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A B S T R A C T

Purpose
Although guidelines recommend in-person counseling before BRCA1/BRCA2 gene testing,
genetic counseling is increasingly offered by telephone. As genomic testing becomes more
common, evaluating alternative delivery approaches becomes increasingly salient. We tested
whether telephone delivery of BRCA1/2 genetic counseling was noninferior to in-person delivery.

Patients and Methods
Participants (women age 21 to 85 years who did not have newly diagnosed or metastatic cancer
and lived within a study site catchment area) were randomly assigned to usual care (UC; n � 334)
or telephone counseling (TC; n � 335). UC participants received in-person pre- and post-test
counseling; TC participants completed all counseling by telephone. Primary outcomes were
knowledge, satisfaction, decision conflict, distress, and quality of life; secondary outcomes were
equivalence of BRCA1/2 test uptake and costs of delivering TC versus UC.

Results
TC was noninferior to UC on all primary outcomes. At 2 weeks after pretest counseling,
knowledge (d � 0.03; lower bound of 97.5% CI, �0.61), perceived stress (d � �0.12; upper bound
of 97.5% CI, 0.21), and satisfaction (d � �0.16; lower bound of 97.5% CI, �0.70) had group
differences and confidence intervals that did not cross their 1-point noninferiority limits. Decision
conflict (d � 1.1; upper bound of 97.5% CI, 3.3) and cancer distress (d � �1.6; upper bound of
97.5% CI, 0.27) did not cross their 4-point noninferiority limit. Results were comparable at 3
months. TC was not equivalent to UC on BRCA1/2 test uptake (UC, 90.1%; TC, 84.2%). TC yielded
cost savings of $114 per patient.

Conclusion
Genetic counseling can be effectively and efficiently delivered via telephone to increase access
and decrease costs.

J Clin Oncol 32:618-626. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Genetic testing has become increasingly central to
oncology practice,1-3 and access to genetic counsel-
ing is now required by many national organizations
for accreditation.4,5 And demand is likely to in-
crease, given recently updated guidelines by the
United States Preventive Services Task Force recom-
mending genetic counseling referral for all women
whose family history places them at increased risk
for a BRCA1 or a BRCA2 mutation.6 Although in-
person genetic counseling delivered by trained ge-
netics professionals is standard of care,3,7,8 there are

not enough genetics professionals to meet this grow-
ing demand, particularly outside metropolitan ar-
eas.2,9 In addition, many physicians lack the time
and expertise to provide genetic counseling.10 With-
out increased access, many candidates might not be
offered testing, and of those who are tested, fewer
might receive comprehensive counseling. Thus, de-
veloping and evaluating alternative models of ge-
netic services delivery is critical.11-13

Telephone-based genetic counseling has the
potential to extend our ability to provide compre-
hensive genetic counseling, increase access, and de-
crease costs.14 However, telephone-based genetic
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counseling remains controversial because of concerns about patient
comprehension and the ability to provide appropriate patient sup-
port.2,8,15,16 Despite these concerns, most cancer genetic counselors
have provided BRCA1/2 test results by telephone, and 23% have pro-
vided pretest telephone counseling.1 At least one for-profit company
offers pre- and post-test telephone genetic counseling for multiple
conditions,17 and direct-to-consumer genomic testing companies
routinely deliver counseling via the telephone or Internet.18,19

Even with increasing clinical use, few studies have evaluated
whether telephone-based genetic counseling is as effective as standard
counseling.20 Surveys of patients who received BRCA1/2 result disclo-
sures by telephone suggest comparable satisfaction, knowledge, and
worry as with in-person disclosure.9,11,15,20 A randomized trial com-
paring telephone to in-person BRCA1/2 result disclosure found no
differences in anxiety, well-being, or satisfaction.21 There have been no
randomized trials testing the noninferiority of comprehensive pre-
and post-test BRCA1/2 telephone counseling versus standard in-
person counseling.

