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TECHNICAL ISSUES

GENERAL RESPONSE

All six weaknesses identified by the Technical Evaluation Group were on the two medical image applications, in particular, in the technical, cost/benefit of, and expertise in telemammography, but none on the networking issues. First, we would like to state that it was our oversight to have not given a thoroughly enough background in telemammography in our original proposal. Our thought process at that time was that this RFP is on the NGI and hence our emphasis was on the testbed networking, and we relied to convey the breast imaging background information through the references. We are glad that the Technical Evaluation Group found no weaknesses related in networking. Now, we would like to take this opportunity to address the concern in breast imaging.

To begin with, a large-scale telemammography research program has been carried on in our laboratory during the past five years. Most of the technical problems have been resolved, and system efficacy issues have been identified and studied. During the past two years, we have been in the process of acquiring data related to system operation and patient evaluation studies. In particular, we have identified certain cost components in the system, and documented benefits based on several pilot studies. In the networking component, we have measured the cost/performance of our private ATM wide area network (WAN) in telemammography application. We have identified that this component is the most difficult obstacle in telemammography in terms of cost/performance, and that it is the most likely candidate to be replaced by the NGI. Therefore, in coherence with the initiatives of the RFP and our proposal, our responses to these weaknesses will be emphasized on networking. We are about two years away in performing a rigorous complete system cost/benefit and efficacy study, and our system is perhaps one of the most comprehensive telemammography systems available today in the nation for such a study.

In the following, certain background materials related to telemammography will be first given, which would address some of the general issues raised. These background materials are based on some of our preliminary studies, and results extracted from two recent Workshops on Digital Mammography and Telemammography. These workshops were sponsored by the Joint U.S. Public Health Services Office on Women’s Health and National Cancer Institute Working Group on Digital Mammography Display and Workstation Design on March 9-10, 1998, and March 15-17, 1999. These publications are enclosed in Appendices 1 and 2.

BACKGROUND

Breast cancer is the fourth most common cause of death among women in the United States. There is no known means of prevention, and available therapy has been unsuccessful in reducing the national mortality rate over the past 60 years. Current attempts at controlling breast cancer concentrate on early detection by means of mass screening and using periodic film/screen mammography and physical examination, because ample evidence now indicates that such screening indeed can be effective in lowering the death rate.

Through intensive synergetic research and development efforts between private industry and academia during the past seven years, full-field digital mammography (FFDM) has emerged as a modality for replacing the conventional film/screen method judging by the image quality from field experience. FFDM offers another advantage in telemammography that cannot be easily performed with the film-screen technique due to the inferior quality and the tedious procedure of using digitized film in telemammography. It has been demonstrated that the image quality of the transmitted digital mammograms is at least as good as, if not superior to, conventional film/screen mammograms obtained concurrently.


Interpretation of mammograms requires qualified mammographers. Currently, there are insufficient mammographers (about 1,000) in the United States who have been trained in a full fellowship program after the radiology residency. There are only about ten full Fellowship Programs offering one or more years training in breast imaging in the nation. The concept of telemammography is therefore to remedy the shortage of expert mammographers by allowing them to work in several different offices or hospitals, and to manage and interpret examinations that are performed in nearby or even distant locations.  Telemammography will permit an expert to manage and read, in real time, all mammography examinations, a procedure far superior to the alternative of choosing between deferred interpretation by expert readers, or real-time interpretation by general radiologists.

The vast majority of diagnostic mammography is performed in non-University facilities.  Most of these examinations are interpreted by general radiologists rather than by breast imaging specialists, for three inter-related reasons. First, diagnostic mammography examinations must be actively managed by a radiologist in order to tailor the imaging to the specific needs of each individual examination.  Second, most community-based radiology practices perform diagnostic mammography simultaneously at several clinical sites. And third, the caseload at each site is insufficient to support a full-time breast imaging specialist.  However, on average, breast imaging specialists provide more accurate interpretations (fewer false-positive and false-negative cases) for both diagnostic and screening mammography examinations than do general radiologists.  Therefore, the development of successful mammographic approaches that promote widespread specialization in breast imaging of general radiologists promises to improve the detection and diagnosis of breast cancer on a large-scale basis. 

