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Abstract

Purpose: To address demands for timely germline information to guide treatments, we evaluated 

experiences of patients with ovarian, pancreatic, and prostate cancer with a mainstreaming genetic 

testing model wherein multigene panel testing was ordered by oncologists with standardized 

pre-test patient education, and genetic counselors delivered results and post-test genetic counseling 

via telephone.

Methods: Among 1203 eligible patients, we conducted a prospective single-arm study to 

examine patient uptake and acceptability (via self-report surveys at baseline and three-weeks and 

three-months following result return) of this mainstreaming model.
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Results: Only 10% of eligible patients declined participation. Among 1054 tested participants, 

10% had pathogenic variants (PV), 16% had variants of uncertain significance (VUS), and 74% 

had no variant identified (NV). Participants reported high initial acceptability, including high 

satisfaction with their testing decision. Variability over time in several outcomes existed for 

participants with PV or NV: Those with NV experienced a temporary increase in depression 

(pTime<0.001; pTime2<0.001), and those with PV experienced a small increase in genetic testing 

distress (p=0.03). Findings suggested that result type, sex, and cancer type were also associated 

with outcomes including clinical depression and uncertainty.

Conclusion: This mainstreaming model may offer a feasible approach for extending access to 

germline genetic information.

Keywords

multigene panel testing; treatment-focused genetic testing; hereditary cancer; psychosocial 
outcomes

Introduction

Efficient yet effective genetic testing models are critically needed to meet growing 

demands for timely germline information to guide cancer treatment decisions. For example, 

targeted therapeutics, such as PARP inhibitors, are FDA-approved for patients with ovarian, 

pancreatic, and prostate cancer with inherited pathogenic variants (PV) in BRCA1/2, and 

may be effective for those with inherited PV in other DNA-repair genes (e.g., PALB2).1 

Consequently, identification of a germline PV is important for clinical care. This information 

can also direct future cancer prevention strategies for patients and their families. However, 

traditional clinical genetics care delivery models are not well-aligned with the exigencies 

created by integrating germline information into standard oncologic care.

The traditional approach to delivering hereditary cancer genetic testing (HCGT) involves 

in-person, in-depth pre-test risk assessment, education, and genetic counseling by a genetic 

counselor; genetic testing; and then result notification with in-person, in-depth post-test 

counseling by a genetic counselor. Although this traditional model maximizes a patient’s 

ability to make an informed choice about HCGT by providing ample information and 

support, it is time and resource intensive, prompting the genetics community to consider 

alternative care models.2–5 For example, models employing remote delivery of genetic 

counseling through telephone6–8 have been adopted with equivalent outcomes including 

patient satisfaction, distress, and knowledge when compared to the in-person approach. 

Recently, “mainstreaming” models wherein non-genetics healthcare providers give patients 

information, obtain consent for HCGT, and directly order HCGT in lieu of traditional 

in-depth pre-test genetic counseling, and genetic counselors then provide support upon result 

disclosure, have begun to show potential in select populations. Observational studies of 

mainstreaming models for BRCA1/2 testing among women with breast or ovarian cancer 

have found positive outcomes in terms of patient uptake, satisfaction, and distress.9–14 

Additionally, a single Australian RCT of a mainstreaming model for BRCA1/2 testing 

that incorporated mailed written educational materials with in-person post-test counseling 

produced similar levels of decisional conflict, distress, and knowledge as in-person pre- and 
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post-test genetic counseling among 135 breast cancer patients.15 Although promising, these 

studies were limited to the setting of BRCA1/2 testing among women with breast or ovarian 

cancer. These studies also have not reflected the growing use of multigene panel testing 

