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 Introduction: Lung cancer is a malignancy of the lung parenchyma or bronchi. 

Globally, cases and deaths of lung cancer continue to increase. Lung cancer remains the 

most common cancer diagnosis in males. Molecular targeted therapy directed at 

oncogene driver mutations, such as ALK, improves the prognosis of patients with 

NSCLC. This study aims to determine the characteristics of lung adenocarcinoma 

patients and the prevalence of ALK rearrangement among the North Sumatra 

population. 

Methods: This is a descriptive study using data from patient's FFPE ALK examination 

results and medical records. The laboratory will analyze the patient’s FFPE for ALK 

fusion protein expression using the VENTANA anti-ALK (D5F3) procedure to 

determine the prevalence of ALK rearrangement. 

Results: Of the 34 subjects, it was revealed that the characteristics of lung 

adenocarcinoma patients were 18 patients aged >60 years (52.9%), male gender 26 

patients (76.4%), and heavy smokers 24 patients (70.6%). Based on the pTNM stage, 

most samples were classified as Stage IVA, with 24 cases (70.6%) showing the highest 

incidence of metastases to the pleura. There were 2 cases of ALK mutations obtained 

through immunohistochemical examination with a percentage of 5.8%. 

Conclusion: There are relatively few ALK rearrangement mutations in lung 

adenocarcinoma patients without screening. Additional research is needed to ascertain 

the distribution of lung adenocarcinoma patient characteristics associated with a higher 

prevalence of ALK rearrangement mutations. 
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INTRODUCTION 

 

Lung cancer is a malignancy or tumor originating 

from the lung parenchyma or within the bronchi. 

Globally, lung cancer cases and deaths continue to 

increase. Lung cancer has been the most frequently 

diagnosed cancer for decades. Lung cancer remains the 

most common cancer diagnosis in men, with an 

estimated 1.37 million people diagnosed in 20181. 

Lung cancer can be divided into two major types, 

namely non-small cell lung carcinoma (NSCLC) and 

small cell lung carcinoma (SCLC). The most common 

type of lung cancer is NSCLC, around 85% of all lung 

cancers. NSCLC consists of several subtypes, including 

squamous cell carcinoma (epidermoid carcinoma) at 

20%, adenocarcinoma at 38.5%, and large cell 

carcinoma at 2.9%. Meanwhile, SCLC is the highest 

malignant tumor originating from cells that have 

neuroendocrine-like characteristics and accounts for 

15% of lung cancer cases2,3. 

Recent research on molecular targeted therapy 

directed at driver oncogene mutations, such as 

Epidermal Growth Factor Receptor (EGFR), Anaplastic 

Lymphoma Kinase (ALK), ROS1, RET1, NTRK1, and 

KRAS improves the prognosis of patients with NSCLC. 

Research in Indonesia shows a high proportion of EGFR 

mutations in lung adenocarcinoma, reaching 44% and 

KRAS mutations were not found in the North Sumatra 

population. Currently, there is no data on ALK in North 

Sumatra, and the global incidence rate is 6%4. 
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Anaplastic lymphoma kinase (ALK) is one of the 

oncogenes that is being researched extensively. The 

ALK gene is located on chromosome 2 area 2p23.2-

p23.1. As an oncogene, ALK is expressed in several 

specific areas. When ALK fusion occurs, the formation 

of dimers from the ALK fusion will cause activation of 

the ALK protein kinase area which plays an important 

role in the tumorigenic process. Partner proteins will 

control fusion behavior, such as expression and 

activation levels so that these cells will proliferate, 

survive, differentiate, and migrate which will ultimately 

lead to cancer5. 

ALK examination is carried out at the molecular 

level, to detect the presence of fusion protein expression. 

ALK rearrangements can be detected using a variety of 

methods. The most frequently used methods are ALK 

fluorescence in situ hybridization (FISH), reverse 

transcription polymerase chain reaction (RT-PCR), ALK 

immunohistochemistry (IHC), RNA sequencing by next-

generation sequencing (RNA-seq NGS), and DNA 

sequencing by next-generation sequencing (DNA-seq 

NGS). Patients who are ALK-positive are candidates for 

therapy with ALK inhibitors6. 

