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Abstract

Background

The goals of this multinational retrospective study were to describe treatment patterns and

survival outcomes by receipt of molecular testing and molecular status of patients with

advanced non-small cell lung cancer (NSCLC).

Methods

This chart review study, conducted in Italy, Spain, Germany, Australia, Japan, Korea, Tai-

wan, and Brazil, included 1440 patients with newly diagnosed advanced (stage IIIB/IV)

NSCLC initiating systemic therapy from January 2011 through June 2013, with follow-up

until July 2016. We evaluated treatment patterns and survival by histology, line of therapy,

molecular testing, and test results for epidermal growth factor receptor (EGFR) mutation

and/or anaplastic lymphoma kinase (ALK) rearrangement. Country-specific data were ana-

lyzed descriptively and presented as ranges (lowest to highest country). Overall survival

(OS) was estimated using Kaplan-Meier method.

Results

Patients with�1 molecular test varied from 43% (Brazil) to 85% (Taiwan). Numerically

greater proportions of patients who were female, Asian, or never/former-smokers, and

those with nonsquamous histology or stage-IV NSCLC, received a test. Testing was com-

mon for nonsquamous NSCLC (54%, Brazil, to 91%, Taiwan), with positive EGFR and ALK

tests from 17% (Brazil and Spain) to 67% (Taiwan) and from 0% (Brazil) to 60% (Taiwan),
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respectively. First-line treatment regimens for nonsquamous NSCLC with positive EGFR/

ALK tests included targeted therapy for 30% (Germany) to 89% (Japan); with negative/

inconclusive test results, platinum-based combinations for 88% (Japan) to 98% (Brazil); and

if not tested, platinum-based combinations for 80% (Australia) to 95% (Japan), except in

Taiwan, where 44% received single agents. Median OS from first-line therapy initiation was

10.0 (Japan) to 26.7 (Taiwan) months for those tested and 7.6 (Australia/Brazil) to 19.3 (Tai-

wan) months for those not tested.

Conclusions

We observed substantial variation among countries in testing percentages, treatment pat-

terns, and survival outcomes. Efforts to optimize molecular testing rates should be imple-

mented in the context of each country’s health care scenario.

Introduction

Lung cancer is the leading type of cancer and cause of cancer-related death worldwide [1–3].

Non-small cell lung cancer (NSCLC) comprises >80% of histologically confirmed lung can-

cers. Amongst NSCLC histologies, squamous cell carcinoma and adenocarcinoma are the

most common, comprising about 30% and 50%, respectively [4, 5]. The 5-year survival rates

are low for advanced NSCLC: 5% for stage IIIB and 1% for stage IV [4].

Recent years have seen an ever-expanding role of more precise histological diagnosis and

molecular testing in guiding treatment decisions for patients with NSCLC [6, 7]. Agents that

target specific molecules or cell signaling pathways, such as the epidermal growth factor recep-

tor (EGFR) tyrosine kinase inhibitors (TKIs) and anaplastic lymphoma kinase (ALK) inhibi-

tors, are standard now for treating advanced NSCLC [5, 8]. National and international NSCLC

clinical guidelines recommend that patients with advanced NSCLC testing positive for EGFR
mutation or ALK rearrangement be treated with an EGFR TKI or ALK inhibitor, respectively,

for first-line therapy or, alternatively, for sequential first-line or second-line therapy if muta-

tions are discovered during the course of first-line treatment [5, 8, 9]. First-line therapy with

an EGFR TKI (eg, erlotinib, gefitinib, afatinib) significantly prolongs progression-free survival

(PFS) and is associated with significantly higher tumor response rate when compared with

first-line cytotoxic chemotherapy for patients with EGFR mutations [10]. Similar results were

reported in recent studies of ALK inhibitor therapies (e.g., crizotinib, ceritinib, alectinib) for

patients with ALK-rearranged NSCLC [11].

Both EGFR mutations and ALK rearrangements, while usually mutually exclusive, are found

most commonly in lung adenocarcinoma and in non-smokers or never-smokers. In addition,

EGFR mutations are found most commonly in women and patients of Asian descent, while

ALK rearrangements are more common in younger patients [5, 12–16]. Recent guideline rec-

ommendations are that all patients with advanced-stage nonsquamous NSCLC should be tested

for both EGFR mutations and ALK rearrangements before initiation of first-line treatment [5, 8,

17, 18]. For patients with squamous cell carcinoma, testing for both EGFR mutations and ALK
rearrangements is recommended for never smokers and if the biopsy specimens are of mixed

histology or are small and cannot exclude an adenocarcinoma component. Some consensus

statements and local policies advocate reflex molecular testing upon diagnosis of nonsquamous

NSCLC, regardless of clinical stage [19, 20].
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In real-world clinical practice, the uptake of testing and treatment recommendations

depends on many factors, including local guidelines, drug approval timelines, and reimburse-

ment policies. Many, if not most, NSCLC diagnoses are made on the basis of small biopsies or

cytology samples, and procuring sufficient tissue material for both histological subtyping of

NSCLC, as well as molecular testing, is an important goal to guide individualized treatment

decisions [18, 21–24]. The results of several observational (non-interventional) studies of

NSCLC treatment patterns conducted in recent years leading up to 2013 indicate that testing

for EGFR mutation is increasing over time in conjunction with increased prescribing of EGFR

TKIs [25–31]. Observational data provide important information regarding practice patterns

and treatment outcomes in the real-world clinical setting; this information complements the

findings of randomized controlled trials, and can be used by policymakers and health care pro-

viders to assess and improve current care. However, there is globally a lack of observational

data on practice patterns for advanced NSCLC including molecular testing and all treatment

regimens [32].

The goals of this multinational retrospective study were to descriptively look at demograph-

ics, clinical characteristics, treatment patterns, and survival outcomes, by receipt of molecular

testing and molecular status, for patients with advanced NSCLC who received first-line sys-

temic therapy in the real-world practice setting. Our focus was on molecular testing for two

predictive biomarkers, EGFR mutation and ALK rearrangement, for which targeted therapies

were approved and available during the study years. The overall treatment pattern and health

care resource use data from the study have been published [33–35].

Methods

Study design and patients

This was a non-interventional multinational retrospective study drawing on de-identified

patient data abstracted from medical records of patients who received therapy for advanced

NSCLC at academic and community sites in eight countries (Italy, Spain, Germany, Australia,

Japan, Korea, Taiwan and Brazil). Detailed study methods have been previously published

[33].

Approximately 150–200 adult patients (�18 years of age) per country who initiated first-

line therapy for a histologically and/or cytologically confirmed new diagnosis of stage IIIB or

stage IV NSCLC during the eligibility period from January 1, 2011, to July 1, 2013 (to July 1,

2014, in Germany) were included in the study. Patients who did not receive systemic therapy,

who were participating in a clinical trial, and who had an initial diagnosis of stage I, II, or IIIA

NSCLC were excluded from the study. All patients who met the eligibility criteria were selected

by medical record review, working backwards in time from the end of the eligibility period

(July 1, 2013) until a suitable number of patients was reached for each center. Patients’ data

were included from the date of initiating first-line therapy until the end of the study follow-up

period, loss to follow-up, or death, whichever was first. The study follow-up period ended on

the data abstraction date for each country, ranging from April 24, 2015, in Australia to May

27, 2016, in Brazil [33].