During the past five years in our laboratory, research topics in telemammography including digital mammography, soft copy display of digital mammogram, image compression, interactive digital teaching file in breast imaging, teleconsultation, high speed WAN have been successfully conducted. In the past two years, we have used our  telemammography system to examine more than 800 patients. However, this work has been done entirely in a University-based setting.  It needs to be extended outside the University, to those clinical settings where most mammography is actually practiced, and where the need for specialization is most acute. One of the major obstacles prevents us to do so is the availability of a low cost but high performance WAN. The availability of the NGI provides us with an excellent opportunity to extend the concept of telemammography and breast imaging interactive teaching globally. 

Successful completion of our proposed research, by translating University-based experience to the community practice setting using the NGI, will permit community-practice radiologists with the greatest interpretive expertise to manage and read in real time all mammography examinations in a practice, even if those examinations are obtained at multiple sites.  This is an operational procedure far superior to the alternatives of either deferred interpretation by off-site expert readers or real‑time interpretation by on-site general radiologists.  Thus, the proposed research promises to promote sub-specialization of community radiologists in breast imaging, thereby improving breast cancer detection and diagnosis on a nationwide scale.

SPECIFIC

Item 1.
A weakness in the justification for the proposed testbed is the limited attention of the investigators to the many additional factors that limit the demand for the interpretation of mammograms relative to the theoretical need. From information provided on previous studies that the investigators have done on their existing telemammography system, there is reason to believe that some of the necessary data to answer this question is available. However, this is not stated or elaborated clearly in the proposal. Comment.

Response

The reviewer is correct that many additional factors limit the demand for the interpretation of mammograms relative to the theoretical need. We did not intentionally ignore these factors in the original application. The reason is because the emphasis of our proposal is not on the justification of telemammography research per se, but on the performance of NGI when used in telemammography application.

We interpret the word “mammograms” in the reviewer statement as digital mammograms and not film/screen mammograms. If the latter is the case, then the factors are that not enough qualified mammographers are available to read, and that there is a lack of public awareness in using mammography screening for early cancer detection. 


In digital mammograms, the initial concern by the community was on the difference in image quality between the digital mammograms compared with the film/screen mammograms. Three major prototype digital mammography systems installed in more than ten sites in the US by GE Medical Imaging Systems, Fischer Imaging Corp, and TREX Medical Group produce comparable quality digital mammograms. In early 1999, the users’ general consensus in these sites was that the quality of a digital mammogram is as good as, if not superior than, that from the film/screen system [see Appendices 1 and 2]. The other major factors limiting demand are:

A. FDA Approval

Currently, the FDA is still in the process of approving the use of digital mammography for daily clinical use. The reason mainly is not because of the system safety, dosage to patient, and image quality, but a federal regulatory issue. The mammography community expects FDA would approve its use in year 2000. 

B. System Cost

The list price of the system cost of a current digital mammography (DM) unit is about $400,000 compared with $100,000 of the film/screen system. The price of the DM is still too high for general installation. We expect the price will drop during the next three years when they are mass-produced, competitive with the current film/screen system.

C. Workstation Design and Utilization

It takes a mammographer an average of 2 minutes to read one case from films. Therefore a digital mammography workstation has to compete with this performance. In addition to the speed of display, the workstation design must also consider:

· Instantaneous display

· Variable image display format

· Instantaneous automatic look-up-table

· Tissue characterization

· Instantaneous image manipulation

These factors are difficult to resolve since the image size is very large.  Two recent Workshops in Digital Mammography and Telemammography had identified the design of the digital mammography workstation as a research priority in order for digital mammography to be used successfully in every day clinical application [Appendices 1 and 2]. 

