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Purpose: Breast cancer screening remains a challenge in the United States. Many women do not get a mammogram because of pain 
associated with the exam, radiation exposure, false-positive results, and additional costs. Others who may benefit from annual 
screening do not qualify because of young age and radiation risk. We hypothesize that a novel volumetric transmitted breast 
ultrasound, Quantitative Transmission (QT) Scan may encourage more women to have annual breast cancer screening. Assessing 
results from patient-reported outcomes (PROs) may predict the value of newer, more desirable screening technologies.
Participants and Methods: Pre- and post-menopausal women who qualified for breast cancer screening were enrolled in 
a prospective trial of Quantitative Transmission (QT Scan) vs traditional mammography via Digital Breast Tomosynthesis (DBT) 
Clinical Trials.gov NCT 03052166. These women completed questionnaires to assess their experiences with QT Scan and DBT. 
Associations between QT Scan or DBT and differences in PRO scores were examined.
Results: A total of 430 subjects completed the PRO instrument analyzed. A total of 36 questions were asked, 34 were paired for both 
QT and DBT and two were asked regarding exclusively the QT Scan. Physical discomfort, perceptions of safety and low efficacy, 
false-positive results and additional out-of-pocket expenses were concerns identified as highest risk for opting out of screening 
mammography (differences between 2.1 and 2.9 indicate significant differences between means and standard deviations using the 
Cohen’s d statistic). Student’s T-test shows a significance level of <10 −10. Statistically significant differences in PROs between QT 
Scan and DBT were observed by 14 of the 17 paired experience questions (p<0.001).
Conclusion: Significant differences in PROs were found between QT scan and DBT, indicating women have significantly more 
negative experiences with traditional mammography via DBT and are less inclined to undergo screening mammography. Identification 
of PRO differences could be used to help identify a more desirable breast cancer screening modality.
Keywords: breast screening, transmission ultrasound, patient-related outcomes

Introduction
Breast cancer screening of all eligible women in the United States is an ongoing challenge. According to a study from 
Massachusetts Institute of Technology (MIT) in 2020, only 35% of women get screened every year from 40 years old and 
onward.1 Additionally, it has been recently noted that women who are at the greatest risk for developing breast cancer are 
not being screened. Various reasons exist for the low screening numbers, including concerns about radiation exposure, 
pain and discomfort associated with mammography, concerns about false-positive exams resulting in unnecessary 
treatment2 and associated out-of-pocket costs, particularly for women with dense breasts. The lack of imaging technology 
for young, high-risk women less than 40, and underserved women with access and economic issues, or even women with 
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dense breasts who are concerned by the limitations of current technology such as false-positive findings and added costs 
leaves tens of thousands of women with no viable breast screening options.

In women with dense breasts, the current standard recommendation for breast cancer screening includes Digital 
Mammography (DM) and Digital Breast Tomosynthesis (DBT). This combination is suboptimal for breast cancer 
detection in dense breasts since cancer, which is white on mammography, is difficult to see on a background of white 
dense breast fibro-glandular tissue. In young women with dense breasts, the lack of safe, accurate and accessible breast 
imaging, especially for those women too young to be screened with mammography and those women with dense breasts 
remains a significant challenge.2

Table 1 Demographic Characteristics (n = 430)

Variable Number Percent

Marin Breast Health Trial Center 283 63%

QT Breast Health Grand Rapids, MI 58 14%

QT Breast Health Scottsdale, Az 41 9%

QT Breast Health Walnut Creek, CA 32 8%

QT Breast Health San Jose, CA 23 6%

Declined to state ethnicity 222 49%

Ethnicity = White 177 41%

Ethnicity = Asian 12 3%

Ethnicity = Hispanic 12 3%

Ethnicity = Ashkenazi Jewish 12 3%

Ethnicity = Black 4 1%

Ethnicity = American Indian 2 <1%

Has the patient had a QT Breast Scan – with or without a past mammogram?

Yes No

Not eligible

Eligible                               

Does the patient consent to taking a survey about her QT Breast Scan?

No

Yes Not eligible

Eligible for PRO study

Figure 1 Study schema. The study schema to determine participant eligibility.
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More than half of all women of screening age have dense breasts, making it more difficult to detect breast cancer on 
a screening mammogram. These women are also at a slightly higher risk for developing breast cancer due to breast 
density. About two-thirds of states in the United States have passed laws requiring a woman be notified when her 
mammogram shows dense breasts, and because of this, women are now more likely to be aware of breast density and its 

Table 2 Assessment Question and Comparative Statistical Analysis for the PRO Tool; Number of Subjects (N), Mean and Standard 
Deviation (SD) for QT Scan, DBT, Wilcoxon Signed Rank Tests, Z-Score, p-values and Cohen’s D Scores Below