The study protocol was approved by the appropriate institutional review board or indepen-

dent ethics committee for each study site. Informed consent was collected for patients from

Italy, Spain, Germany, and Brazil who were alive at the time of data abstraction; an informed

consent form was not required from deceased patients’ next of kin. In the other countries,

informed consent was not required for working with the de-identified retrospective data used

in the study. Full details of ethical approvals have been published [35] and the names of the

institutional review boards / independent ethics committees for each study site are provided in
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Supporting S1 Table. All data in the patient records used in this retrospective study were fully

deidentified / anonymized before any of the study authors accessed them.

Data collection

Data on baseline patient demographic and clinical characteristics, NSCLC histology, treatment

patterns, and biopsy and molecular testing practices were abstracted from medical records

using electronic case report forms.

We collected information throughout the study period for each patient on types of molecu-

lar tests, frequency of tests, timing relative to diagnosis and start of therapy, type of tissue used

for testing (archival or new), test turnaround time, and the health care personnel involved in

ordering these tests. Results of testing for the two predictive biomarkers EGFR mutation and

ALK rearrangement were collected. Treatment patterns and outcomes were collected for all

patients and presented by histology, receipt of biomarker test, and mutation status. In addi-

tion, we collected the following biopsy-related variables: number of biopsies, timing of biopsy

relative to diagnosis and start of therapy, site (primary or metastatic), size of tissue, method of

biopsy, reason for biopsy, rebiopsy rate, timing of rebiopsy, and reason for rebiopsy. Study def-

initions of these variables are presented in the S1 File.

Statistical analysis

Data were analyzed descriptively and reported using summary statistics for each country. We

summarized patient and clinical characteristics by receipt of a molecular test at any time dur-

ing the study (yes/no). Biopsy and biomarker practice patterns were presented at the patient

level and at a biopsy or test level, respectively. Treatment patterns and survival were stratified

and reported by receipt of predictive biomarker test (EGFR/ALK; yes/no), by mutation status

amongst those who received a test (EGFR/ALK-positive or EGFR/ALK-negative/unknown),

and by histology (squamous, nonsquamous, and all patients).

Overall survival (OS) was estimated for each country from the start of first-line and second-

line therapy until the end of follow-up using the Kaplan-Meier product-limit method. Patients

alive at the end of follow-up were censored on the date of last contact in the OS analyses.

This was an observational study with no a priori hypothesis testing; therefore, we did not

undertake a formal calculation of sample size and statistical power. We reported the propor-

tion of available data for key variables; missing data were not imputed. All analyses were car-

ried out using SAS versions 9.2, 9.3, and 9.4 (SAS Institute, Cary, NC, USA).

Results

Patients

A total of 1440 patients were included in the study from 78 academic and community oncol-

ogy sites in 8 countries. The demographic and clinical characteristics of all patients have been

described by country in previous publications [33, 34]. The majority of patients in each coun-

try were male (from 53% in Germany to 77% in Spain) and current or former smokers (63% in

Korea to 86% in Australia), with the exception of Taiwan (47% male and 33% current or for-

mer smokers). The median age in each country ranged from 63 to 70 years. Approximately

three-quarters of patients had nonsquamous histology (including 93% in Taiwan), and over

77% in each country presented with stage IV disease.
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Table 1. Demographic and clinical characteristics of patients by receipt of one or more molecular testsa (yes/no) in Italy, Spain, Germany, and Australia.

Italy Spain Germany Australia

(N = 174) (N = 202) (N = 139) (N = 208)

Characteristic Tested Not tested Tested Not tested Tested Not tested Tested Not tested

N (%) 89 (51) 85 (49) 154 (76) 48 (24) 78 (56) 61 (44) 126 (61) 82 (39)

Histology, n (%)

Squamous 1 (2) 41 (98) 14 (42) 19 (58) 6 (21) 22 (79) 3 (10) 27 (90)

Nonsquamous 79 (65) 42 (35) 119 (85) 21 (15) 71 (66) 37 (34) 115 (71) 46 (29)

Unknown 9 (82) 2 (18) 21 (72) 8 (28) 1 (33) 2 (67) 8 (47) 9 (53)

Sex, n (%)

Male 50 (41) 73 (59) 116 (75) 39 (25) 33 (45) 41 (55) 65 (52) 60 (48)

Female 39 (77) 12 (24) 38 (81) 9 (19) 45 (69) 20 (31) 61 (74) 22 (27)

Age, n (%)

<75 years 77 (55) 63 (45) 129 (77) 39 (23) 67 (58) 48 (42) 108 (60) 71 (40)

�75 years 12 (35) 22 (65) 25 (74) 9 (27) 11 (46) 13 (54) 18 (62) 11 (38)

Age, years

Mean (SD) 63 (11) 66 (10) 63 (10) 63 (11) 62 (11) 65 (10) 64 (10) 63 (10)

Median (range) 64 (28–86) 67 (38–84) 64 (41–84) 61 (40–84) 62 (33–81) 66 (42–81) 63 (37–89) 65 (39–82)

Race, n (%)b

White 89 (51) 84 (49) 151 (76) 48 (24) 78 (56) 62 (44) 93 (62) 56 (38)

Asian 0 0 0 0 0 0 11 (69) 5 (31)

Black 0 0 2 (100) 0 0 0 1 (100) 0

Other 0 0 0 0 0 0 7 (58) 5 (42)

Unknown 0 0 1 (100) 0 0 0 14 (47) 16 (53)

Smoking history, n (%)

missing 0 0 0 0 2 1 0 0

Current 14 (38) 23 (62) 47 (70) 20 (30) 22 (46) 26 (54) 19 (35) 35 (65)

Former 33 (41) 48 (59) 82 (78) 23 (22) 26 (55) 21 (45) 82 (66) 43 (34)

Never 23 (70) 10 (30) 24 (86) 4 (14) 19 (83) 4 (17) 22 (88) 3 (12)

Unknown 19 (83) 4 (17) 1 (50) 1 (50) 9 (50) 9 (50) 3 (75) 1 (25)

Stage at diagnosis, n (%)

IIIB 6 (46) 7 (54) 8 (47) 9 (53) 9 (29) 22 (71) 23 (53) 21 (48)

IV 83 (52) 78 (48) 146 (79) 39 (21) 69 (64) 39 (36) 103 (63) 61 (37)

ECOG PS, n (%)

Missing 30 45 50 23 18 18 32 23

0 22 (63) 13 (37) 27 (84) 5 (16) 43 (64) 24 (36) 36 (66) 19 (35)

1 31 (60) 21 (40) 49 (83) 10 (17) 16 (50) 16 (50) 50 (60) 33 (40)

2 4 (40) 6 (60) 18 (75) 6 (25) 1 (33) 2 (67) 6 (55) 5 (46)

3 2 (100) 0 8 (67) 4 (33) 0 1 (100) 2 (67) 1 (33)

4 0 0 2 (100) 0 0 0 0 1 (100)

Line of therapy received, n (%)

First-line 89 (51) 85 (49) 154 (76) 48 (24) 78 (56) 61 (44) 126 (61) 82 (39)

Second-line 56 (55) 45 (45) 79 (82) 17 (18) 43 (67) 21 (33) 88 (69) 40 (31)

Third-line 28 (64) 16 (36) 40 (87) 6 (13) 22 (71) 9 (29) 40 (76) 13 (25)

Note: All percentages are row percentages for each country.