(MGPT), a cost-effective, efficient HCGT approach involving the simultaneous analysis of 

multiple high- and moderate-penetrance cancer predisposition genes.16,17 To date, only one 

study has examined a mainstreaming model in conjunction with MGPT; a recent Australian 

prospective study of 66 men with prostate cancer found high uptake and satisfaction of 

oncologist-led MGPT ordering and result return.18

We sought to expand upon past research by implementing and evaluating a mainstreaming 

model for delivering MGPT to both female and male patients diagnosed with ovarian, 

pancreatic, and prostate cancer. Our mainstreaming model involved the delivery of 

standardized pre-test education and MGPT ordering by oncologists aided by study staff, 

with family history assessment, result return, and post-test genetic counseling delivered via 

telephone by genetic counselors. We conducted a prospective single-arm study to examine 

patient uptake and acceptability of MGPT through this mainstreaming model over time 

among patients receiving different test results. We operationalized patient acceptability as 

satisfaction with the pre-test education, genetic testing decision, and genetic counseling; 

anxiety; depression; genetic testing concerns; and knowledge. To gain additional insight into 

how patients may respond to this care model, we further explored how patient characteristics 

related to acceptability over time.

Materials and Methods

Participants

Participants were identified among predominantly advanced cancer patients seeing a medical 

oncologist at Memorial Sloan Kettering Cancer Center (MSK; NCT02917798) or the 

University of Pennsylvania (NCT03934606). Eligibility criteria included age 18 or older; 

diagnosis of invasive epithelial ovarian, peritoneal, fallopian tube, pancreatic, or prostate 

cancer; English-fluent (due to the language of educational materials and questionnaires); and 

deemed clinically appropriate for MGPT by the oncologist (e.g., a potential candidate for 

PARP inhibitors or clinical trials).

Procedure

Patients were recruited between October 2016-October 2019 during routine oncology 

appointments. During the appointment, the oncologist introduced the study and the prospect 

of MGPT to eligible patients, and with the support of study staff offered details about 

study participation and pre-test education through standardized, cancer-specific, educational 

materials. Materials were created by members of the study team including genetic 

counselors, oncologists, and a health psychologist along with the MSK Patient Education 

and Caregiver Department, and included an 8-minute video (script of approximately 6.9 

grade reading level) and 2-page brochure (approximately 8.3 grade reading level) that 

provided an overview of hereditary cancer syndromes, MGPT risks and benefits, genes 

included in the MGPT, the meaning and implications of test results, and the ability to 

be referred to a genetic counselor prior to testing if desired, consistent with American 
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Society of Clinical Oncology guidelines for informed consent in clinical cancer genetics.16 

Following review of the pre-test educational materials, the oncologist and study staff were 

available to address any patient questions and to refer patients declining study participation 

to a genetic counselor for clinical testing if desired. Interested patients provided written 

informed consent for study participation and provided written informed consent and a blood 

or saliva sample for testing. MGPT included genes with clinical validity and potential 

actionability for patients with ovarian, pancreatic, or prostate cancer that are related to the 

specific cancer plus other hereditary cancers (e.g., colorectal cancer), many with potential 

therapeutic implications. The MGPT for patients with ovarian cancer included: ATM, 
BRCA1, BRCA2, BRIP1, EPCAM, MLH1, MSH2, MSH6, PALB2, PMS2, RAD51C, 
RAD51D. The MGPT for patients with pancreatic cancer included: ATM, BARD1, BRCA1, 
BRCA2, CDK4, CDKN2A, CHEK2, EPCAM, FANCC, MEN1, MLH1, MSH2, MSH6, 
NBN, NF1, PALB2, PMS2, STK11, TP53, TSC1, TSC2, VHL. The MGPT for patients with 

prostate cancer included: ATM, BRCA1, BRCA2, CHEK2, EPCAM, FANCA, HOXB13, 
MLH1, MSH2, MSH6, NBN, PALB2, PMS2, RAD51C, RAD51D, TP53. Of further note, 

at the time of this study MGPT was a standard-of-care billable service for patients with 

ovarian cancer. Therefore, patients whose insurers’ policies would allow for payment for 

MGPT as delivered in our mainstreaming model were offered participation in this study, 

and their insurance was billed for the MGPT. At the time of this study, MGPT was not a 

standard-of-care billable service for patients with pancreatic or prostate cancers, and these 

patients therefore received no-cost MGPT through the study.