QT Scan DBT Statistics

Question N Mean SD N Mean SD Wilcoxon V Z-score p-value Cohen’s D

Rate your level of discomfort during 

the procedure

430 0.79 1.50 376 5.95 2.65 725 −15.81 <0.001 −2.43

Rate your level of anxiety during the 

procedure

430 0.70 1.33 375 5.09 3.33 854 −14.71 <0.001 −0.72

I will dread having another procedure 430 1.31 0.76 378 3.91 1.24 1202.5 −15.47 <0.001 −2.53

Having the procedure made me feel 
embarrassed or uneasy

430 1.33 0.68 373 3.24 1.33 555.5 −14.36 <0.001 −1.78

I am concerned that the procedure 
will cause breast cancer

430 1.24 0.53 400 3.44 1.35 43 −15.46 <0.001 −2.16

I am concerned that I received 
radiation from the procedure

430 1.41 0.69 388 3.94 1.14 144.5 −15.95 <0.001 −2.9

After the procedure, I had bruising, 
skin irritation, or soreness on or 

around my breast

429 1.29 0.73 373 3.11 1.35 978 −14.09 <0.001 −1.6

I am concerned that my breast 

implants could be displaced or 
ruptured as a result of having the 

procedure

108 1.37 0.77 96 4.07 1.08 0 −7.89 <0.001 −3.1

I believe my imaging results are 

accurate

429 4.40 0.84 377 3.13 1.09 35,428.00 −12.48 <0.001 1.31

I am more confident of my breast 

health after having the procedure

430 4.44 0.82 375 3.05 1.17 36,186.00 −12.48 <0.001 1.38

Because I have dense breasts, I am 

more confident after having the 

procedure

355 4.42 0.83 315 2.38 1.06 33,630.00 −13.65 <0.001 2.3

The results of my procedure were: 

(see Figure 15 for answer 
distributions)

425 1.35 0.97 359 1.98 1.30 1442.00 −7.82 <0.001 −0.48

Were you called back for an 
abnormality after your initial imaging?

430 2.86 0.61 372 2.54 0.94 10,096.50 −6.21 <0.001 0.52

Overall, my experience with the 
procedure has been very satisfactory

430 4.67 0.72 373 2.66 1.23 48,920.00 −14.31 <0.001 2.03

I would recommend the procedure to 
friends and family

430 1.36 2.84 430 6.21 3.74 5578.50 −13.93 <0.001 −1.45

Total PRO Summary Score 430 90.04 10.76 370 43.56 21.07 67,102.00 −16.24 <0.001 2.84
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relationship to cancer risk than in the past. Primary care physicians, in states that have passed such laws, often feel poorly 
prepared to counsel women regarding further screening recommendations, if any, for a woman with dense breasts and 
a normal mammogram.

Secondary screening methods such as B-mode reflection breast ultrasound and breast MRI have been studied in high- 
risk women, but data regarding how many ultrasound and MRI-diagnosed women would have eventually presented 
clinically, the morbidity and mortality of those tumors and whether earlier treatment of the clinically important tumors 
was more likely to result in cure, is difficult to find due to difficulties randomizing women in studies due to ethical 
concerns. The high false-positive rates with secondary screening modalities3 means that millions more US women 
undergoing secondary ultrasound and MRI screening will not know if it is truly helpful or harmful.

Table 3 Chi-Square Tests for Differences in Categorical Data. Chi-Square Tests Were Conducted to Assess Differences for Questions 
with Categorical Data. These are Reported Below

Question QT Scan DBT Chi-Square 
Statistic

p-value

Yes No Yes No

Have you had a false-positive finding (a finding that turned out to be nothing) from the 
procedure?

11 419 140 234 159.4905 <0.001

I had additional out-of-pocket expenses because my procedure results were false-positive 
(a finding that turned out to be nothing).

5 425 91 280 103.0778 <0.001

Figure 2 PRO tool score distributions. A total point value was assigned for each answer option on the PRO tool. Questions related to patients’ experience with the QT 
Breast Scan were added to create a QT Breast Scan Score from 0–100 for each participant. Questions related to patients’ experiences with a Mammogram were added to 
create a Mammogram Score from 0–100. Reflects the average QT Breast Scan PRO Score distribution compared to the average Mammogram PRO Score Distribution. 
Lower overall scores were associated with more negative experiences, while higher overall scores were associated with more positive experiences. The results indicate 
significant differences between the overall experience with the QT Breast Scan compared to a Mammogram (Cohen D 2.84; p<0.001).
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Figure 3 Questions and answer distribution for “Rate your level of discomfort during the (QT Breast Scan vs Mammogram)”. For questions #1-2 “Rate your level of 
discomfort during the QT Breast Scan vs the Mammogram” with a score of 0=no discomfort and a score of 10= worst imaginable discomfort. There was a significant 
difference in the level of discomfort between the two modalities with QT scan giving a mean score of 0.79 and the mammogram a mean score of 5.95 (Cohen d of −2.43; 
p<0.001).

