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Abstract
Purpose: The availability of genetic tests for cancer suscepti-
bility is increasing. Current tests, however, have limited clinical
sensitivity. Even when clinically valid tests are available, the ge-
netic counseling and informed consent process might not be
feasible for dying patients with cancer. DNA banking preserves
the opportunity for future research or clinical testing and may
provide critical opportunities for surviving relatives. This study
explored the current practices and potential for DNA banking for
cancer susceptibility among oncologists specializing in palliative
care.

Methods: Palliative care oncologists actively providing clinical
care for dying patients with cancer were recruited for an online

survey. Descriptive statistics for DNA banking practices, per-
ceived qualification to recommend banking, and potential pre-
dictors were assessed.

Results: Data were collected from 49 physicians (37% recruit-
ment rate). Eighty percent reported assessing at least some pa-
tients for genetic cancer susceptibility in the past 12 months. No
participants reported banking DNA for patients in the past 12
months. Only 5% reported feeling at least somewhat qualified to
order DNA banking. A Web-based risk assessment tool and
genetic counselor on staff were perceived as the most helpful
potential resources.

Conclusion: Despite its potential, DNA banking is not being
used by palliative care oncologists.

Introduction
Identifying genetic susceptibility for cancer is an accepted part
of current oncology practice.1 For some genetic susceptibilities
(eg, familial medullary thyroid cancer, familial adenomatous
polyposis, and hereditary breast and ovarian cancer), the clinical
validity and utility of current genetic tests support routine ge-
netic testing in the context of informed consent and genetic
counseling. For many patients, however, current clinical ge-
netic tests lack validity and/or utility.2 For example, fewer than
half of women with hereditary breast cancer have mutations in
the BRCA1 or BRCA2 genes.3

However, the rapid increase in gene discovery and testing
technology suggests future testing could be helpful for surviving
family members. This may be particularly relevant for family
members of the 5% to 10% of patients with autosomal domi-
nant cancer risk.4 Approximately half of these patients’ children
and siblings will have strong cancer risk, and half will not. For
these families, DNA banking preserves the opportunity to iden-
tify a genetic marker after patients have died. In contrast to
testing for a known cancer susceptibility gene, DNA banking
involves storing a tissue sample containing constitutional DNA
(usually peripheral blood) so that testing can proceed in the
future, after the patient has died.

There may be fiscal reasons to consider DNA banking at the
end of life as well. Because the primary medical reason for
genetics assessment at the end of life is for the patient’s family
members, it may not be a covered service by insurers as it is not
deemed medically necessary. DNA banking may be an attrac-
tive option in light of this fiscal concern because it is usually
much cheaper (about $100) compared with genetic testing,
which often costs several thousand dollars.

Although genetics assessment and DNA banking have been
proposed as valuable end-of-life services,5-7 to date very little is
known about actual clinical practice. We recently reported re-
sults from interviews of dying patients with cancer that suggest
limited, if any, use of DNA banking, despite approximately one
in five of these patients potentially having hereditary cancer
risk.8 Findings from this study came from a single institution
and had a limited sample size, precluding generalizable conclu-
sions about physician practices. However, since the study oc-
curred in a large academic institution with on-site clinical
genetics services, the lack of DNA banking could point to a
widespread gap in services.