ECOG PS, Eastern Cooperative Oncology Group performance status.
aMolecular tests could include those for epidermal growth factor receptor (EGFR) and/or KRAS mutation and/or anaplastic lymphoma kinase (ALK) rearrangement

and/or other (not defined) molecular test.
bRace data missing for 1 patient in Italy who was not tested.

https://doi.org/10.1371/journal.pone.0202865.t001
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Table 2. Demographic and clinical characteristics of patients by receipt of one or more molecular testsa (yes/no) in Japan, Korea, Taiwan, and Brazil.

Japan Korea Taiwan Brazil

(N = 175) (N = 150) (N = 217) (N = 175)

Characteristic Tested Not tested Tested Not tested Tested Not tested Tested Not tested

N (%) 130 (74) 45 (26) 114 (76) 36 (24) 185 (85) 32 (15) 75 (43) 100 (57)

Histology, n (%)

Squamous 17 (40) 26 (61) 7 (23) 23 (77) 2 (13) 14 (88) 2 (6) 33 (94)

Nonsquamous 110 (85) 19 (15) 101 (89) 12 (11) 183 (91) 18 (9) 71 (54) 61 (46)

Unknown 3 (100) 0 6 (86) 1 (14) 0 0 2 (25) 6 (75)

Sex, n (%)

Male 83 (68) 40 (33) 71 (68) 33 (32) 81 (79) 22 (21) 39 (34) 76 (66)

Female 47 (90) 5 (10) 43 (94) 3 (7) 104 (91) 10 (9) 36 (60) 24 (40)

Age, n (%)

<75 years 88 (72) 35 (29) 104 (77) 32 (24) 146 (86) 24 (14) 66 (44) 84 (56)

�75 years 42 (81) 10 (19) 10 (71) 4 (29) 39 (83) 8 (17) 9 (36) 16 (64)

Age, years

Mean (SD) 69 (8) 68 (7) 61 (10) 64 (10) 65 (12) 63 (13) 61 (11) 65 (9)

Median (range) 70 (47–86) 69 (52–79) 64 (31–82) 66 (41–83) 66 (30–92) 64 (38–79) 61 (41–83) 66 (35–85)

Race, n (%)

White 0 0 0 0 0 0 37 (48) 40 (52)

Asian 130 (74) 45 (26) 114 (76) 36 (24) 184 (85) 32 (15) 1 (100) 0

Black 0 0 0 0 1 (100) 0 2 (22) 7 (78)

Other 0 0 0 0 0 0 0 1 (100)

Unknown 0 0 0 0 0 0 35 (40) 52 (60)

Smoking history, n (%)

Current 10 (48) 11 (52) 32 (63) 19 (37) 15 (75) 5 (25) 9 (35) 17 (65)

Former 87 (73) 33 (28) 32 (73) 12 (27) 40 (78) 11 (22) 45 (41) 65 (59)

Never 32 (97) 1 (3) 46 (90) 5 (10) 129 (90) 14 (10) 19 (54) 16 (46)

Unknown 1 (100) 0 4 (100) 0 1 (33) 2 (67) 2 (50) 2 (50)

Stage at diagnosis, n (%)

IIIB 20 (69) 9 (31) 15 (58) 11 (42) 14 (70) 6 (30) 6 (33) 12 (67)

IV 110 (75) 36 (25) 99 (80) 25 (20) 171 (87) 26 (13) 69 (44) 88 (56)

ECOG PS, n (%)

Missing 46 21 63 19 12 0 9 34

0 37 (79) 10 (21) 33 (92) 3 (8) 35 (76) 11 (24) 23 (72) 9 (28)

1 34 (77) 10 (23) 14 (56) 11 (44) 101 (89) 13 (11) 32 (50) 32 (50)

2 8 (80) 2 (20) 1 (25) 3 (75) 27 (77) 8 (23) 10 (30) 23 (70)

3 5 (71) 2 (29) 3 (100) 0 6 (100) 0 1 (33) 2 (67)

4 0 0 0 0 4 (100) 0 0 0

Line of therapy received, n (%)

First-line 130 (74) 45 (26) 114 (76) 36 (24) 185 (85) 32 (15) 75 (43) 100 (57)

Second-line 78 (74) 27 (26) 75 (78) 21 (22) 129 (83) 26 (17) 51 (56) 40 (44)

Third-line 44 (80) 11 (20) 45 (76) 14 (24) 78 (86) 13 (14) 21 (70) 9 (30)

Note: All percentages are row percentages for each country.

ECOG PS, Eastern Cooperative Oncology Group performance status.
aMolecular tests could include those for epidermal growth factor receptor (EGFR) and/or KRAS mutation and/or anaplastic lymphoma kinase (ALK) rearrangement

and/or other (not defined) molecular test.

https://doi.org/10.1371/journal.pone.0202865.t002
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Molecular testing patterns

Tables 1 and 2 summarize the characteristics of patients in each country by whether they

received at least one molecular test of any kind during the study period. Three-quarters or

more of all patients received one or more molecular tests in Spain (76%), Japan (74%), Korea

(76%), and Taiwan (85%); testing rates in the other countries ranged from 43% in Brazil to

61% in Australia.

A higher percentage of patients with nonsquamous histology had a molecular test than

those with squamous histology. Moreover, numerically more women than men were tested, as

were Asian vs. white or black patients, never smokers and ex-smokers vs. current smokers,

and patients with stage IV vs. stage IIIB NSCLC (Tables 1 and 2). However, a relatively high

proportion of male patients had a molecular test in Japan and Korea (68%), Spain (75%), and

Taiwan (79%). Numerically greater proportion of patients�75 years old (vs. <75 years) had a

molecular test in Japan, whereas lower proportions of patients�75 years old (vs.<75 years) in

Italy and Germany had a test; in the other countries, there were minimal differences according

to these two age groups in whether patients were tested (Tables 1 and 2).

Of the patients with Eastern Cooperative Oncology Group performance status (ECOG PS)

data, most of those with ECOG PS of 0 were tested for biomarker(s), including from 63%

(Italy) to 92% (Korea). Of those with ECOG PS of 1, from 50% (Germany and Brazil) to 89%

(Taiwan) were tested.

Overall, of the patients who received a test, 63% and 33% received second- and third-line

therapy, respectively; whereas of patients who were not tested 48% and 19% received second-

and third-line therapy, respectively (Tables 1 and 2).