Figure 4 Questions and answer distribution for “Rate your level of anxiety during the (QT Breast Scan vs Mammogram)”. For questions #3 and 4 “Rate your level of anxiety 
during the QT Breast Scan vs the Mammogram” with a score of 0 = no discomfort and a score of 10 = worst imaginable discomfort. There was a significant difference in the 
level of discomfort between the two modalities with QT scan giving a mean score of 0.70 and the mammogram a mean score of 5.1 (Cohen d of −0.72; p<0.001).
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Figure 5 Questions and answer distribution for “I will dread having another procedure (QT Breast Scan vs Mammogram)”. For questions #5 and 6 “I will dread having 
another procedure:” Rate your level of agreement for the QT Breast Scan vs the Mammogram from strongly agree (5 points) to strongly disagree (1 point). There was 
a significant difference in the level of agreement between the two modalities with QT scan giving answers of strongly disagree vs the mammogram (Cohen d of −2.53; 
p<0.001).

Figure 6 Questions and answer distribution for “Having the procedure (QT Breast Scan vs Mammogram) made me feel uneasy or embarrassed”. For questions #7 and 8 
“Having the procedure made me feel embarrassed or uneasy”. Rate your level of agreement for the QT Breast Scan vs the Mammogram from strongly agree (5 points) to 
strongly disagree (1 point). There was a significant difference in the level of agreement between the two modalities with QT scan giving answers of strongly disagree vs the 
mammogram (Cohen d of −1.78; p<0.001).
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Figure 7 Questions and answer distribution for “I am concerned that my procedure (QT Breast Scan vs Mammogram) will cause breast cancer”. For questions #9 and #10 
“I am concerned that the breast scan will cause breast cancer”. Rate your level of agreement for the QT Breast Scan vs the Mammogram from strongly agree (5 points) to 
strongly disagree (1 point). There was a significant difference in the level of agreement between the two modalities with QT scan giving answers of strongly disagree vs the 
mammogram (Cohen d of −2.16; p<0.001).

Figure 8 Questions and answer distribution for “I am concerned that I received radiation from my procedure (QT Breast Scan vs Mammogram)”. For questions #11 and 
#12 “I am concerned that I received radiation from my procedure (QT Scan vs Mammogram)”. Rate your level of agreement from strongly agree (5 points) to strongly 
disagree (1 point). There was a significant difference in the level of agreement between the two modalities (Cohen d of −2.9; p<0.001).
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Figure 9 Questions and answer distribution for “I am confident that I can receive multiple QT Breast Scans without additional radiation exposure”. For question #13 “I am 
confident that I can have multiple QT Breast Scans without additional radiation exposure”. Rate your level of agreement from strongly agree (5 points) to strongly disagree 
(1 point).

Figure 10 Questions and answer distribution for “After my procedure I had bruising, skin irritation, or soreness on or around my breast”. For questions #14 and #15 
“After my procedure, I had bruising, skin irritation, or soreness on or around my breast”. Rate your level of agreement for the QT Breast Scan vs the Mammogram from 
strongly agree (5 points) to strongly disagree (1 point). There was more than 90% level of agreement with QT scan giving answers of disagree or strongly disagree and 64% 
of subjects agreed that mammograms had resulting bruising, skin irritation or soreness on or around my breast (Cohen d of −1.6; p<0.001).
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Figure 11 Questions and answer distribution for “I am concerned that my breast implants could be displaced or ruptured as a result of having a (QT Scan vs Mammogram)”. For 
questions #16 and #17 “I am concerned that my breast implants could be displaced or ruptured as a result of having a QT Breast Scan or a mammogram”. Rate your level of agreement 
for the QT Breast Scan vs the Mammogram from strongly agree (5 points) to strongly disagree (1 point). There was more than 91% level of agreement with QT scan giving answers of 
disagree or strongly disagree and 64% of subjects agreed that their breast implants could be displaced or ruptured because of having a mammogram (Cohen d of −3.1; p<0.001).

Figure 12 Questions and answer distribution for “I believe the (QT Scan vs Mammogram) results are accurate”. For questions #18 and #19 “I believe the QT Scan or mammogram 
I had gives accurate results”. Rate your level of agreement for the QT Breast Scan vs the Mammogram with a level of agreement from strongly agree (5 points) to strongly disagree (1 
point). There was more than 88% level of agreement with QT scan giving answers of agree or strongly agree and 37% agreement with mammograms giving answers of agree or strongly 
agree (Cohen d of 1.31; p<0.001).
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Figure 13 Questions and answer distribution for “I am more confident of my breast health after having a (QT Scan vs Mammogram)”. For questions #20 and #21 “I am 
more confident of my breast health after having a QT Breast Scan vs a mammogram”. Rate your level of agreement for the QT Breast Scan vs the Mammogram from strongly 
agree (5 points) to strongly disagree (1 point). There was more than 89% level of agreement with QT scan giving answers of agree or strongly agree and 37% agreement with 
mammograms giving answers of agree or strongly agree (Cohen d of 1.38; p<0.001).