Previous studies have focused on physician knowledge,
attitudes, and behaviors with respect to cancer susceptibility
testing.9,10 These studies show high perceived qualifications
among oncologists to order genetic tests, and more knowl-
edge about cancer susceptibility tests relative to other spe-
cialists. To our knowledge, however, no studies have assessed
practices and perceived qualifications with respect to DNA
banking. The primary objective of this report is to describe
current physician practices regarding DNA banking among
dying patients with cancer. We hypothesized that a low pro-
portion (�5%) of physicians would report recommending
DNA banking for their patients. As we have found no pre-
vious studies that address this research question, we focused
on providers specializing in both oncology and palliative
care; this subset of physicians may be in the best position to
identify the need for DNA banking among dying cancer
patients. We also describe physicians’ self-efficacy to facili-
tate DNA banking and what resources or tools they feel
would be helpful.
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Methods
In spring, 2008, we conducted a national cross-sectional de-
scriptive study of palliative care oncologists’ practices regarding
DNA banking for cancer susceptibility. The American Board of
Hospice and Palliative Medicine (ABHPM) is the accrediting
board for palliative care and maintains a listing of currently
board-certified physicians. With institutional review board ap-
proval from ABHPM, we obtained a list of contact information
for physicians currently certified in both oncology and palliative
medicine (N � 133). Study inclusion criteria were (1) being
board-certified in both palliative care and oncology, and (2)
having cared for end-of-life patients with cancer during the
previous 12 months. Physicians were sent an e-mail invitation
to participate in a brief survey. The survey was administered
online using SurveyMonkey, and responses were imported
into a Microsoft Office Excel 2003 database without per-
sonal identifiers.

If physicians did not complete the survey online within 2
weeks, a second e-mail was sent. If there was still no response,
physicians were faxed the invitation and survey. Finally, if no
response was obtained, a paper copy was mailed up to two
times. All forms of communication originated from an investi-
gator who is board-certified in both oncology and palliative
medicine and is well-known and respected among this peer
group. Participants were also given the option of completing
the survey by phone. All participants were offered an honorar-
ium worth $25.

Variables
For this study, the primary variable of interest was the propor-
tion of participants who had recommended DNA banking for
patients they suspected might have inherited cancer susceptibil-
ity. Specifically, participants were asked, “During the past 12
months, for about how many patients have you ordered DNA
banking to allow future testing for inherited cancer susceptibil-
ity?” The surveys noted, “DNA banking refers to collecting and
storing genetic material (usually a blood sample) that can be
used in the future for clinical genetic testing or research.” This
and other knowledge and behavior items were adapted from the
National Cancer Institute’s Physician Survey on Cancer Sus-
ceptibility Testing.11 This survey has successfully been used to
assess knowledge and attitudes of a broad range of providers,9,10

though this is the first study to our knowledge that focuses on
palliative care providers.

We also gathered information on a number of variables that
might be associated with physicians’ practices related to DNA
banking. We assessed perceived self-efficacy for DNA banking
by asking, “How qualified or unqualified do you consider your-
self to recommend DNA banking because of inherited cancer
susceptibility for your patients?” Responses ranged from “very
well qualified” to “not qualified at all” on a 4-point scale with an
additional option for “not sure.” Physicians were asked, “Based
on your current knowledge, is DNA banking commercially
available for your patients?” (yes, no, not sure). We assessed
general knowledge of hereditary cancer through the following
questions: “Suppose you have a female patient whose aunt or

grandmother on her father’s side carries a BRCA1 gene muta-
tion for breast/ovarian cancer syndrome. In your opinion,
could your patient also be a carrier of this mutation?” “In your
opinion, what percentage of female breast cancer patients have
a BRCA1 or BRCA2 mutation?” “In your opinion, what per-
centage of patients who carry a gene for hereditary nonpolyposis
colorectal cancer (HNPCC) will actually go on to develop a
colorectal cancer?”

We further assessed knowledge of hereditary cancer by
asking participants whether commercially available tests
were available for BRCA1/2, MLH1/MSH2, APC, and NF1.
The same question was asked for two false scenarios: “MITF
gene for hereditary sarcoma,” and “PAX3 gene for hereditary
melanoma.”

A single multiple-response item asked participants, “What
genetics resources or tools would be helpful for you in your
clinical care of end-of-life cancer patients and their families?”
Options were: Web-based risk assessment tool, genetic coun-
selor on staff, educational brochures, telephone information
hotline, continuing medical education opportunities, clinical
decision-making algorithm, and other. Finally, we recorded the
following relevant sociodemographic variables: race and eth-
nicity, year graduated from medical school, current age, and
gender.

