36-033

RECEIVED
JUN 16 2026

ILLINOIS HEALTH FACILITIES AND SERVICES REVIEW BOARD

APPLICATION FOR PERMIT

il i case

SECTION I. IDENTIFICATION, GENERAL INFORMATION, AND CERTIFICATION

This Section must be completed for all projects.

Facility/Project Identification

Facility Name: Advanced Radiation Center of Chicago

Street Address: 8915 W. Goif Road

City and Zip Code: Niles, 80714

County: Cook Health Service Area: 007

Health Planning Area: 031

Applicant(s) [Provide for each applicant (refer to Part 1130.220))

Exact Legal Name: UroPartners, LLC

Street Address: 2245 Enterprise Drive, Suite 4506

City and Zip Code: Westchester, 60154

Name of Reqgistered Agent: lllinois Corporation Service Company

Registered Agent Street Address: 801 Adlai Stevenson Drive

Registered Agent City and Zip Code: Springfield, 62703

Name of President: Justin Cohen, M.D.

President Street Address: 2245 Enterprise Drive, Suite 4506

President City and Zip Code: Westchester, 60154

President Telephone Number: (708) 492-0502

Type of Ownership of Applicants

O Non-profit Corporation O Partnership
[l For-profit Corporation O Governmental
X Limited Liability Company O Sole Proprietorship

o Corporations and limited liability companies must provide an lllinois certificate of good

standing.

= Partnerships must provide the name of the state in which they are organized and the name and
address of each partner specifying whether each is a general or limited partner.

| Cther

APPEND DOCUMENTATION AS ATTACHMENT 1, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE

APPLICATION FORM.

Primary Contact [Person to receive ALL correspondence or inquiries)

Name: Juan Morado Jr., and Mark J. Silberman

Title: CON Counsel

Company Name: Benesch, Friedlander, Coplan & Aronoff

Address: 71 S. Wacker Drive, Suite 1600 Chicago, IL 60606

Telephone Number: (312) 212-4967 and (312) 212-4952

E-mail Address: JMorado@beneschlaw.com and MSilberman@beneschlaw.com

Fax Number: (877) 3574913
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LLINOIS HEALTH FACILITIES AND SERVICES REVIEW BOARD
APPLICATION FOR PERMIT

SECTION I. IDENTIFICATION, GENERAL INFORMATION, AND CERTIFICATION
This Section must be completed for all projects.

Facility/Project Identification

Facility Name: Advanced Radiation Center of Chicago

Street Address: 8815 W. Golf Road

City and Zip Code: Niles, 60714

County: Cook Health Service Area: 007 Health Planning Area: 031

Applicant(s) [Provide for each applicant (refer to Part 1130.220)]

Exact Legal Name: Solaris Health Holdings, LLC

Street Address: 2101 W. Commercial Boulevard, Suite 3500

City and Zip Code: Fort Lauderdale, 33309

Name of Registered Agent: lllinois Corporation Service Company

Registered Agent Street Address: 801 Adlai Stevenson Drive

Registered Agent City and Zip Code: Springfield, 62703

Name of CEQ: James Weber, M.D.

CEO Street Address: 500 E. Broward Boulevard, Suite 2150

CEOQ City and Zip Code: Fort Lauderdale, 33394

CEOQ Telephone Number: (708) 492-0502

Type of Ownership of Applicants

O Non-profit Corporation O Partnership
O For-profit Corporation O Governmental
¢ Limited Liability Company O Sole Proprietorship O Other

o Corporations and limited liability companies must provide an lllinois certificate of good
standing.

o Partnerships must provide the name of the state in which they are organized and the name and
address of each partner specifying whether each is a general or limited partner.

APPEND DOCUMENTATION AS ATTACHMENT 1, IN NUMERSC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

Primary Contact [Person to receive ALL correspondence or inquiries]

Name: Juan Morado Jr., and Mark J. Silberman

Title: CON Counsel

Company Name: Benesch, Friedlander, Coplan & Aronoff

Address: 71 5. Wacker Drive, Suite 1600 Chicago, IL 60606

Telephone Number: (312) 212-4967 and (312) 212-4952

E-mail Address: JMorado@beneschlaw.com and MSilberman@beneschlaw.com

Fax Number: (877) 357-4913
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Additional Contact [Person who is also authorized to discuss the application for permit]

Name: Nick Radonijic

Title: General Counsel/Chief Operating Officer

Company Name: UroPartners, LLC

Address: 2245 Enterprise Drive, Suite 4506, Westchester, IL 60154

Telephone Number: {708) 492-0565

E-mail Address: nradonjic@uropartners.com

Fax Number; (708) 495-0585

Post Permit Contact [Person to receive all correspondence after permit issuance-THIS PERSON MUST BE
EMPLOYED BY THE LICENSED HEALTH CARE FACILITY AS DEFINED AT 20 ILCS 3960]

Name: Nick Radonijic

Title: General Counsel/Chief Operating Officer

Company Name: UroPartners, LLC

Address: 2245 Enterprise Drive, Suite 4506, Westchester, IL 60154

Telephone Number: (708) 492-0565

E-mail Address: nradonjic@uropartners.com

Fax Number: {(708) 495-0585

Site Ownership [Provide this information for each applicable site]

Exact Legal Name of Site Owner: MOB Niles A Delaware

Address of Site Owner: 2801 Butterfield Road, Oak Brook, IL 60523

Street Address or Legal Description of the Site;
Proof of ownership or control of the site is to be provided as Attachment 2. Examples of proof of ownership
are property tax statements, tax assessor’s documentation, deed, notarized statement of the corporation

attesting to ownership, an option to lease, a letter of intent to lease, or a lease.

APPEND DOCUMENTATION AS ATTACHMENT 2, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

Operating ldentity/Licensee [Provide this information for each applicable facility and insert after this page]

Exact Legal Name: Advanced Radiation Center of Chicago

Address: 8915 W. Golf Road, Niles, IL 60523

O Non-profit Corporation O Partnership
O For-profit Corporation O Governmental
X Limited Liability Company O Sole Proprietorship (| Other

o Corporations and limited liability companies must provide an lllinois Certificate of Good Standing.

o Partnerships must provide the name of the state in which organized and the name and address of
each partner specifying whether each is a general or limited partner.

o Persons with 5 percent or greater interest in the licensee must be identified with the % of
ownership.

APPEND DOCUMENTATION AS ATTACHMENT 3, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

Organizational Relationships

Provide (for each applicant) an organizational chart containing the name and relationship of any person or
entity who is related (as defined in Part 1130.140). If the related person or entity is participating in the
development or funding of the project, describe the interest and the amount and type of any financial
contribution.

APPEND DOCUMENTATION AS ATTACHMENT 4, IN NUMERIC SEQUENTIAL ORDER AFTER THE ILAST PAGE OF THE
APPLICATION FORM.
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Flood Plain Requirements [Refer to application instructions]

Provide documentation that the project complies with the requirements of lllinois Executive Order #2006-5
pertaining to construction activities in special flood hazard areas. As part of the flood plain requirements,
please provide a map of the proposed project location showing any identified floodplain areas. Floodplain
maps can be printed at www.FEMA.gov or www.illinoisfloodmaps.org. This map must be in a
readable format. In addition, please provide a statement attesting that the project complies with the
requirements of lllinois Executive Order #2006-5 (http://www.hfsrb.illinois.gqov). NOTE: A
SPECIAL FLOOD HAZARD AREA AND 500-YEAR FLOODPLAIN DETERMINATION
FORM has been added at the conclusion of this Application for Permit that must be
completed to deem a project complete.

APPEND DOCUMENTATION AS ATTACHMENT 5, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

Historic Resources Preservation Act Requirements
[Refer to application instructions. ]

Provide documentation regarding compliance with the requirements of the Historic Resources
Preservation Act.

APPEND DOCUMENTATION AS ATTACHMENT 6, iN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

DESCRIPTION OF PROJECT

1. Project Classification
[Check those applicable - refer to Part 1110.20 and Part 1120.20(b)]

Part 1110 Classification ;

O Substantive

Non-substantive

- Page 4




2. Narrative Description

In the space below, provide a brief narrative description of the project. Explain WHAT is to be done in
State Board defined terms, NOT WHY it is being done. If the project site does NOT have a street
address, include a legal description of the site. Include the rationale regarding the project’s classification
as substantive or non-substantive.

This Application is filed due to Acquisition of Major Medical Equipment by UroPartners, LLC who will be
operating Advanced Radiation Center of Chicago (“ARCC") to be located at 8915 W. Golf Road in Niles,
ltinois 60714. Specifically, the project by UroPartners, LLC includes the acquisition of major medical
equipment pursuant to 77 lll. Admin. Code 1110.270(a}(2)(c){3){A). Solaris Health Holdings, LLC will be
guaranteeing the funding for the acquisition.

This major medical equipment includes a Varian Ethos Machine (LINAC) and a SOMATON.go CT SIM
from Siemens, and other ancillary capital equipment.

The above-described major medical equipment acquisition constitutes a non-substantive project, subject
to review and approval by the Board.

Page 5 ——r—



Project Costs and Sources of Funds

Complete the following table listing all costs (refer to Part 1120.110) associated with the project. When a
project or any component of a project is to be accomplished by lease, donation, gift, or other means, the
fair market or dollar value (refer to Part 1130.140) of the component must be included in the estimated
project cost. If the project contains non-reviewable components that are not related to the provision of
health care, complete the second column of the table below. Note, the use and sources of funds must be

equal.

Project Costs and Sources of Funds

USE OF FUNDS CLINICAL NONCLINICAL TOTAL

Preplanning Costs - - -
Site Survey and Soil investigation - - -
Site Preparation - - -
Off Site Work - - -
New Construction Contracts $850,000 $400,000 $1.250,000
Modemization Contracts - - -
Contingencies $30,000 $40,000 $120,000
Architectural/Engineering Fees $47,312 $127.688 $175,000
Consulting and Other Fees - - -
(I\;ﬂoc:‘\zfabéfs;)r Other Equipment (not in construction $5,410.000 $750 000 $6,160,000
Bond Issuance Expense (project related) - - -
Net Interest Expense During Construction (project . . .
related)
Fair Market Value of Leased Space or Equipment $250,000 $674,000 $924,000
Other Costs to Be Capitalized - - -
Acquisition of Building or Other Property (excluding } } _
land)
TOTAL USES OF FUNDS $6.637 312 $1,891,688 $68.629,000

SOURCE OF FUNDS CLINICAL NONCLINICAL TOTAL
Cash and Securities $6.387.312 $1317,688 $7,705,000
Pledges 0 o 0
Gifts and Bequests 0 0 0
Bond Issues (project related) 0 0 0
Mortgages 0 0 0
Leases (fair market value) $250,000 $674,000 $924,000
Governmental Appropriations 0 0 0
Grants 0 0 0
Other Funds and Sources 0 0 o
TOTAL SOURCES OF FUNDS $6,387,312 $1,991,688 $8,629,000

NOTE: ITEMIZATION OF EACH LINE ITEM MUST BE PROVIDED AT ATTACHMENT 7, IN NUMERIC SEQUENTIAL ORDER AFTER

THE LAST PAGE OF THE APPLICATION FORM.
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Related Project Costs
Provide the following information, as applicable, with respect to any land related to the project that will be
or has been acquired during the last two calendar years:

Land acquisition is related to project [ ves BJ No
Purchase Price: NOT APPLICABLE
Fair Market Value: NOT APPLICABLE

The project involves the establishment of a new facility or a new category of service
O Yes No

If yes, provide the dollar amount of all non-capitalized operating start-up costs (including
operating deficits) through the first full fiscal year when the project achieves or exceeds the target
utilization specified in Part 1100.

Estimated start-up costs and operating deficit cost is NOT APPLICABLE

Project Status and Completion Schedules

For facilities in which prior permits have been issued please provide the permit numbers.

Indicate the stage of the project's architectural drawings:
(] None or not applicable {J Preliminary
Dd Schematics [J Final Working

Anticipated project completion date (refer to Part 1130.140): _July 1, 2027

Indicate the following with respect to project expenditures or to financial commitments (refer to
Part 1130.140):

[ Purchase orders, leases or contracts pertaining to the project have been executed.
[J Financial commitment is contingent upon permit issuance. Provide a copy of the
contingent “certification of financial commitment” document, highlighting any language
related to CON Contingencies

X Financial Commitment will occur after permit issuance.

APPEND DOCUMENTATION AS ATTACHMENT 8, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

State Agency Submittals [Section 1130.620(c}]

Are the following submittals up to date as applicable?
B Cancer Registry
APORS

& All formal document requests such as IDPH Questionnaires and Annual Bed Reports
been submitted

(X Al reports regarding outstanding permits

Failure to be up to date with these requirements will result in the application for
permit being deemed incomplete,




Cost Space Requirements

Provide in the following format, the Departmental Gross Square Feet (DGSF) or the Building Gross
Square Feet (BGSF) and cost. The type of gross square footage either DGSF or BGSF must be
identified. The sum of the department costs MUST equal the total estimated project costs. Indicate if any
space is being reallocated for a different purpose. Include outside wall measurements plus the
departments or area’s portion of the surrounding circulation space. Explain the use of any vacated
space.

Not Reviewable Space [l.e., non-clinical]: means an area for the benefit of the patients, visitors, staff, or employees of a health
care facility and not directly related to the diagnosis, treatment, or rehabilitation of persons receiving services from the health care
facility. "Non-clinical service areas” include, but are not fimited to, chapels: gift shops. newsstands, computer systems. tunnels
walkways, and elevators, telephone systems; projects to comply with life safety codes; educational facilities; student housing;
patient. employee, staff, and visitor dining areas, administration and volunteer offices, modernization of structural components (such
as roof replacement and masonry work); boiler repair or replacement. vehicle maintenance and storage facilities; parking facilities,
mechanical systems for heating, ventilation, and air conditioning. loading docks; and repair or replacement of carpeting. tile. wall
coverings, window coverings or treatiments, or furniture.  Solely for the purpase of this definition, “non-clinical service area” does nol
include health and fitness centers [2011.CS 3960/3)

Amount of Proposed Total Gross Square
Gross Square Feet Feet That Is:
- New . Vacated
Dept. / Area Cost Existing | Proposed Const. Modernized | Asls Space

REVIEWABLE R - N
Diagnostic
Radiology 6,637,312 - 1,574 1,574 - - -
Total Clinical 6,637,312 - 1,574 1,574 - - -
NON-
REVIEWABLE
Administrative 1,991,688 - 4,248 4,248 - - -
Total Non-clinical 1,991,688 - 4,248 4,248 - - -
TOTAL 8,629,000 - 5,822 5,822 - - -

APPEND DOCUMENTATION AS ATTACHMENT 9, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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Facility Bed Capacity and Utilization - NOT APPLICABLE

Complete the following chart, as applicable. Complete a separate chart for each facility that is a part of
the project and insert the chart after this page. Provide the existing bed capacity and utilization data for
the latest Calendar Year for which data is available. Include observation days in the patient day

totals for each bed service.

application being deemed incomplete.