Participants completed a baseline survey following consent. Genetic counselors then 

contacted participants by telephone to obtain family history information for pedigree 

construction and to deliver test results with standard-of-care in-depth post-test genetic 

counseling and discussion of appropriate medical management recommendations (including 

management of VUS according to family history and the possibility of additional reflex 

testing). Although the study workflow allowed for genetic counselors to ascertain family 

history via a separate telephone call prior to that used for disclosing test results, in 80% 

of cases these activities occurred during a single telephone call. Participants completed 

post-results disclosure follow-up surveys within three weeks and three months following 

receipt of their test results; surveys were completed via email, telephone, or paper at an 

appointment or by mail. The participating sites’ Institutional Review Boards approved this 

study.

Measures

Sociodemographic and medical characteristics including age, race, ethnicity, sex, and cancer 

diagnosis were abstracted from patient records. Family cancer history was derived from 

pedigrees (computed as the proportion of first- and second-degree relatives diagnosed with a 

non-cutaneous cancer among the total number of first- and second-degree relatives). Health 

status (ECOG Performance Status19) and education were self-reported at baseline.

Satisfaction with pre-test education was assessed at baseline with four investigator-designed 

items measuring the extent to which participants liked the video and found it informative 

(the scale had good internal consistency in this sample with Cronbach’s α=0.72).
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Genetic testing decision satisfaction was assessed at each timepoint with four items from the 

Satisfaction with Decisions scale,20 which evaluates the extent to which participants were 

satisfied, felt informed, and believed the decision was best for them and consistent with their 

values (α≥0.96).

Genetic counseling satisfaction was assessed at the follow-up timepoints with the six-item 

Genetic Counseling Satisfaction Scale,21 which evaluates participants’ satisfaction with their 

interactions with the genetic counselor and with the content and quality of the genetic 

counseling session (α≥0.91).

Knowledge about genetic testing was assessed at each timepoint as the percentage of correct 

responses to 12 investigator-designed “true/false/don’t know” items derived from the pre-test 

educational materials (α≥0.70).

Generalized anxiety and depression were assessed at each timepoint with the anxiety 

(α≥0.85) and depression (α≥0.85) subscales of the Hospital Anxiety and Depression Scale 

(HADS).22

Genetic testing concerns were assessed at each follow-up timepoint with the 

Multidimensional Impact of Cancer Risk Assessment (MICRA) questionnaire,23 which 

includes subscales measuring participants’ test-related distress (α≥0.85), uncertainty 

(α≥0.78), and positive experiences (α≥0.74).

Statistical analyses

Patient uptake in terms of refusal (i.e., actively or passively declining to consent to 

the study) and non-completion (i.e., consenting but not completing the baseline survey 

and/or MGPT) were compared by patient characteristics. Chi-square tests were used to 

compare sex, race, ethnicity, cancer type, study site, and for non-completers, type of results; 

independent samples t-tests were used for age. Baseline sociodemographic and medical 

characteristics as well as baseline acceptability outcomes were examined overall and by type 

of results.

We also conducted a model-based analysis of longitudinal changes in patient acceptability, 

stratified by type of test results, using a series of hierarchical linear models (HLM) with 

random per-person intercepts and testing linear time effects. For each outcome, we tested 

models both with and without a quadratic time effect and used the model with the best 

fit to the data, as determined by Akaike Information Criteria (AIC). These HLM models 

thus incorporate data from all baseline and follow-up timepoints, including cases with 

intermittent missing data. Note that genetic testing concerns as measured with the MICRA 

were first assessed at the three-week follow-up and scores on the MICRA-Distress subscale 

were highly skewed and thus we applied a logarithmic transformation prior to analysis.

Finally, to explore correlates of the acceptability outcomes over time, we conducted a 

series of generalized linear regression models to assess potential correlates after adjustment 

for the type of test results and time effect (when a baseline measure was available). For 

example, to assess sex as a correlate of depression at three-weeks follow-up, the three-weeks 

depression score is regressed on type of test result, sex, a time effect, and the interaction 
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of time and sex. For such models, the interaction term is the parameter of interest. 