Study Size
Given the limited number of possible participants targeted for
this study, we sought to enroll as many physicians nationally
who met the inclusion criteria. In initial communication with
ABHPM, we anticipated approximately 244 potential recruits;
however, our ultimate list of potential participants was much
lower (N � 133). We hoped for at least a 50% response rate. In
a previous study of physicians, Wideroff et al9 achieved a 71%
response rate for completing the National Cancer Institute’s
Physician Survey on Cancer Susceptibility Testing.

Statistical Analyses
We primarily conducted descriptive analyses, reporting the pro-
portion of physicians who recommended DNA banking and
their perceived qualifications to do so. For analyses, perceived
qualification to recommend DNA banking was dichotomized
as being at least “somewhat qualified.” A response of “not sure”
was counted as a missing item.

In exploratory analyses, we conducted bivariate association
tests of predictor variables (content knowledge of hereditary
cancer, knowledge of the availability of genetic tests, knowledge
of the availability of DNA banking, and sociodemographic vari-
ables). We created a dichotomous variable for content knowl-
edge of hereditary cancer, reflecting participants who answered
all content questions correctly (ie, women can inherit BRCA1
mutations from father’s side, BRCA1/2 mutations account
for � 10% of breast cancers, and the chance of colorectal cancer
with HNPCC is at least 50%). For knowledge of the availability
of various genetic tests, we created a score with �1 for correctly
identifying BRCA1/2, MLH1/MSH2, APC, and NF1 as genes
that are commercially available, and for correctly noting that
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MITF and PAX3 were not available commercially for cancer
susceptibility testing. Participants answering “not sure” were
counted as having incorrect responses, reflecting that they did
not have adequate knowledge to be certain that testing is avail-
able or not. The summed range for this scale was 0 (no correct
responses) to 6 (all correct responses). For nominal predictor
variables, we used Fisher �2 tests, and for continuous variables
(knowledge of currently available tests, year of graduation from
medical school, and current age),we used t tests. Predictors with
significant bivariate associations were then included in logistic
multiple regression models. All analyses were conducted using
SAS 9.2 for Windows software.

Results
Data were collected from 49 (37%) of the possible 133 physi-
cians. Almost all (96%) reported being of non-Hispanic white
ethnicity. Thirty percent of participants were female. Mean age
was 53.8 years (SD 7.8) with a range of 34 to 67. Average year
graduating from medical school was 1980 (SD 7.8) and ranged
from 1965 to 2001.

Thirty-nine (79.6%) participants reported assessing genetic
risk for at least one patient. No participants reported banking
patients’ DNA during the previous 12 months. Five (10.6%)
physicians knew of the commercial availability of DNA bank-
ing. No physicians reported being “very well qualified” to rec-
ommend DNA banking, and 19 (38.8%) reported being “not
qualified at all” (Figure 1). Thirty-three (68.8%) physicians
correctly responded that less than 10% of female patients with
breast cancer have a BRCA1 or BRCA2 mutation, and the same
number correctly noted that a BRCA1 mutation could be in-
herited from a woman’s father. Fifteen (31.2%) correctly re-
sponded that the chance of colon cancer with HNPCC is
between 50% and 100%. Nine (18.4%) participants responded
correctly to all of the content knowledge questions. Forty-eight
(98%) confirmed the availability of BRCA1/2 testing. Thirty-
five (71%) reported knowing about genetic testing for HNPCC,
and the same number confirmed the availability of testing for
the APC gene associated with familial adenomatous polyposis.
Of the six items asking about commercially available genetic
tests, on average, participants gave correct responses for three
(mean and median score). One participant gave correct re-
sponses for all six items.

Because no physicians reported facilitating DNA banking,
we assessed predictors of feeling at least “somewhat qualified” to
recommend DNA banking, and we explored predictors of ge-
netics assessment. No statistically significant associations were
identified.

When asked to identify helpful resources, participants most
commonly cited a Web-based risk assessment tool (61.2%),
followed by a genetic counselor on staff (49.0%) and a clinical
decision-making algorithm (46.9%) (Figure 2). There were no
differences in resource preferences by perceived qualifications
to recommend DNA banking.

