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IMPORTANCE Germline genetic testing is recommended by practice guidelines for patients
diagnosed with cancer to enable genetically targeted treatment and identify relatives who
may benefit from personalized cancer screening and prevention.

OBJECTIVE To describe the prevalence of germline genetic testing among patients diagnosed
with cancer in California and Georgia between 2013 and 2019.

DESIGN, SETTING, AND PARTICIPANTS Observational study including patients aged 20 years or
older who had been diagnosed with any type of cancer between January 1, 2013, and March
31, 2019, that was reported to statewide Surveillance, Epidemiology, and End Results
registries in California and Georgia. These patients were linked to genetic testing results from
4 laboratories that performed most germline testing for California and Georgia.

MAIN OUTCOMES AND MEASURES The primary outcome was germline genetic testing within 2
years of a cancer diagnosis. Testing trends were analyzed with logistic regression modeling.
The results of sequencing each gene, including variants associated with increased cancer risk
(pathogenic results) and variants whose cancer risk association was unknown (uncertain
results), were evaluated. The genes were categorized according to their primary cancer
association, including breast or ovarian, gastrointestinal, and other, and whether practice
guidelines recommended germline testing.

RESULTS Among 1 369 602 patients diagnosed with cancer between 2013 and 2019 in
California and Georgia, 93 052 (6.8%) underwent germline testing through March 31, 2021.
The proportion of patients tested varied by cancer type: male breast (50%), ovarian (38.6%),
female breast (26%), multiple (7.5%), endometrial (6.4%), pancreatic (5.6%), colorectal
(5.6%), prostate (1.1%), and lung (0.3%). In a logistic regression model, compared with the
31% (95% CI, 30%-31%) of non-Hispanic White patients with male breast cancer, female
breast cancer, or ovarian cancer who underwent testing, patients of other races and
ethnicities underwent testing less often: 22% (95% CI, 21%-22%) of Asian patients, 25%
(95% CI, 24%-25%) of Black patients, and 23% (95% CI, 23%-23%) of Hispanic patients
(P < .001 using the χ2 test). Of all pathogenic results, 67.5% to 94.9% of variants were
identified in genes for which practice guidelines recommend testing and 68.3% to 83.8% of
variants were identified in genes associated with the diagnosed cancer type.

CONCLUSIONS AND RELEVANCE Among patients diagnosed with cancer in California and
Georgia between 2013 and 2019, only 6.8% underwent germline genetic testing. Compared
with non-Hispanic White patients, rates of testing were lower among Asian, Black, and
Hispanic patients.
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G enetic testing for inherited cancer risk can improve sur-
vival for patients diagnosed with cancer by enabling
genetically targeted therapies such as poly(adenos-

ine diphosphate–ribose) polymerase inhibitors.1,2 Genetic
testing can also improve outcomes for relatives of patients
with cancer by modifying cancer screening and preventive
therapies.3,4 Germline testing, in which inherited DNA is se-
quenced, is recommended by practice guidelines for patients
with several cancer types, including breast, ovarian, pancre-
atic, colorectal, and prostate.5-7 With advances in sequencing
technology, the number of genes tested has increased and costs
have declined.

However, little is known about germline genetic testing or
results in patients diagnosed with cancer. The rates and re-
sults of germline genetic testing were analyzed in patients di-
agnosed with cancer in California and Georgia between 2013
and 2019 according to the statewide Surveillance, Epidemiol-
ogy, and End Results (SEER) registries.

Methods
Patient Cohort
Patients aged 20 years or older who had been diagnosed
with any type of cancer from January 1, 2013, through
March 31, 2019, and were reported to SEER registries as part
of statewide surveillance in California and Georgia were
identified. These patients were linked to germline genetic
testing results from the 4 laboratories (Ambry Genetics,
GeneDx, Invitae, and Myriad Genetics) that performed the
majority of testing for patients in these states.8,9 The exclu-
sion criteria were (1) cancer diagnosis only on death certifi-
cate or autopsy, (2) younger than 20 years of age, (3) sex
coded as other, and (4) genetic testing before cancer diagno-
sis, which could be ascertained beginning January 1, 2012
(eFigure 1 in Supplement 1).