Figure 14 Questions and answer distribution for “Because I have dense breasts, I am more confident after having a (QT Scan vs Mammogram)”. For questions #22 and #23 
“Because I have dense breasts, I am more confident after having a QT Breast Scan or a mammogram”. Rate your level of agreement for the QT Breast Scan vs the 
Mammogram from strongly agree (5 points) to strongly disagree (1 point). There was more than 91% level of agreement with QT scan giving answers of agree or strongly 
agree, and 37% agreement with mammograms giving answers of agree or strongly agree (Cohen d of 2.3; p<0.001).
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A natural desire to help women who want or need to be screened due to risk factors and breast density concerns is 
driving the push for new technology, especially for women whose breast cancers are missed by mammography. Women 
with dense breasts who get their mammography results in a letter stating “Your mammogram shows that your breast 
tissue is dense. Dense breast tissue is common and is not abnormal”; however, the letter does not offer specific guidance 
about what the woman should do. Currently, mammography centers offer various adjunctive imaging options such as 
Hand Held Ultrasound (HHUS), Automated Breast Ultrasound (ABUS) or breast MRI when the patient is at moderate or 
high risk, but given the high false-positive rates associated with current imaging, increased costs, and anxiety resulting 
from unnecessary procedures, none has been found to be ideal to accurately diagnose clinically relevant lesions that 
could affect morbidity and mortality outcomes for women. More comfortable, accurate, less expensive, and safe breast 
imaging could alter the outcomes for women by reducing the false-negative rates from mammography and reducing the 
false-positive rates for HHUS, ABUS and MRI. The primary obstacles to identifying better breast imaging technologies 
are the lack of effective outcome trials for women.

The overall purpose of the QT Breast Scan technology is to improve breast health care for women by providing 
a comfortable breast imaging technology, and at the same time reducing the cost and inconvenience of false-negative 
and false-positive results under the current breast imaging paradigm of screening mammography, supplemental HHUS 
and breast MRI. Very importantly, QT Breast Scan provides a safe imaging option for women that currently have no 

Figure 15 Questions and answer distribution for “The results of my procedure were…” For questions #24 and #25 “The results of my procedure were”. Describe the results 
according to the choices below. The answer distributions are displayed in the histogram and the breakdown or percentages are displayed in the table (Cohen d of −0.49; p<0.001).
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options for screening due to their young age, lack of access or other factors limiting the effectiveness of current breast 
screening technology. Testing, validating and ultimately adopting the most effective, high performing technologies for 
breast imaging that women are comfortable with is a key discipline that needs to be undertaken to improve women’s 
breast health.

Opting Out of Mammography
Despite much effort to encourage women to get regular mammographic breast cancer screening, data from multiple 
research and clinical practice settings show that failure to begin or discontinuation of x-ray mammography is common, 
ranging from 30% to 70%.4 Although reasons for early discontinuation are multifactorial, data suggest that up to 30% of 
patients do not undergo screening mammography because of adverse symptoms or outcomes, most commonly concerns 
about risk and effectiveness, including false-positive and false-negative results. Multiple studies have explored predictors 
of non-adherence to screening mammography such as baseline demographic and/or clinicopathologic features; however, 
inconsistent results between studies have made it difficult for clinicians to accurately predict which patients are at 
greatest risk for non-adherence or discontinuation. Studies on non-adherence to mammography demonstrate multiple 
variables are associated with non-adherence or discontinuation.5 This latter observation suggests that changes in 

Figure 16 Questions and answer distribution for “Were you asked to have a follow-up (QT Scan vs Mammogram) for an abnormality after your initial procedure?” For 
questions #26 and #27 “Were you asked to have a follow-up (QT Scan vs Mammogram) for an abnormality after your initial procedure?”. The answer distributions are 
displayed in the histogram and the breakdown or percentages are displayed in the table (Cohen d of 0.52; p<0.001).
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perception and education about suitable alternatives for screening early in the woman’s life could be a helpful approach 
that may allow for more successful screening interventions.

Ultra-Low Frequency Transmitted Ultrasound Breast Imaging
The QT Imaging BR15 trial (clinicaltrials.gov NCT 03052166) represents a prospective case collection and blinded 
reader study performed to investigate the sensitivity and specificity of the QT Breast Scan vs DBT and the effects on 
recall rates.6 The study also included prospective patient-reported outcome (PRO) measures throughout the study and 
post-study periods. Measures included assessment of overall quality of their experience, discomfort, concerns, mood, 
perception of accuracy, recall experiences and multiple symptoms, including a comparison of their experience with both 
the QT Breast Scan and DBT. We recently reported a statistically significant difference in sensitivity, specificity, and 
recall rates between the QT Breast Scan and DBT7 in a similar cohort. These results confirm that the QT Breast Scan is 
non-inferior to mammography and these data will inform decisions about whether this newer, comfortable, and accurate 
technology without radiation will be used by more women.

