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Abstract

Recent advances in next generation sequencing have enabled panel gene testing, or simultaneous 

testing for mutations in multiple genes for a clinical condition. With more extensive and 

widespread genetic testing, there will be increased detection of genes with moderate penetrance 

without established clinical guidelines and of variants of uncertain significance (VUS), or genetic 

variants unknown to either be disease-causing or benign. This study surveyed 232 patients who 

underwent genetic counseling for hereditary breast and ovarian cancer to examine the impact of 

panel gene testing on psychological outcomes, patient understanding, and utilization of genetic 

information. The survey used standardized instruments including the Impact of Event Scale (IES), 

Multidimensional Impact of Cancer Risk Assessment (MICRA), Satisfaction with Decision 

Instrument (SWD), Ambiguity Tolerance Scale (AT-20), genetics knowledge, and utilization of 

genetic test results. Study results suggested that unaffected individuals with a family history of 

breast or ovarian cancer who received positive results were most significantly impacted by 

intrusive thoughts, avoidance, and distress. However, scores were also modestly elevated among 

unaffected patients with a family history of breast and ovarian cancer who received VUS, 

highlighting the impact of ambiguous results that are frequent among patients undergoing genetic 

testing with large panels of genes. Potential risk factors for increased genetic testing-specific 

distress in this study included younger age, black or African American race, Hispanic origin, 

lower education level, and lower genetic knowledge and highlight the need for developing 
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strategies to provide effective counseling and education to these communities, particularly when 

genetic testing utilizes gene panels that more commonly return VUS. More detailed pre-test 

education and counseling may help patients appreciate the probability of various types of test 

results and how results would be used clinically, and allow them to make more informed decisions 

about the type of genetic testing to select.
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Introduction

Genetic testing for hereditary cancer risk assessment has become standard for breast and 

ovarian cancers. Five to ten percent of all breast cancers are hereditary and due to 

monogenic, highly penetrant genes, and 30% occur in women with a family history of breast 

cancer and may be due to genes and genetic variants of moderate risk (Lynch, Silva, Snyder, 

& Lynch, 2008). Historically, genetic testing for individuals with a personal or strong family 

history of breast cancer focused on germline mutations in BRCA1 (OMIM 113705) and 

BRCA2 (OMIM 600185) genes, as these are the most common monogenetic contributors to 

breast cancer. However, many other genes beyond BRCA1 or BRCA2 have been 

demonstrated to cause heritable breast cancers (Robson & Offit, 2007).

Protein-truncating mutations in other DNA repair genes, including PALB2 (OMIM 610355), 

CHEK2 (OMIM 604373), ATM (OMIM 607585), and NBN (OMIM 602667), have been 

associated with an increased risk of hereditary breast cancer (Easton et al., 2015; Hearle et 

al., 2006; Olivier et al., 2003; Pharoah, Guilford, Caldas, & Consortiu, 2001; Tan et al., 

2012). Mutations in TP53 (OMIM 191170), PTEN (OMIM 601728) and CDH1 (OMIM 

192090) are known to cause cancer syndromes that confer an increased risk of breast cancer 

(Bubien et al., 2013; Hwang, Lozano, Amos, & Strong, 2003; Liaw et al., 1997; Madanikia, 

Bergner, Ye, & Blakeley, 2012; Pharoah et al., 2001; Seminog & Goldacre, 2015; Tan et al., 

2012; Walsh et al., 2010). Patients with strong family histories of breast cancer but no 

mutation in BRCA1/2 may have mutations in one or more of these other genes.

Recent advances in next generation sequencing (NGS), have enabled sequencing of multiple 

genes simultaneously, with increased speed and cost effectiveness and improved clinical 

sensitivity (Ku, Cooper, Iacopetta, & Roukos, 2013; LaDuca et al., 2014; McCarthy, 

McLeod, & Ginsburg, 2013). Cost savings with NGS has made genetic testing for hereditary 

breast cancer more widely available (Walsh et al., 2010). This has enabled panel gene 

testing, or simultaneous testing for mutations in multiple genes causing a single clinical 

condition (Ku et al., 2013; Walsh et al., 2010).

Though panel gene testing increases the sensitivity of genetic testing for breast cancer, 

thereby improving options for detection and treatment of hereditary breast cancer, it has 

several important limitations. While highly penetrant genes such as BRCA1 and BRCA2 
have well-defined risk profiles and guidelines for clinical management of mutation carriers, 
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mutations in other genes are not yet as well understood and the risk profiles are not yet 

defined or available to guide clinical management (Easton et al., 2015; Rainville & Rana, 

2014; Walsh et al., 2010). Lifetime risks of breast cancer with BRCA1 and BRCA2 are well 

defined and high, estimated to be 50–70% (Antoniou et al., 2003; Chen & Parmigiani, 2007; 

Mavaddat et al., 2013). For women found to have disease-causing mutations in BRCA1 or 

BRCA2, there are enhanced screening options for early detection including mammography, 

magnetic resonance imaging (MRI), and ultrasonography, as well as options for risk 

reduction, including chemoprevention with tamoxifen or raloxifene, risk-reducing salpingo-

oopherectomy, and risk-reducing mastectomy (Robson & Offit, 2007). However, with more 

widespread panel genetic testing, more women are being identified as carrying pathogenic 

variants in genes with moderate penetrance for which the management is less clear (LaDuca 

et al., 2014; Rainville & Rana, 2014). As more genes are tested in panels, more women are 

identified to have variants of uncertain significance (VUS), genetic variants that are 

unknown to either be benign or associated with disease. The frequency of returning VUS in 

panel gene testing for cancer has been 21.9 to 33.3% (Frey et al., 2015; Lincoln et al., 2015).