The analytic data set contained linked SEER registry vari-
ables and the test results from the laboratories, but omitted
all personal identifiable information.10 Participant consent was
waived. The institutional review boards overseeing the SEER
registries approved the research.

Testing Results
Three of 4 laboratories submitted results for all germline can-
cer genetic tests performed in the US from January 1, 2013,
through March 31, 2021, which helped to identify results for
patients who had cancer and then moved out of state.
The fourth laboratory, which contributed 1% of tests in this
data set, submitted results from tests performed in California
and Georgia only. Laboratories submitted gene-level in-
terpretations provided to the ordering clinician according
to criteria from the American College of Medical Genetics
and Genomics.11

The laboratory results were categorized as pathogenic
(defined as variants associated with an increased risk of
cancer), benign (defined as variants not associated with an
increased risk of cancer), and uncertain (defined as variants
for which the associated risk of cancer was unknown).

Patients with both pathogenic and uncertain results in dif-
ferent genes were categorized as having pathogenic results,
whereas patients with only uncertain results were catego-
rized as having uncertain results. The results from all 4
laboratories were combined for the analysis, comprising 107
tested genes. Additional details appear in the eMethods in
Supplement 1.

Outcome Measures
The primary outcome was germline genetic testing within 2
years of the cancer diagnosis. Tests performed later are less con-
sistently related to the index cancer. The SEER variables in-
cluded sex (male, female, other, unknown), cancer stage, age
at cancer diagnosis, race and ethnicity (patients who are Asian
[including Pacific Islanders], Black, Hispanic, non-Hispanic
White [hereafter, White], or Other [Native American, un-
known, and Other]), poverty assessed at the US Census tract
level (<10%, 10%-19%, ≥20%), whether the patient lived in an
urban or rural zip code as classified by SEER, and state
(California and Georgia).12 Race and ethnicity data were col-
lected because they are social determinants of health and to
identify disparities by race and ethnicity in testing. Race and
ethnicity were abstracted from medical records by trained staff
at the state tumor registries and the categories were based on
definitions from the US Census Bureau.

We evaluated testing for all cancer types in the SEER site
recode variable. The analyses focused on 8 cancer types, of
which 6 had established germline genetic testing indications:
these were breast; colorectal; endometrial; epithelial ovar-
ian, fallopian, and peritoneal (hereafter, ovarian); pancreatic;
and prostate.5-7 Lung cancer was included because of its re-
cently discovered association with pathogenic results in vari-
ous genes.13 Patients with multiple primary tumor types were
included because prior studies showed frequent pathogenic
results in patients with multiple cancer types.14 Patients with
1 or more cancer diagnosis (either before their index cancer or
≤2 years afterward) were included in the category of multiple
cancer types.

Genes were grouped by associated cancer types or syn-
dromes and by those recommended for testing by practice
guidelines. All genes recommended for testing by prac-
tice guidelines from the National Comprehensive Cancer
Network,5-7 the American College of Medical Genetics and

Key Points
Question Among patients in the Surveillance, Epidemiology, and
End Results registries diagnosed with cancer between 2013 and
2019, what was the prevalence of germline genetic testing?

Findings In this observational study that included 1 369 602
patients diagnosed with cancer in California and Georgia, germline
genetic testing after cancer diagnosis was low (6.8%; n = 93 052).
Testing was highest in males with breast cancer (50%) and in
patients with ovarian cancer (38.6%).