Given the need to identify alternative delivery models and the
widespread clinical use of telephone genetic counseling, we conducted
the first (to the best of our knowledge) randomized noninferiority trial
comparing pre- and post-test telephone BRCA1/2 genetic counseling
to standard in-person genetic counseling. We hypothesized that psycho-
social outcomes of telephone counseling would be noninferior to stan-
dard counseling, that uptake of testing would be equivalent, and that
telephone counseling would yield cost savings compared with usual care.

PATIENTS AND METHODS

Participants

From 2005 to 2012, we recruited participants for a parallel group ran-
domized noninferiority trial comparing standard in-person genetic counsel-
ing or usual care (UC) to telephone genetic counseling (TC). Participants were
recruited from the clinical genetic counseling programs at the Lombardi Com-
prehensive Cancer Center (Washington, DC), Mount Sinai School of Medi-
cine (New York, NY), University of Vermont Cancer Center (Burlington, VT),
and Dana-Farber Cancer Institute (Boston, MA). Eligible participants were
women age 21 to 85 years, with a minimum 10% risk for a BRCA1/2 muta-
tion22 who lived within the catchment area of a study site. We excluded
participants who had newly diagnosed (� 4 weeks) or metastatic cancer,
lacked the cognitive capacity to provide informed consent, or who were can-
didates for genetic counseling for another hereditary cancer syndrome.

Of 1,057 potentially eligible women, 358 (33.9%) declined the baseline
survey. Because we could not collect data on decliners, we do not know how
they differed from participants. Of the 699 women who completed a baseline
survey, 24 were ineligible and six declined random assignment. Thus, 669
(64.8%) of 1,033 potentially eligible women were randomly assigned to TC
(n � 335) versus UC (n � 334). Of the 669 randomly assigned women, 600
(89.7%) completed an initial genetic counseling session (TC, 89.0%; UC,
90.4%; n � 669; Fisher’s exact test P � .61) and 69 declined counseling and
withdrew from the study. At the 2-week assessment (2 weeks after initial
counseling and before result disclosure), we excluded 28 participants who
received test results before the assessment. Of the remaining 572 participants,
272 (96.8%) TC and 282 (96.9%) UC participants completed the 2-week
assessment (n�572; Fisher’s exact test P� .99). At the 3-month assessment (3
months after random assignment and after result disclosure), 284 UC partic-
ipants (94.0%) and 268 TC participants (89.9%) completed the assessment
(n � 600; Fisher’s exact test P � .07; Fig 1).

Procedure

The institutional review boards at all study sites approved this study.
After mailing interested participants an informed consent document to re-

view, a trained research assistant called participants to administer institutional
review board–approved verbal consent and complete the baseline (ie, pre-
counseling) telephone interview. During this interview, we collected demo-
graphic, cancer history, and psychosocial information. Immediately after the
interview, the research assistant randomly assigned participants by using
computer-generated random numbers in blocks of four. After returning the
signed informed consent document, UC participants received pretest genetic
counseling and result disclosure at one of the four clinic sites, and TC partici-
pants received pretest genetic counseling and result disclosure by telephone.
We conducted follow-up interviews 2 weeks after counseling (pretest disclo-
sure), and 3, 6, and 12 months after random assignment (post-test disclosure).
Here, we report on the 2-week and 3-month assessments, which focused on
genetic counseling outcomes.

UC. UC participants received standard BRCA1/2 genetic counseling
and result disclosure13,23 delivered in person by board-certified/board-eligible
genetic counselors. Participants could provide DNA for testing at the conclu-
sion of the initial counseling session. We mailed participants a clinical sum-
mary letter outlining guidelines and recommendations.

TC. Before the TC session, we mailed visual aids for use during the
session. TC was delivered over the telephone by the same genetic counselors
who delivered UC and with comparable content to UC.13 After the initial
session, participants could provide DNA at a physician’s office, a local labora-
tory (blood kit supplied by the study), or the study site. We mailed participants
a clinical summary letter outlining guidelines and recommendations.