Using support from other sources, our group has made major contributions in this area especially in display speed, workstation design, and display software. Workstation design is a continuously evolving process. Currently, our workstation is almost matching the performance of the film/screen viewing in terms of speed of display, ease of use, and image quality. Another important improvement will be in the patient work flow management to speed up the viewing process during screening.

D. Image archive and retrieval

A digital mammogram is approximately 4K x 5K in size, with 12 bits/pixel, or 40 Mbytes/image. An average examination requires four images (Left: CC and MLO views; Right: CC and MLO) or 160 Mbytes/exam. Therefore, it requires a very large archive and retrieval system to manage these examinations. During the past three years, we have solved this problem by developing an on-line digital mammography image archive and retrieval system supporting our two digital mammography systems

E.
Image transmission speed (a factor in telemammography).

Using the private ATM WAN and LAN, we are able to transmit a full resolution (4K x 5K) digital mammogram (without compression) in 7 seconds between two workstations. This performance has been ruled acceptable for daily practice by expert mammographers. It is the impetus of this current application to compare the capability of the NGI with the performance of our private ATM network. 

Item 2. 
The offeror does not discuss the cost/benefit and efficacy of the current system. This question should be answered prior to pursuing the goal of making the system more remotely accessible. Discuss.

Response

We will discuss both Item 2 and Item 4 in this section since both items are related to the cost issue of telemammography. Please keep in mind that the development of telemammography is still in its adolescence, the cost/benefit analysis described here is based on our limited field experience. A larger and more rigorous telemammography cost/benefit study requires a well-defined controlled protocol, which we believe, is still about two years away before such a study can be embarked. It is due to various unsettled issues including patient cost reimbursement, controlled environment, stability of the imaging equipment, and patient population. First, let us address Item 2 on cost/benefit and efficacy. 

We interpret the word “system” in this Item as the telemammography system discussed in Sections 1.3.1.2 and 3.2.1, Figures 3 and 13, and Table 4 in our original proposal. In this system: the approximate list prices of the major hardware components are:

 
Digital Mammography system:     

$ 400,000/unit

 
Workstation


        

$   80,000/unit

  
Networking ATM hardware components
$ 100,000/one time


Image management including archive
$ 100,000/one time

The major operational costs (excluding labors) are: 


System maintenance



$   10% of capital equipment.

Networking ATM WAN connection

$   9,000/site/month in N. CA 


Since this telemammography system is assembled with state-of-the-art research equipment, its cost is high. But this is true for any innovative application, not just telemammography.  The high cost should be considered as the first time investment. As the technology becomes more mature and the number of telemammography sites increases, the capital equipment and operational costs will reduce substantially. Our proposal emphasizes one aspect of the operational cost, namely, networking.

In our current telemammography application, we use a private ATM Sonet ring. As it is seen from the cost break down, it costs $9,000/site/month. Thus, for three sites in our system, it costs $324,000 per year. An outrageous figure! The cost of high speed WAN has not reduced during the past three years, not because of the technology but due to the monopoly of long distance carriers, and supply and demand. With the availability of public NGI, we see a breakthrough in reducing or even eliminating the network operational cost. Therefore, in this response, we concentrate on the cost/benefit of network components, and we believe that the cost can be reduced to almost zero when the NGI becomes available.


Regarding the benefit and efficacy of telemammography, the contents in the two Workshops [Appendices 1 and 2] and description given in the introductory section clearly demonstrate some of the benefits of  telemammography which are not available in current film/screen mammography. The following describes some benefits and efficacy in terms of operation efficiency, accuracy, the quality of health care, and benefit to patient based on our results:

Operation Efficiency

A.  Our past two-year study results demonstrate that in telemammography, a digital  mammogram is available for reading on a display workstation at the expert site connected to the ATM WAN Sonet ring in about 1.5 minutes after the x-ray exposure at the examination site.  The elapsed time includes image formation and standarization (55~60 seconds), transmission (6~7 seconds), local database management at the workstation (15~20 seconds), display (2~3 seconds), and archiving (no time required during the procedure since it is operated in a background mode).  On the other hand, it takes 1.5 minutes just to develop one mammography film using the conventional film/screen method after the exposure. In addition, film operation requires additional times to deliver the films (distance dependent), mount the films on the light boxes, and later archive the films. Therefore, from the efficiency point of view, telemammography is superior.