Meaning Few patients diagnosed with cancer between 2013 and
2019 in California and Georgia underwent germline testing.
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Genomics11 (n = 62; eTable 1 in Supplement 1), or both were cat-
egorized as follows: breast or ovarian cancer–associated genes
including BRCA1 and BRCA2 (BRCA1/2); gastrointestinal
cancer–associated genes not previously included in the breast
or ovarian category, including Lynch syndrome genes; and
other hereditary cancer syndrome genes. The genes not rec-
ommended for testing after a cancer diagnosis were catego-
rized as non–guideline-recommended genes.

Statistical Analysis
The individual patient was the unit of analysis. We evaluated
the presence and results of genetic testing according to age,
race and ethnicity, and cancer type using SEER data. Testing
trends were analyzed with logistic regression modeling, con-
trolling for age, cancer type, and diagnosis year. In a separate
logistic regression model, we assessed whether testing var-
ied across race and ethnicity among the 3 cancer types (male
breast, female breast, and ovarian5,15) with the highest test-
ing rates overall, which were recommended for testing by prac-
tice guidelines throughout the study period, and by year, hold-
ing age constant and allowing testing trends and racial and
ethnic differences to vary by year.

We examined the results by the categories defined above
as breast and ovarian cancer–associated genes, gastrointesti-
nal cancer–associated genes, other hereditary cancer syn-
drome genes, and non–guideline-recommended genes across
selected cancer types. Additional details appear in the
eMethods in Supplement 1. The statistical analyses were per-
formed using SAS version 9.4 (SAS Institute Inc).

Results
Testing Use
From January 1, 2013, through March 31, 2019, there were
1 369 602 patients diagnosed with cancer who met the inclu-
sion criteria (eFigure 1 in Supplement 1) and 93 052 (6.8%;
95% CI, 6.8%-6.8%) underwent germline genetic testing
through March 31, 2021 (Table 1 and Table 2). The proportion
of patients tested varied by cancer type: male breast (50%),
ovarian (38.6%), female breast (26%), multiple (7.5%), endo-
metrial (6.4%), pancreatic (5.6%), colorectal (5.6%), prostate
(1.1%), and lung (0.3%). Genetic testing for all other cancer types
appears in eTable 2 in Supplement 1. The rates of testing in-
creased over time, particularly for patients with pancreatic
cancer (from 1.2% in 2013 to 18.6% in 2019). Testing re-
mained low in patients with lung cancer (from 0.1% in 2013 to
0.8% in 2019; eTable 3 in Supplement 1).

Multivariable Model of Testing
In a logistic regression model, rates of testing were lower
in older patients. Eighteen percent were tested at 40 years
of age compared with 2% for patients diagnosed at 80
years of age, adjusting for year and type of cancer. Testing
probability was highest at 51% (95% CI, 48%-53%) for male
breast cancer, 36% (95% CI, 36%-36%) for ovarian cancer,
and 22% (95% CI, 22%-22%) for female breast cancer, adjust-
ing for year and age. The modeled probability of testing

increased over time for all cancer types, but testing rates ex-
ceeded 50% for male breast cancer only (Figure 1 and eTable 4
in Supplement 1).

A second multivariable regression model for testing
included race and ethnicity. Controlling for age, cancer type,
and year, testing probability differed between racial and eth-
nic groups overall (χ2 = 2341, P < .001) and was lower for
Asian patients (6%; 95% CI, 6%-6%), Black patients (6%; 95%
CI, 6%-6%), Hispanic patients (6%; 95% CI, 6%-6%), and
Other patients (5%; 95% CI, 5%-5%) compared with White
patients (8%; 95% CI, 8%-8%). The racial and ethnic dispari-
ties for testing were largest among patients with male breast
cancer, female breast cancer, or ovarian cancer (22% [95% CI,
21%-22%] for Asian patients, 25% [95% CI, 24%-25%] for
Black patients, 23% [95% CI, 23%-23%] for Hispanic patients,
and 31% [95% CI, 30%-31%] for White patients; P < .001 using
the χ2 test).