The outcomes included in this analysis were genetic testing decision satisfaction, genetic 

counseling satisfaction, knowledge, anxiety and depression (both continuous scores and 

binary classifications reflecting clinical cut-offs), and genetic testing concerns (i.e., MICRA 

subscales). Potential correlates included sociodemographic and medical characteristics (i.e., 

sex, race, ethnicity, age, education, cancer type, study site, test results, family history, health 

status), baseline knowledge, and baseline satisfaction with pre-test education. When no 

baseline outcome was assessed (e.g., MICRA scores), a single-level model was used with 

the main effect of the correlate as the parameter of interest. For continuous outcomes, η2 

is reported as the measure of standardized effect sizes, while standardized odds ratios (OR) 

are reported for the binary measures (i.e., clinical anxiety and depression). This strategy of 

using standardized effect sizes and then probing non-trivial associations, rather than merely 

relying on p values, reduces the risk of inflated family-wise error rate when investigating 

a large number of potential moderators.24 For η2 in multiple regression, values of at least 

0.02, 0.13, and 0.26 are considered small, medium, and large effect sizes, respectively; 

for standardized OR, values of at least 1.68 (or less than 0.60) are considered small.25 

Findings meeting these thresholds were investigated with stratified analyses. All analyses 

were conducted in SAS version 9.4.

Results

Patient uptake and characteristics

Figure 1 depicts study enrollment and completion. We approached 1203 eligible patients, of 

whom 1084 (90%) consented. Patients who declined were more likely to be Black/African 

American (27% refusal rate versus 7% for white patients, Χ2(2)=57, p<0.001; Table 1). 

Refusal rates also varied by site (3% at MSK versus 13% at University of Pennsylvania, 

Χ2(1)=30, p<0.001), but not by sex, ethnicity, cancer type, or age. Non-completion of 

the baseline survey and/or MGPT similarly differed by race and study site, though non­

completion also varied by cancer type and age (Table 2). A total of 1054 participants 

underwent MGPT; testing identified pathogenic germline variants (PV) among 10% of 

participants, 16% had variants of uncertain significance (VUS), and 74% had no variant 

identified (NV).

Overall, 803 participants consented, completed a baseline survey, and received MGPT 

results, thus comprising the analytic sample for acceptability outcomes. As shown in 

Table 3, participants (ages 30–94) were primarily male (68%), white (84%), non-Hispanic 

(92%), and had a college degree (64%). Study sites contributed roughly similar numbers of 

participants, although all ovarian patients came from MSK and nearly all (92%) pancreas 

patients came from University of Pennsylvania. On average, participants reported that 13% 

of their first- or second-degree relatives had a cancer history. Participants with a stronger 

family history were more likely to have PV and less likely to have VUS (F(2, 735)=4.5, 

p=0.01).
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Initial acceptability of the mainstreaming model

Baseline survey data suggested a relatively high degree of initial acceptability of the 

mainstreaming model (Table 3). On average, participants reported high satisfaction with the 

pre-test education (M±SD=15.4±2.1, 4–20 scale). Participants were also generally satisfied 

with their decision to undergo testing (16.9±2.9, 4–20 scale). Anxiety and depression 

(5.5±3.8 and 4.0±3.5, respectively, 0–21 scales) were low, although 27% and 17% of 

participants met clinical criteria, respectively. At baseline assessment (i.e., following review 

of the pre-test educational materials), knowledge about genetic testing was incomplete, with 

participants correctly answering 56% of these questions on average, and responding “don’t 

know” to an average of 29% of the knowledge questions.