The presence of the ALK fusion protein, as well 

as the ALK tyrosine kinase activity, is a therapeutic 

target in all ALK-rearranged cancers. In addition, 

because ALK is not widely expressed in adult human 

tissue, few toxic effects would occur if ALK function 

were inhibited. The first ALK inhibitor introduced in the 

therapy of ALK-dependent NSCLC was crizotinib, a 

potent ALK tyrosine kinase inhibitor molecule. 

Crizotinib's toxicity, resistance, and limitations led to the 

study of second and third-generation ALK inhibitors5. 

Clinical trials for several second and third-

generation ALK inhibitors are ongoing or completed. 

Secondary resistance mutations discovered in patients 

receiving crizotinib therapy can be inhibited by second-

generation inhibitors, including ceritinib, alectinib, and 

brigatinib. The majority of these inhibitors exhibit 

activity that prevents resistance to crizotinib. Compared 

to crizotinib, second-generation ALK inhibitors are 

more effective in the central nervous system and have a 

higher affinity for the ALK fusion gene. For patients 

who cannot tolerate crizotinib or who continue 

developing disease progression, the Food and Drug 

Administration (FDA) has approved these second-

generation inhibitor agents7. 

The only third-generation ALK inhibitor 

currently available is lorlatinib (PF-06463922). 

Lorlatinib is a potent and reversible small molecule that 

inhibits ROS1 and ALK. These third-generation 

inhibitors are effective against all resistance types 

discovered to date. Lorlatinib was created to enhance 

brain penetration and overcome the problem of 

resistance to first and second-generation ALK 

inhibitors8. 

 

METHODS 

 

Study Design and Eligibility Criteria 

This study used non-probability consecutive 

sampling to enroll 34 patients with lung 

adenocarcinoma. The study was conducted at several 

hospitals in Medan, including H. Adam Malik Hospital, 

USU Hospital, and Santa Elisabeth Hospital, to collect 

research subjects with lung cancer that was 

histopathologically diagnosed with adenocarcinoma. 

Clinical data will be collected from medical records, 

including age, gender, staging (pTNM stage), organ 

metastases, smoking habits, and ethnicity. Patients' 

formalin-fixed paraffin-embedded (FFPE) will borrowed 

from each hospital for ALK rearrangement detection. 

The inclusion criteria were: 1) pathologically confirmed 

diagnosis of adenocarcinoma (NSCLC); 2) male and 

female lung cancer patients; 3) age ≥18 years. The 

exclusion criteria were as follows: 1) Incomplete 

medical record data, and 2) Patient FFPE or 

histopathological tissue that is neither acceptable nor 

insufficient.  

 

ALK Rearrangement Detection 

The procedure for ALK immunohistochemistry 

(IHC) utilizing a corresponding negative control and the 

highly sensitive anti-ALK (D5F3) rabbit monoclonal 

primary antibody (Ventana Medical Systems Inc., 

Tucson, AZ, USA) is carried out by a specific protocol 

designed to detect ALK protein expression in formalin-

fixed paraffin-embedded tissue sections. Patients' 

formalin-fixed paraffin-embedded (FFPE) tissue is 

sectioned into thin slices (typically 3-5 µm) and 

mounted onto positively charged glass slides. The tissue 

slides are deparaffinized in xylene or a xylene substitute 

to remove the paraffin wax and stained with H&E, 

pathologist will ensure that there are enough tumor cells 

to be examined. Ventana anti-ALK (D5F3) Rabbit 

Monoclonal Primary Antibody is applied to the tissue 

sections, this antibody specifically binds to the ALK 

protein in the sample, if it is present. All steps are 

typically done using a Ventana automated system. 

Ventana OptiView DAB (diaminobenzidine) 

chromogen is used as the detection reagent, which 

produces a brown precipitate at the site of the ALK 

protein-antibody complex, making the signal visible 

under a microscope. The slides are counterstained with 

hematoxylin, which stains the nuclei of the cells, 

providing contrast to the DAB staining. A pathologist 

examines stained tissue sections under a light 

microscope. Positive staining for ALK is indicated by 
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brown cytoplasmic staining in tumor cells, while 

negative staining shows no brown signal. A pathologist 

will assess the intensity and percentage of tumor cells 

showing ALK expression to determine ALK status. The 

D5F3 clone often gives a strong binary positive/negative 

result, making interpretation more straightforward and 

according to the Ventana anti-ALK (D5F3) IHC assay 

Clinical Scoring Algorithm for NSCLC. 