Control Variables

We assessed sociodemographics, family history, and personal cancer
history. By using personal and family cancer history, we calculated a priori risk
with the BRCAPRO model.22

Outcome Variables

BRCA1/2 knowledge was measured at baseline and at the 2-week
follow-up assessment with the Breast Cancer Genetic Counseling Knowledge
scale.24 Total score was the number of correct responses (Cronbach’s alpha �
.75 to .80).

Decisional conflict regarding BRCA1/2 testing was measured at all assess-
ments with the 10-item version of the Decisional Conflict Scale (DCS).25 Items
were scored on a weighted 3-point scale (yes, 0; unsure, 2; no, 4) with higher
scores indicating greater decisional conflict (Cronbach’s alpha � .79 to .84).

Genetic counseling satisfaction was measured at 2 weeks with the Genetic
Counseling Satisfaction Scale.26 Items were rated on a 5-point Likert scale and
summed. Higher scores indicate greater satisfaction (Cronbach’s alpha� .83).

Cancer-specific distress was measured at all assessments with the Impact
of Event Scale (IES)27 (Cronbach’s alpha � .88 to .91). Perceived stress was
measured at all assessments with the four-item version of the Perceived Stress
Scale (PSS)28 (Cronbach’s alpha � .69 to .72).

Quality of life was measured at baseline and at 3 months with the Short
Form-12 (SF-12)29 Mental Component Summary (MCS) and Physical Com-
ponent Summary (PCS). Higher scores reflect better quality of life (Cron-
bach’s alpha � .86 to .87).

We measured costs (in 2012 dollars30) for personnel and patient time
and travel, testing, telephone charges, and overhead. We excluded childcare
and research and development costs. We estimated staff time via time-motion
estimates of counseling elements (scheduling, preparation, pedigree review,
follow-up, and provider communications). We valued staff time on the basis
of average US wage and benefit rates for each profession31,32; patient time costs
were based on average wage rates for women.33 Patient time included travel
time for counseling and testing and time in counseling. We estimated travel
distance and time from patients’ home ZIP codes to the study center by using
Google Maps. We assumed all travel was by car; gas and toll costs were based on
the Internal Revenue Service allowable rate34; parking was assumed to be $5.00
per trip. We assumed that UC participants provided DNA at the counseling
site following their initial session and that TC participants traveled to the clinic
to provide DNA. To the extent that TC patients provided DNA at a location
closer than the clinic, we would overestimate TC costs.
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www.jco.org © 2014 by American Society of Clinical Oncology 619



Eligible for baseline survey
(N = 1,057)

Completed baseline survey
(n = 699)

Randomly assigned
(n = 669)

Received post-test TC (n = 251)
Did not receive post-test TC (n = 84)
  Did not complete pretest TC (n = 37)
  Declined BRCA1/2 testing (n = 47)
  Declined disclosure (n = 0)
  Withdrew due to illness (n = 1)

Received post-test disclosure (n = 272)
Did not receive post-test disclosure (n = 62)
  Declined pretest UC (n = 32)
  Declined BRCA1/2 testing (n = 24)
  Declined disclosure (n = 1)
  Withdrew due to illness (n = 6)

2-week follow-up completed (n = 272)
2-week follow-up not complete (n = 63)
  Withdrew prior to initial counseling (n = 37)
  Excluded for receiving results (n = 17)
  Withdrew at 2-week follow-up (n = 4)
  Could not be reached (n = 5)

2-week follow-up completed (n = 282)
2-week follow-up not complete (n = 52)
  Withdrew prior to initial counseling (n = 32)
  Excluded for receiving results (n = 11)
  Withdrew at 2-week follow-up (n = 3)
  Could not be reached (n = 6)

3-month follow-up completed (n = 268)
3-month follow-up not complete (n = 67)
  Withdrew prior to initial counseling (n = 37)
  Withdrew at 2-week follow-up (n = 4)
  Withdrew at 3-month follow-up (n = 5)
  Could not be reached (n = 21)