Materials and Methods
Study Participants
We selected participants from a recent prospective, multi-center case collection study of breast imaging examinations 
from up to 1200 asymptomatic women comparing the non-inferiority of QT Breast Scan compared to DBT in the 
evaluation of sensitivity, specificity, positive predictive value (PPV) and call-back rates. Pre- and postmenopausal women 
were eligible for enrollment in the trial. Details of the trial have been previously published (ClinicalTrials.gov 
NCT03052166). All subjects were female, age 25 or older, willing to receive a QT Breast Scan, eligible for routine 
screening mammography as per the American College of Radiology (ACR) guidelines, willing and able to provide 

Figure 17 Questions and answer distribution for “Have you had a false-positive finding (a finding that turned out to be nothing)?”. For questions #28 and #29 “Have you had 
a false-positive finding that turned out to be nothing?” Significant differences were found between groups: the false-positive rate was 2.5% for the QT Scan and 32.5% for the 
mammogram (p<0.001).
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written, signed Informed Consent Form (ICF) after the nature of the study was explained, all questions answered prior to 
any research-related procedure(s) and willing and able to submit or complete at the clinical site a DM with DBT exam (to 
include Craniocaudal (CC) and Mediolateral Oblique (MLO) views for one or both breasts, within 3 months, before or 
after, their QT Breast Scan. The institutional review boards for all participating sites (Marin Breast Health Trial Center, 
Novato CA, George Washington University Hospital, Washington DC, Elizabeth Wende Cancer Center, Rochester, NY 
and Long Beach Memorial Hospital, Long Beach, CA) approved the clinical trial. Subjects were required to provide 
written informed consent before undergoing a QT Breast Scan. This research protocol presented minimal risk to subjects, 
investigators, and study personnel. Ultrasound has been demonstrated to be safe and well tolerated over the more than 50 
years it has been used in clinical diagnostic medicine. The FDA Cleared8 QT Ultrasound system, like commercially 
available ultrasound systems, has a very low-risk profile for both the operator performing the acquisitions and the subject. 
The QT Breast Scan aims to improve conventional handheld ultrasound technology and does not utilize radiation, 
compression of the breast, nor does it require intravenous injections of contrast agents or radiopharmaceuticals.

Primary Objective
The primary objective was to assess and compare the overall quality of women’s experiences (discomfort, concerns, 
mood, perception of accuracy, follow-ups and multiple symptoms) between having a QT Breast Scan and a DBT.

Figure 18 Questions and answer distribution for “I had additional out-of-pocket expenses because my results were false-positive (a finding that turned out to be nothing)”. 
For questions #30 and #31 “I had additional out-of-pocket expenses because my imaging procedure results were false-positive (a finding that turned out to be nothing). 
Significant differences were found between groups: the rate for additional false-positive costs was 1.2% for the QT Scan and 21.2% for the mammogram (p<0.001).
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Secondary Objective
The secondary objective was to determine whether early changes in Patient-Related Outcome (PRO) measures can 
influence a decision for failure to undergo mammography or early discontinuation of mammography screening. Also, we 
explored the differences between PRO scores and various behavioral factors to see if differences in PRO scores could be 
used as an indication of subjects’ decisions to continue traditional mammography screening. Standard call-back rates in 
this study reflect the standard mammography benchmarks which will be used to compare the two modalities.

The Null Hypotheses
For both of these objectives, on the basis of previous data from responses from over 15,000 women imaged with QT, the 
null hypotheses were as follows: (a) there would be no significant difference in PRO Scores between QT and DBT, (b) 
there would be no significant difference in subject experiences between QT and DBT that would predict early 
discontinuation of DBT as indicated by comparative question analysis, and (c) higher recall rates would be not associated 
with greater negative experiences.

Subject Enrollment
Eligible subjects from QT Imaging that had previously received a QT Breast Scan were identified by QT Imaging and a list 
of 1200 eligible subjects’ contact information (email and phone numbers) were securely transferred to CODE Technology 
through CODE’s HIPAA-compliant web application. CODE Technology assigned a participant ID to each enrolled patient 
and distributed Email communications to the eligible subjects (see attached Email language in Appendix A). If participants 
responded by Email declining participation, the Email responses were linked to the participant ID. By completing the 

Figure 19 Questions and answer distribution for “Overall, my experience with (QT Breast Scan vs Mammogram) has been very satisfactory”. For questions #32 and #33 
“Overall, my scan experience with my breast imaging procedure has been very satisfactory”. Rate your level of agreement for the QT Breast Scan vs the Mammogram from 
strongly (5 points) agree to strongly disagree (1 point). The agree and strongly agree rate for the QT Scan was 93% and the agree or strongly agree rate for the mammogram 
was 23% (Cohen d of 2.03; p<0.001).
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survey, participants consented to their responses being used for research purposes in a confidential manner. Surveys that 
were completed by participants were assigned a unique survey ID. At the completion of data collection, all participant 
information was de-identified. All survey responses and Email replies were securely archived. Data analysis was performed 
using de-identified aggregate survey responses.