 

Data Analysis  

Clinical and demographic information was 

collected and displayed as percentages and frequencies. 

Each variable was displayed using univariate analysis. 

The Statistical Program for Social Sciences (SPSS) 

version 24.0 (IBM Corporation, Armonk, NY, USA) 

was used for all statistical analyses. 

 

RESULTS 

 

34 of the 52 participants in this study met the 

requirements for inclusion and were able to identify their 

ALK status. Other participants were removed from this 

study due to missing medical record data or insufficient 

FFPE for the ALK IHC examination (Figure 1).

 

 

 
 

 

 
 

 

 

 
 

 

 

 

Figure 1. Flow chart of ALK rearrangement in lung adenocarcinoma 

 

According to the study findings, the majority of 

research subjects were over 60 (52.9%), followed by 

those between 41 and 60 (44.2%), and there was only 

one research sample with participants between the ages 

of 18 and 40 (2.9%). In this study, 61 was the average 

age. Gender-wise, the research sample's lung 

adenocarcinoma patients were predominantly male 

(76.4%) and female (23.6%). Based on race and 

ethnicity, the samples were distributed, with Minang 

having 9 samples (26.4%) and Batak/Karo having 19 

samples (55.8%)—the largest group. Only five samples 

(14.7%) had never smoked, according to the degree of 

smoking, while 24 samples (70.6%) were heavy 

smokers. Based on pTNM stage, the research sample's 

characteristics    showed    that    the   majority   of   lung  

 

adenocarcinoma patients (70.6%) were at Stage IVA, 

followed by Stage IIIB (8 cases; 23.6%), with no cases 

at Stage IIIA or lower. From this study, it was found that 

32 cases (94.2%) had negative expression of ALK 

fusion protein in lung adenocarcinoma, while 2 cases 

(5.8%) had positive expression. Both ALK-positive 

subjects were stage IVA and had pleural metastases 

(100%). 

 

Table 1. Prevalence of anaplastic lymphoma kinase (ALK) 

rearrangement 

ALK Rearrangement 
Total 

N % 

ALK rearrangement positive (+) 2 5.8 
ALK rearrangement negative (-) 32 94.2 

 

 

52 patients with histopathologically confirmed lung adenocarcinoma were recruited, 

and the formalin-fixed paraffin-embedded of each subject was checked to make sure 

there were enough tumor cells 

18 patients failed to meet the inclusion criteria 

A total of 34 patients with lung adenocarcinoma met the inclusion criteria 
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Figure 2. An experienced pathologist evaluated the last portion of the exam. A) & B) Negative anaplastic lymphoma kinase (ALK) 

immunohistochemistry (IHC) examination results; C) & D) Positive ALK IHC examination results showed strong and diffuse 
staining. 

 

Table 2. Characteristics of anaplastic lymphoma kinase (ALK) rearrangement mutation samples 

Characteristics 
ALK Rearrangement 

Total (%) 
Positive (%) Negative (%) 

Age    
<40 years old 0 (0) 1 (3.1) 1 (2.9) 

41-60 years old 1 (50) 14 (43.8) 15 (44.1) 

>60 years old 1 (50) 17 (53.1) 18 (52.9) 

Sex    
Male 1 (50) 24 (75) 25 (73.5) 

Female 1 (50) 8 (25) 9 (26.5) 

Smoking status 
  

 
Never smoker 0 (0) 5 (15.6) 5 (14.7) 
Mild smoker 0 (0) 4 (12.5) 4 (11.8) 

Moderate smoker 0 (0) 1 (3.1) 1 (2.9) 

Heavy smoker 2 (100) 22 (68.8) 24 (70.6) 

pTNM stage    
IIIB 0 (0) 8 (25) 8 (23.5) 

IIIC  0 (0) 1 (3.1) 1 (2.9) 

IVA  2 (100) 22 (68.8) 24 (70.6) 

IVB 0 (0) 1 (3.1) 1 (2.9) 
Organ metastases    

No metastases 0 9 (28.1) 9 (26.5) 

Pleura 2 (100) 20 (62.5) 22 (64.7) 

Hepar 0 2 (5.9) 2 (5.9) 
Brain 0 2 (5.9) 2 (5.9) 

Others (bone, axilla, colli, pericardium, vertebra, plica vocalis) 0 6 (17.6) 6 (17.6) 