Any bed capacity discrepancy from the Inventory will result in the

FACILITY NAME: Advanced Radiation Center of Chicago CITY: Niles

REPORTING PERIOD DATES: from: to:

Category of Service Operating | Number of | Surgery Total Surgery Total Surgery
Room Surgeries | Time Prep & Clean-Up Time (Hours)

{(Hours) Time (Hours)

Medical/Surgical

Obstetrics

Pediatrics

Intensive Care

Comprehensive Physical
Rehabilitation

Acute/Chronic Mental lliness

Neonatal Intensive Care

General L.ong-Term Care

Specialized Long-Term Care

Long Term Acute Care

Other (ASTC)

TOTALS:
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CERTIFICATION

The Application must be signed by the authorized representatives of the applicant entity. Authorized
representatives are:

o inthe case of a corporation, any two of its officers or members of its Board of Directors.

o in the case of a limited liability company, any two of its managers or members (or the sole
manager or member when two or mere managers or members do not exist).

o in the case of a partnership, two of its general partners (or the sole general partner, when two or
more general partners do not exist).

o in the case of estates and trusts, two of its beneficiaries (or the sole beneficiary when two or more
beneficiaries do not exist), and

o inthe case of a sole proprietor, the individual that is the proprietor.

This Application is filed on the behalf of UroPartners, LLC *

in accordance with the requirements and procedures of the lilinois Health Facilities Planning Act.
The undersigned certifies that he or she has the authority to execute and file this Application on
behalf of the applicant entity. The undersigned further certifies that the data and information
provided herein, and appended hereto, are complete and correct to the best of his or her
knowledge and belief. The undersigned also certifies that the fee required for this application is
sent herewith or will be paid upon request.

(i

SIG;GATURE SIGNATURE

Justin Cohen, M.D. Richard Harrig, M.D.

PRINTED NAME PRINTED NAME

President Member

PRINTED TITLE PRINTED TITLE

Notarization: Notarization:

Subgscribed and sworn to before me Subscribed and sworn to before me
this 3o™ day of %\C\U} DG this day of

Signature of Notary Signature of Notary

Seal Seal

OFFICIAL SEAL
BRADLEY A KATZ
rt the EXAgGy Rl aasge of the applicant

*In

Commission No. 754007
My Commission Expires August 15, 2027

28672733 v1



CERTIFICATION

The Application must be signed by the authorized representatives of the applicant entity. Authorized
representatives are:

o in the case of a corporation, any two of its officers or members of its Board of Directors.

O in the case of a limited liability company, any two of its managers or members (or the sole

manager or member when two or more managers or members do not exist).

in the case of a partnership, two of its general partners (or the sole general partner, when two or
more general partners do not exist).

in the case of estates and trusts, two of its beneficiaries (or the sole beneficiary when two or more
beneficiaries do not exist); and

© inthe case of a sole proprietor, the individual that is the proprietor.

This Application is filed on the behalf of UrcPartners, LLC *

in accordance with the requirements and procedures of the lilinois Health Facllities Planning Act.
The undersigned certifies that he or she has the authority to execute and file this Application on
behalf of the applicant entity. The undersigned further certifies that the data and information
provided herein, and appended hereto, are complete and correct to the best of his or her
knowledge and belief. The undersigned also certifies that the fee required for this application is

sent herewith or will be paid upon request.

SIGNATURE

rJustin Cohen, M.D. Richard Harris, M.D.

PRINTED NAME PRINTED NAME

President Member

PRINTED TITLE PRINTED TITLE

Notarization: Notarization:

Subscribed and sworn to before me Subscribed and sworh to befarg me
this day of this day of

Signature of Notary Signature of Notary

Seal Seal

*Insert the EXACT legal name of the applicant

CARMEN M CORONADO
. Official Seal
otary Public - State of Minois

My Commission Expires Sep 12, 2026




CERTIFICATION

The Application must be signed by the authorized representatives of the applicant entity. Authorized
representatives are;

o in the case of a corporation, any two of its officers or members of its Board of Directors.

in the case of a limited liability company, any two of its managers or members (or the sole
manager or member when two or more managers or members do not exist).

o in the case of a partnership, two of its general partners (or the sole general partner, when two or
more general pariners do not exist).

o in the case of estates and trusts, two of its beneficiaries (or the sole beneficiary when two or more
beneficiaries do not exist); and

o _in the case of a sole proprietor, the individual that is the proprietor.

This Application is filed on the behalf of Solaris Health Holdings, LLC *
in accordance with the requirements and procedures of the lllinois Health Facilities Planning Act.

The undersigned certifies that he or she has the authority to execute and file this Application on
behalf of the applicant entity. The undersigned further certifies that the data and information
provided herein, and appended hereto, are complete and correct to the best of his or her
knowledge and belief. The undersigned also certifies that the fee required for this application is
sent herewith or will be paid upon request.

C il

L

SIGNATURE SIGNATURE
James Weber, M.D. Josh Peck
PRINTED NAME PRINTED NAME
Chief Executive Officer Chief Operating Officer
PRINTED TITLE PRINTED TITLE
Notarization: Notarization:
Subscribed and sworn to before me Subscribed and sworn to before me
this 1 ¥ day of Mina this day of
G |

. L QN

Sig re of N Signature of Notary

Seal

Jannlfer Sueuon
My Commileslon Expires
Y 1/23/2027

R A bf the

pplicant

28672733 v1



CERTIFICATION

The Application must be signed by the authorized representatives of the applicant entity. Authorized
representatives are:

o inthe case of a corporation, any two of its officers or members of its Board of Directors.

o inthe case of a limited liability company, any two of its managers or members (or the sole
manager or member when two or more managers or members do not exist).

o in the case of a partnership, two of its general partners {or the sole general partner, when two or
more general partners do not exist).

o inthe case of estates and trusts, two of its beneficiaries (or the sole beneficiary when two or more
beneficiaries do not exist); and

o in the case of a sole proprietor, the individual that is the proprietor.

This Application is filed on the behalf of Solaris Health Holdings, LLC *

in accordance with the requirements and procedures of the lllinois Health Facilities Planning Act.
The undersigned certifies that he or she has the authority to execute and file this Application on
behalf of the applicant entity. The undersigned further certifies that the data and information
provided herein, and appended hereto, are complete and correct to the best of his or her
knowledge and belief. The undersigned also certifies that the fee required for this application is
sent herewith or will be paid upon request.

SIGNATURE ATURE

James Weber, M.D. Josh Peck

PRINTED NAME PRINTED NAME

Chief Executive Officer Chief Operating Officer

PRINTED TITLE PRINTED TITLE

Notarization: Notarization:

Subscribed and sworn to before me Subscribed and swopg to before

this day of this day of %@4‘1 . E%:#Q’f

Signature of Notary

CARMEN M CORONADO

Notary p Official Seat
otary Public - State of lilingjs

My Commisston Expires Sep 12, 202¢

Seal Seal

*Insert the EXACT legal name of the applicant

28672733 v1



SECTION lll. BACKGROUND, PURPOSE OF THE PROJECT, AND ALTERNATIVES -
INFORMATION REQUIREMENTS

This Section is applicable to all projects except those that are selely for discontinuation with no project
costs.

1110.110(a) — Background of the Applicant

READ THE REVIEW CRITERION and provide the following required information:

BACKGROUND OF APPLICANT

1. Alisting of all health care facilities owned or operated by the applicant, including licensing, and certification if
applicable.

2. A listing of all health care facilities currently owned and/or operated in lllingis, by any corporate officers or
directors, LLC members, partners, or owners of at least 5% of the proposed health care facility.

3. For the following questions, please provide information for each applicant, including corporate officers or
directors, LLC members, partners, and owners of at least 5% of the proposed facility. A health care facility
is considered owned or operated by every person or entity that owns, directly or indirectly, an ownership
interest.

a. A cerified listing of any adverse action taken against any facility owned and/or operated by the
applicant, directly or indirectly, during the three years prior to the filing of the application.

b. A cerified listing of each applicant, identifying those individuals that have been cited, arrested,
taken into custody, charged with, indicted, convicted, or tried for, or pled guilty to the commission of
any felony or misdemeanor or violation of the law, except for minor parking viglations; or the
subject of any juvenile delinquency or youthful offender proceeding. Unless expunged, provide
details about the conviction, and submit any police or court records regarding any matters
disclosed.

c. A cerified and detailed listing of each applicant or person charged with fraudulent conduct or any
act involving moral turpitude.

A certified listing of each applicant with one or more unsatisfied judgements against him or her.

e. A ceriified and detailed listing of each applicant who is in default in the performance or discharge of
any duty or obligation imposed by a judgment, decree, order or directive of any court or
governmental agency.

4. Authorization permitting HFSRB and DPH access to any documents necessary to verify the information
submitted, including, but neot limited to official records of DPH or other State agencies; the licensing or
certification records of other states, when applicable; and the records of nationally recognized accreditation
organizations. Failure to provide such authorization shall constitute an abandonment or withdrawal
of the application without any further action by HFSRB.

5. If, during a given calendar year, an applicant submits more than one application for permit, the
documentation provided with the prior applications may be utilized to fulfill the information requirements of
this criterion. In such instances, the applicant shall attest that the information was previously provided, cite
the project number of the prior application, and certify that no changes have occurred regarding the
information that has been previously provided. The applicant can submit amendments to previously
submitted information, as needed, to update andfor clarify data.

APPEND DOCUMENTATION AS ATTACHMENT 11, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM. EACH ITEM (1-4) MUST BE IDENTIFIED IN ATTACHMENT 14.

e e —— Page14 - —_———



Criterion 1110.110(b) & (d)

PURPOSE OF PROJECT

1. Document that the project will provide health services that improve the heaith care or well-being of the
market area population to be served,

Define the planning area or market area, or other relevant area, per the applicant's definition.

Identify the existing problems or issues that need to be addressed as applicable and appropriate for the
project.

Cite the sources of the documentation.

Detail how the project will address or improve the previously referenced issues, as well as the population’s
health status and well-being.

6. Provide goals with quantified and measurable objeclives, with specific timeframes that relate to achieving
the stated goals as appropriate.

For projects involving modernization, describe the conditions being upgraded, if any. For facility projects, include
statements of the age and condition of the project site, as well as regulatory citations, if any. For equipment being
replaced, include repair and maintenance records.

NOTE: Information regarding the “Purpose of the Project” wilt be Included in the State Board Staff Report.

APPEND DOCUMENTATION AS ATTACHMENT 12, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM. EACH ITEM (1-6) MUST BE IDENTIFIED IN ATTACHMENT 12.

ALTERNATIVES
1) Ildentify ALL the alternatives to the proposed project:

Alternative options must include:

A) Proposing a project of greater or lesser scope and cost

B) Pursuing a joint venture or similar arrangement with one or more providers or entities to meet all or a
portion of the project's intended purposes; developing aiternative settings to meet all or a portion of the
project’s intended purposes.

C) Utilizing other health care resources that are available to serve all or a portion of the population
proposed to be served by the project; and

D} Provide the reasons why the chosen alternative was selected

2) Documentation shall consist of a comparison of the project to alternative options. The comparison shall
address issues of total costs, patient access, quality, and financial benefits in both the short-term (within one to
three years after project completion} and long-term. This may vary by project or situation. FOR EVERY
ALTERNATIVE IDENTIFIED, THE TOTAL PROJECT COST AND THE REASONS WHY THE ALTERNATIVE
WAS REJECTED MUST BE PROVIDED.

3} The applicant shall provide empirical evidence, including quantified outcome data that verifies improved
quality of care, as available

APPEND DOCUMENTATION AS ATTACHMENT 13, fN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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SECTION IV. PROJECT SCOPE, UTILIZATION, AND UNFINISHED/SHELL SPACE
Criterion 1110.120 - Project Scope, Utilization, and Unfinished/Shell Space

READ THE REVIEW CRITERION and provide the following information:

SIZE OF PROJECT:

1. Document that the amount of physical space proposed for the proposed project is necessary and not
excessive. This must be a narrative and it shall include the basis used for determining the space and
the methodology applied.

2. If the gross square footage exceeds the BGSF/DGSF standards in Appendix B, justify the discrepancy by
documenting one of the following:

a. Additional space is needed due to the scope of services provided, justified by clinical or operational
needs, as supported by published data or studies and certified by the facility's Medical Director.

b. The existing facility's physical configuration has constraints or impediments and requires an
architectural design that delineates the constraints or impediments.

The project involves the conversion of existing space that results in excess square footage.

Additional space is mandated by governmental or certification agency requirements that were not in
existence when Appendix B standards were adopted.

Provide a narrative for any discrepancies from the State Standard. A table must be provided in the
following format with Attachment 14.

SIZE OF PROJECT
DEPARTMENT/SERVICE PROPOSED STATE STANDARD DIFFERENCE MET
BGSF/DGSF STANDARD?
Diagnostic Radiology 1,574 Total: 4,200 -2,626 YES
{LINAC and CT Machine,) 2,400 GSF Per Unit
(Accelerator); 1,800 GSF
Per Unit (CT Scan)

APPEND DOCUMENTATION AS ATTACHMENT 14, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

PROJECT SERVICES UTILIZATION:

This criterion is applicable only to projects or portions of projects that involve services, functions, or equipment
for which HFSRB has established utilization standards or occupancy targets in 77 lll. Adm. Code 1100.

Document that in the second year of operation, the annual utilization of the service or equipment shall meet or exceed the
utilization standards specified in 1110.Appendix B. A narrative of the rationale that supports the projections must be
provided.

A table must be provided in the following format with Attachment 15.

UTILIZATION
DEPARTMENT | HISTORICAL UTILIZATION PRCJECTED STATE MEET
1 SERVICE (PATIENT DAYS) UTILIZATION STANDARD STANDARD?
(TREATMENTS) ETC.
YEAR 1 Accelerator 3,000 procedures 3,000 procedures | 7,500 procedures | YES
CT Scan (Accelerator) (Accelerator) (Acceleratar)
3,000 procedures (CT Scan) | 3,000 precedures | 7,000 (CT Scan)
(CT Scan)
YEAR 2 | Accelerator 3.000 procedures 3,000 procedures | 7,500 procedures | YES
CT Scan {Accelerator) {Accelerator) (Accelerator)
3,000 procedures (CT Scan) | 3,000 procedures | 7,000 procedures
{CT Scan) {CT Scan)

APPEND DOCUMENTATION AS ATTACHMENT 15, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE

APPLICATION FORM.
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UNFINISHED OR SHELL SPACE:
Provide the following information:
1. Total gross square footage (GSF) of the proposed shell space.