Prior to the availability of panel gene tests for hereditary cancer, previous studies have 

examined the psychological effects on patients of genetic testing for breast and ovarian 

cancer, with conflicting results. A meta-analysis of these studies looking specifically at 

anxiety and cancer-specific distress found that there was an increase in cancer-specific 

distress in the short-term, with return to baseline over time (Hamilton, Lobel, & Moyer, 

2009). While most studies have found an increase in psychological distress, anxiety, and 

depression in the first few months after disclosure of results with adaptation beyond one 

year, other longer-term studies have shown persistent distress in mutation carriers 

(Bjornslett, Dahl, Sorebo, & Dorum, 2015; Crotser & Boehmke, 2009; Douglas, Hamilton, 

& Grubs, 2009; Heshka, Palleschi, Howley, Wilson, & Wells, 2008; Hirschberg, Chan-

Smutko, & Pirl, 2015; Ringwald et al., 2016). A study looking at outcomes in patients with 

VUS results showed that they had the poorest ability to recall and report the clinical 

significance of their test results, and that their cancer worry was lower than mutation carriers 

and equivalent to those with negative test results (Hirschberg et al., 2015). Another study, 

however, showed that women who received BRCA1/2 VUS results had increased frustration, 

anxiety, and depression post-disclosure as compared with women who had no mutation 

identified (O’Neill et al., 2009).

The psychological impact of cancer genetic testing has not been well-studied in individuals 

undergoing panel gene testing. Understanding the impact of panel gene testing is important 

given the increased amount of information and uncertainty introduced by panel gene testing. 

The large number of choices of gene panels that patients now have for hereditary cancer 

testing allows the ability to tailor the genetic testing to the preferences of the patient, yet 

increases the complexity of pre-test education and counseling. In addition, due to the 

number of genes included in the panels, and therefore the higher probability for a patient to 

receive one or more VUS, and the relatively limited amount of information about penetrance 

and cancer spectrum associated with several of the recently described clinical conditions 

associated with the new hereditary cancer genes, there is a greater opportunity to receive 

medically impactful information and also uncertain information from panel gene testing that 

could increase the psychological burden of testing. In the first study of the psychological 
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impact of panel gene testing for hereditary breast cancer, no short-term increase in anxiety, 

depression, uncertainty, or cancer worry following genetic testing was observed; however, a 

large subset of patients in this study declined multiplex testing due uncertainty or distress 

(Bradbury et al., 2016). Additional studies may help to identify how patient preference and 

understanding can guide genetic testing and counseling (Kurian et al., 2014).

This study aims to describe patient understanding, psychological outcomes, and utilization 

of genetic information among patients with a personal or family history of breast or ovarian 

cancer who were offered panel gene testing for hereditary breast and ovarian cancer 

according to the results received: pathogenic/likely pathogenic variants, VUS or normal 

results. These results may inform genetic testing and counseling for future patients 

undergoing panel gene testing.

Methods

Participants

The study population included all patients referred to the Columbia University Cancer 

Genetics Clinic for counseling for hereditary breast and ovarian cancer between June 2013 

and May 2015. Non-English speaking patients, patients without a personal or family history 

of breast or ovarian cancer and patients who did not undergo genetic testing at the time of 

consultation were excluded from the study. Consent was obtained from all participants, and 

the study was approved by the Institutional Review Board at Columbia University.

Survey

A 56-question survey was designed by a certified genetic counselor and clinical geneticist 

using a combination of novel questions and standardized instruments (Supplemental 

Materials). The study questionnaire included novel questions about genetic knowledge, 

experience with genetic testing, and understanding of genetic test results. It also used 

standardized instruments including the Impact of Event Scale (IES), Multidimensional 

Impact of Cancer Risk Assessment (MICRA) questionnaire, Satisfaction with Decision 

Instrument (SWD), and Revised Scale for Ambiguity Tolerance (AT-20) (Cella et al., 2002; 

Holmes-Rovner et al., 1996; A. P. MacDonald, 1970; Weiss & Marmar, 1997). The IES is an 

instrument used to assess the degree of distress experienced after a major life event, based 

upon the diagnostic criteria for post-traumatic stress disorder. It includes subscales for 

intrusive thoughts, avoidant behavior, and symptoms of hyperarousal (Weiss & Marmar, 

1997). The MICRA is a questionnaire that was designed specifically to assess the 

psychological impact after genetic testing for hereditary cancer syndromes. The original 

study was conducted in patients undergoing genetic testing for BRCA1/2 mutations. The 

MICRA includes three sub-scales that assess feelings of distress, uncertainty, and positivity 

after receiving genetic test results (Cella et al., 2002). Utilization of test results was assessed 

by a set of novel yes-or-no questions asking whether genetic test results played a role in 

specific screening and treatment decisions. Perceived discrimination was assessed by a novel 

set of questions asking if individuals had worried about or experienced discrimination 

following genetic testing in obtaining insurance, in the workplace, or in interpersonal 
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relationships. Our complete survey was piloted with ten individuals to identify and clarify 

ambiguous questions prior to implementation.

Procedures

A total of 466 patients were seen in the Columbia Cancer Genetics program for counseling 

for hereditary breast or ovarian cancer. Of those, two (0.4%) were excluded because they 

were deceased, 10 (2.1%) were non-English speaking, 31 (6.7%) did not have current 

contact information, six (1.3%) did not have a personal or family history of breast or ovarian 

cancer, and 50 (10.7%) did not undergo genetic testing at the time of consultation. An 

invitation letter was mailed to the remaining 367 eligible participants. Following distribution 

of invitation letters, participants were contacted by phone to request their participation in the 

study with a maximum of five phone attempts. In total, 283 patients (77.1%) agreed to 

participate. Questionnaires were distributed by email, mail, or phone, according to patient 

preference, between June and December 2015. Electronic surveys were distributed using 

Qualtrics via individualized email links, and all survey data were maintained in Qualtrics. Of 

the 283 patients who initially agreed to participate, 51 later declined participation. In total, 

232 (63.2% of eligible 367) patients completed and returned the questionnaire (Figure 1).