The modeled probability of genetic testing by year and race
and ethnicity among patients with male breast, female
breast, and ovarian cancer types vs other cancer types ap-
pears in Figure 2. A race and ethnicity × diagnosis year inter-
action term showed no improvement in racial and ethnic dif-
ferences over time. Compared with White patients, the odds
of testing by year decreased for Hispanic patients (odds ratio
[OR], 0.98 [95% CI, 0.97-0.99]) and were unchanged for
Asian patients (OR, 1.00 [95% CI, 0.98-1.01]), Black patients
(OR, 0.99 [95% CI, 0.98-1.01]), and Other patients (OR, 0.99
[95% CI, 0.95-1.03]); the comparisons yielded statistically sig-
nificant results (likelihood ratio χ2

4 = 9.76, P = .045; eTable 5
in Supplement 1).

Pathogenic and Uncertain Results by Race, Ethnicity,
and Cancer Type
The median number of genes tested increased by year from
2 in 2013 to 34 in 2019. The frequency of pathogenic results
was similar across cancer types (10%-30%) and stable over
time (eTable 6 in Supplement 1). Uncertain results increased
at a greater rate in races and ethnicities other than White
(40.0% in Asian patients in 2019 vs 12.2% in 2013, 39.0% in
Black patients in 2019 vs 7.5% in 2013, 29.3% in Hispanic
patients in 2019 vs 8.6% in 2013, 24.9% in White patients in
2019 vs 6.3% in 2013, and 34.6% in Other patients in 2019 vs
3.8% in 2013; χ2 = 1808, P < .001; eTable 7 in Supplement 1).
The ratio of uncertain to pathogenic results varied by race
and ethnicity: White patients diagnosed in 2019 were 1.73
(95% CI, 1.56-1.92) times more likely to receive uncertain
results (24.9%) than pathogenic results (14.4%), whereas
Asian and Black patients diagnosed in 2019 were 3.74 (95%
CI, 3.13-4.46) times more likely to receive uncertain results
(40.0% for Asian patients and 39.0% for Black patients)
than pathogenic results (10.2% for Asian patients and 11.0%
for Black patients) (eTable 7 in Supplement 1).

Genes With Pathogenic Results by Cancer Type
Of all pathogenic results, 67.5% to 94.9% of variants were
identified in genes for which practice guidelines recom-
mend testing and 68.3% to 83.8% of variants were iden-
tified in genes associated with the diagnosed cancer type.
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The distribution of genes for individuals with pathogenic
results (by cancer-associated gene categories) appear in
Figure 3. Gastrointestinal cancer–associated genes repre-
sented 68.3% of pathogenic results in colorectal cancer and
71.8% of pathogenic results in endometrial cancer. Breast and
ovarian cancer–associated genes represented 79.5% of patho-
genic results in female breast cancer, 83.8% in male breast
cancer, and 82.0% in ovarian cancer. Non–guideline-
recommended genes represented between 5.1% of patho-
genic results in endometrial cancer to 28.1% of pathogenic
results in pancreatic cancer. In a sensitivity analysis, MUTYH
was recoded as a non–guideline-recommended gene, and the
non–guideline-recommended genes increased to 10.4% of

pathogenic results in endometrial cancer and 32.5% in pan-
creatic cancer (eFigure 2 in Supplement 1).

Discussion
In this population-based study conducted in California and
Georgia between 2013 and 2021, use of germline genetic
testing was only 6.8% after a cancer diagnosis. Genetic test-
ing rates increased over time, but even in 2021 were far
lower than 100% for specific cancer types, such as ovarian,
male breast, and pancreatic, recommended by practice
guidelines. Because clinical trials have demonstrated that

Figure 2. Modeled Probability of Genetic Testing Over Time Across Racial and Ethnic Groups
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Figure 1. Modeled Probability of Genetic Testing Over Time in the Most Common Cancer Types
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germline-directed cancer screening, preventive surgery, and
targeted therapies can improve survival,1-4 low rates of
germline genetic testing may contribute to higher rates of
cancer mortality.