2. The anticipated use of the shell space, specifying the proposed GSF to be allocated to each
department, area, or function.

3. Evidence that the shell space is being constructed due to:
a. Requirements of governmental or certification agencies; or

b. Experienced increases in the historical occupancy or utilization of those areas proposed
to occupy the shell space.

4. Provide:

a. Historical utilization for the area for the latest five-year period for which data is available;
and

b. Based upon the average annual percentage increase for that period, projections of future
utilization of the area through the anticipated date when the shell space will be placed
into operation.

APPEND DOCUMENTATION AS ATTACHMENT 16, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

ASSURANCES:
Submit the following:

1. Verification that the applicant will submit to HFSRB a CON application to develop and utilize the
shell space, regardless of the capital thresholds in effect at the time or the categories of service
involved.

2. The estimated date by which the subsequent CON application (to develop and utilize the subject
shell space) will be submitted; and

3. The anticipated date when the shell space will be completed and placed into operation.

APPEND DOCUMENTATION AS ATTACHMENT 17, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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M. Criterion 1110.270 - Clinical Service Areas Other than Categories of Service

1. Applicants proposing to establish, expand and/or modernize Clinical Service Areas Other than
categories of service must submit the following information:

2. Indicate changes by Service: Indicate # of key room changes by action(s):

# Existing # Proposed

Service Key Rooms  Key Rooms

CT Scan/ Accelerator - 1

O
3. READ the applicable review criteria outlined below and submit the required documentation for

the criteria:

Project Type Required Review Criteria
New Services or Facility or Equipment (b) — Need Determination = Establishment
Service Modernization {c)(1) - Deteriorated Facilities

AND/OR

(c)}(2) = Necessary Expansion

PLUS

{c)(3){A) = Utilization = Major Medical Equipment

OR

{c)(3)(B) - Utilization - Service or Facility

APPEND DOCUMENTATION AS ATTACHMENT 31, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM,
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The following Sections DO NOT need to be addressed by the applicants or co-applicants responsible for
funding or guaranteeing the funding of the project if the applicant has a bond rating of A- or better from
Fitch’s or Standard and Poor's rating agencies, or A3 or better from Moody’s (the rating shall be affirmed
within the latest 18-month period prior to the submittal of the application):

*  Section 1120.120 Availability of Funds = Review Criteria

s  Section 1120.130 Financial Viability - Review Criteria

* Section 1120.140 Economic Feasibility - Review Criteria, subsection (a)

SECTION VII. 1120.120 - AVAILABILITY OF FUNDS

The applicant shall document those financial resources shall be available and be equal to or exceed the estimated
total project cost plus any related project costs by providing evidence of sufficient financial resources from the
following sources, as applicable [Indicate the dollar amount to be provided from the following sources]:

$7.705,000 [ a) Cash and Securities — statements (e.g., audited financial statements, letters from
financial institutions, board resolutions) as to:

1) the amount of cash and securities available for the project, including the
identification of any security, its value and availability of such funds: and

2} interest to be earned on depreciation account funds or to be earned on any asset
from the date of applicant’s submission through project completion.

b) Pledges - for anticipated pledges, a summary of the anticipated pledges showing
anticipated receipts and discounted value, estimated timetable of gross receipts and
related fundraising expenses, and a discussion of past fundraising experience.

¢) Gifts and Bequests - verification of the dollar amount, identification of any conditions of
use, and the estimated timetable of receipts.

$924,000 d) Debt - a statement of the estimated terms and conditions (including the debt time,

variable or permanent interest rates over the debt time, and the anticipated repayment

schedule) for any interim and for the permanent financing proposed to fund the project,

including:

1) For general obligation bonds, proof of passage of the required referendum or
evidence that the governmental unit has the authority to issue the bonds and
evidence of the dollar amount of the issue, including any discounting anticipated.

2) For revenue bonds, proof of the feasibility of securing the specified amount and
interest rate.

3) For mortgages, a letter from the prospective lender attesting to the expectation of
making the loan in the amount and time indicated, including the anticipated interest
rate and any conditions associated with the mortgage, such as, but not limited to,
adjustable interest rates, balloon payments, etc.

4) For any lease, a copy of the lease, including all the terms and conditions, including
any purchase options, any capital improvements to the property and provision of
capital equipment.

5) For any option to lease, a copy of the option, including all terms and conditions.

e} Governmental Appropriations -~ a copy of the appropriation Act or ordinance
accompanied by a statement of funding availability from an official of the governmental
unit. If funds are to be made available from subsequent fiscal years, a copy of a
resolution or other action of the gavernmental unit attesting to this intent.

f) Grants - a letter from the granting agency as to the availability of funds in terms of the
amount and time of receipt.

g) All Other Funds and Sources - verification of the amount and type of any other funds
that will be used for the project.

$8,629,000 | TOTAL FUNDS AVAILABLE

APPEND DOCUMENTATION AS ATTACHMENT 34, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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SECTION VIl 1120.130 - FINANCIAL VIABILITY- WAIVER MET

All the applicants and co-applicants shall be identified, specifying their roles in the project funding, or
guaranteeing the funding (sole responsibility or shared) and percentage of participation in that funding.

Financial Viability Waiver

The applicant is not required to submit financial viahility ratios if:
1. "A” Bond rating or better
2. All the project’s capital expenditures are completely funded through internal sources

3. The applicant's current debt financing or projected debt financing is insured or anticipated to be
insured by MBIA (Municipal Bond Insurance Association Inc.) or equivalent

4. The applicant provides a third-party surety bond or performance bond letter of credit from an A
rated guarantor.

See Section 1120.130 Financial Waiver for information to be provided

APPEND DOCUMENTATION AS ATTACHMENT 35, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.

The applicant or co-applicant that is responsible for funding or guaranteeing funding of the project shall
provide viability ratios for the latest three years for which audited financial statements are available
and for the first full fiscal year at target utilization, but no more than two years following project
completion. When the applicant’s facility does not have facility specific financial statements and the
facility is a member of a health care system that has combined or consolidated financial statements, the
system’s viability ratios shall be provided. If the health care system includes one or more hospitals, the
system's viability ratios shalt be evaluated for conformance with the applicable hospital standards.

Historical Projected
3 Yeoars

Enter Historical and/or Projected
Years:

Current Ratio

Net Margin Percentage

Percent Debt to Total Capitalization

Projected Debt Service Coverage

Days Cash on Hand

Cushion Ratio

Provide the methodology and worksheets utilized in determining the ratios detailing the calculation and
applicable line item amounts from the financial statements. Complete a separate table for each co-
applicant and provide worksheets for each.

Variance

Applicants not in compliance with any of the viability ratios shall document that another organization,
public or private, shall assume the legal responsibility to meet the debt obligations should the applicant
defaulit.

APPEND DOCUMENTATION AS ATTACHMENT 36, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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SECTION IX. 1120.140 - ECONOMIC FEASIBILITY

This section is applicable to all projects subject to Part 1120.

A. Reasonableness of Financing Arrangements

The applicant shall document the reasonableness of financing arrangements by submitting a
notarized statement signed by an authorized representative that attests to one of the following:

1) That the total estimated project costs and related costs will be funded in total with cash and
equivalents, including investment securities, unrestricted funds, received pledge receipts
and funded depreciation; or

2) That the total estimated project costs and related costs will be funded in total or in part by
borrowing because:

A} A portion or all the cash and equivalents must be retained in the balance sheet
asset accounts to maintain a current ratio of at least 2.0 times for hospitals and 1.5
times for all other facilities; or

B) Borrowing is less costly than the liquidation of existing investments, and the
existing investments being retained may be converted to cash or used to retire debt
within a 60-day period.

B. Conditions of Debt Financing

This criterion is applicable only to projects that involve debt financing. The applicant shall
document that the conditions of debt financing are reasonable by submitting a notarized statement
signed by an authorized representative that attests to the following, as applicable:

1) That the selected form of debt financing for the project will be at the lowest net cost
available.
2) That the selected form of debt financing will not be at the lowest net cost available but is

more advantageous due to such terms as prepayment privileges, no required mortgage,
access to additional indebtedness, term (years), financing costs and other factors.

3) That the project involves (in total or in part) the leasing of equipment or facilities and that
the expenses incurred with leasing a facility or equipment are less costly than constructing
a new facility or purchasing new equipment.

C. Reasonableness of Project and Related Costs
Read the criterion and provide the following:

1) Identify each department or area impacted by the proposed project and provide a cost and
square footage allocation for new construction and/or modernization using the following
format (insert after this page).

COST AND GROSS SQUARE FEET BY DEPARTMENT OR SERVICE

A B c D £ F G H
Department Total Cost
(List below) Cost/Square Foot Gross Sq. Ft. Gross Sq. Ft. Const. $ Mod. $ {G+H)
New Mod. New Circ.* | Mod. Circ.* (AxC) {(BxE)
Diagnostic $540.03 - 1,574 5 - - $850.,000 - $850,000
Equipment
(LINAC and
CT Scan)
Contingency | $50.83 - 1,574 - - - $80,000 - $80,000
TOTALS $590.85 - 1,574 - - - $930,000 - $930,000
* Include the percentage (%) of space for circulation
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D. Projected Operating Costs

The applicant shall provide the projected direct annual operating costs (in current dollars per
equivalent patient day or unit of service) for the first full fiscal year at target utilization but no more
than two years following project completion. Direct cost means the fully allocated costs of salaries,
benefits and supplies for the service.

E. Total Effect of the Project on Capital Costs

The applicant shali provide the total projected annual capital costs (in current dollars per equivalent
patient day) for the first full fiscal year at target utilization but no more than two years following
project compietion.

APPEND DOCUMENTATION AS ATTACHMENT 37, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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SECTION X. SAFETY NET IMPACT STATEMENT - NOT APPLICABLE

SAFETY NET IMPACT STATEMENT that describes all the following must be submitted for ALL
SUBSTANTIVE PROJECTS AND PROJECTS TO DISCONTINUE HEALTH CARE FACILITIES [20
ILCS 3960/5.4]:

1. The project’s material impact, if any, on essential safety net services in the community, including the
impact on racial and health care disparities in the community, to the extent that it is feasible for an
applicant to have such knowledge.

2. The project’'s impact on the ability of another provider or health care system to cross-subsidize safety
net services, if reasonably known to the applicant.

3. How the discontinuation of a facility or service might impact the remaining safety net providers in each
community, if reasonably known by the applicant.

Safety Net Impact Statements shall also include all the following:

1. For the 3 fiscal years prior to the application, a certification describing the amount of charity care
provided by the applicant. The amount calculated by hospital applicants shall be in accordance with the
reporting requirements for charity care reporting in the lllincis Community Benefits Act. Non-hospital
applicants shall report charity care, at cost, in accordance with an appropriate methodology specified by
the Board.

2. For the 3 fiscal years prior to the application, a certification of the amount of care provided to Medicaid
patients. Hospital and non-hospital applicants shall provide Medicaid information in a manner consistent
with the information reported each year to the lllinois Department of Public Health regarding “Inpatients
and Qutpatients Served by Payor Source” and “Inpatient and QOutpatient Net Revenue by Payor Source”
as required by the Board under Section 13 of this Act and published in the Annual Hospital Profile.

3. Any information the applicant believes is directly relevant to safety net services, including information
regarding teaching, research, and any other service.

A table in the following format must be provided as part of Attachment 37.

Safety Net Information per PA 96-0031 NOT APPLICABLE
CHARITY CARE
Charity (# of patients) 2020 2021 2022
Inpatient - - -
Outpatient - - -
Total - - -
Charity (cost in dollars)
Inpatient - - -
Outpatient - - -
Total - - -
MEDICAID
Medicaid (# of patients) 2020 2021 2022
Inpatient - - -
Qutpatient - - -
Total - - -
Medicaid (revenue)
Inpatient - - -
Outpatient - - -
Total - - -

APPEND DOCUMENTATION AS ATTACHMENT 38, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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SECTION X. CHARITY CARE INFORMATION — NOT APPLICABLE

Charity Care information MUST be furnished for ALL projects [1120.20(c)].

1. All applicants and co-applicants shall indicate the amount of charity care for the latest three
audited fiscal years, the cost of charity care and the ratio of that charity care cost to net patient
revenue,

2. If the applicant owns or operates one or more facilities, the reporting shall be for each individual

facility located in lllinois. If charity care costs are reported on a consolidated basis, the applicant
shall provide documentation as to the cost of charity care; the ratio of that charity care to the net
patient revenue for the consolidated financial statement; the allocation of charity care costs; and
the ratio of charity care cost to net patient revenue for the facility under review.

3. If the applicant is not an existing facility, it shall submit the facility's projected patient mix by payer
source, anticipated charity care expense and projected ratio of charity care to net patient revenue
by the end of its second year of operation.

Charity care” means care provided by a health care facility for which the provider does not expect

to receive payment from the patient or a third-party payer {20 ILCS 3960/3). Charity Care must be
provided at cost.

A table in the following format must be provided for all facilities as part of Attachment 39.

CHARITY CARE

2020 2021 2022
Net Patient Revenue 5 5 -
Amount of Charity Care (charges) - - S
Cost of Charity Care 5 = -

APPEND DOCUMENTATION AS ATTACHMENT 39, IN NUMERIC SEQUENTIAL ORDER AFTER THE LAST PAGE OF THE
APPLICATION FORM.
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SECTION XI. SPECIAL FLOOD HAZARD AREA AND 500-YEAR FLOODPLAIN DETERMINATION FORM

1.

In accordance with Executive Order 2008-5 (EOQ 5), the Health Facilities & Services Review Board (HFSRB) must
determine if the site of the CRITICAL FACILITY, as defined in EQ 5, is in a mapped floodplain {(Special Flood Hazard
Area) or a 500-year floodplain. All state agencies are required to ensure that before a permit, grant or a development
is planned or promoted, the proposed project meets the requirements of the Executive Order, including compliance
with the National Flood Insurance Program (NFIP) and state floodplain regulation.

Applicant: _Advanced Radiation Center of Chicago 8915 W. Golf Road
{Name) (Address)
Niles IL 60714 (708} 492-0565
{City) {State) (ZIP Code) {Telephone Nurnber)
Project Location: _ 8915 W. Golf Road Niles IL
{Address) (City} (State)
Cook Niles
(County) (Township) {Section)

You can create a small map of your site showing the FEMA floodplain mapping using the FEMA Map Service
Center website (https://msc.fema.gov/portallhome) by entering the address for the property in the Search bar. Ifa
map, like that shown on page 2 is shown, select the Go to NFHL Viewer tab above the map. You can print a copy

of the floodplain map by selecting the Kl icon in the top comner of the page. Select the pin tool icon ¥ and place a
pin on your site. Print a FIRMETTE size image.