Total 2 (100) 32 (100) 34 (100) 
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DISCUSSION 

 

ALK rearrangement is one of the many traits and 

molecular involvements of lung cancer. In this study, 

cases of lung adenocarcinoma that had ALK mutations 

were found in 2 cases (5.8%) and ALK was found to be 

negative in 32 cases (94.2%). A study by Koivunen et al. 

has the same trend as the NSCLC sample, the ALK 

fusion gene was identified in 1% of Americans and 3% 

of Korean patients9. A previous study in Hong Kong 

showed that the frequency of ALK in NSCLC was 4.9%, 

none of the patients had ever been examined for EGFR 

mutations. In that study, EGFR positivity was later 

discovered in 46.9% of samples10. This suggests that 

among NSCLC patients who were not previously 

screened, EML4-ALK rearrangements are quite 

uncommon (1–5%). According to a study, up to 22% of 

screened adenocarcinoma patients with a history of non-

smokers or light smokers had ALK mutations11. Ren et 

al's study showed that the prevalence of lung 

adenocarcinoma with wild-type EGFR mutation and 

EML4-ALK rearrangement could reach 32% in 

nonsmokers12. In line with a study in Indonesia by 

Heriyanto et al., which demonstrated that in lung 

adenocarcinoma cytology specimens with negative 

EGFR mutations, the prevalence of ALK was 20%13. 

Oktaviyanti's study showed that the sample of 

adenocarcinoma sufferers aged 18 - 40 years was 7 cases 

(18.4%), 41 - 60 years was 17 cases (44.7%), and >60 

years was 14 cases (36.8%)14. Slightly different from the 

study's findings, which showed that the majority of the 

sample—18 cases, or 52.9%—were in the age range of 

60 years or older. According to study by Fauziah (2019), 

from 2012 to 2017, most patients diagnosed with lung 

adenocarcinoma at the Department of Anatomical 

Pathology, Dr. Hasan Sadikin General Hospital, were 

aged >40 years. This percentage reached up to 90%15. 

The study is consistent with the current investigation, 

which found that there was only 1 instance (2.9%) 

involving a patient who was younger than 40 years. 

A Purnawati et al. meta-analysis on the 

characteristics of lung adenocarcinoma patients in 

Indonesia found that the age of lung cancer patients 

varied. Of the 19 journals that gathered data on the 

average age of lung cancer patients, 17 journals reported 

that the majority of these patients were older than 40, 

and 2 other journals reported that the majority of these 

patients were younger than 40. Most lung cancer cases 

start in adulthood, according to the pathogenesis theory 

of the disease's course, supported by the 17 journals. 

This is brought on by early-life prolonged exposure to 

carcinogenic substances and aging-related immune 

system deterioration, which promote carcinogenesis16. 

The research subject's characteristics indicated 

their degree of smoking, with 24 samples (70.6%) being 

heavy smokers. The primary cause of all forms of lung 

cancer is smoking. It is widely acknowledged that 

smoking causes lung cancer and that the length of a 

smoker's smoking history is the most significant 

predictor of their risk of developing lung cancer. Lung 

cancer is not caused by nicotine, although it can lead to 

cigarette addiction. The primary carcinogen found in 

cigarettes is continuous exposure to tar17. However, 

according to Fauziah's (2019) study, 75% of the lung 

cancer patients diagnosed between 2012 and 2017 were 

non-smokers, whereas the remaining patients smoked15. 

The high incidence of lung adenocarcinoma in non-

smoking patients is related to the subtype of lung 

adenocarcinoma itself17. 

Arumsari et al. (2019), Aktalina et al. (2019), and 

Soeroso et al. (2021) gathered information on lung 

cancer patients with a higher Brinkman Index severity. 

From these three journals, it may be concluded that 

smoking increases the risk of lung cancer4,18,19. 

According to data on the distribution of cancer stages, 

most study participants were in stage IV. Sanchez Lara's 

research yielded similar results, supporting the theory 

that the prevalence of advanced-stage lung cancer is 

higher than that of the early stage because the latter is 

typically characterized by non-specific symptoms or no 

symptoms at all, making an early diagnosis difficult20,21. 

In our research, we are using FFPE tissue sample 

form biopsy whether it is transthoracic biopsy or 

transbronchial biopsy. For the diagnosis of non-small 

cell lung cancer (NSCLC) and the identification of 

histological subtypes, tissue biopsy is the gold standard. 