Study Groups

Participants were divided into six groups based on personal history of breast or ovarian 

cancer and genetic test results using the classification system recommended by the American 

College of Medical Genetics and Genomics and the Association for Molecular Pathology 

guidelines (Richards et al., 2015). Outcomes were analyzed based on these groups as 

follows:

CA/mutation +: 11 patients (5%) with personal history of breast or ovarian cancer and 

positive (pathogenic/likely pathogenic) genetic test results

CA/VUS: 14 patients (6%) with personal history of breast or ovarian cancer and VUS

CA/mutation −: 104 patients (45%) with personal history of breast or ovarian cancer and 

negative (normal) genetic test results

No CA/mutation +: 14 unaffected patients (6%) with a family history of breast or ovarian 

cancer (no personal breast or ovarian cancer history) and positive (pathogenic/likely 

pathogenic) genetic test results

No CA/VUS: 20 unaffected patients (9%) with a family history of breast or ovarian cancer 

and VUS

No CA/mutation −: 69 unaffected patients (30%) with a family history of breast or ovarian 

cancer and negative genetic test results.

If a participant had a pathogenic/likely pathogenic variant in one gene and a VUS in a 

second gene, they were categorized as having a positive result. Genes in which pathogenic 

mutations or VUS were detected were classified based upon their risk profile. Genes 
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classified as high risk included APC, BMPR1A, BRCA1/2, CDH1, CDKN2A, EPCAM, 
MLH1, MSH2, MSH6, MUTYH, PMS2, PTEN, SMAD4, STK11, TP53, and VHL. Genes 

classified as moderate risk included ATM, CHEK2, NF1, and PALB2. Newer genes with 

less clear risk profiles included AXIN2, BARD1, BRIP1, CDK1, FANCC, NBN, POLD1, 
POLE, RAD50, RAD51C, RAD51D, SCG5/GREM1, and XRCC2 (Richards et al., 2015).

Data Analysis

Demographic data were compared using t-tests for continuous variables and chi-square tests 

for categorical variables. Non-parametric analysis of variance with Kruskal-Wallis testing 

was used to analyze the IES, MICRA, and SWD scores by the six study groups, due to the 

non-normal distribution of the outcome measures. Dunn’s test for pairwise comparison of 

groups was performed when Kruskal-Wallis tests were significant (Dunn, 1964). Median 

regression was used to analyze the association between age, race, education, time from 

genetic testing to questionnaire completion, ambiguity tolerance, and genetic knowledge 

with the IES, MICRA, and SWD scores. Adjusted analyses were performed using median 

regression. Only variables where we observed a statistically significant relationship with the 

IES, MICRA, or SWD scores were included in the model for that outcome. All statistical 

analyses were performed using STATA 14.1. P values <0.05 were considered statistically 

significant. No adjustments were made for missing data. All analyses were performed with 

all participants who responded to a given question. Of the 232 participants, 218 (94.0%) 

responded to all of the IES, MICRA, and SWD questions.

Results

Participant Characteristics

Of the 232 participants, mean age was 48.7 years (range 21–88), 224 (96.6%) were female, 

and 155 (66.8%) were of European ancestry. In total, 129 (55.6%) participants had a 

personal history of breast or ovarian cancer and 103 (44.4%) had no personal history of 

breast or ovarian cancer and had a family history of breast or ovarian cancer. Of the 135 

patients who declined participation, mean age was 48.8 years (range 15–83), 131 (97.0%) 

were female, and 72 (53.3%) had a personal history of breast or ovarian cancer, similar to 

the participants in the study. Patients with a personal history of breast or ovarian cancer were 

significantly older than unaffected patients with a family history of cancer, with mean ages 

of 54.3 years (range 24–88) and 41.6 years (range 21–72), respectively. There was a 

statistically significant difference in the type of genetic testing performed and in the genetic 

test results between the two groups, with unaffected patients more frequently receiving 

targeted testing for a known familial mutation or multisite 3 testing for the Ashkenazi Jewish 

mutations in BRCA1/2. All other demographic data were similar between the two groups 

(Table 1). Among the 25 individuals who received positive test results, 24 (96%) had 

mutations in high-risk genes and one (4%) had a mutation in a moderate risk gene (Table 2). 

Thirty-four patients had VUS results, with a total of 40 VUS detected among these patients. 

Of the VUS results, 25 (62.5%) were in high-risk genes, 12 (30%) were in moderate risk 

genes, and 3 (7.5%) were in newer genes with undefined risk (Table 2) (Richards et al., 

2015). On average, patients completed the questionnaire just over 12 months following 

genetic testing.
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Patient Understanding and Interpretation of Results

Of the 14 patients in the CA/VUS group, four (28.6%) reported that they had received a 

result of VUS and nine (64.3%) reported that they had received a negative test result. Of the 

patients in the No CA/mutation + group, 12 (80.0%) interpreted positive results to mean an 

increased risk of breast cancer and none interpreted positive results to mean that they were 

guaranteed to develop breast cancer. Of the patients in the No CA/mutation - group, 46 

(67.6%) interpreted negative results to mean that they were less likely to develop breast 

cancer compared to the risk calculated prior to genetic testing, 13 (19.1%) felt these results 

did not clarify their breast cancer risk, and three (4.4%) interpreted these results to mean 

they had no risk of breast cancer.

Psychological Outcomes

Median Regression Analyses for Participant Characteristics

Age: There was a small but statistically significant decrease in median MICRA positive 

experience and total scores with increasing age. There was a small but statistically 

significant increase in median SWD scores with increasing age (Supplement Table 1Sa).

Race: Median IES total, intrusion, avoidance, and hyperarousal scores and MICRA distress 

subscale scores were significantly higher (worse) in African Americans as compared with 

Caucasians. SWD scores were significantly lower (worse) among Hispanics and Asians as 

compared with Caucasians. There was no significant difference in the median scores for the 

other MICRA or IES scales between different races (Supplement Table 1Sb).

Education: Median SWD scores were significantly lower among individuals with lower 

education level. There was no significant difference in any of the other outcome measures by 

education level (Supplement Table 1Sc).