If there is no digital floodplain map available select the View/Print FIRM icon above the aerial photo. You will then
need to use the Zoom tools provided to locate the property on the map and use the Make a FIRMette tool to create
a pdf of the floodplain map.

IS THE PROJECT SITE LOCATED IN A SPECIAL FLOOD HAZARD AREA: Yes__ No_X_

IS THE PROJECT SITE LOCATED IN THE 500-YEAR FLOOD PLAIN? NO

if you are unable to determine if the site is in the mapped floodplain or 500-year floodplain, contact the county or the
local community building or planning department for assistance.

If the determination is being made by a local official, piease complete the following:

FIRM Panel Number: Effective Date:
Name of Official: Title:
Business/Agency: Address:

{City) (State} (Z-IE Code) {Telephone Number)
Signature: Date:

NOTE: This finding only means that the property in question is or is not in a Special Flood Hazard Area or a 500-year
floodplain as designated on the map noted above. It does not constitute a guarantee that the property will or will not be
flooded or be subject to local drainage problems.

If you need additional help, contact the lllinois Statewide Floodplain Program at 217/782-4428
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After paginating the entire completed application indicate, in the chart below, the page numbers for the included attachments:

INDEX OF ATTACHMENTS

ATTACHMENT
NO. PAGES
1. Applicant Identification including Certificate of Good Standing 27-29
2. Site Ownership 30
3. Persons with 5 percent or greater interest in the licensee must be identified with the % of ownership 31
4, Organizational Relationships (Organizational Chart) Certificate of Good Standing Etc. 32
5. Flood Plain Requirements 33-34
6. Historic Preservation Act Requirements 35-41
7. Project and Sources of Funds ltemization 42-43
8. Financial Commitment Document if required 44
9. Cost Space Requirements 45
10. | Discontinuation n/a
11. | Background of the Applicant 46-52
12. | Purpose of the Project 53-151
13. | Alternatives to the Project 152
14. | Size of the Project 153
15. | Project Service Utilization 154
16. | Unfinished or Shell Space n/a
17. | Assurances for Unfinished/Shell Space nfa

Service Specific:
18. | Medical Surgical Pediatrics, Obstetrics, ICU n/a
19. | Comprehensive Physical Rehabilitation nfa
20. | Acute Mental lliness n/a
21. | Open Heart Surgery n/a
22. | Cardiac Catheterization n/a
23. | In-Center Hemodialysis n/a
24. | Non-Hospital Based Ambulatory Surgery n/a
25. | Selected Organ Transplantation nfa
26. | Kigney Transplantation n/a
27. | Subacute Care Hospital Modei n/a
28. | Community-Based Residential Rehabilitation Center n/a
29. | Long Term Acute Care Hospital n/a
30. | Clinical Service Areas Other than Categories of Service n/a
31. | Freestanding Emergency Center Medical Services 155-158
32. | Birth Center nfa

Financial and Economic Feasibility:
33. | Availability of Funds 159-160
34. | Financial Waiver n/a
35. | Financial Viability 161
36. | Economic Feasibility 162-163
37. | Safety Net Impact Statement 164
38. | Charity Care Information 165
39. | Flood Plain Information 166-167
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ATTACHMENT 1
Certificate of Good Standing

Included with this attachment are the Certificates of Good Standing for:

1. UroPartners, LLC
2. Solaris Health Holdings, LLC

ATTACHMENT 1
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ATTACHMENT 1
Certificate of Good Standing - UroPartners, LLC

File Number 01424475

T

To all to whom these Presents Shall Come, Greeting:

1, Alexi Giannoulias, Secretary of State of the State of llinois, do
hereby certify that 1 am the keeper of the records of the

Department of Business Services. 1 certify that

UROPARTNERS, LLC, HAVING ORGANIZED IN THE STATE OF ILLINOIS ON FEBRUARY
10, 2005, APPEARS TO HAVE COMPLIED WITH ALL PROVISIONS OF THE LIMITED
LIABILITY COMPANY ACT OF THIS STATE, AND AS OF THIS DATE IS IN COOD
STANDING AS A DOMESTIC LIMITED LIABILITY COMPANY IN THE STATE OF JLLINOIS,

InTestimony Whereof, 1 hereto set

my hamd and cause to be affixed the Great Seal of
the State of Hlinois, this  17TH

dayof  MAY  AD. 202

Authemication # 2613700418 ver fable wrot 051772027 W d . ‘

Ahomcae o hops e Bios gow
SECRETARY OF STATE

ATTACHMENT 1
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ATTACHMENT 1
Certificate of Good Standing — Solaris Health Holdings, LLC

File Number 0946194-9

k]

To all to whom these Presents Shall Come, Greeting:

I, Alexi Giannoulias, Secretary of State of the State of Hlinois, do
hereby certify that I am the keeper of the records of the

Department of Business Services. I certify that

SOLARIS HEALTH HOLDINGS. LLC, A DELAWARE LIMITED LIABILITY COMPANY
HAVING OBTAINED ADMISSION TO TRANSACT BUSINESS IN ILLINOIS ON FEBRUARY
23, 2021, APPEARS TO HAVE COMPLIED WITH ALL PROVISIONS OF THE LIMITED
LIABILITY COMPANY ACT OF THIS STATE. AND AS OF THIS DATE IS IN COOD
STANDING AS A FOREIGN LIMITED LIABILITY COMPANY ADMITTED TO TRANSAC)
BUSINESS IN THE STATL: OF ILLINGIS,

InTestimony Whereof, 1 iereto set

my hand and cause to be affixed the Great Seal of
the State of Hlinois, this  17TH

dayof  MAY  A.D. 2026

Aunenticaton . 2613700428 virdtabic urtl 050 12027 M &EI /
Authomicae a1 Mips Vaww 105 gav

SECRETARY OF STATE

ATTACHMENT 1
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ATTACHMENT 2
Site Ownership

The Applicant will be subleasing space from Physician Reliance, LLC, which holds an active
lease with property owners. MOB Niles A Delaware, LLC is the current property owner. Attached as
evidence of ownership is a copy of the existing tax bill for the site.

2025 First Instaltment Proparty Tax Blll - Cook County Electronic Bill

$0-00 Propeny index Numter (PIN) Volume Code  Tax Year  (Payable n) Township Crasaficaton
09-15-201-019-D000 DB 22044 2025 {2026} Maine 582
IF PAYING LATE, 08/02726-07101/26 07/02/26-08/01126 08/02/26-00/01/26  LATE INTEREST I8 0.75% PER
PLEASE PAY $0.00 $0.00 $0.00 MONTH, BY STATE LAW
TAXING DISTRICT DEBT AND FINANCIAL DATA
Panslon and Amaount of % of Penslon and
Money Owed by  Healthcare Amounts Pansion and Haslthcare Coats
Your Taxing Prontiaed by Your Healthcare Taing Districts
Your Taxing Diatricts Diatricts Taxing Districts Shostage Can Py
NORTHWEST MOSQUITO ABATEMENT DISTRICT $3682.083 $9,3528,632 4696896 92.53%
ICAHE;%O WATER RECLAMATION DIST OF GR $3,245,878,000 $3,303,258,000 $1,444,138,000 56.28%
NORTH MAINE FIRE PROTECTION DISTRICT $1.448 542 $48,328,192 $14,270,851 69.20%
NILES-MAINE ISTRICT LIBRARY $558,007 $6,399,658 $112.509 23.24%
BOLF MAINE PARK DISTRICY $182,025 $2,987,890 $256,328 91.42%
MAINE TOWNSHIP HIGH SCHOOL 207 $186,851,180 $135842,013 $3,500,207 aTA%
SCHOOL DISTRICT 63 $61, 211,582 $39.017,659 $1,746,471 95.52%
TOWN MAINE $1,482.493 $13,253,441 $0 102.00%
FOREST PRESERVE DISTRICT OF COOK COUNTY $214.441.242 $617,84,550 $382,643,760 38.0T%
COUNTY OF COOK $14,499,653 496 $21,406,518,462 $8,452,341,656 80.52%
TOTALS: $18,331, 212471 $25,538,039,750 $10,209,438 412

For a more in-depth Iook sl govemment finances and how they affect your taxes, vist COOACOLMYERaILRY.COm

PAY YOUR TAXES ONLINE
Pay at cockcountytroasurer.com from your bank account or credit card.

IMPORTANT MESSAGES TAX CALCULATOR

2024 TOTAL TAX 26081100
2025 ESTIMATE x 5%
2028 tst INSTALLMENT = 143,248.53

The First Inataliment amount is 55% of 1act year's lotal taxes.
Al gxamplions. such as homeowner and senior exempliona, will
be reftacted on your Second tnataliment tax bl

PROPERTY LOCATICN MAILING ADDRESS

MOB NLES A DELAYWARE
8915 GOLF RD 2501 BUTTERFELD RD
MLES L &0T14 OAK BROCK IL 605221106

*** Ploase $08 2025 First instaliment Payment Coupon next page **

ATTACHMENT 2
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ATTACHMENT 3
Facility Ownership

The facility shall operate as Advanced Radiation Center of Chicago, which is owned and operated
by UroPartners, LLC. Included with this Attachment is the facility owner's Certificate of Good Standing.

File Number 01424475

A

To all to whom these Presents Shall Come, Greeting:

I, Alexi Giannoulias, Secretary of State of the State of 1llinois, do
hereby certify that 1 am the keeper of the records of the
Department of Business Services. 1 certify that

UROPARTNERS. LLC. HAVING ORGANIZED IN THE STATE OF ILLINOIS ON FEBRUARY
10, 2005. APPEARS TO HAVE COMPLIED WITH ALL PROVISIONS OF THE LIMITED
LIABILITY COMPANY ACT OF THIS STATE, AND AS OF THIS DATE IS IN GOOD
STANDING AS A DOMESTIC LIMITED LIABILITY COMPANY IN THE STATE OF ILLINOIS

InTestimony Whereof, 1 hercto set

my ltand and cause to be affixed the Great Seal of
the State of Hlinois, this  17TH

day of MAY A.D. 2026

Authemeaton #. 1611700418 ver habic unol 058179027 4 a s d ‘
Ashonose bt hops Maww Ba goe

BECRETARY OF BTATE

ATTACHMENT 3
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ATTACHMENT 4
Site Ownership

d B
Advanced Radiation Center of
Chicago
(Facility)

\ 4
e Y

UroPartners, LLC

(100% ownership in Facility)

\

4

v B

Solaris Health Holdings, LLC

(Guarantor of Project Funding)

\ _4

-— Page 32
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UROPARTNI

May 21, 2026

John P. Kniery

Board Administrator

Illinois Health Facilities and Services Review Board
525 W Jefferson Street, Floor 2

Springfield, IL 62761

Re: Advanced Radiation Center of Chicago - Flood Plain Requirements
Dear Mr. Kniery:
As representative of Advanced Radiation Center of Chicago, I, Justin Cohen, M.D., affirm that
our proposed site complies with Illinois Executive Order #2005-5. The site located at 8915 West
Golf Road, Niles, Illinois 60714 is not located in a flood plain, as evidence please find enclosed a

map from the Federal Emergency Management Agency (“FEMA?”).

I hereby certify this is true and is based upon my personal knowledge under penalty of perjury
and in accordance with 735 ILCS 5/1-109.

Sincerely,

Justin Cohen, M.D.
Pércsident
roPartners, LLC

28672733 V1



ATTACHMENT 5
Flood Plain Requirements
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ATTACHMENT 6
Historical Preservation Letter

The applicant submitted a request for determination to the lllinois Department of Natural
Resources-Preservation Services Division on May 15, 2026. A final determination has been received as
of the filing of this application and is included in this attachment.

JE Pritzher, Governor = Natake Phelps Finres, Dirwctor
fllinois One Netursl Resources Wiy + Springbeld, Bleo 62702-121
Department of www.dnr.illinols.gov
Natural

A Resources

Cook County

Nites
CON - Advanced Radiation Center of Chicago Medical Equipment
8915 W. Gold Rd.

IIIFSRB, SHPO Log #001051926
May 20, 2026

Juan Morado

Benesch, Friedlander, Coplan and Aronoff LLP
71 8. Wacker Dr., Suite 1600

Chicapo, IL 60606

This letter is to inform you that we have reviewed the information provided concerning the referenced
project. Qur review of the records indicates that no historic, architectural or archaeotogical sites exist within
the project area.

Please retain this letter in your files as evidence of compliance with Section 4 of the Hlinois State Agency
Historic Resources Preservation Act (20 ILCS 3420/1 et. seq.). This clearance remaias in effect for two years
from date of issuance. 1t does not pertain to any discovery during construction, nor is it a clearance for
purposes of the lllinois Hluman Remains Protection Act (20 ILCS 3440).

If you have any further questions, please contact Steve Dasovich, Cultural Resources Manager,
at 217/782-7441 or at Steve.Basovich/a illinols.goy,

Sincerely,

L Mayer
Carey L. Mayer, AlA
Deputy State Uistoric Preservation Officer
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Historical Preservation Letter

Juap Moredo |t
t er I eSC 71 Souts Wacker Drive, Swte 1600
Chicazo, IL 60606

Direct Dual. 3122124967
Fax. 312757919
Jmoradourbeaeschlaw com

May 15,2026

Via E-Mail

Jeffrey Kruchten

Chief Archaeologist

Preservation Services Division

Itinois Historic Preservation Office Illinois
Department of Natural Resources

1 Natural Resources Way

Spnngfield, IL 62702

Re:  Certificate of Need Applicadon for Major Medical Equipment
Dear Mr. Kruchten:

I am wnting on behalf of my client, Advanced Radiation Center of Chicago to request a
review of the project area under Section 4 of the Illinois State Agency Historic Resources
Preservation Act (20 ILCS 342011 et. seq.). Advanced Radiation Center of Chicago is
submitting an application for a Certificate of Need from the [llinois Health Facilities and
Services Review Board Advanced Radiation Center of Chicago seeks to purchase major medical
equipment for a radiation laboratory to be located in an existing medical office building located
at 8915 West Golf Road, Niles, IL 60714,

The radiation laboratery is purchasing major medical equipment which requires a CON
application and will be building out within the existing space. For your reference, we have
enclosed pictuzes of the existing lot and topographic maps showing the general location of the
project. We respectfully request review of the project area and a determination letter at your

earliest conventence. Thank you in advance for all of the time and effort that will be going into
this review.