It is also used for some predictive biomarker assessment 

using molecular biology testing (one gene sequencing 

and NGS methods), IHC (like immunostaining for PD-

L1 and ALK), and FISH (ALK, ROS1, and MET). 

Furthermore, a tissue biopsy typically has a higher 

sensitivity for fusion and copy number variation 

detection than a liquid biopsy, especially when the 

tumor fraction in cf-DNA is small (<1%)22. 

Immunohistochemistry or IHC examination in 

pathology practice has been widely used because it is 

fast, economical, and simple. IHC has been 

recommended as an alternative detection method for 

ALK rearrangement. IHC testing is a suitable and 

reliable alternative to FISH for the detection of ALK-

positive NSCLC23. The Ventana ALK (D5F3) CDx 

assay was specifically developed to maximize agreement 

with ALK FISH testing and to enable the use of ALK 

IHC as a standalone companion diagnostic test to 

identify patients with ALK-positive NSCLC eligible for 

treatment with crizotinib24. 
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ALK rearrangement is affiliated with advanced 

stages at the process manifestations appear. In addition, 

patients with ALK-positive were observed to have a 

special pattern of disease spread. In one report of 

advanced-stage patients, ALK rearrangement was 

significantly associated with pericardial, pleural, and 

hepatic metastases compared with ALK-negative 

patients25. The patients in this study who tested positive 

for ALK had metastases to the pleura and were in stage 

IVA. 

 

CONCLUSION 

 

Lung adenocarcinoma patients in this study were 

mostly male, older than 60 years old, and heavy 

smokers. According to immunohistochemical analysis, 

5.8% of lung adenocarcinoma cancer patients had an 

ALK rearrangement mutation. There are relatively few 

ALK rearrangement mutations in lung adenocarcinoma 

patients without screening. Additional research is 

required to ascertain the characteristics distribution of 

lung adenocarcinoma patients that are associated with a 

higher prevalence of ALK rearrangement mutations. 

 

Acknowledgments 

None declared. 

 

Conflict of Interest 

The authors declared there is no conflict of interest. 

 

Funding 

None declared. 

 

Authors’ Contributions 

Concept or idea, design, and research substance: MYAP, 

NNS, DA and DWTL. Collected data by searching the 

literature and obtained information: MYAP and NNS. 

Data analysis and research methodology: MYAP, NNS 

and TA. Manuscript preparation, editing, and review: 

MYAP, NNS, DA, TA, and DWTL. All authors 

contributed and approved the final version of the 

manuscript. 

 

REFERENCES 

 1.  World Health Organization. WHO Cancer 

[Internet]. Health Topics. 2022. Available from: 

https://www.who.int/health-

topics/cancer#tab=tab_1 

2. Siddiqui F, Vaqar S, Siddiqui AH. Lung Cancer. In: 

StatPearls [Internet]. 2022. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK482357/ 

[PubMed] 

3. Schabath MB, Cote ML. Cancer progress and 

priorities: Lung cancer. Cancer Epidemiology 

Biomarkers and Prevention. 2019;28(10):1563–79. 

[PubMed] 

4. Soeroso NN, Ananda FR, Pradana A, Tarigan SP, 

Syahruddin E, Noor DR. The Absence of Mutations 

in the Exon 2 KRAS Gene in Several Ethnic Groups 

in North Sumatra May Not the Main Factor for 

Lung Cancer. Acta Inform Med. 2021 

Jun;29(2):108-112. doi: 10.5455/aim.2021.29.108-

112. PMID: 34584333; PMCID: PMC8443133. 

[PubMed] 

5. Sinjab A, Rahal Z, Kadara H. Cell-by-Cell: 

Unlocking Lung Cancer Pathogenesis. Vol. 14, 

Cancers. MDPI; 2022. [PubMed] 

6. Salido M, Pijuan L, Martínez-Avilés L, Galván AB, 

Cañadas I, Rovira A, et al. Increased ALK gene 

copy number and amplification are frequent in non-

small cell lung cancer. Journal of Thoracic 

Oncology. 2011;6(1):21–7. [PubMed] 

7. Zhao Z, Verma V, Zhang M. Anaplastic lymphoma 

kinase: Role in cancer and therapy perspective. 