Time from genetic testing to questionnaire completion: There was a small statistically 

significant positive relationship between median MICRA total scores and the time from 

genetic testing to questionnaire completion, and there was a statistically significant negative 

relationship between median SWD scores and time to questionnaire completion 

(Supplement Table 1Sd).

Ambiguity Tolerance: By median quantile regression, there was no significant relationship 

between AT-20 scores and the MICRA, IES, or SWD scores (Supplement Table 1Se).

Genetics Knowledge: Greater knowledge about genetics was significantly associated with 

lower IES avoidance scores and increased SWD scores (Supplement Table 1Sf).

Multidimensional Impact of Cancer Risk Assessment (MICRA)—There was a 

statistically significant difference between MICRA total, distress, and positive experience 

scores between groups (Table 3). For the MICRA total score and distress subscale, scores 

were highest in the No CA/mutation + group. MICRA total scores were also increased in the 

No CA/VUS and CA/mutation + groups (Table 3; Figure 2a). MICRA distress scores were 

also high in the CA/VUS group when compared to mutation - groups. MICRA positive 
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scores were similar among the CA/mutation +, No CA/mutation + and No CA/VUS groups 

(Table 3, Figure 2c). There was no difference between groups for the MICRA uncertainty 

subscale (Table 2, Figure 2d).

When adjusted for age, race, education, time to questionnaire completion, and genetic 

knowledge, the MICRA total, distress, and positive experience scores were significantly 

different between the study groups (Table 4). In subsequent pairwise comparisons between 

each of the study groups for these MICRA scores, several significant differences were 

observed. MICRA total scores were greater in the No CA/mutation + group than in either of 

the mutation - groups or in the CA/VUS group (Supplement Figure 1Sa). MICRA distress 

scores were greater in the No CA/mutation + group than in any of the other groups, and the 

CA/VUS group was observed to have higher MICRA distress scores than all groups other 

than the No CA/mutation + group (Supplement Figure 1Sb). The No CA/VUS and the CA/

mutation + groups had worse positive experience scores than any patients with negative 

genetic test results (Supplement Figure 1Sc).

Impact of Event Scale—Median IES total, intrusion, and avoidance scores were 

significantly different among the six study groups. Using Dunn’s test for pairwise 

comparisons of groups, we observed that IES total, intrusion and avoidance scores were 

significantly higher the No CA/mutation + group than any of the other groups (Table 3, 

Figure 3a, 3b, 3c). No statistically significant differences between groups were observed 

with any of the other pairwise comparisons (Figure 3).

When adjusted for age, race, education, time to questionnaire completion, and genetics 

knowledge in median regression models, overall between-group differences for IES 

remained significant, and the difference between sub-groups on the IES hyperarousal sub-

scale was significant (Table 4, Supplement Figure 2S). Using pairwise comparisons in the 

adjusted model, we observed that median IES total, avoidance, intrusion, and hyperarousal 

scores were significantly higher in the No CA/mutation+ group than in any of the other 

groups (Supplement Figure 2S). IES intrusion scores were also significantly higher in the No 

CA/VUS group than any patients with negative results (Supplement Figure 2Sb).

Satisfaction with Decision—There was no significant difference in satisfaction with the 

decision to undergo genetic testing between groups in either the unadjusted or adjusted 

analysis (Tables 3 and 4).

Utilization of Test Results

The No CA/mutation + group most frequently made decisions based on genetic test results. 

Of the 14 patients in this group, 13 (92.9%) reported that their genetic test results impacted 

their decision to have more frequent or additional cancer screening, and one (7.1%) reported 

that her results impacted her decision to undergo prophylactic surgery. Positive genetic test 

results among patients with a personal history of breast or ovarian cancer affected the 

decision about the type of surgery to undergo in four (36.4%) patients. Patients with VUS 

both with and without a personal history of breast or ovarian cancer reported that they had 

additional or more frequent screening following genetic testing. Of the 20 patients in the No 

CA/VUS group, seven (35.0%) reported that their genetic test results would impact their 
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decision to have additional screening. Of the 14 patients in the CA/VUS group, three 

(21.4%) reported that their genetic test results would impact their decision to have additional 

screening (Table 5).

Perceived Discrimination

Concerns about genetic discrimination were generally low. More patients reported worrying 

about discrimination based on their genetic test results than had actually experienced 

discrimination. The most common concerns were about problems with life insurance and 

with someone accessing personal genetic information (Figure 4). While worry about 

discrimination was higher in unaffected patients with a family history of breast or ovarian 

cancer, a greater percentage of patients with a personal history of breast or ovarian cancer 

reported experiencing discrimination, possibly due to their cancer rather than their genetic 

results (Figure 4). Two unaffected patients with VUS results reported problems with 

accessing life insurance and/or long term care insurance.

Discussion

Among patients undergoing panel gene testing for hereditary breast and ovarian cancer, 

unaffected patients with a family history of breast or ovarian cancer who received positive 

results tended towards higher levels of post-testing distress with intermediate levels of some 

measures of distress among unaffected patients with VUS results. As expected, within this 

cohort, patients with positive results had the highest scores for intrusive thoughts, avoidance, 

and distress. These results were similar to the findings in a prior study looking at women 

undergoing testing for mutations in BRCA 1/2, in which a more positive impact was 

observed in women who had a personal history of breast cancer and positive results, as 

compared to those with no personal history of cancer (Low, Bower, Kwan, & Seldon, 2008). 

However, what was unique in our study was that scores were also increased to an 

intermediate level among unaffected patients with a family history of breast or ovarian 

cancer with VUS, relative to those with negative results. Patients with VUS results, both 

those with a personal history of breast or ovarian cancer and those unaffected with only a 

family history, frequently reported an intention to increase their cancer screening despite 

counseling that screening should be guided by personal history and family history alone. 

This study therefore highlights an important at-risk subset of patients: unaffected patients 

who receive VUS, a group that will continue to grow with the increasing availability and 

affordability of panel gene testing and increasing size of gene panels (Frey et al., 2015; 

Lincoln et al., 2015). Because ethnic minority patients currently have a higher frequency of 

VUS and may also have lower health literacy, there is a higher likelihood that panel gene 

tests will yield ambiguous results that are more difficult to understand in ethnic minority 

patients.