H vou have any queshons or need any addibonal information regarding the project, pleaze feel five
to contact me via phone at 312-212-4967 or 12 email at IMorado s baneschlaw com

www beneschliaw com
28534679 v1
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May 15, 2026
Page 2
Very truly yows,

BENESCH, FRIEDLANDER,
COPLAN & ARONOFFLLP

y YR

Juan Merado Ir.
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Historic Preservation Act Requirements

May 135, 2026
Page 3

Topographical Map
8915 Wesi Golf Road, Nifes, iL 80714
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May 15, 2026
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Aerial Map
8915 Wesl Golf Road, Nies. IL 6071
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May 15, 2026
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Street view of property
8815 West Golf Rd, Niles, IL 60714

i

28624879 v
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May 15, 2026
Page 6

3D Aerial view
8915 Wes! Goll Road, Niles, IL 60714
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ATTACHMENT 7
Project Costs and Sources of Funds

Project Costs and Sources of Funds

USE OF FUNDS CLINICAL NONCLINICAL TOTAL

Preplanning Costs - - -
Site Survey and Sail Investigation - - -
Site Preparation - - -
Off Site Work - - -
New Construction Contracts $850,000 $400,000 $1,250,000
Modemization Contracts - - -
Contingencies $80,000 $40,000 $120,000
Architectural/Engineering Fees $47.312 $127.688 $175,000
Consulting and Other Fees - - -
cl\:ltlj%\;?:(l;tas?r Other Equipment (not in construction $5.410,000 $750,000 $6.160,000
Bond Issuance Expense (project related) - - -
Net Interest Expense During Construction {project } ) )
related)
Fair Market Value of Leased Space or Equipment $250,000 $674,000 $924,000
Other Costs to Be Capitalized - - -
Acquisition of Building or Other Property (excluding ) } i
land)
TOTAL USES OF FUNDS $6,637,312 $1,991,688 $8,629,000

SOURCE OF FUNDS CLINICAL NONCLINICAL TOTAL
Cash and Securities $6,387,312 $1,317,688 $7,705,000
Pledges 0 0 0
Gifts and Bequests 0 0 0
Bond Issues (project related) 0 0 0
Mortgages 0 Q 0
Leases (fair market value) $250,000 $674,000 $924,000
Govemnmental Appropriations 0 0 0
Grants 0 0 0
Other Funds and Sources 0 0 0
TOTAL SOURCES OF FUNDS $6,387,312 $1,991,688 $8,629,000

NOTE: ITEMIZATION OF EACH LINE ITEM MUST BE PROVIDED AT ATTACHMENT 7, IN NUMERIC SEQUENTIAL
ORDER AFTER THE LAST PAGE OF THE APPLICATION FORM.
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ATTACHMENT 7
Project Costs and Sources of Funds

New Construction Contracts - The project building costs are based on national architectural and
construction standards and adjusted to compensate for several factors. While specific recent data for
Chicagoland is limited, industry repoits indicate that construction costs in the region remain higher than
the national average, though the rate of increase has slowed.

For example, a 2025 report from Rider Levett Bucknall notes a national year-over-year construction cost
increase of 4.35% in Q1 2025, down from 5.86% in the same period in 2024. Coupled with the increases
in labor and raw material costs nationwide, the project’s costs are higher than originally planned but are
consistent with UroPartners’ experience in purchasing similar equipment and installing it in their facilities.
The clinical construction costs are estimated to be $850,00 or $540.03 per clinical square foot.

Contingencies - The Project’s contingencies costs are designed to allow the construction team an
amount of funding for unforeseeable events related to construction. Clinical construction costs for
contingencies are estimated to be $80,000 or 9.4% of projected clinical new construction costs.

Architectural/Engineering Fees - The clinical project cost for architecturallfengineering fees are
projected to be $147,312 or 5.1% of the new construction and contingencies costs.

Consulting and Other Fees - The Project's consulting fees are primarily comprised of various project
related fees, additional state/local fees, and other CON related costs.

Moveable Equipment Costs - The moveable equipment costs are necessary for the operation of the
observation unit and renovation of the ultrasound room.

CT Machine $610,000

Linear Accelerator $4,800,000

Fair Market Value of Leased Space - The Project includes leased space necessary for the operation of
the proposed service. The fair market value of the leased space is based on the fixed rental payments
required under the lease term through November 2030. The lease provides for annual fixed rent of
$184,804.40, which is equal to a monthly fixed rent of $15,400.36, for each of the first five lease years.

Accordingly, the fair market value of the leased space remains constant throughout Years 1 through 5 of
the lease term. These lease costs have been identified and included as part of the Project’s overall cost in
accordance with applicable CON requirements regarding the valuation of leased property.

Lease Year Annual Fixed Rent Monthly Fixed Rent
[ Year 1 $184,804.40 $15,400.36 |
| Year 2 $184,804.40 I $15,400.36 |
| Year 3 $184,804.40 $15,400.36 |
| Year 4 $184,804.40 $15,400.36 |
| Year 5 I $184,804.40 $15,400.36 |
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ATTACHMENT 8
Project Status and Completion Status

The proposed project plans are still at & schematic stage. The proposed completion date is July 1, 2027.

Financial commitment for the project will occur following permit issuance, but in accordance with HFSRB
regulations.
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ATTACHMENT 9

Cost Space Requirements

The equipment to be installed within the existing building will account for approximately 1,574 gross
square feet (GSF). Currently, the Board does not maintain specific space or facility standards for the
installation of diagnostic equipment in non-hospital settings, such as a medical office building.

Gross Square Feet

Amount of Proposed Total Gross Square

Feet That Is:
. New . Vacated
Dept./ Area Cost Existing | Proposed Const. Modernized | Asls Space
REVIEWABLE - - -
Diagnostic
Radiology 6,637,312 - 1,574 1,574 - - -
Total Clinical 6,637,312 - 1,574 1,574 - - -
NON-
REVIEWABLE
Administrative 1,991,688 - 4,248 4,248 - - -
Total Non-clinical 1,991,688 - 4,248 4,248 - - -
TOTAL 8,629,000 5,822 5,822

APPEND DOCUMENTATION AS ATTACHMENT 9, IN NUMERIC SEQUENTIAL ORDER AFTER THE
LAST PAGE OF THE APPLICATION FORM.
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ATTACHMENT 11
Background of the Applicant

The following information is provided to illustrate the qualifications, background and character of the
Applicants.

Advanced Radiation Center of Chicago

Advanced Radiation Center of Chicago ("ARCC" or the “Facility”) is a dedicated radiation treatment facility
operated by UroPartners, LLC, one of the largest independent urology group practices in the Midwest.
The Facility was established to meet the highly specialized treatment needs of patients requiring radiation
therapy, building upon UroPartners’ extensive experience in radiation oncology through its Prostate
Centers of Excellence and its broad provider network.

The Facility will provide radiation therapy services for patients diagnosed with breast, lung,
gastrointestinal, gynecological, and urologic cancers. By centralizing radiation services under one
specialized center, UroPartners and its affiliated physicians ensure treatment consistency, clinical
accuracy, and coordinated care—key factors in the effective management of these malignancies and
other complex conditions. The Facility's integration into the broader UroPartners system enables
seamless communication between radiation oncologists and referring physicians, enhancing real-time
decision-making and improving overall patient outcomes.

UroPartners intends to acquire major medical equipment for the Facility located at 8915 West Goif Road,
Niles, IL 60714.

UroPartners, L.LC

UroPartners, LLC is the leading independent urology group in the Midwest, comprising of over 90 board-
certified urologists, radiation oncologists, pathologists, and advanced practice providers. Structured as a
physician-owned and governed corporate entity, UroPartners delivers integrated, specialty-focused care
across a wide geographic footprint, with dozens of clinical offices, three dedicated Prostate Centers of
Excellence, surgical affiliations, and an in-house pathology laboratory that collectively serve the greater
Chicagoland region and surrounding communities.

Founded with the mission to deliver comprehensive, patient-centered care in all aspects of adult urology,
UroPartners offers expertise in general urology, men’s health, urologic oncology, kidney stone
management, female pelvic health, and advanced minimally invasive surgery. The group’s
multidisciplinary structure allows for seamless coordination across diagnostics, medical management,
surgical intervention, radiation therapy, and ongoing surveillance.

A cornerstone of UroPartners’ integrated model is its College of American Pathologists (CAP)-accredited
UroPartners Pathology Laboratory, which is fully staffed with fellowship-trained pathologists and
laboratory scientists specializing in genitourinary disease. This high-volume diagnostic lab provides rapid
and precise results for prostate biopsies, bladder and kidney tissue, cytology, FISH studies, microbiology,
and bloodwork. The lab's close integration with UroPartners’ clinical and surgical teams fosters real-time
collaboration, allowing for faster diagnoses, personalized treatment planning, and improved continuity of
care.

The group also maintains and operates three Prostate Centers of Excellence, where patients receive
comprehensive diagnostic evaluations, including MRI/ultrasound fusion biopsies, consultations with
radiation oncologists, and access to advanced treatment modalities such as brachytherapy, external
beam radiation therapy, and active surveillance protocols. These centers represent UroPartners’
commitment to innovation and leadership in prostate cancer care and provide the clinical foundation upon
which the proposed Facility is built.
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UroPartners is also a leading provider of outpatient urologic procedures, which are performed in its
clinics, surgery centers, or affiliated hospitals. The scope of outpatient services includes, but is not limited
to:

s Cystourethroscopy

» Stent placements and removals

* Laser fulguration of bladder tumors or lesions

o Lithotripsy for kidney stones

» Circumcision and revision circumcision

e Vasectomy and vasectomy reversal

¢ MRIl/ultrasound fusion-guided prostate biopsies
e Laser vaporization of the prostate (e.g., GreenLight, HoLEP)
¢ Placement of penile prosthetics

+ Excision of hydroceles and varicoceles

» Brachytherapy for prostate cancer

These procedures are supported by state-of-the-art equipment and highly trained staff in both ambulatory
surgical settings and physician offices.

In addition to delivering exemplary clinical care, UroPartners plays a vital role in regional education and
research initiatives. Many of its physicians hold academic appointments and participate in clinical trials,
contributing to the advancement of urologic science and innovation. The group’s collaborative approach
ensures that every patient receives personalized, evidence-based care tailored to their diagnosis and
treatment goals.

Through its integrated model of care, in-house diagnostic capabilities, and subspecialty expertise,
UroPartners continues to be a model of excellence in outpatient urology and a trusted provider for
thousands of patients across the Midwest.

The Specialty Alliance

UroPartners is a member of The Specialty Alliance, a physician-led organization that supports
independent speciaity practices by providing the infrastructure, resources, and strategic scale needed to
grow while preserving physician leadership and clinical independence. Built for specialists by specialists,
The Specialty Alliance empowers leading physician-led groups in gastroenterology, urology, and other
specialties to thrive through thoughtful expansion, shared capabilities, and innovation without
compromising clinical autonomy.
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The Specialty Alliance is designed to enable physicians to focus on what matters most: delivering
exceptional patient care. Through operational expertise, strategic capital, and centralized infrastructure,
the organization reduces administrative burden and positions its member practices for sustainable growth
and continued clinical advancement. Its support model encompasses practice management, revenue
cycle optimization, information technology, compliance, human resources, and strategic planning services
allowing physician groups like UroPartners to direct their energy toward clinical excellence and expansion
of services.

For purposes of this application, UroPartners’ affiliation with The Specialty Alliance demonstrates access
to the financial resources, operational capacity, and organizational infrastructure necessary to support the
acquisition of major medical equipment and the successful operation of the proposed Facility. The
Specialty Alliance’s proven track record of supporting independent specialty practices through growth
initiatives provides additional assurance that ARCC will be managed with the administrative discipline and
financial sustainability required to serve the community over the long term.

Parthiv Mehta, M.D.

Parthiv Mehta, M.D. will serve as lead physician at the proposed Facility. Dr. Mehta is a Board-Certified
Radiation Oncologist specializing in the treatment of prostate cancer, with expertise and advanced
training in intensity-modulated radiation therapy (IMRT), image-guided radiation therapy (IGRT), and
prostate brachytherapy. He is also an expert in utilizing The Calypso® 4D Localization System (GPS for
the body).

Dr. Mehta earned his bachelor's degree in engineering from the University of Michigan before entering
the Medica! Scholars Program at the University of lllinois, where he completed both an M.D. and an
M.B.A. He completed his residency in radiation oncology at Rush University Medical Center and a
brachytherapy fellowship at Beth Israel Medical Center in New York City. During his training, he
completed research that has been published in several peer-reviewed clinical journals.

Dr. Mehta is a member of the American Society for Therapeutic Radiology and Oncology, the American
Society of Clinical Oncology, the American Medical Asscciation, the Radiological Society of North
America, the American College of Radiation Oncology, and the American Brachytherapy Society. He has
earned numerous accolades, including Castle Connolly Regional Top Doctors, Chicage Magazine's Top
Cancer Doctors in Chicago, and Chicago Magazine's Top Doctors in Chicago.

Dr. Mehta is committed to providing his patients with the highest quality, cutting-edge treatment options
while ensuring they are thoroughly informed about their treatment choices. His extensive experience in
radiation oncolegy and his leadership within UroPartners’ existing Prostate Centers of Excellence position
him to effectively oversee the clinical operations of the proposed Facility.
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Par S. Mehta

Curriculum Vitae
Home Office
737 West Washington #2101 Uroparmers at the Glen
Chicago. IL 60661 2600 Patriot Blvd Suite J
312-493.3457 Glenview, I
parmehta’ hotmail. com 224-260-3100
pmehta’e uropartniers.com

Licensures
05/2004-Present Iinoss State Professional License
05/2004-Present Itinoss State Controlled Substance License
02/2007-Present Federal DEA License
Certification
06/2007-present Board Certification In Radiation Oncology

The American Board Of Radiclogy
Positions

07/2007- 0272013

0372013-current

Education and
Training
0720060672007

07/2002-06/2006

babta_ov-072007

Attending Physician, Rush Copley Medical Center
Chair of Ancillary Services 2011-2013

Medical Director at Uropartners at the Glen

Attending physician in charge of a prostate specialized radiation
oncology practice with an average of 60 daily external beam patients,
prostate SBRT, 40 annual brachytherapy cases, Xofigo administrations,
Pluvicto, 500 annual penrectal spacer placements (SpaceQAR,
Bamigel, BioProtect), 100 annual transperineal prostate biopsies,
Nanoknife IRE, and advanced prostate cancer treatment.