Cancer Biol Ther. 2015;16(12):1691-701. doi: 

10.1080/15384047.2015.1095407. PMID: 

26529396; PMCID: PMC4847817. [PubMed] 

8. Basit, S., Ashraf, Z., Lee, K., & Latif, M. (2017). 

First macrocyclic 3 rd -generation ALK inhibitor for 

treatment of ALK/ROS1 cancer: Clinical and 

designing strategy update of lorlatinib. European 

Journal of Medicinal Chemistry, 134, 348–356. 

https://doi.org/10.1016/j.ejmech.2017.04.032 

[ScienceDirect] 

9. J. P. Koivunen, C. Mermel, K. Zejnullahu, et al., 

"EML4-ALK fusion gene and efficacy of an ALK 

kinase inhibitor in lung cancer," Clinical Cancer 

Research, vol. 14, no. 13, pp. 4275– 4283, 2008. 

[PubMed] 

10. D. W. Wong, E. L. Leung, K. K. So et al., “The 

EML4-ALK fusion gene is involved in various 

histologic types of lung cancers from nonsmokers 

with wild-type EGFR and KRAS,” Cancer, vol. 

115, no. 8, pp. 1723–1733, 2009. [PubMed] 

11. Shaw AT, Yeap BY, Mino-Kenudson M, 

Digumarthy SR, Costa DB, Heist RS, Solomon B, 

Stubbs H, Admane S, McDermott U, Settleman J, 

Kobayashi S, Mark EJ, Rodig SJ, Chirieac LR, 

Kwak EL, Lynch TJ, Iafrate AJ. Clinical features 

and outcome of patients with non-small-cell lung 

cancer who harbor EML4-ALK. J Clin Oncol. 2009 

Sep 10;27(26):4247-53. doi: 

10.1200/JCO.2009.22.6993. Epub 2009 Aug 10. 

PMID: 19667264; PMCID: PMC2744268. 

[PubMed] 

12. S. Ren, X. Chen, P. Kuang, et al., "Association of 

EGFR mutation or ALK rearrangement with 

expression of DNA repair and synthesis genes in 

never-smoker women with pulmonary 

adenocarcinoma," Cancer, vol. 118, no. 22, pp. 

5588–5594, 2012 [PubMed] 

13. Didik S. Heriyanto, Ika Trisnawati, Evan G. 

Kumara, Vincent Laiman, Fara S. Yuliani, Auliya 

S. B. Sumpono, Rita Cempaka, undefined 

Marcellus, Eko Budiono, "The Prevalence of the 

EML4-ALK Fusion Gene in Cytology Specimens 

from Patients with Lung Adenocarcinoma", 

Pulmonary Medicine, vol. 2020, Article ID 

52 

https://pubmed.ncbi.nlm.nih.gov/29493979/
https://pubmed.ncbi.nlm.nih.gov/31575553/
https://pubmed.ncbi.nlm.nih.gov/34584333/
https://pubmed.ncbi.nlm.nih.gov/35884485/
https://pubmed.ncbi.nlm.nih.gov/21107285/
https://pubmed.ncbi.nlm.nih.gov/26529396/
https://www.sciencedirect.com/science/article/pii/S0223523417302878?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18594010/
https://pubmed.ncbi.nlm.nih.gov/19170230/
https://pubmed.ncbi.nlm.nih.gov/19667264/
https://pubmed.ncbi.nlm.nih.gov/22569898/


 
 

J. Respi. January 2025, Vol. 11 (01); 47-53 

 
3578748, 6 pages, 2020. 

https://doi.org/10.1155/2020/3578748 [Journal] 

14. Ahyati SN, Oktaviyanti IK, Yuliana I. “Hubungan 

Jenis Kelamin dan Riwayat Merokok dengan 

Mutasi Gen EGFR Kanker Paru Tipe 

Adenokarsinoma”, Homeostasis, vol. 2019, 

https://doi.org/10.20527/ht.v2i1.421 [Journal] 

15. Fauziah, Karina. 2019. Karakteristik Pasien 

Adenokarsinoma Paru Berdasarkan Faktor Resiko 

dan Derajat Histopatologi di Departemen Patologi 

Anatomi RSUP Dr. Hasan Sadikin Bandung Periode 

2012-2017. Artikel Penelitian. Fakultas Kedokteran. 

Cimahi: Universitas Jenderal Achmad Yani. 

