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QUESTION ASKED: Does variation in molecular testing
exist among Asian and Western European countries
across a number of tumor types (namely, breast,
colorectal, gastric, non—-small-cell lung cancer [NSCLC],
and melanoma)?

SUMMARY ANSWER: Statistically significant differ-
ences in uptake of molecular testing were determined
among countries for NSCLC, gastric, and colorectal
cancers, with China having the lowest uptake of mo-
lecular testing overall. However, for breast cancers, for
which HERZ2 testing is more established and there is
a high incidence in all countries, uptake was generally
consistently high, showing promise for the future. Use
of HERZ2 testing for gastric cancers was lower in some
European countries compared with Japan and South
Korea, which can be attributable to the incidence of
cancer in these countries. Likewise, in the case of
melanoma, the rate of BRAF testing was greater in
European countries.

POTENTIAL BIAS AND CONFOUNDING FACTORS: The
cross-sectional survey design is a major limitation of
our findings and the original questionnaire was not
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designed for our research purpose. For these reasons,
we could only report at a high level the differences
between countries and not in-depth findings on pos-
sible other reasons for variations. We tried to limited
bias in our analyses; however, biases involved in
questionnaire delivery and completion were beyond
our control.

REAL-LIFE IMPLICATIONS: Variations in molecular
testing may be attributed to differences in incidence of
certain cancers or genetic mutations present in dif-
ferent populations of patients: a high incidence may
promptinvestment in better treatments for that cancer.
This approach may seem logical for a country; how-
ever, the approach disadvantages the individual pa-
tient with a “rare” cancer for that country. We have
demonstrated with the example of breast cancer that
consistency between countries is attainable. There is
an urgent need to improve access for patients to both
molecular testing and targeted treatments in countries
where incidence of a tumor type is not high. Our
findings can guide future policy to enable equitable
access internationally.
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PURPOSE The growth in understanding of molecular biology and genomics has augmented the development of
targeted cancer treatments; however, challenges exist in access to molecular testing, an essential precursor to
treatment decision-making. We used data from a cross-sectional survey to evaluate the differences in uptake of
molecular testing,

METHODS Using the aggregated results of a questionnaire developed and distributed to clinicians by IQVIA,
including treatment details and investigations undertaken for patients, we compared proportions of patients
receiving molecular testing and targeted treatment by cancer type for the United Kingdom, France, ltaly,
Germany, Spain, South Korea, Japan, and China. We used multivariable logistic regression methods to un-
derstand the effect of country on the odds of receiving a molecular test.

RESULTS There was a total of 61,491 cases. Across countries and cancer types, uptake rates for molecular
testing ranged between 2% and 98%, with the greatest differences seen in gastric cancers (range, 23% to 70%),
and significant variations were observed for both European and Asian countries. China consistently demon-
strated a significantly reduced uptake for all molecular tests assessed; however; uptake of drug treatment in
gastric cancers after testing positive for the human epidermal growth factor receptor 2 gene was higher than in
some European countries (China, 85%; European range, 8% to 66%). The uptake of epidermal growth factor
receptor gene testing was greater in some Asian countries relative to the United Kingdom, where incidence of
lung cancer is higher (Japan: odds ratio, 3.1 [95% Cl, 2.6 to 3.8]; South Korea: odds ratio, 2.7 [95% CI,
2 to 3.4]).

CONCLUSION We have highlighted inequity in access to molecular testing and subsequent treatments across
countries, which warrants improvements.

JCO Oncol Pract 16:e770-e778. © 2020 by American Society of Clinical Oncology

INTRODUCTION

The increasing incidence of cancer has been alleviated,
in part, by an exciting upturn in drug development for
the disease,! particularly treatments for which clinical
responses can be reliably predicted on the basis of the
presence or absence of molecular changes or genetic
mutations. The use of these targeted agents involves the
detection of molecular or genetic variations in patients,
rather than simply identifying the presence of tumor;
using this information to inform treatment decisions is
referred to as “precision medicine” (PM).?