B.    Another operational efficiency is in image and information retrieval and distribution. The archive component in a telemammography system can automatically retrieve selected historical images of a particular patient from the long-term storage. These images will then be transmitted within seconds along with the patient’s current images for comparison to a designated remote display workstation with an expert on duty. The archive component provides a tele-imaging support of on-line mammography diagnosis for the patient.  Comparing with the conventional mailing system used in a film operation, the telemammography system is certainly more efficient and likely more cost/beneficial.

Accuracy and Quality of Health Care
One of our pilot studies compared the reading and patient management differences between an expert mammographer and a general radiologist. Preliminary results show that three out of sixty-four random cases have a different BI-RADS (Breast Imaging Reporting and Data System) mammography patient management decision between the breast imaging expert and the general radiologist. BI-RADS is a diagnostic standard used in breast imaging. Although this is an unpublished result since it requires patient follow-up (about one year later) to verify the outcome, field experience has been that 95% of the time, the expert mammographer is correct. 

Benefit to Patient Care - Effective Utilization of the Expert Mammographer

Another appealing fact is that in a telemammography system patient examination can be performed any where with the digital mammography unit and images can be transmitted to any selected expert site for clinical review. This translates to full utilization of limited resource of expert mammographer. Theoretically, a patient can have the digital mammography examination done at any imaging center with no attending mammographer and still receive the expert’s diagnosis. Thus, the patient benefits from the telemammography system.

The result of the pilot study described in the “accuracy” paragraph was obtained with a mammographer at the expert site. For those three cases, the expert could have actually performed remote telemanagement in real-time to prescribe the next diagnostic step, sparing the patient to go home, wait, and come back for another examination. This translates to cost savings both in terms of time and money. It also alleviates the patient the agony of an intolerable two-week (approximately) waiting time for the result. This can translate to the benefit of patient welfare.

For Item 4, the cost issue in telemammography has been discussed in previous paragraphs. We have also touched upon the issue of the long-range question whether telemammography will improve the quality of care. We would like to reiterate here based on our limited two-years field experience that telemammography does provide better health care because:

· It is a more efficient operation, 

· It provides better diagnostic accuracy (with the expert using telemammography compared with the general radiologist using routine film mammogram), 

· It benefits the patient, and 

· It fully utilizes the limited number of available mammographers.

As for mortality and morbidity, we know that early detection can reduce the death rate and slow down the disease progression, but early detection will require a national mass screening program. A mass screening program needs a sufficient number of experts, and efficient and effective instrumentation. With a short supply of well-trained mammographers, using telemammography systems easily accessible in the nation allowing mammographers to perform the reading at their own sites is the current thought of managing such a program.  To increase the number of full fellowship training programs is not feasible because such a fellowship program is a cost instead of a profit center for an institution.  
Item 3.
The offeror does not make a compelling argument for the need to make the library of training cases more widely available at this time. A preliminary answer to this question appears feasible based on local experience without extending the access to the existing system from other remote locations. Issues that need to be addressed are: a) whether this project will lead to better quality of care, b) whether it will lead to higher levels of expertise in mammography, c) whether it will increase the utilization of services. Discuss.

Response

As we mentioned in the Introduction of this response that breast cancer is the fourth most common cause of death among women in the United States. A method to reduce the death rate is by using a mass mammography screening program for early detection. Screening programs require many mammographers which we do not have. For this reason, we need to derive a method to better equip general radiologists in reading breast images. Therefore, there is a compelling need to extend this interactive teaching file globally for radiologists’ continuing education in breast imaging. In particular:

a. This extension will lead to better quality care because the patient will be cared for by a better prepared general radiologist in breast imaging.

b. Continuing education through the teaching file will improve general radiologists’ skill and confidence level in interpreting mammograms. Since the teaching file is continuously replenished by the Director of the Breast Imaging Section, Dr. Sickles (an investigator in this research), newer clinical materials are constantly available, and 

c. We believe that this interactive file service will be utilized increasingly because during the past three years, all available quotas were filled for visiting fellows paying over $500 to come to our site for a one-week fellowship training in breast imaging including the use of the file. Now we are offering this interactive file free through the NGI.   