Sub-I and PI Researcher Uropartners/Solans

2614 Patriot Blvd, Unit A
Glenview, [1. 60026

Brachytherapy Fellowship
Beth Istael Medical ceater, New York, NY

Resident- Radiation Oucology
Rush University Medical Center, Chicago, IL

ATTACHMENT 11

Page 49 =




ATTACHMENT 11
Background of the Applicant

07/2001-06/2002 Intem- Rotating
Rush University Medical Center. Chicago, IL

08/1996-05/2001 MD/MBA.
University Of Minois, Urbana, IL

B.S. Industrial and Operations Engineermg

08/1993-05/1996 Unaversity Of Michigan Ann Arbor, MI

Professional ASTRO, ASCO, AMA RSNA, ISMS, CRS, ABS

Associations

Research and = Huang J, LeVan P, Andre W, Wadhwa H, Tsambardis P. Tauber D,
Publications Latchamsetty K, Mehta P, and Yonover PM. Absorbable Perirectat Hydrogel

Spacer Injection o Reduce Rectal Dose in Low Dose Rate Prostawe
Brachytherapy. Amencan Urologic Association. Engineering in Urclogy
Poster Presentaton, San Diego. May 2018,

= Huang J, LeVan P, Andre W, Wadhwa H. Tsambaris P, Tauber D,
Latchamsetty K, Mehta P. and Yonover PM. Hydogel Spacer
("SpaceOAR") in Image Guided Intensity Modulated Radiation Therapy for
Prostate Cancer: A Single Insttution Community-Based Experience.
American Urologic Asscdiation. Engineering in Urology. Poster Presentation.
San Diego, May 2016.

* Organ and Function Preservation in Head and Neck Cancer — textbook
chapter. Currently in progress, written with Dr, Louis Harrison,

* Management of Non-melanoma Skin Cancer - textbock chapter. Currently
in progress, written with Dr. Louis Hamison.

* A Dosimetic Comparison of three-dimensional confoemnal,  intensity-
modulated radiation therapy, and MammoSite partalbreast wradiaton,
Brachytherapy, Vol. 5, Issue 3, Jul-Sep 2006, pages 183-188. Khan AJ,
Kirk MC, Mehta PS, Seif NS, Griem KL, Bemnard DA, Chu JC, Dickler A

» Spiit course radiotherapy with concurrent. cytotoxic chemotherapy for stage
Il non-small cell lung cancer: decreased acute and late toxicity without
compromised efficacy. Mehta PS, Khan AJ, Zusag TW, Bonomi PD, Faber
LP, Vilaflor V, Abrams RA. Oral Presentation RSNA 2005. Manuscript
submitted to Radiotherapy and Oncology.

* I3 aggressive local-regional management warranted with cligometastatic
non-small cell lung? Khan AJ, Mehta PS, Zusag TW, Bonomi PD , Faber
LP, Abrams RA. Manuscript accepted for publication in Radiotherapy
and Oncology.

¢ [nitial Clinical Results with the Mammosite Breast Brachytherapy Appéicator
in Women with Earfy-Stage Breast Cancer. Choo JJ, Mehta P5, Nguyen
CN, Hasabou N, Schochet E, Gitleman MA, Henson R, Snider HC,
Dowlatshahi K. Abstract ASTRO 2005.

* A dosimetic analysis comparing an electron tumor bed boost with a tumor
bed boost utifziryg the Mammosite breast brachytherapy applicator. Kirk M,
Dickier AD, Mehta PS, Khan AJ, Chu J, Griem KL, Nguyen C. Abstract
ASTRC 2005.

* A dosimetic comparison of 3D conformal, IMRT, and Mammosite partial

Mabma_ev-0%/2007 2
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breast radiation. Dickler A, Kk M, Khan AJ, Mehta PS, Chu J, Gnem KL,
and Nguyen C. Abstract ASTRO 2006.

» Clonogenic survival does not uniformly increase with spiit time between
halves of 2-Gy fractions: implications for IMRT. Blazek ER, Khan AJ, Mahta
PS, Foutch JL, Kirk MC, Chu J, Abrams RA. Poster Radiation Research
Society 2005,

= Is Nodal Imadiction Necessary in Breast Cancer Patients with Positive
Sentinel Node Biopsy Without Axillary Dissaction? WROBP, Vol. 54, Issue
2, Supplement 1, 1 October 2002, pages 232-233. Sarvi M, Mehta P,
Vallow L, Dowtat K, Griem KL.

SpaceOAR * SpaceOAR Hydrogel Skills Workshop: Strategies and Techniques to
Experience Integrate SpaceOAR Hydrogel info Clinical Practice. American Urological
Association Meeting, May 2019,

s SpaceOAR Center of Exceflence Site since 2017.

= Demonstrates best practices for SpaceOAR placement 0 new physician
users and Boston Scientific employees.

* Trained more than 100 physicians on SpaceOAR placement, Shanng
cinical experniences and echniques.

» Performed more than 1500 SpaceQAR placements.
= Contributed to local TV news segment: Living Healthy Chicago-Uropartners
and SpaceQAR Hydrogel. November 29, 2017,

Mehty_¢v-07:2007 3
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May 21, 2026

John P. Kniery

Board Administrator

[llinois Health Facilities and Services Review Board
525 W Jefferson Street, Floor 2

Springfield, IL 62761

Re: Advanced Radiation Center of Chicago, Certification and Authorization Letter
Dear Mr. Kniery,

As a representative of UroPartners, LLC and Solaris Health Holdings, LLC, 1, Justin Cohen,
M.D., give authorization to the Health Facilities and Services Review Board and the Illinois
Department of Public Health (“IDPH”) to access documents necessary to verify the information
submitted including, but not limited to: official records of IDPH or other state agencies, the
licensing or certification records of other states, and the records of nationally recognized
accreditation organizations.

I further verify that UroPartners, LLC holds an interest in the UroPartners Surgery Center, LLC.
Solaris Health Holdings, LLC has no ownership interest in any other healthcare facilities in
Illinots. There have been no adverse actions in the past three (3) years.

I hereby certify this is true and based upon my personal knowledge under penalty of perjury and
in accordance with 735 ILCS 5/1-109.

Sir?rely,

Jugtin Cohen, M.D.
President

roPartners, LLC

28672733 v1



ATTACHMENT 12
Purpose of the Project

This project involves the acquisition and installation of two major pieces of medical equipment. A Varian
Ethos Machine (LINAC) and a SOMATOM go.Sim CT system from Siemens, to be utilized at the
Advanced Radiation Center of Chicago located at 8915 West Golf Road, Niles, lllinois 60714, The Facility
serves patients throughout northern Cook County, DuPage County, and southern Lake County
(collectively, the “Service Area”).

For purposes of this application, the geographic service area is defined as the communities within a 10-
mile radius of the Facility, encompassing portions of northern Cook County and surrounding
communities—a region with substantial population density and documented cancer incidence that
supports demand for accessible, advanced radiation therapy services.

Each piece of equipment provides unique and clinically significant benefits that support improved patient
care:

¢ Varian Ethos Machine (LINAC): This is an Al-driven, ring-mounted linear accelerator (LINAC)
designed for fast, online adaptive radiotherapy (OART}. It enables clinicians to adjust treatment
plans in real time based on daily anatomical changes, delivering personalized and precise
radiation in approximately 15 minutes. The Varian Ethos LINAC is recognized for mitigating the
loss of healthy tissue during radiation treatment of tumors.

e SOMATOM go.Sim from Siemens System: This system is a 64-slice CT scanner designed
specifically for radiation therapy simulation, featuring an 85 cm bore for universal patient comfort
and optimal positioning. The machine utilizes Al-driven DirectORGANS contouring for automated
organ-at-risk (OAR) delineation to standardize and accelerate the simulation process.

Existing Problem and Need for Equipment Replacement

Consistent with the goals and mission of the Health Facilities and Services Review Board, the Applicants
have filed this application in advance of their existing equipment being rendered unusable. The current
LINAC at the Facility is approaching the end of its functional lifespan, and continued reliance on aging
technology presents an increasing risk of unplanned service disruption for the thousands of patients who
depend on the Facility for life-saving radiation treatments.

The acquisition of a new LINAC and CT system serves the dual purpose of (1) ensuring continuity of
access to essential radiation therapy services and (2) advancing the quality of care available to the
patient population by introducing adaptive radiation therapy capabilities. This approach promotes efficient
health planning by allowing the Advanced Radiation Center of Chicago to gradually phase out its existing
machine while bringing the new equipment up to full utilization, thereby avoiding any gap in patient
services.

Improving Health Services: Adaptive Radiation Therapy

The Varian Ethos system represents a fundamental advancement in radiation oncology that directly
improves patient care and well-being. Unlike conventional radiation therapy, which relies on a single pre-
treatment plan delivered across all treatment sessions, the Ethos system enables daily adaptive
treatment planning. Each fraction can be re-optimized based on the patient's anatomy of the day, shifting
radiation therapy from a static “plan-and-deliver” model to a continuously optimized, patient-specific
therapeutic process.
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The clinical benefits of this approach include:

+ Daily adaptive treatment planning that accounts for physiologic variability such as weight
changes, bladder filling, rectal gas, and tumor shrinkage across the course of therapy.

» Al-driven contouring and dose recalculation that allow clinicians to tailor radiation precisely to
tumor position and shape changes in real time.

» Improved organ-at-risk protection, as surrounding normal tissues (bladder, rectum, bowel) are re-
evaluated daily, enabling tighter sparing and reduced toxicity.

» The potential for planning target volume (PTV) margin reduction, which decreases radiation
exposure to healthy tissue.

¢ On-table decision-making that enables physicians to review and approve multiple pltan options
during treatment, providing true point-of-care personalization.

»  Workflow integration of Al and imaging that combines cone-beam CT imaging with automated
segmentation and rapid dose calculation to support adaptive workflows without excessive
treatment delays.

This technology is particularly beneficial for patients with prostate cancer, pancreatic cancer, breast
cancer, lung cancer, head and neck cancer, and metastatic disease—conditions that represent a
significant portion of cancer diagnoses within the Service Area.

Prostate and Pelvic Cancer Radiation Therapy

Prostate cancer is the most common non-skin cancer in the United States. The Prostate Cancer
Foundation reports that 1 out of every 8 men will be diagnosed with prostate cancer in their lifetime, with
routine screening typically beginning at age 50. According to the lllinois Department of Public Health,
African Americans and Latinos account for almost 60% of patient deaths due to prostate cancer in
[llinois—a statistic of particular relevance given the demographic composition of the Service Area.

Radiation therapy is a primary modality for curative treatment of localized prostate disease, and ensuring
continued access to advanced radiation therapy services is essential to maintaining timely care for this
large and clinically significant patient population. This project aims to maintain and enhance treatment
capacity for prostate cancer and other pelvic malignancies.

Modern adaptive radiation therapy systems further strengthen treatment options by accounting for day-to-
day anatomical variability in pelvic organs. Online adaptive radictherapy allows clinicians to modify
treatment plans in real time based on daily imaging and anatomical changes. This approach is specifically
designed to improve target coverage and reduce radiation exposure to adjacent organs at risk, such as
the bladder and rectum.

Clinical evidence reinforces the value of these capabilities. A retrospective study of prostate cancer
patients treated with the Varian Ethos system found that adaptive plans achieved target coverage
benchmarks in 418 out of 422 treatment fractions, significantly outperforming non-adaptive plans. These
findings democnstrate improved consistency and reliability in treatment delivery, which is particularly
important in pelvic cancers where small anatomicat changes can impact dose distribution.
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Radiation Treatment for Additional Malignancies

In addition to prostate cancer, this project supports comprehensive radiation oncology capabilities for a
broad range of malignancies. External beam radiation therapy is a well-established treatment tool for
bladder cancer and is frequently incorporated into bladder-preserving treatment strategies. These
approaches combine radiation with other therapies to achieve oncologic outcomes comparable to surgery
in selected patients while avoiding more invasive procedures.

The new LINAC system will also enable the Facility to provide stereotactic body radiation therapy (SBRT)
for renal cell carcinoma in select patients. Clinical guidelines and systematic reviews describe SBRT as
an effective option for patients who are medically inoperable or have contraindications to surgery,
expanding treatment accessibility for this population.

Radiation therapy further plays a role in the management of less common urologic malignancies,
including penile cancer, where external beam radiation and other modalities may offer organ-preserving
treatment options in appropriately selected patients. The increased precision of the Ethos system is also
beneficial for developing treatment strategies for complex cases involving abdominal tumors where inter-
fraction motion is significant.

By supporting treatment across this spectrum of cancers, the project ensures that patients within the
Service Area have continued access to a full range of evidence-supported radiation therapy options,
reducing the need to travel outside the region for specialized care.

CT Imaging and Simulation for Treatment Planning and Urologic Evaluation

The SOMATOM go.Sim system fulfills a critical function in the radiation therapy process by enabling
precise CT-based simulation for treatment planning. Patients undergoing radiation therapy require CT
imaging to define tumor volumes and surrounding anatomy, which forms the basis for accurate dose
calculation and treatment delivery.

Beyond treatment planning, CT imaging is widely recognized as an essential diagnostic tool for evaluating
urologic conditions that frequently present in clinical practice. CT is the primary imaging modality for
assessing a variety of urinary tract diseases, including renal tumors, bladder carcinoma staging, and
evaluation of hematuria. CT urography is described as highly accurate for detecting upper tract urothelial
malignancies, underscoring its importance in cancer detection and staging.

Addressing Regional Need and Ensuring Continuity of Care

A fundamental purpose of this project is to ensure uninterrupted access to essential oncology services as
existing equipment approaches the end of its functional lifespan. By proactively replacing aging
technology, the project minimizes the risk of service disruption and supports continuity of care for patients
who require timely radiation therapy.
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The project also addresses geographic gaps in access to advanced radiation modalities within the
northern Chicago suburban region. Adaptive radiation therapy capabilities remain limited outside of major
urban academic medical centers in downtown Chicago, and the proposed equipment will expand access
to these advanced treatment options for patients residing in the surrounding suburban communities.
Without this project, patients in the Service Area who could benefit from adaptive radiation therapy would
be required to travel to downtown Chicago or other distant facilities, creating barriers related to
transportation, time, and cost that may delay or deter treatment.

This need is further supported by statewide cancer surveillance data. The lllinois State Cancer Registry
serves as the population-based source for cancer incidence information in [llinois and provides essential
data used to inform health planning and resource ellocation. State-level data demonstrate that urclogic
cancers, including prostate and bladder cancer, remain an ongoing concern for lllinois residents, with
documented incidence rates over recent multi-year pericds. These data reinforce the importance of
maintaining accessible, high-quality radiation therapy services within the Service Area.