3-month follow-up completed (n = 284)
3-month follow-up not complete (n = 50)
  Withdrew prior to initial counseling (n = 32)
  Withdrew at 2-week follow-up (n = 3)
  Withdrew at 3-month follow-up (n = 2)
  Could not be reached (n = 13)

Analyzed
Genetic testing uptake

)892 = n( locotorp reP  
)533 = n( taert-ot-tnetnI  

2-week follow-up
)272 = n( esac elbaliavA  
)813 = n( noitatupmI  

3-month follow-up
)862 = n( esac elbaliavA  
)533 = n( noitatupmI  

Analyzed
Genetic testing uptake

)203 = n( locotorp reP  
)433 = n( taert-ot-tnetnI  

2-week follow-up
)282 = n( esac elbaliavA  
)323 = n( noitatupmI  

3-month follow-up
)482 = n( esac elbaliavA  
)433 = n( noitatupmI  

Received pretest TC (n = 298)
Declined pretest TC and withdrew (n = 37)

Received pretest UC (n = 302)
Declined pretest UC and withdrew (n = 32)

Allocated to TC
(n = 335)

Allocated to UC
(n = 334)

Declined baseline survey (n = 358)
)221 = n( CT ni detseretni toN  
)46 = n( gnimusnoc emit ooT  
)25 = n( nevig nosaer oN  

  Not interested in research (n = 44)
  Wanted testing quickly/going elsewhere (n = 33)
  Confidentiality concerns (n = 13)

)01 = n( evisnepxe oot gnitseT  
  Did not want to relive cancer experience (n = 9)

Not randomly assigned (n = 30)
  Declined random assignment (n = 6)

)42 = n( elbigilenI  

Fig 1. Study flow chart. TC, telephone genetic counseling; UC, usual care (standard in-person genetic counseling).
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We estimated costs of BRCA1/2 testing by using charges established by
Myriad Genetic Laboratories (Salt Lake City, UT). We assumed that telephone
counseling occurred over land lines with costs based on average monthly
charges. Overhead costs included space rental and utilities, based on average
US rates.35 We tested alternative scenarios in sensitivity analyses.

Statistical Analyses

After confirming the comparability of the groups at baseline, we tested
for noninferiority of TC by calculating the group difference on each outcome
(with baseline score on the outcome as a covariate) and the one-sided 97.5%
confidence limit of this difference. Noninferiority was demonstrated when the
one-sided 97.5% confidence limit did not cross the noninferiority limit. We
based our noninferiority limits on the literature describing clinically important
differences on each outcome (�4 points on the IES and DCS, �1 point on the
PSS, �2.5 points on the SF-12).25,27,28,36 For outcomes without guidance
(knowledge, satisfaction), we set the limit as the minimum possible change on
the scale (ie, 1 point).

Our primary analyses were based on the available sample at each time
point.37-39 In sensitivity analyses, we used multiple regression imputation for
missing follow-up data. We conservatively substituted the imputed score for
UC participants and the imputed score plus or minus the noninferiority
margin for TC participants.40 We also conducted sensitivity analyses in
which we adjusted for multiple comparisons by using the Holm-Bonfer-
roni approach.41

In a secondary analysis, we used the standard two one-sided test (TOST)
approach42 to test for equivalence in genetic testing uptake (equivalence range,
� 7.5%) by using per-protocol and intention-to-treat approaches. We tested
for equivalence on genetic testing (rather than noninferiority) because the goal
of genetic counseling is to facilitate informed testing decisions, not necessarily
to increase testing.