Item 4.
Some discussion needs to be added to address the costs associated with telemammography. A long-range question is whether the evaluation will prove an improvement in quality of care and result in profound effect on mortality and morbidity of breast cancer. This issue will need to be addressed in the evaluation component of the proposal. Comment.

Response

We have commented this issue in Item 2.

Item 5.
There is a lack of medical clinical expertise, more apparent especially considering the number of different tasks planned. Comment and provide documentation if personnel is augmented.

Response

In our proposal, we concentrate in breast imaging and not general medical imaging. All the different tasks planned are also related to breast imaging only. In this respect, the two clinical investigators in this project, Dr. Edward Sickles at UCSF, and Dr. Debra Ikeda at Stanford University, both are Directors of the Breast Imaging Section at their respective institutions, each of which has a full fellowship training program. There are only ten of such training programs in the nation. In addition, Dr. Sickles is a world-renowned mammographer recognized as one of the five best in the nation. He has trained about 3% of all the mammographer pool in the nation.

For the reasons that we are concentrating only in breast imaging in this research, and that both of our reputable clinical investigators are well recognized in the breast imaging field, we feel that we have sufficient clinical and medical expertise to conduct the specific breast imaging research. In addition, the staff (residents, fellows, and junior faculty) in both Breast Imaging Sections at UCSF and Stanford (about five each), will also participate in the telemammography evaluation studies. Also, all residents (about 40 at each institution) rotating through the Breast Imaging Section will also participate in the interactive teaching file evaluation. These two routines have been the ongoing practice in our past and current research in telemammography application and interactive teaching file development. We apologize that we did not specify these points clearly enough in our original proposal.   

Item 6.
The proposal lacks individuals with qualifications and experience in educational research study design and the study of cost/benefit, safety and efficacy of medical systems. Comment.
Response   
A. Educational Research Study Design

One of the two applications in our NGI proposal is to extend an in-house developed “interactive breast imaging teaching file” from a local workstation environment, to a global client-server environment through the NGI. The teaching file consists of over 200 breast imaging cases with multiple images per case. Of these images, over 90% are digitized mammograms about 8 Mbytes per image. Dr. Sickles, a world-renowned mammogrpaher recognized as one of the five best in the US, and an investigator in this project, selected these cases and developed the questionnaires and text information related to these cases. Dr. Cao, an investigator designed and developed the CAI (computer-aided instruction) model and the teaching file system, has been working with Dr. Sickles in this project for over five years.

During the past four years, this teaching file has been used by over 300 radiology residents, in-house and visiting fellows, for standard breast imaging training. All residents in our radiology training program are required to take a ten hour (about 50 cases) mandatory training for breast imaging using this teaching file.  In addition, over 1,000 users have had access to the file locally for reviewing and for demonstration. The system was exhibited during 1996, 1997, 1998 RSNA, and won a Certificate of Merit Award in 1996. During these one-week annual society meetings, numerous users tried to access cases for training. Survey results by users demonstrate an overwhelming enthusiasm for the effectiveness of using this teaching file for interactive learning of breast imaging. During the past four years, many colleagues and fellows have requested that we extend this interactive teaching file globally to serve a larger community. However, due to the slow speed of the current Internet, it is impractical to extend this interactive teaching file globally because of the time required for transmission and manipulation of large size images during the teaching session. The next generation Internet provides us with a vehicle for the extension. 