PM in cancer has been established for over two de-
cades, beginning with the licensing of trastuzumab for
HER2-positive breast cancers® (in 1998) followed by
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imatinib (in 2001) for Philadelphia-positive chronic
myeloid leukemia.* Other cancers benefitting from
developments are non-small-cell lung, gastric, mela-
noma, and ovarian cancers, and Gl stromal tumors.
For colorectal cancers, RAS gene mutations predict
nonresponse to targeted drug therapy® and, through
appropriate patient selection, can lessen the burden of
treatment costs and unnecessary adverse events for
patients.® Companion molecular testing for relevant
cancers is fundamental to delivering PM and in-
ternational consensus guidelines for indicated tests
and subsequent prescribing are available fora number
of indications.”!*

In reality, several challenges exist in multinational
implementation,*? leading to the delayed use of the
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Molecular Testing Uptake Across Eight Countries

“right drugs” for some patients. Factors influencing adop-
tion of PM can be multiple and are not simply restricted to
cancer-drug access, including the cost, convenience, and
availability of molecular testing'®'® and, in the case of
non-small-cell lung cancer (NSCLC), the limited tissue
sample available at diagnosis.'® Age and ethnicity also
have been identified as determinants of PM.!’

Disparities in uptake of molecular testing have been rec-
ognized regionally within and between countries'?; how-
ever, with the growing number of molecular tests required
in a variety of tumor groups, priority in policy may not be
given where the tumor burden in the country is low, dis-
advantaging the patient. We sought to understand the
variation in molecular testing across several tumor groups
and different countries. The primary aim of our research
was to evaluate the differences in rate of molecular testing
across a number of countries and tumors. A data set made
available by IQVIA (Durham, NC) and based on a cross-
sectional survey undertaken by clinicians regarding their
patients, enabled us to achieve this, guided by the following
objectives: to understand the uptake of molecular testing in
eight countries and the final use of the recommended
targeted treatment after testing.

METHODS
Data Source

Data were used from an anonymized cross-sectional survey
conducted by IQVIA from January 1 to December 31, 2017.
The survey was originally designed to capture data on
current treatments received by patients with cancer, line of
therapy received, and prior treatments. The survey was not
designed for this study; however, we, like others, were able
to extract fields relevant for our study.!®!°

Data Collection

The survey was translated and distributed to a large panel
of cancer-treating physicians in China, France, Germany,
Italy, Japan, Spain, South Korea, and the United Kingdom.
IQVIA distributed a similar version of the survey in the
United States, but these data were unavailable for re-
search purposes at the time of request. Clinicians were
invited to provide unidentifiable details for patients under
their care in a sequential manner for a given quarter and
for a maximum of 20 patients per clinician. Clinicians
were representative across all specialties, involved in the
treatment of each cancer type, and from differing treat-
ment locations and facility types within the country. Each
quarter, a maximum of three clinicians were recruited
from the same hospital to avoid duplication of patient
cases. A total of 6,033 clinicians reported on cases from
the tumor groups in 61,628 patients. Data were reported
in an anonymized format through a predefined, Web-
based questionnaire and aggregated; all fields were
mandatory to reduce bias. The survey included filters only
relevant to specific cancer types and included additional
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demographic information about the patient, the funding
routes, and any diagnostic tests conducted.

For fields relating to test results, clinicians were offered
options to complete that included “test not performed,”
“results not available,” and “not applicable,” in addition
to test-outcome result fields. For all cancers, stage was
grouped in four categories: localized, locally advanced,
advanced, and metastatic.

Eligibility criteria. Clinicians only reported patients if the
patient was receiving systemic anticancer treatment under
their care at the time of survey. Patients were aged 18 years or
older and receiving treatment irrespective of funding route,
stage of disease, and performance status. Patients were
excluded if they had received systemic anticancer treatment
but current treatment modality was radiotherapy or surgery.

Ethical considerations. The survey was classified as market
research; recruited clinicians confirmed internal regulatory
approvals were gained before submission of information.
Clinicians were financially reimbursed for time taken to
submit data.

Missing data. Due to the design of the Web-based ques-
tionnaire, it was not possible for fields to be incomplete,
limiting missing data. Upon evaluation, we noted that “not
applicable” was answered in one country (ltaly) and one
cancer (colorectal cancer). We decided that multiple im-
putation methods were not appropriate and decided to
discard case data for these patients (n = 137).