Our sample size calculations for noninferiority assume an alpha of .025.
Because power was comparable at 2 weeks and 3 months, we present sample
size estimates for the 2-week analyses except for PCS and MCS (which were
measured at baseline and 3 months). Our sample sizes of n � 554 and n � 552
at 2 weeks and 3 months, respectively, provide greater than 80% power for all
outcomes at 2 weeks and 3 months. The sample sizes required to attain 80%
power to detect noninferiority were knowledge (n � 478; noninferiority
limit � �1; standard deviation [SD], 3.9), satisfaction (n � 332; noninferior-
ity limit,�1; SD, 3.2), IES (n�460; noninferiority limit, 4; SD, 15.3), PSS (n�
214; noninferiority limit, 1; SD, 2.6), DCS (n�348; noninferiority limit, 4; SD,
13.3), PCS (n � 400; noninferiority limit, �2.5; SD, 8.9), and MCS (n � 436;
noninferiority limit, �2.5; SD, 9.3). For our secondary outcome of test uptake,
544 participants were required to obtain 80% power to detect equivalence
(range, � 7.5%) to the UC group’s 90.1% uptake.

For economic analysis, we followed recommendations of the US Panel
on Cost-Effectiveness in Health and Medicine.43 Because the trial included
only short-term follow-up, we focused on the costs of intervention delivery
and the immediate downstream consequences of counseling. Because coun-
seling and testing have previously been found to be cost-effective and clinically
effective in reducing mortality,44,45 we did not examine longer-term costs or
life-years saved. We summed costs of counseling and testing to generate an
average cost per patient counseled and tested and the incremental differences
in costs between arms.

In sensitivity analyses, we varied the following key parameters: counsel-
ing probands versus relatives, rural versus urban settings, counselor prepara-
tion time, TC patient use of cell phones for counseling, TC patients by using
at-home buccal DNA kits to avoid travel, identical overhead in both arms, and
actual testing rates. We examined combinations of variables in a multiway
sensitivity analysis.

RESULTS

The mean age of participants was 48.0 years (SD, 13.7 years), and their
mean a priori mutation risk was 25.0% (SD, 22.9%). The majority
were non-Latino white (86.2%), previously affected with breast or

ovarian cancer (65.3%), college-educated (80.0%), and married
(62.3%). As displayed in Tables 1 and 2, our randomization was
effective because the groups were highly similar at baseline.

Predisclosure Outcomes

TC was noninferior to UC on all outcomes (Fig 2). The mean
adjusted postcounseling knowledge score was 0.03 points higher for
TC than for UC participants (d � .03). The lower bound of the
one-sided 97.5% CI (�0.61) did not cross the noninferiority
limit (�1).

Similarly, TC was noninferior on decision conflict (d � 1.2;
upper bound one-sided 97.5% CI, 3.3; noninferiority limit, 4); cancer

Table 1. Sample Characteristics of Women Participating in a Randomized
Multicenter Trial Comparing In-Person to Telephone Counseling for

BRCA1/2 Testing

Characteristic

UC
(n � 334)

TC
(n � 335)

No. % No. %

Age, years
Mean 48.4 47.7
SD 14.2 13.1

BRCA1/2 probability
Mean 25.7 24.3
SD 24.2 21.6

Education
� College 69 20.7 67 20.0
College or more 265 79.3 268 80.0

Employment status
Full time 183 54.8 199 59.4
� Full time 151 45.2 136 40.6

Race
White 289 87.3 280 85.1
Nonwhite 42 12.7 49 14.9

Marital status
Married/partner 212 63.5 205 61.2
Single/widow/divorced 122 36.5 130 38.8

Jewish ethnicity
Jewish 100 29.9 92 27.5
Non-Jewish 234 70.1 243 72.5

Affected with breast or ovarian cancer
Yes 223 66.8 214 63.9
No 111 33.2 121 36.1

Proband status
Proband 215 64.4 211 63.0
Relative of known carrier 119 35.6 124 37.0

BRCA1/2 test result
Positive 51 15.2 44 13.1
Negative 56 16.8 57 17.0
Uninformative/variant 165 49.4 150 44.8
Untested 62 18.6 84 25.1

Recruitment site
Lombardi Cancer Center 214 64.1 213 63.6
Mount Sinai 65 19.5 69 20.6
University of Vermont 21 6.3 21 6.3
Dana-Farber Cancer Institute 34 10.2 32 9.6