Increased genetic testing-specific distress among individuals with VUS results as compared 

with those with negative results has been observed in a prior study. O’Neill et al. (2009) 

described increased genetic testing-specific distress in individuals with a VUS result that 

persisted at one year following testing. However, in other studies, including in a meta-

analysis of emotional distress after BRCA1/2 testing, an increase in distress with VUS 
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results or inconclusive results as compared with negative test results was not observed 

(Culver et al., 2013; Hamilton et al., 2009; Richter et al., 2013; van Dijk et al., 2004). Our 

study is the first, however, to look at the impact of a VUS result on genetic testing-specific 

distress following panel gene testing for hereditary breast and ovarian cancer, as previous 

studies focused only on a VUS result following BRCA1/2 testing. Our study suggests 

increased distress with VUS results as well confusion regarding the interpretation of VUS, 

and our study identifies a need for more targeted genetic education and counseling about 

VUS. Our study also highlights the need to help optimize the number and types of genes 

tested in a patient based upon his/her individual likelihood of receiving a VUS result by 

ethnicity, as well as how that individual anticipates using the information.

Prior studies have identified patient characteristics as risk factors for distress following 

genetic testing, including pre-existing anxiety or depression, psychopharmacologic 

medication use, pretest anxiety, passive coping style, and increased risk perception, as well 

as family risk factors, including being the first family member to pursue testing, loss of a 

parent at a young age due to cancer, single status and having children (Hirschberg et al., 

2015; D. J. MacDonald, Sarna, Weitzel, & Ferrell, 2010; Voorwinden & Jaspers, 2015). This 

study highlights demographic risk factors for increased genetic testing-specific distress not 

previously identified that have important implications in the era of panel gene testing. Black 

or African American race and Hispanic origin were associated with increased genetic testing 

specific distress, independent of test results in our study. African American race was 

associated specifically with increased distress, intrusion, and avoidance as compared with 

Caucasians. Hispanic and Asian race were associated with lower satisfaction with the 

decision to undergo genetic testing, as compared with Caucasians. This may be in part a 

reflection of cultural differences in the experience with and the perception of genetic testing. 

Regardless, this has important implications for genetic testing and counseling, because less 

is known about ethnic-specific genetic variants in minority populations, due to limited 

genetic data in these populations. VUS are therefore more frequent and more problematic in 

these minority populations, and counseling for minorities should consider this difference in 

potential genetic test results.

Lower education level, lower genetic knowledge scores, and younger age were all associated 

with poorer psychological outcomes and highlight the need for improved education and 

counseling for these subgroups. Lower genetic knowledge was associated with decreased 

satisfaction with the decision to undergo genetic testing. Younger age was associated with 

worse positive experience scores and increased total MICRA scores, indicating poor 

psychological adaptation to the test results. This may be due to the fact that younger 

individuals have had less experience with the potential for serious illness. Other studies have 

demonstrated an increase in distress scores with increasing intolerance of uncertainty, 

specifically after BRCA1/2 testing (O’Neill et al., 2006). However, our study showed no 

change in outcomes with increasing ambiguity tolerance.

Study Limitations

This study has several important limitations. The questionnaire was administered, on 

average, more than one year after genetic testing, and the time between disclosure of the 
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genetic results and completion of the survey was variable. Some of the initial distress 

associated with genetic testing may have diminished over time, as described in previous 

studies (Hamilton et al., 2009). However, other studies have demonstrated a persistent 

psychological response in some patients up to one year after genetic testing (O’Neill et al., 

2009). While our response rate was over 65%, this still leaves a subset that is not captured 

by our study. Though the patients who declined participation were demographically similar 

to those who enrolled in our study and our total sample was large for a single site study, 

some of the sub-groups in our analysis were small, with as few as four participants. This 

limits the conclusions that can be drawn, particularly with regard to race and ethnicity. This 

study was also comprised predominantly of Caucasian, English-speaking, well-educated 

individuals, and the results therefore may not be generalizable to a more diverse population. 

Our study suggests the need to study outcomes in under-represented minority patients to 

better understand the impact of VUS in these patients and to develop better strategies for 

pre-test education and counseling about VUS in these communities.

Practice Implications

This is the first study to highlight the impact of panel gene testing on individuals and the 

impact of VUS results. Reactions to panel gene testing were similar to reactions in prior 

studies examining patients undergoing testing for BRCA1/2 alone, which allays one of the 

primary concerns about panel gene testing. The MICRA scores in the group with VUS 

results were intermediate between those individuals who received positive test results and 

those who received negative test results. Overall MICRA scores in this study were similar to 

or lower than previously published MICRA scores after hereditary cancer genetic testing 

(Graves et al., 2012; Halbert et al., 2011; Hirschberg et al., 2015; Oberguggenberger et al., 

2016). This study highlights potential risk factors for negative psychological outcomes 

following genetic testing, including young age, non-Caucasian ancestry, and lower education 

level. This suggests that pretest genetic counseling and education for panel gene testing in 

young, non-Caucasian, and/or less educated patients should clearly explain the probability of 

uncertain results and the implications when uncertain results are returned. Each patient who 

chooses to pursue genetic testing will need to choose the right size gene panel to optimize 

the chance of receiving results that will have clinical utility and minimizing the chance of 

receiving results that have disutility and increase anxiety. Although our study focused on 

patients undergoing cancer risk assessment, the results are likely also applicable to other 

clinical situations for which there are gene panels to identify future disease risk such as 

cardiology or neurology.

Research Recommendations

Further research is necessary to expand our understanding of the impact of VUS results, as 

these results continue to increase in frequency with increased uptake of panel gene testing. 