Longitudinal changes in acceptability

Changes in acceptability outcomes, by test result group, appear in Figure 2. Overall, 

genetic testing decision satisfaction increased over time (months) in a quadratic fashion 

(βTime=0.94, pTime=0.01; βTime2= −0.31, pTime2=0.008), though this effect was driven by 

a constant increase from baseline to three-months for the PV group and a temporary 

increase for the NV group at three-weeks. Change in genetic counseling satisfaction did 

not significantly vary by result type, although the PV group appeared to increase whereas 

the others decreased. Knowledge increased from baseline to three-weeks for all groups and 

then remained near this level at three-months (βTime=0.11, pTime<0.001; βTime2= −0.03, 

pTime2<0.001). Anxiety decreased over time (βTime= −0.12, p=0.004). Depression showed a 

slight, non-linear increase (βTime=1.10, pTime<0.001; βTime2= −0.33, pTime2<0.001), though 

the increase for NV participants was only temporary and then reduced below baseline. 

Although rates of clinically significant anxiety and depression over time appeared to vary 

by test result, these effects were not statistically significant (see Supplemental Figure 1). 

None of the MICRA subscales showed significant overall changes between three-weeks 

and three-months, although those with PV experienced a significant increase in distress 

(βTime=0.73, p=0.03).

Exploring correlates of acceptability over time

Result type, sex, and cancer type each had small associations with MICRA-Uncertainty 

scores at three-weeks, though not at three-months. Specifically, participants with PV had 

an average of 3.88 points higher MICRA-Uncertainty scores compared to participants with 

either VUS or NV results (η2=0.03, p<0.01). A small effect (η2=0.03, p<0.01) was found 

for sex and MICRA-Uncertainty; at three-weeks, females exhibited higher uncertainty than 

males if they received either PV (mean difference=3.95) or NV (mean difference=2.44), 

though males with VUS exhibited slightly higher uncertainty than their female counterparts 

(mean difference=0.68). Since sex and cancer type are not independent in this sample, we 

assessed whether a sex effect persisted in the pancreatic cancer subsample (which included 

both sexes); a similar pattern was exhibited.

Result type (standardized OR VUS versus NV=0.48, standardized OR PV versus NV=0.47, 

overall p=0.24), sex (standardized OR female versus male=1.81, p=0.02), and cancer type 

(standardized OR ovarian versus prostate=1.92, overall p=0.07) produced findings that 

met the threshold for small standardized effects, suggesting associations with a change in 
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clinically significant depression at three-weeks, but not at three-months. Although cell sizes 

were small, among those with who were clinically depressed at baseline, 73% of participants 

with NV were still depressed at three-weeks, compared to63% of participants with PV 

and67% of participants with VUS. Among those participants who were not clinically 

depressed at baseline, males and females had similar rates of clinical depression at three­

weeks if they received either PV or NV, but males had higher incident depression (11%) than 

females (5%) if they had VUS. The association for cancer type was not driven by this sex 

effect, as among those without baseline clinical depression, for those with both NV and VUS 

the rate of incident depression for participants with pancreatic cancer was not within the 

bounds of the rates for ovarian or prostate cancer. For those with NV, incident depression in 

the pancreatic cancer group was 11%, compared to 6% for those with ovarian cancer and 8% 

for those with prostate cancer. For participants with VUS, incident depression among those 

with pancreatic cancer was 5%, compared to 10% for those with ovarian cancer and 11% for 

those with prostate cancer.

Further, result type was associated with MICRA-Distress at three-weeks: Participants with 

PV had a mean MICRA-Distress score of 5.04, compared to 1.59 and 2.12 for those 

with NV and VUS, respectively (η2=0.07, p<0.01). Satisfaction with pre-test education 

was moderately associated with genetic counseling satisfaction at three-weeks (η2=0.09, 

p<0.01), with a comparable positive correlation regardless of test result.

Discussion

We implemented a MGPT mainstreaming model involving standardized pre-test education 

and test ordering by oncologists paired with telephone-based result disclosure and post­

test counseling by genetic counselors. Among a large sample of patients with ovarian, 

pancreatic, and prostate cancers, study uptake was high; only 10% of invited patients 

declined participation, and 97% of those who consented underwent MGPT through the 

mainstreaming model. Refusal rates did not differ based on sex, cancer diagnosis, or age. 