Subject Consent
No separate consent document was utilized for PROs survey administration, and no subject signatures were acquired as 
the Email communications performed the informed consent process. Participants consented to their responses used for 
research by nature of completing the survey. Email communications that contained frequently asked questions and 
answers section informed participants of the following: purpose of the study, participation was voluntary, a description of 
participant confidentiality, the involvement criteria, who to contact for additional questions, and that responses would be 
used for research purposes with submission to the FDA. For reference, the E-mail message is seen in Appendix A. The 
frequently asked questions and answers that were linked within the Email script for patients to access can be found in 
Appendix B.

Study Procedures for Mammography
All mammograms were performed as part of routine clinical screening at MQSA certified and ACR certified facilities. 
These facilities are regulated and inspected by the ACR for the FDA.9 The MQSA standards require certification of the 
equipment, procedures, technician and radiology training and safety monitoring for each mammography facility 

Figure 20 Questions and answer distribution for “I would recommend a (QT Breast Scan vs Mammogram) to friends and family”. For questions #34 and #35 “I would 
recommend a QT Breast Scan vs a mammogram to friends and family”. Rate your level of agreement for the QT Breast Scan vs the Mammogram. Scores ranged from 
0= Very Likely to Recommend to 10= Very Unlikely to Recommend. The Very Likely rate for the QT Breast Scan was 74% vs 14% for the mammogram (Cohen d of −1.45; 
p<0.001).
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operating in the US Subjects received standard CC and MLO views of both breasts, as well as the standard DBT exams, 
and the results were interpreted by MQSA-certified radiologists as per standard interpretation protocols.

Study Procedures for the QT Scan
Once the subject was properly positioned on the QT Imaging Scanner, the Application Specialist entered a sequentially 
assigned de-identifying subject number and simple demographic information into the user interface and started the 
scanning process by pushing the start button which initiates data collection. The transmitter and receiver assembly 
moved around the suspended breast to record data from successive sub-volumes of the targeted tissues as the 
ultrasound was propagated through the water bath. The data was collected throughout the scanning process and 
once completed, processed using proprietary algorithms developed by QT Imaging Inc. The resulting output included 
two co-registered sets of images from both transmission and reflection ultrasound. The scan took approximately 8–16 
minutes per breast.

PRO Questionnaire
The PRO instrument, enrollment activities, acquisition of all participant PHI and data acquisition, storage and security 
were done by a PRO contractor, CODE Technology, Minneapolis Minnesota https://www.codetechnology.com/. 
Statistical significance testing was performed by a separately contracted data scientist. Validated tools for analysis 
were used. The PRO instrument administered by CODE Technology was created with input from both subjects, staff and 
physicians who have used the QT Scanning technology for over 10 years in more than 15,000 subjects. The 36 questions 

Figure 21 Question and answer distribution for “Compared to my experience with a mammogram, my experience with the QT Breast Scan was…” For question #36 
“Compared to my experience with a mammogram my experience with the QT Breast Scan was as expected, better than expected or much better than expected”. The As 
Expected, Better than Expected or Much Better than Expected rate was 77%.
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were developed to address the concerns expressed by subjects who had the QT Breast Scan. More than 90% of these 
15,000 subjects also had a mammogram at some time in their lives. For inclusion in the PRO study, the subjects must 
have received both a QT Breast Scan and a mammogram within the same 12-month period.

The PRO Instrument questions can be found in Appendix C. Scores for level of discomfort or anxiety ranged 
from 0 (no discomfort) to 10 (worst imaginable discomfort), and agreement scores were scored on a 5-point Likert 
scale, ranging from Strongly Agree (5), Agree, Neutral, Disagree, to Strongly Disagree (1). Scores for call-back 
experiences ranged from 1) Not Applicable (N/A) – No callback was done, 2) the call-back resulted in unremarkable 
or benign findings recommending routine follow-up, 3) probable benign findings recommending short-term follow- 
up, 4) suspicious findings recommending additional imaging and/or biopsy, 5) technical imaging issues recommend-
ing re-imaging at the present time. Other questions addressed issues of safety and adverse events, call-back events, 
out-of-pocket expenses, false-positive imaging results, perception of accuracy and overall satisfaction with the QT 
Breast scan.

PRO Questionnaire Distribution
The PRO instrument was distributed by CODE Technology staff via e-mail (Appendix A) to a list of 1200 subjects 
provided by QT Imaging as having had a QT Breast Scan. All persons contacted had been part of one or more clinical 
trials involving the QT scanning technology sponsored by QT Imaging Inc. When the subject received the initial e-mail 
communication, the informed consent process was presented via a statement “by completing this survey you are agreeing 
to your responses being utilized for research” (see Appendix A). If there was no initial response from the potential 
subject, a second e-mail communication was sent. Over 96% of the potential subjects contacted agreed to participate in 
the study.