Discussion
In the current genetic testing context, DNA banking might be
the most practical genetics intervention for dying patients with
cancer. The primary goal of our study was to assess current
DNA banking practices among a group of physicians for whom
this has high relevance, that is, those specializing in both oncol-
ogy and palliative care. In our sample of 49 physicians, none
reported offering DNA banking in the past year, suggesting a
clear gap in service and highlighting potential opportunities in
clinical care. Only 10% were aware of the availability of DNA
banking. Perceived self-efficacy to order DNA banking was low,
with approximately two-fifths of physicians feeling “not quali-
fied at all.”

Knowledge about common genetic cancer susceptibility
conditions did not predict self-efficacy for DNA banking. Phy-
sicians participating in the current study had similar knowledge
about inherited breast cancer and HNPCC as oncologists in a
previously conducted national survey by Wideroff et al.9 In that
study, most oncologists (91%) were aware of commercially
available BRCA1 and BRCA2 testing, whereas fewer knew
about genetic testing for HNPCC (43%) and familial adeno-
matous polyposis (44%). Our sample showed a similar trend,
with fewer knowing about the availability of genetic testing for
colon cancer syndromes. Thus, although there is room for im-
provement, knowledge of specific genetic tests and cancer
susceptibility conditions among participants in this study is
comparable to national trends for oncologists and likely higher
compared with that in other specialists. However, this relative
increase in knowledge of genetic tests has not translated to
greater knowledge or use of DNA banking.

Participants in this study provide insight about how these
practice and knowledge gaps can be bridged. The most fre-
quently proposed resource for DNA banking was a Web-based
risk assessment tool. Electronic decision support tools will likely
become increasingly important with greater use of electronic
medical records. Oncologists are already familiar with many
web-based resources like Adjuvant! Online (), the Breast Cancer
Risk Assessment Tool (http://www.cancer.gov/bcrisktool), and
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Figure 1. Palliative care oncologists’ perceived qualifications to recom-
mend DNA banking for patients suspected to have inherited cancer risk.
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nomograms for cancer recurrence (eg, http://www.mskcc.org/
mskcc/html/15,938.cfm, http://www.mskcc.org/mskcc/html/
10,088.cfm). Some online tools for cancer genetics referral exist
[eg, MyGenerations (http://www.northsore.org/content.aspx?
id�4411),BreastCancerGeneticsReferral ScreeningTool (http://
www.brcagenscreen.org)], and organizations such as the
United States Preventive Services Task Force (http://www.
uspreventiveservicestaskforce.org/uspstf/uspsbrgen.htm) and
the National Comprehensive Cancer Network (http://www.
nccn.org/professionals/physician_gls/f_guidelines.asp) have
established Web-available guidelines for cancer genetic
counseling referrals. However, there is little available currently
to guide busy physicians’ decisions about DNA banking.

Our group has published some guidance
through the End of Life/Palliative Educa-
tionResourceCenter(http://www.mcwedu/
fastFact/ff_206.htm), but the efficacy of this
resource has not been evaluated in clinical
practice. A recent assessment of Web-based
clinical genetics resources suggests time-effi-
cient solutions are needed.12

Hiring a genetic counselor was the sec-
ond-most-cited proposed resource. Rec-
ognition of the value of expert genetic
counseling for identifying high-risk patients
and facilitating genetic services is growing.
Genetic counseling is recommended to ac-
company cancer susceptibility tests,1 and
there is growing concern about inappropri-
ate patient care and excessive cost when ex-
pert genetic services are not consulted.13

Physicians can search for nearby genetic
counselors through the National Society of Genetic Counselors
Web site (http://www.nsgc.org). Although genetic counselors
are a logical resource for facilitating DNA banking in cancer
care, we are not aware of an evidence base for this role, and this
could represent a promising area for future investigation.

Study Limitations
This study has a number of limitations. Our study had a low
response rate (37%) from an already limited sample population.
Thus, the external validity of our results is questionable for
palliative care oncologists. Furthermore, these specialists may
not be representative of other specialists caring for dying pa-
tients who could benefit from genetics assessment. Roughly half
of all patients with cancer now die with hospice services, so the
insight from this study is relevant for hospice clinicians broadly.
The small sample size limits the precision of findings within the
study, and we also have low power to identify significant asso-
ciations. However, considering that none of our participants
reported ordering DNA banking, it seems clear that there is a
need for educational intervention.