However, Black/African American patients were less likely to consent and to complete 

the baseline survey and/or MGPT. Racial disparities including unmet needs for discussing 

genetic testing with providers26,27 and lower use of genetic testing27,28 are well documented, 

and additional efforts must be undertaken to identify appropriate strategies for addressing 

barriers encountered by these individuals.

We evaluated self-reported acceptability of the mainstreaming model, including satisfaction, 

anxiety, depression, genetic testing concerns, and knowledge. We also examined changes 

in these outcomes over time for participants with different test results, and explored how 

patient characteristics, baseline knowledge, and satisfaction with the pre-test education may 

be associated with acceptability. Overall, participants reported high satisfaction with the 

pre-test education consisting of a video and brochure. Participants’ genetic testing decision 

satisfaction was also high, with our sample reporting mean values in the top quartile of 

this scale. Longitudinal analyses indicated that genetic testing decision satisfaction increased 

over time, driven primarily by a sustained increase among patients with PV and a temporary 

increase among patients with NV. The potential utility of PV to patients’ therapeutic 

management may explain these findings, although this should be further explored. In 
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addition, levels of genetic counseling satisfaction were also high and remained stable over 

time for participants regardless of results. Participants who were more satisfied with the 

pre-test education also reported higher genetic counseling satisfaction shortly after receipt of 

their results. No other patient characteristics were associated with decision or counseling 

satisfaction at the follow-up timepoints, indicating similar levels of satisfaction across 

patient sociodemographic and medical characteristics.

Anxiety and depression levels were low, on average, among participants. Further, anxiety 

levels significantly decreased over time for all study participants regardless of result. For 

those with NV, depression peaked (albeit at a low average magnitude) at three-weeks, but 

diminished below pre-testing levels by three-months. We also observed that the overall 

proportion of participants meeting clinical criteria for anxiety and depression did not vary 

by time and test result. However, the likelihood of a participant developing incident clinical 

depression at the three-week follow-up was associated with their sex; while not statistically 

significant, analyses also suggest possible trends in the resolution and development of 

clinical depression based on result type and cancer diagnosis, respectively. The pattern of 

these results includes men with VUS being more likely to develop clinical depression, as 

were patients with pancreatic cancer who had NV. Additionally, patients with pancreatic 

cancer who had VUS were less likely to develop depression than patients with the other 

cancer diagnoses who received similar results. Explanations for these findings are not clear, 

and it is important to acknowledge the exploratory nature of these analyses as well as 

the various unmeasured factors (e.g., cancer progression, ongoing treatment side effects) 

that may contribute to patients’ experiences of depression. Nonetheless, it is possible that 

a lack of actionable germline variants for informing treatment for those with NV may 

explain trends toward greater depression in these individuals. Past work demonstrates that 

patients have high expectations for sequencing to provide additional treatment options,29,30 

yet less is known about how patients respond when these hopes are not realized. Patients 

with pancreatic cancer, who face particularly poor prognoses and have more negative 

psychological outcomes than those with other cancers,31 may be particularly vulnerable 

to disappointment (e.g., in response to a NV) or sustained hope (e.g., in response to a 

VUS). Such possibilities, and optimal strategies for supporting patients who are facing these 

challenges, are worthy of future investigation.

Little variability over time in genetic testing concerns was observed, although participants 

with PV had greater distress at three-weeks than those with VUS or NV, and had 

a significant increase in distress from three-weeks to three-months. Small, short-term 

increases in distress have often been reported among patients with PV.17,32–35 In addition, 

those with PV had greater uncertainty than those with VUS or NV at three-weeks. 