Data Extraction

One author (S.M.) extracted the following data fields:
country, disease stage, age, sex, Eastern Cooperative On-
cology Group performance status, smoking status (NSCLC
only), line of treatment, first- and second-line treatments,
and molecular testing performed and corresponding re-
sults. Molecular tests performed included the KRAS and
NRAS gene test for colorectal cancers; epidermal growth
factor receptor (EGFR) gene test, anaplastic lymphoma
tyrosine kinase (ALK) gene test, and programmed death
ligand 1(PD-L1) immunohistochemical staining test for
NSCLC; human epidermal growth factor receptor 2 (HER2)
testing for breast and gastric cancers; and BRAF gene test
for malignant melanoma.

Statistical Analysis

We used the outcome of “test not performed” as an in-
dicator that the corresponding molecular test had not been
performed. We grouped “results not available” within the
test-performed category. Tests categorized as “not appli-
cable” were regarded as missing. We described these
results across all countries using percentages, with aver-
ages calculated using means.

Where there were sufficient event data available, with event
defined as “tested” grouped with “awaiting results,” logistic
regression models were used to identify the factors con-
tributing to “tested” versus “not tested.” In addition to
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country, other covariates were added to the final model,
because the covariates were available and believed to be
confounders. Variables were funding, age, performance
status, stage, smoking status (NSCLC), sex, and line of
treatment, and were all treated as categorical variables. All
data manipulation (grouping data) and analyses were
conducted using SAS, version 9.4 (SAS Institute, Cary, NC)
by two authors (P.C. and K.K.C.M.).

For each cancer type that tested positive according to
a molecular test, we investigated the prescribing of targeted
treatment at first and second line only, using consensus
guidelines as a guide to whether treatment was indicated.
Colorectal cancer was excluded from these analyses be-
cause mutations in RASwould indicate a negative response
to treatment. We included BRAF-mutant melanoma de-
spite numbers being small in some countries and excluded
patients who received immunotherapy from our analysis.
For NSCLC, where three tests were evaluable, we chose the
cases positive for EGFR mutation only for patients in the
advanced and metastatic categories. We also restricted our
cases to advanced and metastatic stages for gastric can-
cers. In the case of breast cancer, we excluded patients
who received anthracycline or were only receiving hor-
monal treatment, but we included all stages of disease
except localized.

RESULTS

Table 1 lists the different molecular tests, rates of not
testing, and incidence of cancer and cancer-related deaths
(raw values and age-standardized rates per 100,000
population) obtained from the World Health Organiza-
tion.?°. As expected, the numbers of patients included in
the survey were reflective of incidence in various tumor
groups within their respective countries, with the majority of
patients falling into the breast, lung, and colorectal groups.
Total cases were breast, 19,875; gastric, 5,411; NSCLC,
17,886; colorectal, 14,793; and melanoma, 3,526. A total
of 739 patients (1.2%) were awaiting results and were
grouped as “tested.”

The percentage of patients receiving a molecular test was
greater in countries where a particular cancer has a higher
incidence and this was seen particularly for gastric cancer
and melanoma.

There were fewer melanoma patients reported in the Asian
countries, a finding concordant with that of another report®!
and this contributed to the relatively lower numbers of
patients contributing to our data. Death data in Table 1
shows a higher proportion of deaths occurring in the Asian
population of patients with melanoma compared with
European countries. In addition, incidence of melanoma is
smaller in the Spanish population than in other European
countries; despite a high rate of BRAF testing, the rate of
death among patients with the disease in Spain is similar to
that in France, Germany, lItaly, and United Kingdom.

e772 © 2020 by American Society of Clinical Oncology

There is a known high incidence of lung cancer in the Asian
countries.?® There was variation noted in EGFR testing for
NSCLC in Asian countries, with 49% of Chinese patients
within our sample not being tested for the mutation. Con-
versely, in Korea and Japan, the rate of testing was ap-
proximately 90%—higher than that of the European
countries, where the rate was between 70% and 80%.
Nonsmokers were 2.7 times more likely to receive a mo-
lecular test for the EGFR mutation than smokers (Data
Supplement); EGFR mutation is more common in non-
smokers. In the sample of patients with advanced or met-
astatic disease with an EGFR mutation (Table 2), access to
tyrosine kinase inhibitors was observed for > 90% of patients
in all countries with the exceptions of China and South Korea,
where targeted drug use occurred less frequently. Despite
a high rate of testing, one-quarter of patients in South Korea
were not prescribed a tyrosine kinase inhibitor.