Our study is also limited by self-report of behaviors and
knowledge. It is possible that participants did not remember
ordering DNA banking when they actually had. However, con-
sidering only 10% reported even knowing of the availability of
DNA banking services, this seems unlikely.

Implications for Oncology Practice
This study highlights a gap in oncology service and genetics
knowledge. Although additional research is needed to verify our
findings and to evaluate solutions, some actionable steps are
immediately available (Figure 3). Oncologists cannot assume
that end-of-life patients with cancer have been triaged for ge-
netics assessment earlier in the disease process. In one study at a
single institution, 21% of patients dying as a result of cancer
had high genetic risk and none had previously been assessed.8

Therefore, clinicians caring for patients throughout the disease
trajectory need to be mindful of a genetics component, and this
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Figure 2. Physicians’ preferences for genetics resources or tools to help with clinical care of
end-of-life patients with cancer and their families.

1. Do not assume patients have had genetics assessment

2. Record family history for all patients

 • At least three generations

 • Types of cancer

 • Ages at diagnosis

3. Offer DNA banking and genetics consult if:

 • Strong family history of breast or ovary cancer but negative test 
     for mutations in BRCA1/2 (or no genetic testing performed)

 • Strong family history of colorectal or gastrointestinal cancer but
     negative genetic testing for Lynch syndrome and familial
     adenomatous polyposis (or no genetic testing performed)

 • Multiple relatives with the same type of cancer

 • Early-onset cancer, eg, < 50 years of age for colon cancer

 • Multiple primary cancers in the same person

 • Rare tumor or cancer with high heritability (eg, medullary thyroid
     cancer, pheochromocytoma, male breast cancer, colon polyposis)

4. Know your genetics resources:

 • A current listing of laboratories offering DNA banking can be 
     found at http://www.genetests.org

 • Search for a nearby genetic counselor through the National 
     Society of Genetic Counselors website: http://www.nsgc.org

Figure 3. Actionable steps for genetics assessment and offer of DNA
banking for dying patients with cancer.
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includes palliative care clinicians. Furthermore, as palliative
care providers are already accustomed to considering the famil-
ial social context, there is reason to extend the concept of med-
ical necessity to family members as well. Genetic services will
not likely be medically useful for the patient, but they could
have life-and-death consequences for her family. Thus, family
history assessment is important for end-of-life patients. Just as
with all patients with cancer, oncologists need to ask about
relatives encompassing three generations, noting types of can-
cers and ages of diagnosis. Talk with the patient about DNA
banking and offer a genetics consult for patients with personal
or family histories of early-onset cancer, multiple close relatives
with the same types of cancer, or personal or family histories of
individuals with multiple primary cancers, including those who
have had negative genetic testing (eg, BRCA1/2 for hereditary
breast and ovarian cancer, MLH1/MSH2 for Lynch syndrome)
despite a strong family history and high suspicion. Even if fam-
ily history is negative or unknown, a personal history of early-
onset cancer, rare tumors, or cancers with high heritability (eg,
medullary thyroid cancer, pheochromocytoma, male breast
cancer, colon polyposis) could justify genetics assessment for
the sake of relatives. An up-to-date listing of laboratories that
offer clinical DNA banking services can be found at the
GeneTests Web site (http://www.genetests.org). Certified ge-
netic counselors can be found through the National Society of
Genetic Counselors Web site (http://www.nsgc.org).

Summary
The present study provides new information about current clin-
ical practices for DNA banking. Though the process is poten-

tially valuable for surviving relatives, clinicians do not appear to
be banking DNA for dying patients with cancer and generally
do not feel qualified to do so. Future studies might investigate
the potential for Web-based risk assessment tools or partnering
with genetic counselors to ensure optimal legacies in end-of-life
cancer care.
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