Based on our past experience in operating this teaching file, and extremely positive feedback from users, we feel that we have the knowledge and expertise in extending the local workstation to a global client-server system using the NGI. It is because the application is very specific to breast imaging education—our specialty. However, the Technical Evaluation Group is correct that our strength is not in educational research study design, and would benefit from such an expert with more experience in this respect. For this reason, we have obtained the agreement from Dr. Parvati Dev, Director, SUMMIT (Stanford University Medical Media and Information Technologies), Stanford University, as our collaborator in this application. Dr. Dev has spent 10 years at SUMMIT in design, validation, and implementation of interactive medical educational media for the Medical School. She will spend 10 % of her time to guide us through the rigors of extending the interactive teaching file from a local workstation environment to a global client-sever environment. Her letter of consent and biographical sketch are enclosed in Appendix 3.

B. Study of Cost/Benefit

We have discussed earlier in Items 2 and 4 that the current proposal is not to evaluate the cost/benefit of telemammography, instead it is to compare the performance of its network component with that of the NGI. One of the major obstacles in telemammography is in image transmission in terms of speed and cost. A successful validation of the NGI in terms of these two factors will move telemammography to a closer proximity for its daily clinical use. For this reason, we are not planning to change our research methodology, but will continue concentrating in the performance versus operational cost of the networking component described in the proposal. We hope our explanation would satisfy the concern raised by the Technical Evaluation Group. For this simpler cost model, we believe we have enough background for performing the study.

C. Safety and Efficacy of Medical Systems

Dr. Huang, PI of this project, has over 30 years experience in medical imaging system design, implementation, validation, safety, and efficacy. He is well qualified to direct the research in the safety and efficacy of medical imaging systems. The following are some of his qualifications:

Dr. Huang’s early work in medical imaging systems was in the development of the SPIDAC (specimen input to digital automatic computer) in 1973 at Georgetown University, one of the first few microscopic imaging devices [see Publication 7 in Appendix 4]. His involvement in this system included design, implementation, and efficacy. The second medical imaging system was the development of the world’s first whole body CT scanner at Georgetown University in 1975. His involvement included system design, implementation, the FDA approval procedure, installation, safety, patient study protocol, and user training [see Publications 12,13 15, 16 in Appendix 4]. 

Concerning very large scale medical imaging systems, Dr. Huang developed the PACS (picture archiving and communication system) at UCLA supervising a staff of over 20 members from 1987 to 1991 [see Publications 98, 102, 137, 141, 154 in Appendix 4]. The system was released for daily clinical use (600 beds) in1991 and is still being used there now. During this development, the system safety to patient welfare was a most important consideration because the PACS included the then newly developed CR (computed radiography) units, and it replaced film reading with CRT reading. The efficacy on replacing a film-based system with a digital system was also a major consideration. From 1993 to 1995, Dr. Huang developed a second generation hospital-integrated (HI) PACS at UCSF and it was released for clinical operation in 1995 (two hospitals, 500 + 300 beds). Since the HI-PACS involves other hospital information systems, like HIS (hospital information system) and RIS (radiology information system), the consideration of system safety to patient welfare was even more strict and the methods of evaluating system cost/benefit and efficacy more comprehensive [see Publications 174, 181 in Appendix 4]. Chapter 15 “PACS Implementation and System Evaluation” and Chapter 16 “PACS Clinical Experience, Pitfall, and Bottleneck” of Dr. Huang’s 1999 book: “PACS Basic Principles and Application” by John Wiley & Sons solidifies some of these concepts and experiences [see p. 9, Appendix 4].

Dr. Huang’s recent interest has been in telemammography which, in addition to system design and implementation, also involves system safety and efficacy, specifically, his involvement in participating in the FDA digital mammography clinical trial [see Appendices 1 and 2]. All our current research patient study protocols are under the auspices of the Committee on Human Research (CHR) at UCSF. For completeness, we are enclosing Dr. Huang’s extensive CV to justify his qualifications and experience in the safety and efficacy of medical imaging systems [see Appendix 4]. 

Despite these qualifications of Dr. Huang in safety and efficacy of medical imaging systems, we shall consider recruiting extra expertise in this area should we discover that further assistance would be needed after the first year of this research. We shall request through an amendment to the NLM Contracting Office at that time.
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