Statistical Analysis
In this analysis, the first objective was to compare differences in PRO mean scores between QT Breast Scan and DBT. Of 
the 36 questions on the PRO survey, 17 questions were paired experience questions (question asked first in relation to the 
QT Breast Scan, then asked in relation to the DBT, for a total of 34 questions), and 2 additional questions were asked in 
relation to the QT Scan only.

Before performing group comparisons, Cronbach’s alpha was calculated for both the QT scan and the mammogram. 
This was done to assess the scale’s internal consistency and reliability. This is usually done when multiple Likert 
questions are used in a survey/questionnaire that form a scale and the user wants to determine if the scale is reliable. 
Additionally, the data was also tested for normality using the Shapiro–Wilk test, to determine if the p-value for 
differences should be calculated using parametric or non-parametric testing. In addition to testing for significant 
difference between the groups, we used Cohen’s D to compare clinical significance of the two PRO results: DBT vs 
QT Scan. While the t-test (parametric) or Wilcoxon signed rank test (non-parametric) indicate if there is a significant 
difference between the two compared groups, Cohen’s d offers additional insight of quantifying the effect size associated 
with the difference between the groups.

CODE Technology acted as an unbiased third-party for data collection and data analysis. CODE was unaware of 
the primary goals of this study or the null hypotheses. To determine the effect size associated with the meaningful 
difference between the paired experience questions, a Cohen’s d analysis was performed to compare the average 
scores on the QT Breast Scan PRO questions to the average scores on the DBT PRO questions. Cohen’s d was 
calculated using the pooled standard variance model, given that the number of applicable participant answers for 
each paired patient experience question were not always equal (for example, when asked about level of discomfort 
when receiving a mammogram, participants that answered “N/A, I have not yet received a mammogram” were not 
counted in the comparative analysis).

To calculate Cohen’s d via pooled standard deviation (sp):
Cohen’s d = (x1 – x2) / sp
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where:

● x1, x2: mean of sample 1 and sample 2, respectively
● s1

2, s2
2: variance of sample 1 and sample 2, respectively

Using this formula, here is how we interpreted Cohen’s d:

● A d of 0.5 indicates that the two groups differ by 0.5 standard deviations.
● A d of 1 indicates that the group means differ by 1 standard deviation.
● A d of 2 indicates that the group means differ by 2 standard deviations.

Alternatively, another way to interpret Cohen’s d: An effect size of 0.5 means the value of the average person in group 1 
is 0.5 standard deviations above the average person in group 2. Each question was modeled as continuous variables. 
Multiple comparisons were not controlled for. Statistical analyses were conducted using SAS v9.3 (SAS Institute, Inc, 
Cary, NC, http://www.sas.com).

Assessing Scale Reliability
Cronbach’s alpha was calculated for both the QT scan and the mammogram to assess scale internal consistency and 
reliability. The Cronbach’s alpha coefficient was evaluated using the guidelines suggested by George and Mallery (2018) 
where >0.90 excellent, >0.80 good, >0.70 acceptable, >0.60 questionable, >0.50 poor, and ≤0.50 unacceptable Variables 
that did not correlate were reverse coded in attempts to interpret the Cronbach’s alpha more accurately. The Cronbach’s 
alpha for QT scan was 0.82 [95% CI: 0.78, 0.86]. For mammogram, Cronbach’s alpha was 0.87 [0.85, 0.90]. Both of 
these results indicate good reliability.

Assessing Significant Differences
The Shapiro–Wilk test was conducted to determine whether the differences in QT scan and mammogram scores for each 
respective survey item could have been produced by a normal distribution (Razali & Wah, 2011). With an alpha-value of 
0.05, all score distributions for all questions were non-normal with p-values <0.05. These results suggest the differences 
in QT scan and mammogram scores for each survey item are unlikely to have been produced by a normal distribution, 
indicating the normality assumption is violated. Because the assumption of normality was violated for all survey 
questions, Wilcoxon Signed Rank Tests rather than paired Student’s t-tests were conducted to assess for significant 
differences in the data.

Results
Subject Characteristics
Four hundred and thirty of 1200 subjects in the potential study pool agreed to participate in the study. No patients 
withdrew from study participation.

Demographics
Site for their QT breast scan and participant demographic characteristics are shown in Table 1.

Average age of subject was 57 years of age (range was 29 to 89 years) and 100% identified as female. The percentage 
of subjects who completed their trial enrollments are also shown in Table 1.

The study schema (Figure 1) is a flow diagram indicating a patient’s eligibility for the PRO study. If the patient had 
a QT scan with or without a mammogram and consented to the survey regarding the QT scan, then the patient was 
eligible for the study.
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Statistical Analysis to Determine Scale Reliability and Normality
Assessing Scale Reliability
Cronbach’s alpha was calculated for both the QT scan and the mammogram to assess scale internal consistency and 
reliability. The Cronbach’s alpha coefficient was evaluated using the guidelines suggested by George and Mallery (2018) 
where >0.90 excellent, >0.80 good, >0.70 acceptable, >0.60 questionable, >0.50 poor, and ≤0.50 unacceptable Variables 
that did not correlate were reverse coded in attempts to interpret the Cronbach’s alpha more accurately. The Cronbach’s 
alpha for QT scan was 0.82 [95% CI: 0.78, 0.86]. For mammogram, Cronbach’s alpha was 0.87 [0.85, 0.90]. Both of 
these results indicate good reliability.