A primary objective of this project is to ensure continuity of radiation therapy services for the existing
patient population without interruption. The Applicants intend to complete installation and commissioning
of the Varian Ethos LINAC and SOMATOM go.Sim CT system within 12 months of CON approval. All
active radiation therapy patients will be transitioned from the existing equipment to the new LINAC with
zero interruption in scheduled treatment courses, and current patient volume capacity, as measured by
treatment fractions delivered per month, will be maintained throughout the equipment transition period.

The project will also expand access to adaptive radiation therapy within the Service Area. Online adaptive
radiation therapy (OART) will be offered to clinically appropriate patients within 90 days of eguipment
commissioning, with a target of achieving utilization of adaptive treatment protocols for at least 40% of
eligible prostate and pelvic cancer patients within 24 months of commissioning. By making this advanced
modality available locally, the project will reduce the proportion of Service Area patients who must travel
to downtown Chicago or other distant facilities for adaptive radiation therapy.

Finally, the project is designed to improve clinical outcomes and reduce treatment-related toxicity over
time. The Facility will target achievement of planning target volume dose conformity benchmarks in at
least 95% of adaptive treatment fractions within the first 24 months of operation.
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Varian Ethos Machine (LINAC)

The Varian Ethos system is an Al-driven adaptive radiotherapy solution designed to optimize treatment
ptanning and delivery for both adaptive and conventional workflows. It provides a patient-tailored
approach, allowing clinicians to choose the best treatment option while using efficient technologies and
guided workflows to support decision making. The system also providers to leverage different treatment
technigues such as IGRT, IMRT, VMAT, and SBRT, and can incorporate MR, PET, and CT imaging
throughout planning and treatment.

In addition, Ethos integrates advanced imaging with Al planning and segmentation to improve precision,
efficiency, and confidence in treatment delivery. It enables clinicians to visualize patient anatomy,
respond to anatomical changes, and calculate dose directly from imaging to support adaptive
radiotherapy. The system also enhances clinical and operational performance through streamlined
workflows, data integration, and unified management of treatments across platfiorms.
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SOMATOM go.Sim CT System

The SOMATOM go.Sim is a dedicated CT simulator for radiation therapy that combines hardware and
software into a single, integrated system to streamline the entire CT simulation process. It is designed to
reduce errors caused by complex workflows and manual data handling by using automation and
intelligent features. This integration helps create a more efficient, reproducible workflow, shortens the
time to treatment, and ailows staff to focus more on patient care while impraving consistency in simulation
results.

The system enhances treatment planning by providing optimized image quality for tumor delineation and
supporting advanced functions such as Al-based auto-contouring, which helps reduce variability in
planning. It also simplifies tasks with a user-friendly design and coordinated workflow tools that improve
accuracy and productivity, Overall, SOMATOM go.Sim is built to deliver precise imaging, faster and more
reliable workflows, and a more patient-centered radiotherapy simulation process.
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Understanding
Prostate Cancer

What is Prostate Cancer?

In general, cancer is a condition in which a normal
cell becomes abnormal and starts to grow
uncontrollably without having the signals or “brakes”
that stop typical cell growth. The prostate is a small
gland located below the bladder that is responsible
for secreting one of the components of semen.

Prostate cancer occurs when a normal prostate cell
becomes altered and starts growing in an
uncontrolled way. Prostate cancer cells form massas
of abnormal cells known as tumors.

How Common is Prostate Cancer?

Approximately one in eight men in the U.S. will be
diagnosed with prostate cancer in his lifetime, about
the same rate as breast cancer in women. For
African American men, the rate is one in six. Prostate
cancer is the second most common type of cancer
in men, after skin cancer. In 2026, about 333,830
new cases of prostate cancer will be diagnosed in
the U.S., and about 36,320 patients will die of the
disease. Worldwide, mare than 1.4 million men are
diagnosed each year.

Learn more about potential symptoms of prostate

Check The Box
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Abstract

Introduction

Online adaptive radiotherapy aling to improve treatment quality by accounting for inter-fractional
variation I anatomy. This study presents a guantitative comparison between adapted and non-
adapted scheduled plans with identical margins in a real-waorld clinical setting.

Methods

We retrospectively analyzed 422 fictlons from 43 patients with prostate cancer treated with the
Varisn Ethos system. All patlents received hypofractionated treatment with 3 Gy per fraction up to
a curmulative dose of 60 Gy. For each fraction, the scheduled plan (planned on planning CT,
calculated on synthetic CT derived from dally cone beam CT) was compared to the adapted plan
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(planned and calculated on actual daily anatomy) by means of several dose-volume metrics.

Comparative statistics regarding dose-volume metrics were performed using Wilcoxon signed-
rank test for paired data with a two-sided hypothesis.

Results

Adapted plans delivered significantly better target coverage, conformality, and homo-geneity than
scheduled plans. The constraints D95% 2 95% and V5% 2 95% were met In 418 out of 422
fractions with the adapted plan, compared to only 41%-84% of fractions with the scheduled plan.
Median absolute improvements for these metrics ranged between 1.5 and 6.0 percentage points.
Most organ-at-risk metrics remained unchanged or showed only minor differences. Interquartile
ranges decreased across all metrics.

Conclusions

Adaptation significantly improved target dose metrics compared to non-adapted plans, without
compromising organs-at-risk sparing. Interquartile ranges were reduced for all metrics evidencing
better repeatability of adapted plans.

Keywords: prostate cancer, online adaptive radiotherapy (0ART), Varian Ethos, dosimetric impact,
dosimetric distribution, organs-at-risk sparing, CBCT

1. Introduction

Prostate cancer is among the most common malignancies affecting men worldwide (1, 2), and
radiotherapy (RT) remains one of its cornerstone treatment modalities. However, daily anatomical
variations—particularly in bladder and rectal filling—pose a significant challenge to accurate dose
delivery. Such interfractional changes can lead to undercoverage of the prostate target and
unintended dose escalation to surrounding organs at risk (OARs), thereby compromising tumor
control and increasing the risk of treatment-related toxicity (3, 4).

Online adaptive radiotherapy (0ART) has emerged to address these challenges by enabling real-
time modification of the treatment plan based on each day's patient anatomy. By acquiring a cone-
beam CT (CBCT) on each treatment day, re-segmenting targets and OARs, and re-optimizing the
dose distribution, 0ART can substantially mitigate the effects of anatomical variability and
enhance treatment precision.
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The Varian Ethos system (Varian Medical Systems, Palo Alto, CA, USA) (5] integrates daily CBCT
imaging with artificial-intelligence-driven auto-segmentation and fully automated plan re-
aptimization, creating a seamless workflow for 0ART in routine clinical practice. This capability is
particularly valuable in the management of prostate cancer; where bladder and rectal filling can
induce significant prostate motion. In hypofractionated regimens—where each fraction delivers a
high dose per session—such precision is critical. Daily adaptation not only improves target
coverage but also holds the promise of reducing toxicity to the bladder, rectum, and other pelvic
structures.

Several studies have shown dosimetric benefits of adaptation for a limited number of patients
(partially with simulated data) for different prostate cases: prostate stereotactic body radiation
therapy (6), prostate bed (7), prostatic fossa (), and prostate and seminal vesicles (9). The
advantages of oART were also reported for gynecological (10), rectal (11), bladder (12, 13),and
other cancers. In this study, we present a iarge and consistent cohort of 40 prostate cancer patients
who underwent 0ART using the Varian Ethos system with a double simultaneous integrated boost
(SIB) technique at our department.

2. Method and materials

2.1. Online adaptive radiotherapy workflow

CBCT-based cART using the Varian Ethos system is conducted with a pre-defined workflow. The
process begins with the planning CT (pCT), where the treatment intent—including dose
prescription, planning objectives, and delineation of DARs—is established.

A reference treatment plan is generated on the planning CT using one of several predefined beam
configurations: intensity-modulated radiotherapy (IMRT) with 7, 9, or 12 equidistant fields, or
volumetric modulated arc therapy (VMAT) with two or three arcs. Once this reference plan is
approved, it becomes available for daily treatment. Our early clinical experience indicated that
VMAT plan calculation required considerably more time while offering only margina! dosimetri¢
benefit compared with IMRT. For this reason, VMAT plans (Ethos 1.0) were not used in routine
clinlcal practice at our institution.

At each treatment session, the patient is positioned and a CBCT scan is acquired. Following a
quality check of the image, the system automatically propagates the planning contours to the
CBCT cf the day. These propagated contours must then be reviewed and, if necessary, edited by the
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user. Using deformable image registration, the CBCT anatomy is mapped back to the planning CT to
preserve Hounsfield unit accuracy (synthetic CT). On this basis, two dose distributions are
calculated: (1) the dose from the scheduled (non-adapted) plan applied to the current anatomy, and
(2) a newly re-optimized adapted plan, generated using the original treatment intent and
constraints, tailored to the anatomy of the day { Figure 1).

Figure 1.

Openina new tab

Scheduled and adapted plans on a CBCT image for the same treatment session. Left panel:
The scheduled plan. Right panel: The adapted plan. The color scheme for the contours:
bladder - yellow, rectum - dark blue, PRW - orange, PTV/SIB1/SIB2 - red/green/blue. The
dose distributions are visualized using a color wash, where blue corresponds to 2.28 Gy
and red to 3 Gy. Doses above 3 Gy are indicated in pink The scheduled plan shows strong
underdosage for PTV and SIB1 which could be compensated with the adapted plan, as can
be seen in sagittal and axial views.

The clinician then compares both plans and selects the one to be delivered. In practice, the adapted
plan typically offers superior dosimetric quality, and at our institution it is selected in > 99% of
sessions for treatment.
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2.2. Treatment characteristics

Between July 2023 and October 2024, a total of 72 patients were treated with the Ethos system at
our institution. The majority of patients underwent pelvic radiotherapy, primarily for prostate
cancer. Patients with primary prostate cancer radiotherapy are treated at our institution with the
in-house protocol based on the CHHIP trial [14).

For this post-hoc analysis, we selected all patients with a confirmed diagnosis of prostate cancer,
who were treated with the 2 SIBs concept at our institution and whose data could be fully
exported from the Ethos system. These 49 patients had been treated prior to the commencement
of this study, making this an exploratory analysis.

Planning target volume (PTV), SIB1, and SIB2 are structures derived from prostate and seminal
vesicles contours, which is necessary for the adaptive treatment workflow since they wili be
automatically generated by the system based on the adapted prostate and seminal vesicle
contours. SIB2 is defined as the prostate with 3 mm margins (posteriorly 0 mm). SIB1 includes the
prostate and the proximal 1 cm of the seminal vesicles with 6 mm margins (posteriorly 3 mm).
PTV is defined the same as SIB1 but includes the praximal 2 ¢m of the seminal vesicles with 6 mm
margins in all directions including posterior. The cumulative prescribed doses for PTV, SIB1, and
SIB2 are respectively 48 Gy, 57.6 Gy, and 60 Gy.

Dose objectives for OARs in this study were aligned with our institution’s in-house protocol (15),
which is based on the guidelines from the CHHiP [14), PROFIT (16), PACE-B (17), and PACE-C (18)
trials. In our institution, a posterior recturn wall (PRW) is used as an additional OAR (reasoning
and PRW contouring have been described previously (19]).

To ensure better bladder sparing the patients are instructed to follow our in-house “Bladder and
bowel preparation instructions” (15), which aim at a reproducibly empty rectum and a
comfortably full bladder.

2.3. Patient selection

As previously discussed [19), a systematic bias exists in which prostate contours on the pCT tend
to be smaller than those on CBCT. This discrepancy does not indicate an error but arises from the
ESTRC ACROP contouring guldelines (20}, which recommend assuming equal levator ani muscle
thickness adjacent to the prostate and rectum on CT, while on MRI {magnetic resonance imaging)
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these structures can be clearly distinguished. Consequently, MRI-based contouring yields smaller
target volumes by avoiding unnecessary inclusion of the levator ani muscles. In CT-only
workflows, the Santorini plexus is also frequently included due to limited soft-tissue contrast,
further enlarging prostate, CTV, and PTV volumes.

At our institution, MRI is used to support pCT contouring but is not always referenced during
adaptive workflows, occasionally leading to larger prostate contours in adapted datasets. Large
discrepancies between the prostate contour volume on the pCT (used for the scheduled plan) and
on the CBCT (used for the adapted plan) can introduce artifacts in dosimetric comparison (19).

To minimize variability and enhance data homogeneity, we applied a threshold of 15% to the pro-
state volume for each session: AV = |Vprouiate poT = Virostate,cper| < 15%. This threshold allows to
homogenize the data while accounting for physiological prostate swelling often observed during
the radiotherapy (21). Fractions exceeding this threshold were excluded, resulting in the removal
of 555 out of 980 fractions due to pronounced contour discrepancies (see Figure 2 for prostate
volume distributions). The excluded fractions were analyzed separately. Consequently, six patients
were entirely excluded from the study.

Figure 2.
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Relative prostate volume on CBCTs (V cgcr /V pet) for each patient. The gray area marks the
allowed prostate volumes for a fraction to be included in the study.

ATTACHMENT 12

Page 66




ATTACHMENT 12
Purpose of the Project

Additionally, three interrupted sessions were excluded. The final dataset comprised 422 fractions
(ranging from 1 to 20 fractions per patient) from a total of 43 patients, providing a consistent basls
for analysis. Among these 422 fractions, the scheduled plan was selected for treatment in only
three sessions.

2.4, Data analysis

Since this is a retrospective study, all data was available prior to the beginning of the study. Dose
and structure DICOM files were exported from the Ethos system. Dose-volume histograms were
computed using a custom-developed Python script based on the dicompyler-core package (version
0.5.6) (22).

For each dose-volume metric, we calculated the difference between the metric value obtained with
the scheduled plan and that obtained with the adapted plan for each fraction. To assess the
significance of these differences, we applied the Wilcoxon signed-rank test for paired data witha
two-sided alternative hypothesis.

Additionally, we evaluated the homogeneity index HI = (D1% — D99%)/ Dprescrived (23) for SIB2
as well as the conformation number CN = TV95%/TV x TV95%/V95% for PTV, where TV95%
and V95% are respectively the volume of PTV and the volume of tissue covered by 95% of the PTV
prescribed dose, TV is the total volume of PTV [24). The CN quantifies both the target coverage
(the first term of the formula) and the healthy tissue sparing (the second term).

To estimate both the central tendency and dispersion of non-nrormally distributed data, we
calculated the Hodges-Lehmann median along with the corresponding quartiles (Q1 and Q3).