The majority of patients with nonsquamous NSCLC had one or more molecular tests

(cumulative number, could be any test type), namely, from 54% in Brazil to 91% in Taiwan

(Table 3). A median of 1 molecular test was performed for each patient with nonsquamous

NSCLC from all countries except Germany (median, 2) and Korea (median, 3), with range of

1–2 or 1–3 tests in all countries except Spain (1–10), Germany (1–8), Australia (1–5), and

Korea (1–5).

Molecular testing was conducted for 23% or fewer patients with squamous NSCLC except

in Spain (42%) and Japan (40%; see Supporting S2 Table).

Testing for EGFR mutation was the most common molecular test in all countries and for

both nonsquamous and squamous cohorts (Table 3 and Supporting S2 Table). In the nonsqua-

mous cohorts, of all molecular tests conducted in each country, the percentages of EGFR tests

ranged from 41% in Germany to 97% in Taiwan, while ALK tests comprised 3% (Taiwan) to

27% (Italy) of all molecular tests (Table 3). The percentages of positive EGFR mutation tests

for nonsquamous NSCLC were 17% in Brazil and Spain, 23% in Australia, 24% in Italy, 28% in

Germany, 42% in Japan and Korea, and 67% in Taiwan (Table 3). The percentages of positive

ALK rearrangement tests for nonsquamous NSCLC were 0 in Brazil, 3% in Italy, 5% in Spain

and Germany, 8% in Japan, 15% in Australia, 16% in Korea; only 5 ALK rearrangement tests

were run in Taiwan, of which 3 (60%) were positive.

The majority of molecular tests (Table 3, Supporting S2 Table) and of the EGFR and ALK

tests (Supporting S3 Table) were run before the initiation of first-line therapy. In Japan and

Korea these tests were run most commonly before the confirmed NSCLC diagnosis and in the

other countries most commonly after the confirmed diagnosis but before first-line therapy. A

few tests for the nonsquamous cohorts in each country, but including 25–26% of those in Ger-

many and Australia, were conducted after first-line therapy and before the start of second-line

therapy (Table 3 and Supporting S2 and S3 Tables). Overall, 12% (Germany) or fewer molecu-

lar tests in each country were conducted after second-line therapy (Supporting S2 Table).
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Both archival tissue and newly collected tissue were used for testing. Archival tissue was

used most commonly in Italy (84%), Spain (83%), Australia (69%), Korea (58%), Taiwan

(66%), and Brazil (66%; Table 3 and Supporting S2 Table). In Germany approximately half of

molecular tests were run using new and half, archival tissue (49% and 51%, respectively), while

in Japan, archival tissue was used more frequently for squamous NSCLC (57%) and new tissue

for nonsquamous NSCLC (58%).

Table 3. Molecular test-related characteristics—at the test level—for nonsquamous aNSCLC in each country.

Italy Spain Germany Australia Japan Korea Taiwan Brazil

Characteristic N = 121 N = 140 N = 108 N = 161 N = 129 N = 113 N = 201 N = 132

Patients tested, n (%) 79 (65) 119 (85) 71 (66) 115 (71) 110 (85) 101 (89) 183 (91) 71 (54)

Total number of molecular tests 111 201 167 179 133 248 189 86

No. molecular tests per patient, mean (SD) 1.4 (0.5) 1.7 (1.3) 2.4 (1.3) 1.6 (0.9) 1.2 (0.4) 2.5 (1.1) 1.0 (0.2) 1.2 (0.5)

Median (range) 1 (1–2) 1 (1–10) 2 (1–8) 1 (1–5) 1 (1–2) 3 (1–5) 1 (1–2) 1 (1–3)

Molecular test, n (% of tests)

ALK rearrangement 30 (27) 39 (19) 39 (23) 26 (15) 25 (19) 55 (22) 5 (3) 14 (16)

EGFR mutation 76 (69) 113 (56) 68 (41) 114 (64) 107 (81) 108 (44) 184 (97) 70 (81)

KRAS 5 (5) 4 (2) 24 (14) 22 (12) 1 (1) 70 (28) 0 1 (1)

Othera 0 45 (22) 36 (22) 17 (10) 0 15 (6) 0 1 (1)

EGFR mutation status, n (% of EGFR tests)

Positive 18 (24) 19 (17) 19 (28) 26 (23) 45 (42) 45 (42) 124 (67) 12 (17)

Negative 56 (74) 90 (80) 49 (72) 86 (75) 61 (57) 62 (57) 59 (32) 52 (74)

Unknown 2 (3) 4 (4) 0 2 (2) 1 (1) 1 (1) 1 (1) 6 (9)

ALK rearrangement status, n (% of ALK tests)

Positive 1 (3) 2 (5) 2 (5) 4 (15) 2 (8) 9 (16) 3 (60) 0

Negative 28 (93) 36 (92) 36 (92) 20 (77) 23 (92) 43 (78) 1 (20) 12 (86)

Unknown 1 (3) 1 (3) 1 (3) 2 (8) 0 3 (6) 1 (20) 2 (14)

Type of tissue usedb

New, n (% of tests) 15 (14) 25 (12) 79 (48) 54 (30) 77 (58) 104 (42) 64 (34) 30 (35)

Archival, n (% of tests) 93 (86) 176 (88) 87 (52) 125 (70) 56 (42) 144 (58) 125 (66) 55 (65)

Timing of molecular tests, n (% of tests)c

Before confirmed aNSCLC diagnosis 21 (19) 46 (23) 11 (7) 27 (15) 76 (57) 124 (50) 60 (32) 10 (12)

Before start of 1L, after confirmed diagnosis 60 (54) 127 (63) 94 (57) 99 (55) 46 (35) 92 (37) 108 (57) 53 (62)

Before start of 2L, after 1L therapy 20 (18) 19 (10) 43 (26) 45 (25) 4 (3) 15 (6) 15 (8) 15 (8)

Before start of 3L, after 2L therapy 7 (6) 4 (2) 9 (6) 7 (4) 4 (3) 5 (2) 2 (1) 2 (1)

After 3L 3 (3) 5 (3) 8 (5) 1 (1) 1 (1) 12 (5) 4 (2) 4 (2)

HC personnel ordering molecular test, n (% of tests)

Oncologist 88 (90) 142 (89) 38 (25) 124 (75) 6 (5) 139 (57) 2 (1) 2 (1)

Pulmonologist 2 (2) 5 (3) 88 (59) 14 (8) 113 (93) 96 (39) 96 (62) 0

Pathologist 2 (2) 6 (4) 1 (1) 1 (1) 1 (1) 0 3 (2) 1 (1)

Thoracic surgeon 5 (5) 1 (1) 5 (3) 8 (5) 1 (1) 1 (0) 11 (7) 1 (1)

Other 0 6 (4) 18 (12) 19 (11) 1 (1) 10 (4) 43 (28)d 1 (1)

Missing/unknown test ordering data, n 13 41 17 13 11 2 34 9

1L, 2L, 3L, first-, second-, third-line; ALK, anaplastic lymphoma kinase; aNSCLC, advanced non-small cell lung cancer; EGFR, epidermal growth factor receptor; HC,

health care.
aTypes of “other” molecular tests were not defined.
bTissue type data were missing for 3, 1, and 1 molecular tests in Italy, Germany, and Brazil, respectively.
cMolecular test timing data were missing for 2 tests each in Germany and Japan.
dIn Taiwan, the treating physician ordered 40/155 tests (26%).

https://doi.org/10.1371/journal.pone.0202865.t003
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The median turn-around time for results of the EGFR test ranged from 8 (Japan) to 17

(Australia) days, depending on country, for patients with one test (Supporting S3 Table). For

the ALK test, the corresponding range was a median of 3 (Italy) to 16 (Korea) days.