The ALK testing rates were similar for most European
countries (range, 64% to 72%) with the exception of Italy
(52%). Korea and Japan had testing rates similar to those of
the European countries; in China, however, only 26% of the
population was ALKtested. South Korea was comparable to
the United Kingdom for ALK testing; however, the pro-
portion of patients tested for PD-L1 was significantly lower
in South Korea (Table 3). Germany had a higher rate of
PD-L1 testing compared with other European countries, with
approximately 68% of patients being tested. In contrast,
this particular test was seldom performed in China (< 5%),
which may be a reflection of restrictions in access to the
newer immunotherapy treatments.

In some cancers, proportions of patients receiving a test
was relatively high. This was the case for HERZ testing in
breast cancer: in all countries, > 90% of patients had an
HER?2 test across all disease stages. In addition, with the
exception of China, the level of access to targeted treat-
ments for breast cancer was comparable, demonstrating
equitable availability across countries. In most countries,
for patients with advanced or metastatic cancer, > 85%
had access to trastuzumab or biosimilar, apart from China,
where only 38% of patients received treatment. By contrast,
in the case of gastric cancers, China had the highest rate of
access to trastuzumab in HER2-positive patients (81%),
whereas the United Kingdom and Germany were among
those with lower rates (8% and 15%, respectively).

DISCUSSION

In this study, we aimed to understand the uptake of mo-
lecular testing and then drug access across several cancers
in multiple countries where indicated, using data for
61,491 patients. Our results show there is noticeable
variation that warrants improvement, particularly the pos-
sible lack of investment in molecular testing for cancers that
are a low burden in a given country. Statistically significant
differences were noted between countries for NSCLC and
gastric and colorectal cancers, and China was found to
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TABLE 2. Targeted Treatments Received After Molecular Test-Positive Results

Cancer Type/Test Targeted Treatment Data Category UK France Germany Italy Spain Japan Korea China Total
Breast (HERZ2 positive) Trastuzumab Total No. of patients 177 221 280 550 205 49 81 397 1,952
Total received? 155 196 248 494 175 41 70 150 1,537
% 87.6 837 886 898 854 837 864 378 78.7
Gastric (HERZ positive) Trastuzumab Total No. of patients 36 29 69 73 39 62 60 42 410
Total received® 3 19 11 33 10 21 22 34 153
% 83 655 159 452 256 339 367 8l0 373
NSCLC (EGFR positive) Any TKI treatment Total No. of patients 501 410 349 941 519 792 220 705 4,437
Total received® 476 376 313 896 495 754 167 398 3,875
% 95.0 91.7 89.7 952 954 952 759 565 87.3
Melanoma (BRAF positive) Any BRAF/MEK inhibitor Total No. of patients 282 111 324 252 139 1 0 2 1,081
Total received? 276 109 308 247 139 1 0 1 1,031
% 979 982 95.1 980 100 100 N/A 50 97.3

NOTE. Patients included in analyses were those eligible for targeted treatment (eg, those with localized disease were excluded).

Abbreviations: EGFR, epidermal growth factor receptor gene test; HER2, human epidermal growth factor receptor 2; N/A, not applicable; NSCLC,
non-small-cell lung cancer; TKI, tyrosine kinase inhibitor; UK, United Kingdom.

“Total No. of patients who received molecular testing.

have the lowest uptake of molecular testing. However, for
breast cancer, for which testing is more established and
there is a high incidence in all countries, uptake was
generally consistently high, showing promise for the future.
When investigating the prescribing of targeted drug treat-
ments, in patients in whom molecular testing revealed
a mutation, we found the largest variation in gastric can-
cers, with a generally poor uptake of the agent trastuzumab
in all countries except China.

Variation may be attributed to differences in incidence of
certain cancers or genetic mutations present in different
populations of patients: a high incidence may prompt in-
vestment in better treatments for that cancer. Gastric
cancers are more common among Asian populations, and
Asian countries may prioritize treatment of this cancer,
whereas melanoma has a much lower incidence. We were
able to demonstrate this in our results. This approach may
seem logical for a country; however, the approach disad-
vantages the individual patient who has a “rare” cancer for
that country. Although differences in proportions of deaths
for cancers considered rare in a particular country are seen,
this cannot be directly assigned to molecular testing. Many
other factors, such as stage at diagnosis, will influence
deaths. Nonetheless, the data demonstrate improvements
can be made for certain cancers.