Distance to clinic, miles
Mean 24.4 20.9
SD 27.1 18.0

Abbreviations: SD, standard deviation; TC, telephone genetic counseling; UC,
usual care (standard in-person genetic counseling).
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distress (d � �1.6; upper bound one-sided 97.5% CI, 0.27; noninfe-
riority limit, 4); perceived stress (d � �0.12; upper bound one-sided
97.5% CI, 0.21; noninferiority limit, 1), and genetic counseling satis-
faction (d � �0.16; lower bound one-sided 97.5% CI, �0.70; nonin-
feriority limit, �1). Sensitivity analyses confirmed noninferiority for
alloutcomesafteradjustingformultiplecomparisonsbyusingtheHolm-
Bonferroni correction41 and imputing for missing follow-up data.

Post-Test Disclosure Outcomes

The results at the 3-month assessment were virtually identical
with those at predisclosure (Fig 3). TC was noninferior to UC on
decisional conflict (d � 1.1; upper bound one-tailed 97.5% CI, 2.9;
noninferiority limit, 4), cancer-specific distress (d � �.79; upper
bound one-tailed 97.5% CI, 1.16; noninferiority limit, 4), perceived
stress (d � .00; upper bound one-tailed 97.5% CI, 0.36; noninferiority
limit, 1), physical function (d � .43; lower bound one-tailed 97.5% CI,
�0.83; noninferiority limit, �2.5), and mental function (d � �.48;
lower bound one-tailed 97.5% CI, �1.8; noninferiority limit, �2.5).
As at 2 weeks, sensitivity analyses confirmed noninferiority for
all outcomes.

Genetic Testing

Of those who completed pretest counseling, 90.1% of UC versus
84.2% of TC were tested (relative risk, 0.93; 95% CI, 0.88 to 0.99). By
using the TOST approach, the lower bound of the 90% CI (d �
�5.9%; 90% CI, �10.3% to �0.01%) fell outside the equivalence
range. Results were comparable in the intention-to-treat sample (UC,
81.4% v TC, 74.9%; d � �6.5%; 90% CI, �11.8% to 0.01%).

For economic analyses, we determined that TC costs $114.40 per
patient less than UC (Table 3). The lower cost of TC was a result of
shorter counseling times, less patient travel, and lower overhead. The
lower cost of TC was robust over all assumptions and conditions.
Assuming identical overhead decreased the cost savings to $59 per
patient. The greatest cost savings ($321.40 per patient) was for rural
patients who used in-home buccal DNA kits (Table 4).

DISCUSSION

The results of this randomized noninferiority trial support that
telephone BRCA1/2 genetic counseling is not worse than standard

Table 2. Genetic Counseling Outcomes at Baseline, 2 Weeks, and 3 Months After Counseling

UC TC

Baseline 2 Weeks 3 Months Baseline 2 Weeks 3 Months

Outcome Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Knowledge 17.0 4.8 20.1 3.9 — 17.3 4.8 20.2 3.9 —
Decision conflict 31.1 26.3 6.7 13.2 4.0 8.6 28.5 24.5 7.5 13.4 4.9 12.2
Cancer distress 20.7 15.5 17.0 15.5 14.0 14.7 23.2 15.1 17.3 15.1 14.8 14.9
Perceived stress 4.5 2.6 4.3 2.6 4.0 2.5 4.4 2.4 4.0 2.6 3.9 2.6
General counseling satisfaction — 27.0 3.3 — 26.8 3.1
Physical function 50.7 9.2 — 50.9 9.2 51.0 8.6 — 51.6 8.6
Mental function 48.5 10.6 — 51.0 9.3 48.9 10.3 — 50.6 9.3

Abbreviations: SD, standard deviation; TC, telephone genetic counseling; UC, usual care (standard in-person genetic counseling).