This observation of higher MICRA-Uncertainty scores among patients with PV, reflecting 

greater uncertainty and concerns regarding cancer risk and the behavioral and interpersonal 

implications of these test results, is consistent with other studies that utilized this 

measure.34–37 Interestingly, males with VUS also experienced slightly more uncertainty than 

females at this timepoint. Psychological experiences of men following receipt of MGPT17 or 

VUS38 are understudied.
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Finally, knowledge about genetic testing among participants following pre-test education 

was incomplete. Although scores reflecting correct knowledge were moderate at baseline, 

participants responded “don’t know” to an average of 29% of the items comprising 

this measure, indicating a lack of specific knowledge rather than inaccurate knowledge. 

Knowledge scores increased significantly for participants with all types of results following 

post-test counseling and were sustained over time. Baseline knowledge was also unrelated 

to any subsequent measures of patient acceptability. These findings demonstrate room for 

improvement in the clarity, content, or delivery of our educational materials. However, 

they also suggest that this suboptimal baseline knowledge did not lead to adverse patient 

outcomes, likely due to the in-depth post-test counseling provided to all participants. 

These findings also highlight important theoretical questions about the decision-making 

experiences of patients in such a mainstreaming model. Namely, whether an informed 

decision-making process has occurred when patient recall of factual information is limited, 

and whether the presence of positive decision outcomes (e.g., satisfaction) may be sufficient 

for demonstrating that the decision-making experience was good. While such questions 

remain to be answered, strategies to streamline the provision of genetic services should 

acknowledge and integrate the critical role of genetic counseling in accurately and clearly 

conveying genetic risk information to patients.

This study has strengths as well as limitations. Contrary to past studies, the sample was 

large and diverse in cancer diagnoses and sex, thereby increasing generalizability of these 

findings. However, participants were predominantly non-Hispanic and white, only recruited 

from two sites in the Northeastern US, levels of refusal and completion varied across 

sites, and there was high attrition across assessments. Although we prospectively evaluated 

outcomes of our mainstreaming model over time using multiple validated measures, we 

cannot make direct comparisons to outcomes that may have been obtained via the traditional 

HCGT model. Future research using a randomized design, coupled with economic analyses, 

would provide stronger evidence regarding the utility of this MGPT mainstreaming model. 

Similarly, future research should directly explore the perspectives of oncologists and genetic 

counselors to obtain complementary insight into the acceptability of this model. In addition, 

this study did not plan for a fully powered moderator analysis to examine correlates of 

acceptability outcomes, and thus we have reported and draw conclusions upon standardized 

effect sizes.24 Caution should be used when relying on standardized effect sizes for more 

than generating hypotheses for confirmation in future work.

While future work needs to determine if this model performs similarly for unaffected 

patients, a distinctive feature of this study was our focus on cancer patients for whom the 

pre-test decision is less preference-sensitive given its treatment implications,39 and whose 

openness to testing and subsequent satisfaction may be influenced by the potential access to 

additional therapeutic options. Opportunities exist for utilizing such a mainstreaming model 

among cancer patients as a catalyst for “cascade” testing of at-risk relatives, which would 

have a substantial impact on the rate of detection of all individuals with cancer-predisposing 

PV in the US population.40 Additionally, the increasing use of telegenetics involving 

videoconferencing5 may be integrated into this model. Yet, efforts to further develop and 

evaluate this and related cancer genetics mainstreaming models must also be responsive to 
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the needs of racially, ethnically, and culturally diverse patients to ensure that existing health 

disparities in this domain are not further exacerbated.

In conclusion, we evaluated a novel mainstreaming model for delivering MGPT to patients 

with ovarian, pancreatic, and prostate cancers. We observed high uptake and promising 

indicators of short-term patient acceptability, including high decision and genetic counseling 

satisfaction and limited anxiety and genetic testing concerns. Further, we identified several 

novel subgroups, including men and those with pancreatic cancer whose germline MGPT 

results are unlikely to inform treatment, who may benefit from additional support. Together, 

these findings highlight the potential value and future research directions for applying a 

mainstreaming model to extend access to germline genetic information.
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Figure 1. 
Study enrollment. PV = pathogenic variant; NV = no variant; VUS = variant of uncertain 

significance. * Thereafter, all percentages taken from total number of consented patients. ** 