The treatment of cancers has rapidly evolved over the past
decade, with a growing understanding of the biomarkers
that can accurately predict clinical responses to treat-
ment. Using targeted treatments can significantly improve
outcomes for patients and, in the longer term, could re-
duce the economic burden of cancer care.?? The variation
we have noted should act as a goad to improve global
outcomes. European countries such as France and

e774 © 2020 by American Society of Clinical Oncology

Germany have demonstrated a better rate of testing
compared with Asian countries for some cancers, but for
others, there is still progress to be made. Interestingly,
testing rates in Asian countries such as Japan and South
Korea were either comparable or superior to some Eu-
ropean countries, including the United Kingdom. This was
particularly evident in HERZ testing for gastric cancers
and for EGFR testing in NSCLC, where incidence of the
disease is high in Asian countries. These findings are
consistent with those of another study investigating in-
tercountry variation, which reported Japan to be superior
to many other countries in terms of uptake of molecular
testing in NSCLC.?® Conversely, China consistently had
a lower-than-average uptake of molecular testing in all
cancers, possibly attributable to their larger population
and less funding. Yet, when indicated, the access to drug
therapy for gastric cancer was actually better in China than
in all other countries, although numbers were relatively
small in this analysis.

Funding of cancer drug availability can influence access to
targeted treatments and, in turn, molecular testing.'? The
data we extracted did specify how patients were funded,
but within the options, there was a “funding unknown”
option. In our multivariable analysis, this option showed
significance across all molecular tests we investigated,
meaning we could not draw conclusions in this area. An-
other indicator that funding was a determinant to PM
uptake (both testing and drug treatment) was that we
observed a high uptake of molecular testing in breast
cancer. Here, targeted treatments feature on the World
Health Organization list of essential medicines,?* a list of
medicines that should be accessible by all. The placement
of additional targeted agents on this list may facilitate and
increase future uptake in other cancers.
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Limited resources are a cause of inequity'? and clinicians
may need to use their judgement when selecting patients
for molecular testing. In our multivariable analysis (Data
Supplement), we showed that smokers were less likely to
receive an EGFR test; a higher rate of EGFR mutations
among nonsmokers is understood,?® explaining why this
may be a significant factor that influences testing in this
population. Incomprehensibly, female patients are more
likely to receive an EGFR and ALK test but less likely to
receive a PD-L1 test. Advanced age was associated with
lower uptake of molecular testing, a finding similar to that of
another study reporting inequity of cancer treatment ac-
cess.? This type of clinician bias in favor of only testing those
most likely to exhibit a mutation or those who are younger
should be investigated further for this particular cancer.

The main strength of our work is the availability of data from
a large number of patients from several countries, enabling
us to understand the broad uptake of PM and intercountry
variation. However, the cross-sectional survey design is
a major limitation of our findings, as is that the original
questionnaire was not designed for our research purpose. For
these reasons, we could only report at a high level of dif-
ferences between countries and not in-depth findings on
possible other reasons for variations. Understanding in-depth
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variations such as genetic differences, socioeconomic
status, and funding route can guide changes to practice. In
our study, in-depth details on mutations could not be ac-
curately reported, because there were patients for whom
results of tests were unknown and details were unavailable
about the types of tests undertaken and the platforms used.
In our work, we tried to limited bias in our analyses;
however, biases involved in questionnaire delivery and
completion were out of our control. Ideally, this study would
have been conducted using routinely collected data, but
this method also has limitations and challenges.?” We
believe this study can be strengthened through amal-
gamation with other similar studies conducted in the United
States, African countries, and Australasian and other Asian
countries to provide a greater understanding.

In conclusion, precision medicine has the potential to
transform clinical practice and improve patient outcomes.
We have demonstrated with the example of breast cancer
that consistency between countries is attainable. There is
an urgent need to improve access for patients to both
molecular testing and targeted treatments in countries
where incidence of a particular tumor type is not high. Our
findings can guide future policy to enable equitable access
internationally.
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