The health care provider who ordered the molecular tests was the oncologist most com-

monly in Italy (91%), Spain (86%), Australia (74%), Korea (57%), and Brazil (95%) and the

pulmonologist most commonly in Germany (61%), Japan (92%), and Taiwan (61%; Table 3

and Supporting S2 Table).

Biopsy patterns

Ninety percent or more of patients in each country, and up to 99% in Brazil, underwent a

biopsy procedure, except in Spain (85%) and Taiwan (84%) (Supporting S4 Table). Over 94%

of biopsies in each country were for diagnostic purposes, and the timing of the biopsy proce-

dures was most commonly before the diagnosis, although in Taiwan 28% of biopsies were

done after the NSCLC diagnosis and before the start of first-line therapy. The use of biopsies

for molecular testing purposes ranged from 10% in Korea and Brazil to 30% in Taiwan and

was most commonly done for nonsquamous NSCLC in all countries. The primary tumour was

the most common biopsy site, and lymph nodes were the second most common site (Support-

ing S4 Table).

Several different biopsy methods were employed in each country, including transbronchial

biopsy or brush biopsy, fine-needle biopsy, direct biopsy, surgical biopsy, and endobronchial/

endoscopic-guided biopsy. Japan was the only country where over half of biopsies were per-

formed with one technique, namely, 55% via transbronchial or brush biopsy (Supporting S4

Table). In the other countries, the most common methods of biopsy, used for 27% to 36% of

biopsies, were transbronchial or brush biopsy (in Italy and Spain), fine needle biopsy (in Aus-

tralia, Korea, and Taiwan), and direct biopsy (in Germany and Brazil).

Few patients in each country had a rebiopsy (4–9%), the exceptions being in Germany and

Korea, where 20% had a rebiopsy, including 10 (36%) patients in the German squamous

cohort and 26 (23%) in the Korean nonsquamous cohort. The rebiopsies were done most com-

monly for diagnostic purposes and secondarily for molecular testing (Supporting S4 Table).

Treatment patterns by predictive biomarker testing status and results

Treatment patterns for first- through third-line therapy varied considerably according to

receipt of a test (yes/no) and mutation status amongst those who received an EGFR-mutation

or ALK-rearrangement test (EGFR/ALK-positive or EGFR/ALK-negative/unknown) (Tables 4

and 5; Supporting S5 Table).

For nonsquamous NSCLC (Tables 4 and 5), the percentages of patients with EGFR/ALK-

positive status who received a first-line EGFR/ALK TKI ranged from 30% in Germany to 89%

in Japan. The corresponding percentages in second-line were 9% (Taiwan) to 50% Australia

and Japan, and in third-line were 14% (Germany) to 63% (Taiwan). Instead, first-line plati-

num-based combinations were administered to 88–98% of patients with nonsquamous

NSCLC who had negative/inconclusive test results in each country, and to 80–95% of those

who were not tested in all countries except Taiwan (Tables 4 and 5). The first-line regimens

were more varied in Taiwan, where patients with negative/inconclusive test results received

platinum-based combinations and single agents in roughly equal proportions (35% and 40%,

respectively), and a minority received non-platinum combinations (14%) and EGFR/ALK

TKIs (11%). The 18 patients in Taiwan who were not tested received single agents (44%) most

commonly, followed by platinum-based combinations (22%), EGFR/ALK TKIs (22%), and

non-platinum combinations (11%; Table 5).
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Table 4. Treatment patterns by predictive biomarker testing (EGFR mutation and ALK rearrangement) and mutation status for patients with nonsquamous

NSCLC in Italy, Spain, Germany, and Australia.

Italy Spain Germany Australia

Patients who were testeda EGFR/ALK+ EGFR/

ALK

–/unk

EGFR/ALK+ EGFR/ALK

–/unk

EGFR/

ALK+

EGFR/ALK

–/unk

EGFR/

ALK+

EGFR/ALK

–/unk

Systemic therapyb N = 18 N = 60 N = 19 N = 93 N = 20 N = 50 N = 29 N = 86

First-line therapy, n (%) 18 (100) 60 (100) 19 (100) 93 (100) 20 (100) 50 (100) 29 (100) 86 (100)

Platinum-based combination 7 (39) 58 (97) 10 (53) 87 (94) 13 (65) 47 (94) 15 (52) 79 (92)

Non-platinum combination 0 0 2 (11) 0 0 0 0 0

Single agents 0 2 (3) 0 5 (5) 1 (5) 3 (6) 0 7 (8)

EGFR/ALK TKI 11 (61) 0 7 (37) 1 (1) 6 (30) 0 14 (48) 0

Second-line therapy, n N = 10 N = 39 N = 11 N = 47 N = 13 N = 22 N = 22 N = 58

Platinum-based combination 5 (50) 2 (5) 4 (36) 10 (21) 3 (23) 7 (32) 8 (36) 8 (14)

Non-platinum combination 0 0 2 (18) 2 (4) 1 (8) 2 (9) 0 0

Single agents 1 (10) 21 (54) 1 (9) 22 (47) 3 (23) 7 (32) 3 (14) 44 (76)

EGFR/ALK TKI 4 (40) 16 (41) 4 (36) 11 (23) 6 (46) 6 (27) 11 (50) 6 (10)

Other anti-NSCLC agent 0 0 0 2 (4) 0 0 0 0

Third-line therapy, n N = 3 N = 21 N = 4 N = 26 N = 7 N = 10 N = 13 N = 20

Platinum-based combination 0 0 2 (50) 3 (12) 5 (71) 2 (20) 3 (23) 2 (10)

Non-platinum combination 0 0 1 (25) 4 (15) 0 2 (20) 2 (15) 0

Single agents 2 (67) 13 (62) 0 8 (31) 1 (14) 6 (60) 2 (15) 9 (45)

EGFR/ALK TKI 1 (33) 7 (33) 1 (25) 11 (42) 1 (14) 0 2 (15) 9 (45)

Other anti-NSCLC agent 0 1 (5) 0 0 0 0 4 (31) 0

Patients who were not testeda N = 43 N = 28 N = 38 N = 46

First-line therapy

Platinum-based combination 36 (84) 25 (86) 31 (82) 37 (80)

Non-platinum combination 0 1 (3) 0 0

Single agents 6 (14) 2 (7) 7 (18) 9 (20)