16. Purnamawati, P., Tandrian, C., Sumbayak, E. M., & 

Kertadjaja, W. (2021). Analisis Kejadian Kanker 

Paru Primer di Indonesia pada Tahun 2014-2019. 

Jurnal Kedokteran Meditek, 27(2), 164–172. 

https://doi.org/10.36452/jkdoktmeditek.v27i2.2066 

[Journal] 

17. Nicholson AG, Tsao MS, Beasley MB, Borczuk 

AC, Brambilla E, Cooper WA, et al. The 2021 

WHO Classification of Lung Tumors: Impact of 

Advances Since 2015. Vol. 17, Journal of Thoracic 

Oncology. Elsevier Inc.; 2022. p. 362–87. 

[PubMed] 

18. Aktalina L. Hubungan tingkatan berat merokok 

(indeks brinkman) dan kejadian kanker paru. Jurnal 

Kedokteran Methodist. 2019;12(1):13-5 [Journal] 

19. Arumsari D, Martini S, Artanti KD, Widati S. The 

description of smoking degree based on brinkman 

index in patients with lung cancer. Jurnal Berkala 

Epidemiologi. 2019;7(3):251-4 [Journal] 

20. Sanchez-Lara K, Turcott JG, Juarez E, Guevara P, 

Nunez-Valencia C. Association of nutritional 

parameters including bioelectrical impedance and 

systemic inflammatory response with quality of life 

and prognosis in patients with advanced non-small-

cell lung cancer: a prospective study. Nutr Cancer 

2012; 64:526. [PubMed] 

21. Perhimpunan Dokter Paru Indonesia. Kanker paru 

pedoman diagnosis & penatalaksanaan di Indonesia.   

Edition 2015.   Jakarta, Markindo Anugerah Citra 

Pratama, 2016 

22. Hofman P. Liquid and Tissue Biopsies for Lung 

Cancer: Algorithms and Perspectives. Cancers. 

2024; 16(19):3340. 

https://doi.org/10.3390/cancers16193340 [Journal] 

23. Paolini, D., Tiseo, M., Demma, F., Furneri, G., 

Dionisi, M., Akkermans, M., & Marchetti, A. 

(2018). Ventana ALK (D5F3) in the Detection of 

Patients Affected by Anaplastic Lymphoma Kinase-

positive Non-Small-cell Lung Cancer: Clinical and 

Budget Effect. Clinical Lung Cancer, 19(5), e735–

e743. https://doi.org/10.1016/j.cllc.2018.05.012 

[ScienceDirect] 

24. Thorne-Nuzzo, T., Williams, C., Catallini, A., 

Clements, J., Singh, S., Amberson, J., Dickinson, 

K., Gatalica, Z., Ho, S. N., Loftin, I., McElhinny, 

A., & Towne, P. (2017). A Sensitive ALK 

Immunohistochemistry Companion Diagnostic Test 

Identifies Patients Eligible for Treatment with 

Crizotinib. Journal of Thoracic Oncology, 12(5), 

804–813. https://doi.org/10.1016/j.jtho.2017.01.020 

[ScienceDirect] 

25.  Doebele RC, Lu X, Sumey C, Maxson DA, 

Weickhardt AJ, Oton AB, Bunn PA Jr, Barón AE, 

Franklin WA, Aisner DL, Varella-Garcia M, 

Camidge DR. Oncogene status predicts patterns of 

metastatic spread in treatment-naive nonsmall cell 

lung cancer. Cancer. 2012 Sep 15;118(18):4502-11. 

doi: 10.1002/cncr.27409. Epub 2012 Jan 26. PMID: 

22282022; PMCID: PMC3370097. [PubMed] 

 

53 

https://onlinelibrary.wiley.com/action/showCitFormats?doi=10.1155%2F2020%2F3578748
https://ppjp.ulm.ac.id/journals/index.php/hms/article/view/421
https://ejournal.ukrida.ac.id/index.php/Meditek/article/view/2066
https://pubmed.ncbi.nlm.nih.gov/34808341/
https://ejurnal.methodist.ac.id/index.php/jkm/article/view/948
https://e-journal.unair.ac.id/JBE/article/view/12184
https://pubmed.ncbi.nlm.nih.gov/22489794/
https://www.mdpi.com/2072-6694/16/19/3340
https://www.sciencedirect.com/science/article/pii/S1525730418301323?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1556086417300448?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/22282022/