Additional studies of the psychological outcomes and understanding following panel gene 

testing for hereditary cancers and other heritable medical conditions in a more diverse 

population are needed.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HUMAN STUDIES AND INFORMED CONSENT STATEMENT

All procedures followed were in accordance with the ethical standards of the responsible 

committee on human experimentation (institutional and nation) and with the Helsinski 

Declaration of 1975, as revised in 2000. Informed consent was obtained from all patients 

for being included in the study.

Lumish et al. Page 15

J Genet Couns. Author manuscript; available in PMC 2020 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Study Flow Chart

*Affected negative: negative results in patient with personal history of breast or ovarian 

cancer

†Informative negative: negative for known familial mutation

‡Uninformative negative: negative test result in a patient with no known familial mutation 

and no personal history of breast or ovarian cancer
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Figure 2. 
Multidimensional Impact of Cancer Risk Assessment (MICRA) total, distress, positive 

experience, and uncertainty scores by genetic test results compared using Kruskal-Wallis test 

and Dunn’s test for pairwise comparison of groups if applicable
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Figure 3. 
Impact of Event Scale (IES) total, intrusion, avoidance, and hyperarousal scores by genetic 

test results compared using Kruskal-Wallis test and Dunn’s test for pairwise comparison of 

groups test if applicable

Lumish et al. Page 18

J Genet Couns. Author manuscript; available in PMC 2020 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Perceived Discrimination Following Genetic Testing
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Table 1.

Patient Characteristics

Personal history of breast or 
ovarian cancer n = 129 (%)

Unaffected with family history 
of breast or ovarian cancer n = 
103 (%)

p value*

Age at questionnaire, years

 Mean (sd) 54.3 (12.6) 41.6 (13.0) <0.001

 Range 24–88 21–72

Age at breast cancer diagnosis

 Mean (sd) 49.6 (11.4) n/a

 Range 22–77

Time from genetic testing to questionnaire, months

 Mean (sd) 13.3 (6.7) 12.5 (6.3) 0.33

 Range 3–26 3–27

Gender

 Female 128 (99.2) 96 (93.2) 0.02†

 Male 1 (0.8) 7 (6.8)

Hispanic

Y 23 (17.8) 24 (23.3) 0.30‡

Race

 Caucasian, non-Hispanic 76 (58.9) 62 (60.2) 0.62‡

 Caucasian, Hispanic 19 (14.7) 19 (18.5)

 Black or African American 14 (10.9) 9 (8.7)

 Asian or Pacific Islander 11 (8.5) 4 (3.9)

 Other (includes American Indian or Alaska Native, black 
Hispanic, multiracial)

9 (7.0) 7 (6.8)

 No response 0 (0) 2 (1.9)

Educational level

 College graduate or higher 87 (67.4) 82 (79.6) 0.053

 Some college or less 42 (32.6) 21 (20.4)

Type of Genetic Testing

 Single familial gene mutation 1 (0.8) 15 (14.6) <0.001

 BRCA1 and BRCA2 25 (19.4) 9 (8.7)

 Multisite 3 8 (6.2) 14 (13.6)

 Small panel (5–6 genes) 66 (51.2) 38 (36.9)

 Medium panel (17–18 genes) 11 (8.5) 8 (7.8)

 Large panel (25+ genes) 18 (14.0) 19 (18.5)

Genetic Test Results

 Positive 11 (8.5) 14 (13.5) 0.06

 Negative 104 (80.6) 69 (66.9)

 Variant of uncertain significance (VUS) 14 (10.9) 20 (19.4)

*
Compared using t-tests for continuous variables and chi2 test for categorical variables
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†
Fisher’s exact

‡
“No response” omitted for chi2 test

J Genet Couns. Author manuscript; available in PMC 2020 May 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lumish et al. Page 22

Table 2.

Classification of pathogenic/likely pathogenic variants and VUS results by risk profile

Pathogenic n=25 (%) VUS n=40 (%)*

High risk APC 1 (4)

BRCA1 9 (36) 3 (7.5)

BRCA2 10 (40) 6 (15)

CDH1 2 (5)

CDKN2A 1 (2.5)

MLH1 1 (2.5)

MSH2 1 (2.5)

MSH6 3 (7.5)

MUTYH 3 (12) 1 (2.5)

PMS2 3 (7.5)

PTEN 3 (7.5)

STK11 1 (2.5)

TP53 1 (4)

Moderate risk ATM 8 (20)

CHEK2 1 (2.5)

NF1 1 (2.5)

PALB2 1 (4) 2 (5)

Newer genes RAD50 2 (5)

RAD51 1 (2.5)

*
Thirty-four study participants had VUS results, however five participants had more than one VUS detected.

J Genet Couns. Author manuscript; available in PMC 2020 May 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lumish et al. Page 23

Ta
b

le
 3

.

C
om

pa
ri

so
n 

of
 I

m
pa

ct
 o

f 
E

ve
nt

 S
ca

le
, M

ul
tid

im
en

si
on

al
 I

m
pa

ct
 o

f 
C

an
ce

r 
R

is
k 

A
ss

es
sm

en
t, 

an
d 

Sa
tis

fa
ct

io
n 

w
ith

 D
ec

is
io

n 
In

st
ru

m
en

t S
co

re
s 

be
tw

ee
n 

Su
b-

G
ro

up
s

C
A

/m
ut

at
io

n 
+ 

(n
 =

 
11

)
C

A
/V

U
S 

(n
 =

 1
4)

C
A

/m
ut

at
io

n 
− 

(n
 =

 
10

4)
N

o 
C

A
/m

ut
at

io
n 

+ 
(n

 
= 

14
)

N
o 

C
A

/V
U

S 
(n

 =
 2

0)
N

o 
C

A
/m

ut
at

io
n 

− 
(n

 
= 

69
)

N
on

-
pa

ra
m

et
ri

c 
gr

ou
p 

co
m

pa
ri

so
n 

(p
)

n
M

ea
n 

(s
d)

 
M

ed
ia

n 
(I

Q
R

)
n

M
ea

n 
(s

d)
 

M
ed

ia
n 

(I
Q

R
)

n
M

ea
n 

(s
d)

 
M

ed
ia

n 
(I

Q
R

)
n

M
ea

n 
(s

d)
 

M
ed

ia
n 

(I
Q

R
)

n
M

ea
n 

(s
d)

 
M

ed
ia

n 
(I

Q
R

)
n

M
ea

n 
(s

d)
 

M
ed

ia
n 

(I
Q

R
)

IE
S,

 t
ot

al
11

6.
8 

(1
2)

 2
 (

0,
 6

)
13

7.
6 

(9
.9

) 
3 

(2
, 1

0)
10

0
8.