Ou
tc

om
e

Adjusted Mean Difference (TC-UC)
and 97.5% Confidence Limit

Satisfaction

Knowledge

Perceived
Stress

Cancer
Distress

Decision
Conflict

−5 −4 −3 −2 −1 0 1 2 3 4 5

Adjusted mean group difference (TC-UC)
97.5% confidence limit
Noninferiority range

Fig 2. Noninferiority analyses comparing telephone to standard delivery of
genetic counseling at predisclosure (2 weeks). TC, telephone genetic counseling;
UC, usual care (standard in-person genetic counseling).

Ou
tc

om
e

Adjusted Mean Difference (TC-UC)
and 97.5% Confidence Limit

Physical
Functioning

Mental
Functioning

Perceived
Stress

Cancer
Distress

Decision
Conflict

−5 −4 −3 −2 −1 0 1 2 3 4 5

Adjusted mean group difference (TC-UC)
97.5% confidence limit
Noninferiority range

Fig 3. Noninferiority analysis comparing telephone to standard delivery of
genetic counseling at postdisclosure (3 months). TC, telephone genetic counsel-
ing; UC, usual care (standard in-person genetic counseling).
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in-person counseling. TC outcomes were noninferior to standard
in-person UC with a substantial cost savings. However, TC yielded
lower rates of genetic testing compared with UC.

The lower testing rate for TC may be a result of the fact that UC
participants could provide DNA immediately following their counsel-
ing session, whereas TC participants had to travel to the clinic or to a
physician’s office to provide DNA. This delay between counseling and
DNA provision could be a barrier to testing. If this is the case, then
using in-home buccal kits could eliminate the delay and increase test
uptake following TC. It is also possible that the delay between coun-
seling and DNA provision allowed for added deliberation that led
some TC participants to forego testing. This is consistent with the fact
that TC participants who declined testing had lower a priori risk scores
and were less likely to be considering risk-reducing surgery than those
who completed testing (data not shown).

Despite the lower rate of testing, our results provide strong evi-
dence that cancer genetic counseling can be effectively delivered by
telephone. We found no evidence that TC led to higher distress, lower
satisfaction, or lower comprehension than UC. TC also led to a cost
savings of $114 per patient up to $321 per patient for those who live
farther from a clinic and who provide DNA via in-home buccal sam-
pling. This is consistent with genetic counselors’ perceptions of de-
creased counseling time, patient travel time, and patient burden
associated with TC.1,2

These results have clinical and policy implications. The noninfe-
riority and lower cost of TC compared with UC suggests that TC could

broaden the reach and accessibility of BRCA1/2 genetic counseling.
Offering TC in rural settings could increase access and maximize cost
savings. Because a major barrier to physician use of BRCA1/2 testing is
lack of access to appropriate genetic counseling resources,46-49 TC
could facilitate such testing. For example, TC might be an efficient and
effective way to reach untested individuals from families with known
mutations, especially in nonurban areas. These individuals have a high
mutation risk but low rates of BRCA1/2 testing.50,51 In the United
States, there are about 350,000 adult women who carry a BRCA1/2
mutation, but fewer than 15% have been identified.52 The availability
of TC could make it easier to reach and counsel these individuals. By
increasing access to genetic testing, cancer mortality could be reduced
through the increased use of risk-reducing interventions by newly
identified mutation carriers.2,53

These data also provide justification for expanded reimburse-
ment of TC by insurers. At present, insurance reimbursement is a
barrier to widespread use of TC. The primary billing codes for genetic
counseling are for in-person counseling services.54 However, one of
the nation’s largest insurers, Aetna, now provides coverage for cancer
genetic TC.55 Moreover, the Affordable Care Act requires that insurers
cover BRCA1/2 genetic counseling for women at increased risk.56

These data may provide further support for routine reimbursement
for genetic TC services.