EGFR/ALK TKI 1 (2) 1 (4) 0 0

Other anti-NSCLC agent 0 0 0 0

Second-line therapy, n N = 26 N = 12 N = 11 N = 20

Platinum-based combination 2 (8) 4 (33) 3 (27) 3 (15)

Non-platinum combination 0 0 2 (18) 0

Single agents 15 (58) 7 (58) 5 (45) 13 (65)

EGFR/ALK TKI 9 (35) 1 (8) 1 (9) 4 (20)

Other anti-NSCLC agent 0 0 0 0

Third-line therapy, n N = 8 N = 5 N = 5 N = 7

Platinum-based combination 1 (13) 1 (20) 0 1 (14)

Non-platinum combination 0 1 (20) 0 1 (14)

Single agents 5 (63) 2 (40) 3 (60) 3 (43)

EGFR/ALK TKI 2 (25) 1 (20) 2 (40) 2 (29)

Other anti-NSCLC agent 0 0 0 0

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; TKI,tyrosine kinase inhibitor; unk unknown.
aTested vs. not tested for EGFR mutation and/or ALK rearrangement.
bThe five systemic therapy categories were defined as follows

• Platinum-based combination: regimen with two or more anticancer therapies including carboplatin or cisplatin.

• Non-platinum combination: regimen with two or more anticancer therapies not including carboplatin or cisplatin (can contain bevacizumab in combination with

other non-platinum drug).

• Single agent: regimen of one anticancer drug that was not an EGFR or ALK tyrosine kinase inhibitor (TKI).

• EGFR/ALK TKI: monotherapy with anti-EGFR (erlotinib, gefitinib, afatinib) or anti-ALK agent (crizotinib, ceritinib).

• Other NSCLC anticancer agent: any other agent not included in the prior categories, eg, TS-1 (oral anticancer drug composed of tegafur, gimestat, and otastat

potassium at a molar ratio of 1:0.4:1).

https://doi.org/10.1371/journal.pone.0202865.t004
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Table 5. Treatment patterns by predictive biomarker testing (EGFR mutation and ALK rearrangement) and mutation status for patients with nonsquamous

NSCLC in Japan, Korea, Taiwan, and Brazil.

Japan Korea Taiwan Brazil

Patients who were testeda EGFR/ALK+ EGFR/ALK

–/unk

EGFR/ALK+ EGFR/ALK

–/unk

EGFR/ALK+ EGFR/ALK

–/unk

EGFR/ALK+ EGFR/ALK

–/unk

Systemic therapyb N = 46 N = 64 N = 48 N = 53 N = 126 N = 57 N = 12 N = 58

First-line therapy, n (%) 46 (100) 64 (100) 48 (100) 53 (100) 126 (100) 57 (100) 12 (100) 58 (100)

Platinum-based combination 4 (9) 56 (88) 24 (50) 48 (91) 9 (7) 20 (35) 8 (67) 57 (98)

Non-platinum combination 0 0 0 1 (2) 15 (12) 8 (14) 0 0

Single agents 1 (2) 6 (9) 2 (4) 2 (4) 1 (1) 23 (40) 0 1 (2)

EGFR/ALK TKI 41 (89) 0 22 (46) 2 (4) 101 (80) 6 (11) 4 (33) 0

Other anti-NSCLC agent 0 2 (3) 0 0 0 0 0 0

Second-line therapy, n N = 30 N = 33 N = 34 N = 32 N = 85 N = 42 N = 7 N = 41

Platinum-based combination 13 (43) 5 (15) 9 (27) 1 (3) 40 (47) 3 (7) 2 (29) 9 (22)

Non-platinum combination 0 1 (3) 0 0 8 (9) 10 (24) 0 1 (2)

Single agents 2 (7) 24 (73) 9 (27) 13 (41) 29 (34) 14 (33) 4 (57) 27 (66)

EGFR/ALK TKI 15 (50) 3 (9) 16 (47) 18 (56) 8 (9) 15 (36) 1 (14) 4 (10)

Third-line therapy, n N = 15 N = 16 N = 18 N = 22 N = 54 N = 23 N = 3 N = 17

Platinum-based combination 3 (20) 6 (38) 0 2 (9) 2 (4) 0 0 3 (18)

Non-platinum combination 2 (13) 0 1 (6) 1 (5) 4 (7) 5 (22) 1 (33) 2 (12)

Single agents 1 (7) 7 (44) 12 (67) 13 (59) 14 (26) 9 (39) 1 (33) 7 (41)

EGFR/ALK TKI 9 (60) 3 (19) 5 (28) 6 (27) 34 (63) 8 (35) 1 (33) 5 (29)

Other anti-NSCLC agent 0 0 0 0 0 1 (4) 0 0

Patients who were not testeda N = 19 N = 12 N = 18 N = 62

First-line therapy

Platinum-based combination 18 (95) 11 (92) 4 (22) 56 (90)

Non-platinum combination 0 0 2 (11) 0

Single agents 1 (5) 1 (8) 8 (44) 6 (10)

EGFR/ALK TKI 0 0 4 (22) 0

Second-line therapy, n N = 10 N = 8 N = 15 N = 23

Platinum-based combination 4 (40) 0 1 (7) 2 (9)

Non-platinum combination 1 (10) 0 9 (60) 0

Single agents 5 (50) 2 (25) 1 (7) 20 (87)

EGFR/ALK TKI 0 6 (75) 4 (27) 1 (4)

Third-line therapy, n N = 5 N = 6 N = 7 N = 2

Platinum-based combination 1 (20) 1 (17) 0 0

Non-platinum combination 1 (20 1 (17) 4 (57) 0

Single agents 3 (60) 3 (50) 1 (14) 1 (50)

EGFR/ALK TKI 0 1 (17) 2 (29) 1 (50)

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; TKI, tyrosine kinase inhibitor; unk, unknown.
aTested vs. not tested for EGFR mutation and/or ALK rearrangement.
bThe five systemic therapy categories were defined as follows

• Platinum-based combination: regimen with two or more anticancer therapies including carboplatin or cisplatin.

• Non-platinum combination: regimen with two or more anticancer therapies not including carboplatin or cisplatin (can contain bevacizumab in combination with

other non-platinum drug).

• Single agent: regimen of one anticancer drug that was not an EGFR or ALK tyrosine kinase inhibitor (TKI).

• EGFR/ALK TKI: monotherapy with anti-EGFR (erlotinib, gefitinib, afatinib) or anti-ALK agent (crizotinib, ceritinib).

• Other NSCLC anticancer agent: any other agent not included in the prior categories, eg, TS-1 (oral anticancer drug composed of tegafur, gimestat, and otastat

potassium at a molar ratio of 1:0.4:1).

https://doi.org/10.1371/journal.pone.0202865.t005
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Among patients with squamous NSCLC, there were few with positive EGFR/ALK status (1

each in Germany, Japan, and Korea and 2 in Australia); most of these patients with EGFR/
ALK-positive tumors received an EGFR/ALK TKI in first- or second-line (Supporting S5

Table).