0 
(1

5)
 1

 (
0,

 1
1)

14
18

.1
 (

12
) 

17
 (

8,
 

24
)

18
8.

8 
(1

1)
 3

.5
 (

1,
 

14
)

66
6.

7 
(1

1)
 1

 (
0,

 1
1)

0.
01

IE
S,

 in
tr

us
io

n
11

.2
 (

.4
) 

0 
(0

, 0
.1

)
13

.3
 (

.4
) 

0.
1 

(0
, 0

.5
)

99
.3

 (
.7

) 
0 

(0
, 0

.4
)

14
1 

(.
8)

 0
.7

 (
0.

5,
 

1.
6)

18
.4

 (
.5

) 
0.

3 
(0

, 0
.5

)
66

.3
 (

.5
) 

0 
(0

, 0
.5

)
0.

00
09

IE
S,

 a
vo

id
an

ce
11

.4
 (

.7
) 

0 
(0

, 0
.8

)
13

.5
 (

.7
) 

0.
3 

(0
.1

, 
0.

5)
10

0
.5

 (
.9

) 
0 

(0
, 0

.6
)

14
1 

(.
6)

 1
.0

 (
0.

5,
 

1.
5)

18
.5

 (
.6

) 
0.

3 
(0

, 1
.1

)
66

.4
 (

.7
) 

0 
(0

, 0
.5

)
0.

01

IE
S,

 
hy

pe
ra

ro
us

al
11

.3
 (

.6
) 

0 
(0

, 0
.2

)
13

.2
 (

.3
) 

0 
(0

, 0
.2

)
10

0
.3

 (
.7

) 
0 

(0
, 0

.2
)

14
.5

 (
.7

) 
0.

2 
(0

.2
, 

0.
7)

18
.2

 (
.4

) 
0 

(0
, 0

.2
)

66
.2

 (
.4

) 
0 

(0
, 0

.2
)

0.
07

M
IC

R
A

, t
ot

al
11

19
.4

 (
12

.2
) 

19
 

(1
0,

 2
6)

13
12

.4
 (

8.
6)

 1
4 

(3
, 

18
)

10
0

11
.6

 (
9.

4)
 1

0 
(3

, 
18

)
13

29
.6

 (
14

.0
) 

25
 

(2
2,

 4
2)

17
19

.0
 (

10
.8

) 
18

 
(1

1,
 2

2)
67

12
.4

 (
8.

6)
 1

2 
(5

, 
20

)
0.

00
01

M
IC

R
A

, 
di

st
re

ss
11

4.
5 

(6
.7

) 
0 

(0
, 9

)
12

3.
3 

(3
.7

) 
3 

(0
, 6

)
99

1.
4 

(3
.1

) 
0 

(0
, 1

)
13

10
.9

 (
5.

7)
 9

 (
8,

 
13

)
17

3.
3 

(5
.8

) 
0 

(0
, 1

)
69

1.
5 

(3
.1

) 
0 

(0
, 3

)
0.

00
01

M
IC

R
A

, 
un

ce
rt

ai
nt

y
11

3.
9 

(4
.2

) 
2 

(0
, 8

)
13

4.
8 

(5
.3

) 
4 

(0
, 6

)
99

4.
2 

(5
.2

) 
3 

(0
, 6

)
13

9.
6 

(7
.7

) 
6 

(3
, 1

5)
17

6.
0 

(7
.3

) 
3 

(2
, 7

)
67

4.
3 

(5
.3

) 
3 

(0
, 7

)
0.

13

M
IC

R
A

, 
po

si
ti

ve
 

ex
pe

ri
en

ce

11
10

.9
 (

5.
5)

 1
0 

(7
, 

16
)

13
4.

7 
(3

.5
) 

4 
(2

, 6
)

10
0

6.
1 

(6
.7

) 
4 

(0
, 1

0)
13

9.
1 

(4
.6

) 
10

 (
6,

 
11

)
17

9.
7 

(7
.1

) 
10

 (
3,

 
16

)
67

6.
6 

(7
.3

) 
4 

(0
, 1

2)
0.

03

SW
D

11
20

.5
 (

6.
2)

 2
2 

(2
0,

 
25

)
13

21
.5

 (
5.

6)
 2

5 
(2

0,
 

25
)

10
0

20
.9

 (
5.

9)
 2

3 
(2

0,
 

25
)

14
21

.7
 (

3.
3)

 2
1 

(2
0,

 
25

)
18

23
.1

 (
2.

2)
 2

5 
(2

1,
 

25
)

66
22

.2
 (

4.
2)

 2
5 

(2
0,

 
25

)
0.

80

IE
S:

 I
m

pa
ct

 o
f 

E
ve

nt
 S

ca
le

; M
IC

R
A

: M
ul

tid
im

en
si

on
al

 I
m

pa
ct

 o
f 

C
an

ce
r 

R
is

k 
A

ss
es

sm
en

t; 
SW

D
: S

at
is

fa
ct

io
n 

w
ith

 D
ec

is
io

n 
In

st
ru

m
en

t

J Genet Couns. Author manuscript; available in PMC 2020 May 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lumish et al. Page 24

Ta
b

le
 4

.