The racial and ethnic disparities of lower rates of testing
in Asian, Black, and Hispanic patients compared with White
patients were largest for the 3 cancer types that had the
highest testing rates overall and that had established recom-
mendations from practice guidelines throughout the study
period5,15: male breast, female breast, and ovarian. This
finding is consistent with prior studies.9,16,17 Racial and eth-
nic differences in testing persisted through 2021. Although
there are many possible explanations (including individual
preferences and insurance coverage), strategies such as edu-
cation of clinicians, incorporating genetic counselors into
oncology practices, telemedicine, and electronic health rec-
ord reminders warrant study to address testing gaps affect-
ing patients who are Asian, Black, or Hispanic.18,19

Testing rates were heterogeneous between syndromes
with higher rates of testing in primarily BRCA1/2-associated
(26.0% for breast cancer and 38.6% for ovarian cancer) than
Lynch syndrome–associated cancer types (5.6% for colorec-
tal cancer and 6.4% for endometrial cancer). Persistent
undertesting of Lynch syndrome–associated cancer types
represents a target for improvement because population fre-
quencies of pathogenic results in Lynch syndrome genes
and BRCA1/2 are similar.20,21 Germline genetic testing rates
did not differ by cancer stage; this appears inconsistent with
previous reports that sequencing advanced cancer types
often identifies results warranting confirmatory germline
testing.22 The lack of association between cancer stage and
germline genetic testing may reflect insufficient confirma-
tory testing of patients with advanced cancer and failure to
offer testing to patients’ relatives.23,24

Although testing failed to meet practice guidelines, it in-
creased substantially over time. This might be explained by the
growing evidence demonstrating benefits of treatment with
poly(ADP-ribose) polymerase inhibitors. These drugs were ap-
proved for BRCA1/2-associated ovarian cancer in 2014, breast
cancer in 2018, pancreatic cancer in 2019, and prostate can-
cer in 2020.2,25-27

Pathogenic results were most common in genes with
management guidelines, such as prophylactic salpingo-
oophorectomy or frequent screening colonoscopy.5,6 This sug-
gests that most pathogenic results may facilitate personal-
ized, risk-adapted care. Pathogenic results often occurred in
diagnosis-concordant genes (eg, breast cancer– and ovarian
cancer–associated genes in patients with breast cancer),5,6 but
were also observed in diagnosis-discordant categories. These
results offer support for panel testing of multiple genes across
cancer types with appropriate counseling.

By contrast, higher rates of uncertain results, particularly
in Asian and Black patients, have the potential to result in sub-
optimal care because some studies reported mismanagement
of uncertain results with preventive surgeries.28,29 Prior stud-
ies have shown that uncertain results are more frequent among
patients from racial and ethnic groups that have had less ac-
cess to genetic testing.18,30 Even though germline genetic test-
ing costs have declined and insurance coverage has increased,
out-of-pocket costs in the range of $100 to $250 may present a
barrier to testing. Increased access to both clinical testing and
genetics research is needed for underrepresented groups.

Limitations
This study has several limitations. First, germline genetic
testing from laboratories other than the 4 laboratories
selected for this study, or from direct-to-consumer laborato-
ries, was not ascertained; however, evidence suggested that

Figure 3. Distribution of Genes for Patients With Pathogenic Results
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these 4 participating laboratories were the primary genetic
testing laboratories.8,9

Second, SEER lacks data about family history or tumor se-
quencing. Third, insurance information was incomplete.
Fourth, data were not available about why germline genetic
testing did not occur, such as when testing was declined by pa-
tients. Fifth, data were limited to California and Georgia and
may not apply to other states in the US.

Conclusions

Among patients diagnosed with cancer in California and
Georgia between 2013 and 2019, only 6.8% underwent germ-
line genetic testing. Compared with non-Hispanic White
patients, rates of testing were lower among Asian, Black, and
Hispanic patients.
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