGFR. In
addition, it limits the ability to explore their
associations with ALK expression and the potential
mutual exclusivity between EGFR mutations and
ALK IHC positivity.6! Another limitation is the use of
different IHC testing instruments, which may cause
the sensitivity and specificity of the tests to vary
between instruments. This may result in different
positivity rates between patient groups using

different machines, which may affect the
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interpretation of study results.

CONCLUSION

The ALK positivity in NSCLC patients in
Indonesia is relatively high, with a median age of 52
years and a predominance of female patients. PD-L1
positivity shows no significant association with
gender or age but is associated with
adenocarcinoma.

To support this empirical evidence, a
comprehensive analysis of ALK and PD-L1 IHC test
data in conjunction with EGFR test results, smoking
history, and personal and family history of cancer is
needed to study the NSCLC patients in Indonesia
who require detailed biomolecular profiling. In
addition, a cost analysis of the benefits of ALK and
PD-L1 IHC testing is needed to estimate the unit cost
of each test, which will help determine the investment
required by the government to provide

comprehensive lung cancer diagnostic services.
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