Overall survival by predictive biomarker testing status and results

For patients who had an EGFR or ALK test, irrespective of NSCLC histology, the median OS

(95% CI) from initiation of first-line therapy ranged in months from 10.0 (7.4–12.6) in Japan

to 26.7 (22.7–34.7) in Taiwan. For those who were not tested, the median OS ranged from 7.6

months in Australia (95% CI, 5.8–10.3) and Brazil (95% CI, 6.3–9.3) to 19.3 (11.1–27.3) in Tai-

wan. Of the nonsquamous cohorts, the shortest median OS was recorded for those not tested

in Korea (5.7 months) and the longest was for those tested in Italy (40.4 months; further details

in Table 6). Survival is depicted graphically by predictive biomarker testing status (tested / not

tested) for each country in Fig 1.

Discussion

This large observational study enabled us to examine and describe the frequency of molecular

testing for advanced NSCLC by histologic type, the characteristics of patients who were tested,

and treatments received and survival patterns in relation to receipt of a test and mutation sta-

tus in eight countries. We found high proportions of patients with nonsquamous histology

receiving at least one molecular test during the study period, namely, 54% (Brazil) to 91%

Table 6. Overall survival by NSCLC histology, predictive biomarker testing, and mutation status (EGFR mutation and/or ALK rearrangement).

Italy Spain Australia Korea Taiwan Japan Brazil

Characteristic N = 174 N = 202 N = 208 N = 150 N = 217 N = 175 N = 175

Patients who were tested, n 89 154 126 114 185 130 75

Median OS (95% CI) start of 1L, months

Squamous 1.9 (NA) 13.4 (1.7–23.7) 8.3 (0.2–13.7) 13.0 (8.4–NA) 7.0 (6.9–7.0) 12.7 (6.5–22.0) 20.7 (5.7–35.7)

Nonsquamous, EGFR/ALK+ 40.4 (4.7–NA) 15.1 (8.7–20.7) 34.3 (26.2–43.7) 14.5 (11.0–23.3) 28.3 (23.3–37.3) 17.9 (9.9–24.4) 11.9 (2.6–22.4)

Nonsquamous, EGFR/ALK-/unk 18.6 (10.4–26.3) 13.0 (8.6–15.3) 12.6 (7.9–17.9) 11.8 (6.9–17.6) 25.1 (10.9–36.7) 6.9 (5.6–10.0) 12.0 (9.4–14.5)

All patients 16.7 (10.7–26.3) 13.0 (10.0–14.7) 15.0 (12.4–20.8) 13.2 (10.1–17.5) 26.7 (22.7–34.7) 10.0 (7.4–12.6) 12.0 (9.4–14.5)

Median OS (95% CI) start of 2L, months

Squamous NA 14.2 (1.9–42.2) 3.4 (NA) 5.0 (1.0–5.8) 3.8 (2.9–4.8) 8.0 (3.1–15.1) NA

Nonsquamous, EGFR/ALK+ 26.4 (0.9–NA) 6.8 (1.9–14.4) 17.5 (8.2–35.6) 10.7 (4.8–16.5) 15.8 (9.6–26.4) 4.0 (3.3–12.0) 4.2 (0.1–14.4)

Nonsquamous, EGFR/ALK-/unk 11.7 (7.4–29.2) 6.3 (4.4–10.7) 8.9 (5.8–12.0) 6.2 (3.8–11.4) 18.8 (7.4–31.5) 4.0 (2.8–4.8) 5.8 (3.4–12.3)

All patients 11.7 (7.4–26.4) 6.7 (5.4–10.7) 10.2 (6.8–13.0) 6.7 (5.0–10.7) 16.1 (9.6–23.1) 4.2 (3.5–5.8) 5.4 (3.6–8.8)

Patients who were not tested, n 85 48 82 36 32 45 100

Median OS (95% CI) start of 1L, months

Squamous 14.8 (7.0–NA) 10.3 (6.1–13.5) 6.1 (4.3–12.2) 9.8 (6.8–17.8) 15.7 (2.1–26.1) 9.7 (5.9–11.7) 10.5 (6.9–19.5)

Nonsquamous 33.0 (10.4–NA) 8.3 (3.5–11.7) 9.2 (5.9–11.6) 5.7 (1.8–22.4) 19.3 (11.2–33.3) 8.5 (3.9–26.4) 6.9 (5.4–9.2)

All patients 15.1 (10.3–NA) 8.7 (6.1–10.7) 7.6 (5.8–10.3) 8.1 (5.5–12.1) 19.3 (11.1–27.3) 9.5 (7.0–11.7) 7.6 (6.3–9.3)

Median OS (95% CI) start of 2L, months

Squamous NA (4.7–NA) 3.8 (2.2–13.6) 3.6 (0.9–6.0) 3.2 (1.5–6.2) 6.8 (1.9–NA) 4.7 (2.0–8.4) 6.2 (1.9–11.9)

Nonsquamous 17.9 (3.4–NA) 6.5 (4.6–12.4) 7.2 (3.5–10.8) 5.6 (0.7–17.6) 15.9 (6.3–21.8) 7.5 (0.8–39.9) 5.1 (3.5–6.0)

All patients 17.9 (5.5–NA) 5.3 (3.9–9.7) 4.9 (3.0–7.2) 3.5 (1.7–7.1) 11.2 (6.5–21.5) 5.4 (2.6–8.4) 5.3 (3.6–6.0)

1L, first-line therapy; 2L, second-line therapy; ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; NA, not available (median not reached or

sub-cohort sample size too small); NSCLC, non-small cell lung cancer; OS, overall survival; unk unknown.

https://doi.org/10.1371/journal.pone.0202865.t006
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Fig 1. Kaplan-Meier plots of overall survival from initiation of first- and second-line therapy by predictive

biomarker testing status (EGFR mutation and/or ALK rearrangement—tested / untested) for each country: (A)

Italy, (B) Spain, (C) Australia, (D) Japan, (E) Korea, (F) Taiwan, (G) Brazil.

https://doi.org/10.1371/journal.pone.0202865.g001
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(Taiwan) of patients, including 85% or more in Spain and the three Asian countries. A numer-

ically higher proportion of patients with nonsquamous (vs. squamous) NSCLC, female (vs.

male) patients, Asian (vs. other ethnicity) patients, never smokers and ex-smokers (vs. current

smokers), and patients with stage IV (vs. stage IIIB) NSCLC received a molecular test. Testing

for EGFR mutation was the most common molecular test in all countries, and the overall per-

centages of positive tests for EGFR mutation in nonsquamous NSCLC were 17–28% in the

non-Asian countries and 42–67% in the Asian countries. Treatment patterns overall corre-

sponded with molecular testing status: more patients with EGFR/ALK-positive status (vs. nega-

tive/unknown status) received targeted therapy, especially for first-line therapy, while most

patients with negative/inconclusive test results or who were not tested received platinum-

based combinations as first-line therapy in all countries except Taiwan, where regimens were

more varied. The median OS from start of first-line therapy ranged from 10.0 (Japan) to 26.7

(Taiwan) months for patients who were tested and 7.6 (Australia/Brazil) to 19.3 (Taiwan)

months for those not tested.