M
ul

tip
le

 m
ed

ia
n 

re
gr

es
si

on
 m

od
el

s 
fo

r 
ou

tc
om

es
 a

dj
us

te
d 

fo
r 

ag
e,

 r
ac

e,
 e

du
ca

tio
n,

 ti
m

e 
to

 q
ue

st
io

nn
ai

re
 c

om
pl

et
io

n,
 a

nd
 g

en
et

ic
s 

kn
ow

le
dg

e

C
A

/m
ut

at
io

n 
+ 

(n
 =

 1
1)

C
A

/V
U

S 
(n

 =
 1

4)
C

A
/m

ut
at

io
n 

− 
(n

 =
 1

04
)

N
o 

C
A

/m
ut

at
io

n 
+ 

(n
 =

 
14

)
N

o 
C

A
/V

U
S 

(n
 =

 2
0)

N
o 

C
A

/m
ut

at
io

n 
− 

(n
 =

 
69

)
p 

va
lu

e

n
P

re
di

ct
ed

 m
ed

ia
n 

(S
E

)
n

P
re

di
ct

ed
 m

ed
ia

n 
(S

E
)

n
P

re
di

ct
ed

 m
ed

ia
n 

(S
E

)
n

P
re

di
ct

ed
 m

ed
ia

n 
(S

E
)

n
P

re
di

ct
ed

 m
ed

ia
n 

(S
E

)
n

P
re

di
ct

ed
 m

ed
ia

n 
(S

E
)

IE
S,

 t
ot

al
11

2.
4 

(3
.3

)
13

3.
4 

(3
.0

)
10

0
1.

4 
(1

.1
)

14
17

.4
 (

2.
9)

18
4.

4 
(2

.6
)

66
1.

4 
(1

.3
)

<0
.0

01

IE
S,

 in
tr

us
io

n
11

0.
03

 (
0.

1)
13

0.
2 

(0
.1

)
98

0.
03

 (
0.

03
)

14
0.

7 
(0

.0
9)

17
0.

3 
(0

.0
8)

65
0.

03
 (

0.
04

)
<0

.0
01

IE
S,

 a
vo

id
an

ce
11

0.
09

 (
0.

25
)

13
0.

3 
(0

.2
)

96
0.

09
 (

0.
08

)
14

1.
0 

(0
.2

)
17

0.
3 

(0
.2

)
65

0.
09

 (
0.

1)
0.

01
2

IE
S,

 h
yp

er
ar

ou
sa

l
11

0.
02

 (
0.

05
)

13
0.

02
 (

0.
04

)
10

0
0.

02
 (

0.
02

)
14

0.
18

 (
0.

04
)

18
0.

02
 (

0.
04

)
66

0.
02

 (
0.

02
)

0.
01

4

M
IC

R
A

, t
ot

al
11

18
.6

 (
4.

2)
13

12
.2

 (
3.

8)
10

0
11

.4
 (

1.
5)

13
25

.2
 (

3.
9)

17
18

.6
 (

3.
4)

67
11

.2
 (

1.
7)

0.
01

M
IC

R
A

, d
is

tr
es

s
11

0 
(0

.7
9)

12
3 

(0
.8

)
97

0 
(0

.3
)

12
9 

(0
.7

)
16

0 
(0

.6
)

66
0 

(0
.3

)
<0

.0
01

M
IC

R
A

, 
un

ce
rt

ai
nt

y
11

2 
(2

.1
)

13
4 

(1
.9

)
99

3 
(0

.7
0)

13
6 

(1
.9

)
17

3 
(1

.7
)

66
3 

(0
.8

4)
0.

73

M
IC

R
A

, p
os

it
iv

e 
ex

pe
ri

en
ce

11
10

 (
2.

7)
13

4.
1 

(2
.4

)
10

0
3.

7 
(0

.9
5)

13
9.

3 
(2

.5
)

17
9.

7 
(2

.2
)

67
3.

6 
(1

.1
)

0.
01

SW
D

11
22

.0
 (

1.
5)

13
23

.0
 (

1.
4)

98
23

.1
 (

0.
5)

13
22

.5
 (

1.
4)

18
23

.6
 (

1.
2)

66
23

.4
 (

0.
6)

0.
95

IE
S:

 I
m

pa
ct

 o
f 

E
ve

nt
 S

ca
le

; M
IC

R
A

: M
ul

tid
im

en
si

on
al

 I
m

pa
ct

 o
f 

C
an

ce
r 

R
is

k 
A

ss
es

sm
en

t; 
SW

D
: S

at
is

fa
ct

io
n 

w
ith

 D
ec

is
io

n 
In

st
ru

m
en

t

J Genet Couns. Author manuscript; available in PMC 2020 May 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lumish et al. Page 25

Table 5.
Utilization of Genetic Testing Information

Table reflects percentages of patients who answered “yes” to “Did your genetic test results play a role in your 

decision to do any of the following?”

Positive n = 11 
(%)

VUS n = 14 (%) Negative n = 104 
(%)

Personal history of breast or ovarian 
cancer

Type of surgery to treat breast 
cancer (mastectomy vs. 
lumpectomy)

4 (36.4) 2 (14.3) 17 (16.4)

Receive radiation 2 (18.2) 2 (14.3) 13 (12.5)

Receive chemotherapy 1 (9.1) 2 (14.3) 13 (12.5)

Receive another type of treatment 2 (18.2) 1 (7.1) 9 (8.7)

Change treatment 1 (9.1) 1 (7.1) 2 (1.9)

Stop treatment 0 (0.0) 1 (7.1) 3 (2.9)

Have prophylactic surgery 2 (18.2) 1 (7.1) 11 (10.6)

Receive a drug to prevent breast 
cancer

1 (9.1) 3 (21.4) 16 (15.4)

Have more frequent or additional 
cancer screening

1 (9.1) 3 (21.4) 16 (15.4)

Positive n = 14 
(%)

VUS n = 20 (%) Negative n = 69 
(%)

No personal history of breast or 
ovarian cancer

Have prophylactic surgery 1 (7.1) 3 (15.0) 7 (10.1)

Receive a drug to prevent breast 
cancer

0 (0.0) 1 (5.0) 4 (5.8)

Have more frequent or additional 
cancer screening

13 (92.9) 7 (35.0) 11 (15.9)
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