Due to an administrative error, a subset of participants was not sent invitations to complete 

the 3-month follow-up survey. *** Total value includes participants who missed the 3-week 

follow-up survey but completed the 3-month follow-up survey.
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Figure 2. 
Changes in patient acceptability of the mainstreaming model over time among participants 

with different MGPT results. T1 = baseline; T2 = 3-week follow-up; T3 = 3-month follow­

up; GC = genetic counseling; HADS = Hospital Anxiety and Depression Scale; MICRA = 

Multidimensional Impact of Cancer Risk Assessment; PV = pathogenic variant; NV = no 

variant; VUS = variant of uncertain significance. GC Satisfaction and MICRA subscales 

were only assessed at T2 and T3. Significant (p<0.05) non-linear trends observed for genetic 

testing decision satisfaction, knowledge, and HADS-Depression; significant (p<0.05) linear 

trends observed for HADS-Anxiety and MICRA-Distress; see text for details.
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Table 1.

Characteristics of patients approached for study participation (N = 1203)

Characteristic Group
Provided Consent

(n = 1084)
Declined to Consent

(n = 119) p 
a

Sex Female 342 (91%) 34 (9%) 0.51

Male 742 (90%) 85 (10%)

Race White 878 (93%) 67 (7%) <0.001

Black/African American 109 (73%) 40 (27%)

Asian 38 (95%) 2 (5%)

American Indian/Alaska Native 1 (50%) 1 (50%)

Other 46 (88%) 6 (12%)

Missing 12 (80%) 3 (20%)

Ethnicity Hispanic 31 (97%) 1 (3%) 0.19

Not Hispanic 1005 (90%) 114 (10%)

Unknown/Missing 48 (92%) 4 (8%)

Cancer Type Ovarian 160 (93%) 12 (7%) 0.19

Prostate 507 (89%) 65 (11%)

Pancreas 417 (91%) 42 (9%)

Age Years, Mean (SD) 67.9 (10.1) 69.5 (10.3) 0.11

Study Site Memorial Sloan Kettering 406 (97%) 14 (3%) <0.001

University of Pennsylvania 678 (87%) 105 (13%)

a
p-values are based on a series of Chi-square tests, except for age which is tested using an independent-samples t-test.
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Table 2.

Characteristics of study participants (i.e., analytic sample) versus non-completers (i.e., those who did not 

complete the baseline survey and/or testing) (N = 1084)

Characteristic Group
Analytic Sample

(n = 803)
Non-Completers 

a

(n = 281) p 
b

Sex Female 258 (75%) 84 (25%) 0.49

Male 545 (73%) 197 (27%)

Race White 678 (77%) 200 (23%) <0.001

Black/African American 54 (50%) 55 (50%)

Asian 28 (74%) 10 (26%)

American Indian/Alaska Native 1 (100%) 0 (0%)

Other 35 (76%) 11 (24%)

Missing 7 (58%) 5 (42%)

Ethnicity Hispanic 23 (74%) 8 (26%) 0.92

Not Hispanic 737 (73%) 268 (27%)

Unknown/Missing 43 (90%) 5 (10%)

Cancer Type Ovarian 142 (89%) 18 (11%) <0.001

Prostate 390 (77%) 117 (23%)

Pancreas 271 (65%) 146 (35%)

Type of Result PV 84 (79%) 23 (22%) 0.05

NV 607 (77%) 177 (23%)

VUS 112 (69%) 51 (31%)

Missing 0 (0%) 30 (100%)

Site Memorial Sloan Kettering 376 (93%) 30 (7%) <0.001

University of Pennsylvania 427 (63%) 251 (37%)

Age Years, Mean (SD) 67.1 (9.9) 70.2 (10.4) <0.001

PV = pathogenic variant; NV = no variant; VUS = variant of uncertain significance.

a
The majority of study non-completers (89.3%) completed genetic testing but not the baseline survey (see Figure 1. for details).

b
p-values are based on a series of Chi-square tests, except for age which is tested using an independent-samples t-test.
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