Assessing Significant Differences
The Shapiro–Wilk test was conducted to determine whether the differences in QT scan and mammogram scores for each 
respective survey item could have been produced by a normal distribution (Razali & Wah, 2011). With an alpha-value of 
0.05, all score distributions for all questions were non-normal with p-values <0.05. These results suggest the differences 
in QT scan and mammogram scores for each survey item are unlikely to have been produced by a normal distribution, 
indicating the normality assumption is violated.

Because the assumption of normality was violated for all survey questions, Wilcoxon Signed Rank Tests rather than 
paired Student’s t-tests were conducted to assess for significant differences in the data. Details on all questions are shown 
below in Tables 2 and 3.

Chi-square tests were also performed and are shown in Table 3.
Overall Scoring – The PRO survey consisted of 36 questions (34 paired experience questions—17 for experiences 

related to the QT Scan and 17 of the same questions for experiences related to DBT; in addition to two other questions). 
Each survey answer option was assigned a point value. The QT Breast Scan Score was created from the sum of all odd 
questions (1–35) in addition to question 36 for a total possible QT Breast Scan Score ranging from 0 to 100. The 
Mammogram Score was created from the sum of all even questions (2–36) in addition to question 13 for a total possible 
Mammogram Score ranging from 0 to 100. Lower overall scores were associated with more negative experiences, while 
higher overall scores were associated with more positive experiences.

The overall summary scores are included at the end of Table 2, with score distributions displayed in Figure 2. 
Differences in PRO scores for QT compared to DBT showed a Cohen d score of 2.8 (highly significant). When the 
d statistic is converted to the student’s t-test, it shows a significance level of <10 −10. Lower overall scores were 
associated with more negative experiences, while higher overall scores were associated with more positive experiences. 
The results indicate significant differences between the overall experience with the QT Breast Scan (mean score of 90.04 
out of 100) compared to a Mammogram (mean score of 43.56 out of 100) (p<0.001).

The summary scores and histograms for all 36 questions and their answer distributions are shown in Figures 2–21.

Discussion
The PRO instrument questions were developed over many years after receiving input from participants and staff during 
the process of performing over 15,000 QT breast scans between 2012 and 2022. A total of 430 participants completed the 
PRO instrument for this study. The methodology was used in multiple PRO studies performed by CODE Technology. 
CODE Technology received input from QT Imaging physicians for all subject communications, consent forms, e-mail 
communications and hosted the online PRO completions. CODE Technology independently performed all the data 
collection, data tracking, archiving, and analysis of clinical significance using Cohen’s d effect size calculations. 
Statistical significance testing was performed by a separately contracted data scientist.

The 36 questions in the PRO instrument addressed 19 different outcomes, and 17 of the 19 showed highly significant 
differences between QT and DBT, indicating an overall more positive experience with the QT Breast Scan compared to 
traditional mammography. Physical discomfort, perceptions of safety and low efficacy, concerns for implant displace-
ment, dense breast imaging accuracy, clinical call-back visits, false-positive results and additional out-of-pocket expenses 
were associated with the highest significant differences. Cohen’s d statistics of between 2.1 and 2.9, by themselves 
indicate a clinically significant difference in patient experience between these two procedure types. Levels of uneasiness, 
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bruising, and interpretation of accuracy were less consistently associated with change in PRO measures. Cohen’s 
d statistics between 1 and 1.6, by themselves indicate a clinically significant difference in patient experience. Overall, 
clinically significant differences in PROs between the QT Breast Scan and DBT were observed in 17 of 19 PRO 
questions.

The null hypothesis was rejected for 17 of the 19 PRO measures, and the levels of significance were very high, 
meaning that the subjects’ experience was far more favorable for the QT breast scan than their experience with 
mammography.

Limitations of the Study
The study was limited to only 430 subjects, and the demographics showed that certain populations were under- 
represented. Prior experiences, such as time since the last mammogram were also not controlled for as a variable. 
There is the possibility of implicit bias given that the QT Breast scan was a newer technology, did not expose the subject 
to radiation or compression and had higher specificity leading to fewer call-backs.

Conclusion
Screening all eligible women who are at risk for breast cancer is not occurring with enough frequency. Many reasons 
exist for this problem and assessing the patient experience in PROs related to mammography was associated with an 
option to be less inclined to undergo screening mammography. Identification of these perceptions could be used to target 
interventions in patients at high risk for opting out of standard screening paradigms or not being offered screening 
mammography to maximize adherence to breast screening recommendations and to offer alternative technologies that 
may be more effective.
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