This study is descriptive, and we cannot directly compare our findings amongst countries

because of differences in the health care environments as well as differences in approval and

reimbursement timelines. Nonetheless, some general comments can be made.

The frequency of molecular testing differed across countries, although EGFR mutation test-

ing was the most common in all. We found that the rate of EGFR mutation testing was higher

in Asian as compared with European countries, except Spain. The testing rate was lowest over-

all in Brazil, where EGFR mutation and ALK rearrangement testing, as well as ALK inhibitor

therapy, were not covered in the public health care system during the study period. Moreover,

according to one of the authors (CHB), the number of testing facilities is limited in Brazil, pre-

senting a further challenge to routine molecular testing. Testing is always associated with

potential access to the associated drug. This fact was evident in Taiwan, where EGFR tests rep-

resented 97% and ALK tests only 3% of tests conducted for nonsquamous NSCLC. We specu-

late this was because drug reimbursement in Taiwan is based on approved indication(s), and,

while gefitinib was available, the first ALK inhibitor to be approved in Taiwan (crizotinib) was

not approved until after our study (September 2015), when it was approved for second-line

treatment of NSCLC positive for ALK rearrangement.

As we expected, testing was more common for nonsquamous NSCLC, with a median of 1

test performed per patient with nonsquamous NSCLC except in Korea and Germany (median

of 2 and 3 tests, respectively). Tests were submitted most commonly by the oncologists and/or

pulmonologists, depending on country. Thus our findings suggest that the rate of reflex testing

was low in all countries because few tests were ordered by pathologists. Reflex testing for pre-

dictive biomarkers at the time of diagnosis by the pathologist can improve the proportion of

patients tested and reduce time to treatment decisions [20, 36, 37]. Nonetheless, in Korea and

Japan, the first test occurred often before a confirmed diagnosis (50% and 57% of tests, respec-

tively), suggesting that patients were suspected to have nonsquamous histology based on

patient characteristics and clinical symptoms, and molecular testing was ordered along with

histology diagnosis to maximize efficiency. In the other countries, over 50% of molecular tests

were conducted after the confirmed diagnosis and before the start of first-line therapy. For

molecular testing purposes, archival tissue, defined as tissue collected at first biopsy and pre-

served for future testing purposes, was used most commonly.

Positive tests for EGFR mutation were more common in the Asian countries (Japan, Korea,

and Taiwan) than in Brazil, Australia, and the European countries, as would be expected [5,

14]. The percentage of EGFR tests that were positive was especially high in Taiwan for non-

squamous NSCLC (67%), perhaps because of the relatively high percentages of women and

never/ex-smokers. A positive ALK rearrangement test for nonsquamous NSCLC varied from
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0 in Brazil, to 3–5% in European countries, and 8–16% in Asian countries and Australia. In

Taiwan, 60% were positive, but only five ALK tests were run, too few from which to draw

conclusions.

Different from molecular testing rates, the biopsy rates were similar across countries, with

on average 1 biopsy per patient. Our data suggest that biopsies were performed mostly to

determine histology and in certain countries also for biomarker testing, specifically in the

three European countries and Taiwan, where one-quarter or more of biopsies were used for

biomarker testing. The majority of biopsies occurred before the start of first-line therapy,

which is as expected. We found that rates of rebiopsy were low, and rebiopsies were done most

commonly for diagnostic purposes, and sometimes for molecular testing.

Our findings are purely descriptive, hence we cannot make conclusive comparative state-

ments across countries or within a country, and the findings reflect aggregate data; therefore,

we cannot show a causal relationship. Nonetheless, we noted that a higher percentage of

patients who were tested, particularly those with tumors positive for EGFR mutation or ALK
rearrangement, received targeted therapy, while a higher percentage of those who were not

tested received platinum-based therapies or single agents. Moreover, we noted survival differ-

ences between cohorts who were tested and those who never received a molecular test. These

differences could be due to inherent patient characteristics or the fact that the majority of

patients in the tested cohorts received a targeted therapy sometime during their course of treat-

ment. Clinical trials have shown that targeted therapies have improved survival compared with

traditional chemotherapy [5]. Our study was not powered to show this causal relationship, and

further real-world studies are needed to explore the effectiveness of testing and receipt of tar-

geted therapy for advanced NSCLC. While testing appeared to have had an impact on survival,

we recognize that in many countries a substantial proportion of patients still remained

untested.

Strengths of this study include the large numbers of patients and the recent data (2011–

2016) detailing molecular testing and biopsy patterns in eight countries by NSCLC histology

(squamous versus nonsquamous NSCLC). Our findings provide an update to the results of

prior multinational, observational studies [27, 29, 38], illustrating the rapidly changing land-

scape of NSCLC therapy. The importance of real-world data is increasingly recognized as a

means to understand routine clinical practice with associated outcomes, information that can

be used to improve care [31, 39]. These real-world findings provide data to benchmark and

establish the standard of care before the newer immunotherapy treatments came into use.

Several limitations of this retrospective observational study need mention. We worked with

a convenience sample of study sites that routinely manage patients with NSCLC; therefore,

treatment practices and clinical assessments were not standardized, reviewed by a single panel,

or assessed as to whether they represented country-wide practices. We did not assess the qual-

ity of the testing facilities. Nor did we assess the methods used for molecular testing, an area of

interest as new testing methods are becoming available; in addition, the testing method could

have influenced test turnaround times. Patients were selected for study consecutively, working

backward in time; nonetheless, selection bias is possible, particularly because the number of

centers and of patients in each country were relatively modest. Moreover, we did not deter-

mine treatment regimens sequentially according to molecular test results. Finally, the testing

and treatment alternatives for NSCLC have already increased since our study; however, our

findings provide benchmark data regarding the standard of care in eight countries before the

use of newer immunotherapy treatments.

Many unanswered questions and issues remain. Barriers to testing need to be identified—

including the roles of reimbursement criteria, availability of treatment, and access to education

for physicians—and practical strategies to address these barriers need to be developed.
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Strategies will necessarily be context and country dependent but could include physician edu-

cation, development of regional certified laboratories, industry-sponsored programs for test-

ing, and resolving reimbursement issues. The use of pembrolizumab as first-line therapy is

indicated for patients with advanced NSCLC tumors positive for PD-L1 and EGFR/ALK wild-

type, emphasizing the need for molecular testing before therapy. Our results suggest a need to

improve ALK rearrangement testing rates in particular. Moreover, new biomarkers are being

discovered, such as ROS1.

The treatment landscape for NSCLC is rapidly changing with improved tumor characteri-

zation and ongoing development of targeted therapies and immunotherapies. This study pro-

vides descriptive information that can be used to understand testing and treatment patterns to

help identify current clinical needs. While a large proportion of patients are not tested, our

findings suggest that a majority of patients are being tested for predictive biomarkers and are

receiving treatment in accordance with their mutation status.
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