The study has several limitations. About one third of those ap-
proached declined to participate. A primary reason for declining was a
preference for in-person counseling. TC is likely to be less effective

Table 4. Costs of TC Versus UC Genetic Counseling and Testing Under Various Assumptions

Scenario� and Changed Variable for
Sensitivity Analysis

Cost ($)

UC TC
Incremental

(compared with UC)

Base case 3,773.90 3,659.50 �114.40
Scenario 1

Proband only 3,775.20 3,665.10 �110.20
Relative only 3,755.50 3,636.10 �118.80

Scenario 2
Urban area (round-trip, 1 hour)† 3,763.60 3,654.40 �109.20
Rural area (round-trip, 2 hours)† 3,826.40 3,685.80 �140.60
Rural area (round-trip, 4 hours)† 3,952.30 3,748.70 �203.60

Scenario 3
Preparation time of genetic counselors in nonresearch setting 3,718.70 3,604.30 �114.40

Scenario 4
Patients use cell phone for counseling in the telephone arm‡ 3,773.90 3,667.30 �106.60

Scenario 5
Both UC and TC arms use buccal swab for DNA collection 3,783.80 3,630.90 �153.00

Scenario 6
Equivalent overhead for TC and UC 3,773.90 3,714.00 �59.90

Scenario 7
Actual rates of genetic testing and disclosure§ 3,450.80 3,099.80 �351.00

Scenario 8
Buccal swab � rural area (round-trip, 2 hours) 3,826.40 3,630.90 �195.60
Buccal swab � rural area (round-trip, 4 hours) 3,952.30 3,630.90 �321.40

Abbreviations: TC, telephone genetic counseling; UC, usual care (standard in-person genetic counseling).
�To isolate the costs and effects of counseling, in the base case and scenarios 1 through 6, we assume that all participants have genetic testing (and post-test

disclosure) in both arms. In scenario 7, this assumption is evaluated.
†Assuming rural travel time of 75 or 150 miles each way v 30 minutes in urban locations.
‡The basic rate for Verizon: any time minutes � 450 minutes and monthly access rate � $39.99. The initial and post-testing counseling time for TC is 87.7 minutes

(64 � 23.7 minutes). Thus, the cell phone cost is 87.7/450 � $39.99 � $7.80 per patient.
§The actual rates of genetic testing and disclosure for UC and TC arms are 90.7% and 83.9%, respectively, so only these proportions of patients accrue testing

costs (and post-test disclosure).
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among women with a strong preference for in-person counseling.
However, in women willing to participate in TC, it was reassuring to
note that TC performed as well as UC. Furthermore, in this trial, all
participants lived within commuting distance of one of the study
clinics. Thus, they had the option of declining the study and easily
receiving in-person counseling. Women in rural locations may not
have this option. Second, our interventions were not blinded, which
could have influenced participant responses to outcome assessments.
Third, we were not powered to conduct subgroup noninferiority
analyses. Thus, we cannot draw any conclusions about specific sub-
groups who may be better or worse candidates for TC. Future studies
should evaluate whether the outcomes of TC vary by test result,
cancer-affected status, or other potentially important moderator vari-
ables. Finally, our sample comprised individuals seeking counseling at
academic medical centers and was predominantly non-Latino white
and well educated.

Despite these limitations, this study provides strong evidence for
the noninferiority of TC in the BRCA1/2 setting. These results repre-
sent an initial step in the development of alternative genetics delivery
approaches. As genomic tests proliferate, it will be increasingly critical
to develop approaches to extend the reach and efficiency of counseling
and lower costs.
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GLOSSARY TERMS

BRCA1: A tumor suppressor gene known to play a role in re-
pairing DNA breaks. Mutations in this gene are associated with
increased risks of developing breast or ovarian cancer.

BRCA2: A tumor suppressor gene whose protein product is
involved in repairing chromosomal damage. Although structur-
ally different from BRCA1, BRCA2 has cellular functions similar
to BRCA1. BRCA2 binds to RAD51 to fix DNA breaks caused by
irradiation and other environmental agents.

Genomics: The scientific discipline in which multiple genes, gene
products, or regions of the genome are analyzed via large-scale, high-
throughput molecular approaches directed to DNA and RNA. This defi-
nition is a deviation from that of the original term, which meant an
analysis of the whole genome.

Sensitivity Analyses: Analyses that evaluate the impact of missing
data and possible differences in interval assessments.
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