A custom Python script was developed for this analysis, utilizing core libraries such as NumPy,
SciPy, and statistics. Given the exploratory nature of this study, p-values are consldered
descriptive, with p<0.05 interpreted as indicative of statistical significance. No Bonferroni
correction was applied; instead, we always present an absolute p-value if p 2 0.001,

3. Results

3.1. Patient characteristics
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A total of 43 patients [ Table 1 ) with a confirmed diagnosis of prostate cancer were included in
this study. Clinical staging revealed that 24 patients (55.896) had T1 tumnors, 18 (41.9%) had T2
tumors, and 1 patient (2.3%) was classified as T3. Androgen deprivation therapy was administered
to 17 patients, depending on clinical Indications and risk stratification. Adaptive radiotherapy was
delivered in most cases using IMRT techniques. Most patients received either 9-beam or 12-beam
IMRT; four patients were treated with different IMRT beam arrangements in different sessions, and
one patient received either VMAT or IMRT, although all VMAT-treated fractions were excluded by
the prostate-volume criterion
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Table 1.

Demographic characteristics including age, NCCN [National Comprehensive Cancer
Network] risk group, Gleason and ISUP (International Society of Urological Pathology)
grades, cancer stage, receiving of the androgen deprivation therapy, the latest IPSA value
before or shortly after the start of the treatiment, as well as the plan modality.

Age, years

NCCN riskgroup
Low
Intermediate
High
Gleason (ISUP) grade
6(1)
7a(2)
7h(3)
8(4)
Cancer stage
T1b
Tlc
T2a
T2b
T2¢
T3

Androgendeprivation therapy

IPSA, ng/ml

Page 69

Mean
72.3
i# of patients
12
27
4
it of patients
12
18
9
3
# of patients
1
23
2
2
14
1
# of patients
17
Mean
6

Min - max
55-83
% of patients
279
62.8
9.3
% of patlents
279
419
20.9
7.0
% of patients
23
53.5
4.7
4.7
326
23
% of patients
395
min - max

0.08 - 27
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Plan # of patients % of patients
IMRT 09 12 27.9
IMRT 12 26 60.5
Combination 5 11.6
Openin anew tab

Some patients received different plan modalities in different sessions (represented by
“Combination”).

3.2. Target metrics

Adaptation significantly enhanced target coverage as measured by D95% (p<0.001) for all targets,
with the improvement ranging from 1.5 to 6.0%. (Hereafter, we estimate metric changes in terms
of Hodges-Lehmann median of the difference distributions, all values refer to absolute dose
changes, e.g. percentage points.) Additionally, V95% increased on average by 2.3 to 5.8% ( Flgure 3

Supplementary Table §1 in the Supplementary Material ). Furthermore, the interquartile range (IQR
= Q3 - Q1) decreased with adaptation for all target metrics.

ATTACHMENT 12

Page70 ——



ATTACHMENT 12
Purpose of the Project

Figure 3.
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Target metric distributions for scheduled (“sch”} and adapted (“adp”) plans (top panel),
and distributions of difference: metricg, — metric, 4, (bottom panel). Each vertical pair of
subplots corresponds to a single metric. Solid lines correspond to optimal limits for each
metric, and dotted lines - to alternative ones {top panel). Hodges-Lehmann median for
each difference distribution is given under the corresponding subplot, as well as the p-value
from the corresponding Wilcoxon test. The labels “adp better” and "adp worse” are valid for
all metrics except SIB2 Dmax.

The adapted plan demonstrated markedly improved homogeneity and conformality (Figure 4 ).
Specifically, the homogeneity for SIB2 (ideal value of 0) improved from 0.092[0.080, 0.115]
(Hodges-Lehmann median {Q1, Q3]} to 0.056{0.054, 0.059] (p<0.001), with its maximum value
decreasing from 0.75 to 0.11. The conformation number for PTV (ideal value of 1) increased from
0.66[0.64, 0.68] to 0.685[0.671, 0.699] (p<0.001), with its minimum value increasing from 0.53 to
0.62.
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Figure 4.
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Homogeneity index for SIB2, as well as conformation number for PTV for all 422 fractions
for scheduled (“sch”) and adapted (“adp”) plans. The right panel presents the definitions
and the ideal values for the indices.

For the adapted plan, all alternative target constraints (except SIB2 Dmean) were satisfied in 418
out of 422 fractions: D95%z 95% and V95%z2z 95%. Only in four fractions did both SIB1 constraints
fail, while those for SIB2 and PTV were consistently met ( Table 2 ).
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Table 2.

The percentage of fractions with satisfied alternative goal (which is equal to the optimal
goal for some metrics) for each metric for three categories of the prostate contour volume
on CBCT scan: 1. much smaller than on pCT: V < 0.85V ¢ 2. within the selected threshold
{e.g. included into the main analysis); 3. much bigger than on pCT: V> 1.15V e

Percentage of fractions with satisfied alternative goal

With scheduled plan With adapted plan
Metricand
alternativegoal V< gg0 445, V2 V<  oss-115v V>
0.85V 115V  0.85V 1.15V
pCT peT
pCT pCT pCT pcT
pv  V95%2 91.4 84.4 491 1000 100.0 100.0
95%
pry Yook 91.4 84.4 489 1000 100.0 100.0
95%
V95% >
IB1 7 4038 2.3 1 1 ]
S 0596 85 97 99 99.8
sipy  DoS%2 85.7 40.8 2.3 97.1 99.1 99.8
osor . . . : ) ]
V95% 2
SIB2 97.1 80.6 243 100.0 100.0 100.0
95%
D95
SIB2 L 97.1 80.6 243 1000 100.0 100.0
95%
Dmeanz
IB2 25.7 273 8.5 42, 65.6 69.7
S 100% ?
Dmax s
SIB2 100.0 100.0 99.8  100.0 100.0 100.0
110%
Bladder ::;Gy 886 87.2 909 986 97.6 94.8
Bladder ‘\zr;;’cy < 786 91.2 957 971 97.9 95.7
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Percentage of fractions with satisfled alternative goal

With scheduled plan With adapted pl
Metricand " P b Lan
alternativegoal V< 40 445, V2 V< 0.85-1.15v7
0.85V 115V 0.85V 1.15v
pCT pCT
peT pcT pCT pCT
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Rectum 100.0 100.0 100.0  100.0 100.0 100.0

2

Rectum ::%GY< 100.0 100.0 1000  100.0 100.0 100.0
V486
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Rectum 50%”‘ 100.0 100.0 1000  100.0 100.0 100.0

Rectum 2 <  gp9 97.2 992  100.0 100.0 100.0
51%
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Rectum 97.1 96.7 953  100.0 100.0 99.8
70%
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D
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2.1Gy

Bowel 'ro0¥<6 oo 33.4 262 271 32.9 29.9
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Bowel 92.9 89.1 915 943 90.0 91.3
2.6Gy
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3.3. OAR metrics

Bladder V60Gy remained unchanged with adaptation, whereas V48Gy and V40Gy exhibited modest
but statistically significant {p< 0.001) improvements ( Figure 5 ; Supplementary Table §1 in the
Supplementary Material ). The percentage of fractions meeting the optimal constraints for the
bladder metrics was higher with the adapted plan than with the scheduled one, and was ranging

between 97.6% and 99.5% ( Table 2 ).

Figure 5.

Bladder V60Gy Bladder V48Gy Rectum D2ccm PRW D2¢em Bowel D2ccm d

15 3 — 3T
40
R 10 ® &2 &2
o o J g o
% £ 20 =T = E
[7] = & |
= il = |8 ¢ 1 s
Y t ".. 1 [+] . 0:' L o._ S S
sch  adp sch adp sch adp sch  adp
20 CLE ] 0: D= L 2- BT L ,I ‘adp
10 | i | better
R i & 10 i 5 & 05 | & 1 ; '
Y] L ] ] 9] ! )
s o— s oL 5 0o——— E o-
L v [ [} [} |
g . E s = |
< < < < =05 | < -1 ] adp
~10 20! _ ! |‘ worse
L o -1.0 -2 -
HL median: Q.03 0.70 0.08 0.004
p-value: 0.67 < 0.001 < 0.001 0.52
Qpen in a new tab

OAR metric distributions for scheduled (“sch”) and adapted (“adp”) plans (top panel), and
distributions of difference: metric,, - metric,q, (bottom panel). Each pair of subplots
corresponds to a single metric. Solid lines correspond to optimal limits for each metric (top
panel). Hodges-Lehmann median for each difference distribution is given under the
corresponding subplot, as well as the p-value from the corresponding Wilcoxon test

ATTACHMENT 12

- Page 75



_— - Page 76

ATTACHMENT 12
Purpose of the Project

Among the evaluated rectum metrics (V56Gy, V52Gy, V48Gy, V40Gy, V32Gy, V24Gy, D2ccm), five
showed statistically significant changes: the first four metrics experienced a slight deterioration
(less than 0.8%6) with adaptation, while V24Gy showed a minor improvement. Nevertheless, the
adapted plan met all optimal rectum constraints in all fractions ( Tahle 2 ; Supplementary Table §1
in the Supplementary Material }.

Furthermore, the adapted plan outperformed the scheduled plan in terms of the PRW metrics: the
dose to 2 ccm decreased by 0.08 Gy, the maximum dose was reduced by 0.17 Gy, and V37Gy
tmproved by 0.65% (in all three cases p<0.001), while the percentage of fractions meeting the
optimal constraint increased for V37Gy from 86% (with the scheduled plan) to 99% (with the
adapted one), and for Dmax from 69% to 92% ( Table 2 ; Supplementary Table §1 in the
Supplementary Material ).

The IQR decreased with adaptation for all bladder; rectum, and PRW metrics.

Bowel metrics did not exhibit any significant differences with adaptation.
3.4. Excluded sessions

When the prostate contour on CBCT exceeded the 15% threshold (e.g. a bigger prostate on CBCT,
485 sessions), median reductions in the target metrics D95% and V95% ranged from 4.5% to
14.9% ( Supplementary Figure §1 in the Supplementary Material ). The scheduled plan could not
account for such a big prostate on the daily CBCT satisfying the goals for these target metrics in
much fewer sessions in comparison with the adapted plan (see Table 2 ). For the sessions with a
smaller prostate on CBCT (70 sessions), the adapted plan still conferred statistically significant
dosimetric improvements over the scheduled plan, although the magnitude of benefit was reduced
(between 0.8% and 2.3%} relative to the cases with a prostate volume close to ¥V yor (

Supplementary Figure §2 in the Supplementary Material ). The scheduled plan could also fulfill the
goals in the most sessions.

Moreover, an enlarged prostate cortour on CBCT (and hence larger targets) artifictally favored the
scheduled plan for OAR metrics—they appeared slightly lower than with adaptation (
Supplementary Figyre $1 in the Supplementary Materfal ), whereas the converse held true fora
smaller prostate contour (Supplementary Figure 52 in the Supplementary Materfal )

4. Discussion
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To enable an unbiased comparison between scheduled and adapted plans, we applied a strict
exclusion criterion based on prostate contour volume. The rationale for this approach was to avold
artifacts that arise when the prostate contour on the CBCT deviates substantially from that on the
planning CT (19). The main reason for this deviation is the availability of MRI fusion for the
planning CT but the lack of MRI fusion for datly CBCTs during adaptive sessions. This aspect
combined with the ESTRO ACROP contouring guidelines (20), can introduce contouring bias.
Naturally, MRI-guided radiotherapy can largely eliminate this issue by providing consistent MRI-
based contours for all fractions.

We observed the following artifacts when the prostate appeared larger on CBCT (see columns “V >
1.15V pcr” in Table 2 ; Supplementary Figure §1 in the Supplementary Material ):

1. The scheduled plan on CBCT, evaluated using the adapted contours, appears to provide poorer
target coverage even in the absence of anatomical changes. This occurs simply because the
apparently larger CTV/PTV is not fully encompassed by the prescribed isodose. This does not
necessarily mean that the scheduled plan would have been clinically inferior if the prostate
volume had been closer to that on the planning CT; however, this artifact artificially amplifies
the apparent difference between scheduled and adapted plans.

2. Conversely, the scheduled plan (on either the pCT or CBCT) appears to offer better bladder
and rectum sparing, particularly for high-dose metrics, due to the smaller target volume.

For the opposite case (V ¢ger< 0.85V per), the main artifact was worse OAR sparing in the
scheduled plan, again as a direct consequence of relatively larger target volumes (see colurmns “V <

0.85V pcr” in Table 2 ; Supplementary Figure $2 in the Supplementary Materdal )

Importantly, adaptation maintained high rates of goal satisfaction across all three prostate-volume
rangesfor nearly every metric (see Table 2 ). In contrast, the quality of the scheduled plan
depended strongly on the relative change in prostate contour volume between pCT and CBCT. For
example, for the bigger prostate on CBCT, the scheduled plan showed extremely low percentage of
sessions with satisfied goals, going down to only 2.3% for the SIB1 goals.

Combining all prostate volume ranges into a single analysis would obscure true effects due to
opposing OAR trends: the adapted plan appears superior when V cgcr < 0.85V per but inferior
when V cper > 1.15V o7 For target metrics, however, the adapted plan consistently outperformed
the scheduled one, with prostate volume deviations affecting only the magnitude, not the direction,
of the benefit.
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Thus, we applied this exclusion criterion to ensure that only genuine anatomical changes between
PCT and CBCT were captured, avoiding distortions caused by contour volume discrepancies. We
emphasize that consistent contouring is essential for a fair and unbiased assessment of the benefit
of 0ART. Importantly, these inconsistencies influence only the comparison between scheduled and
adapted plans and do not compromise actual treatment quality, provided that CBCT contours are
anatomically accurate.

We showed that even for the homogenized dataset, the adapted plan yielded statistically
significant and markedly superior target coverage compared to the scheduled plan. OAR sparing, in
terms of median values for the dose metrics, was comparable between the scheduled and the
adapted plans, although some OAR metrics exhibited statistically significant differences. This
outcome is expected given the prioritization schema in our treatment planning system: target
V95% metrics along with SIB2 Dmax and Dmean are assigned the highest priority (Priority 1),
whereas most QAR metrics are designated as Priority 2 (except Bowel and PRW Dmax, which are
also Priority 1). We consider the observed statistically significant differences in OAR metrics to be
clinically irrelevant. However, the percentage of fractions meeting the optimal constraints
increased notably for bladder and PRW metrics with adaptation

Our findings are in line with those reported in (&), where the authors analyzed prostate cancer
patients treated with stereotactic body RT on a Varian Ethos system. They observed significant
improvement for the target metrics, however, the results for OARs were more variable: while the
maximum dose to the rectum (represented by D0.03cem) decreased, it increased for the bladder,
and remained unchanged for the sigmoid and bowel. Similarly consistent improvement for the
targets but inconsistent effects on OAR have been reported in (7). In thelr retrospective analysis of
198 fractions from prostate bed patients treated on the Varian Ethos system, a reduction in the IQR
was observed for all metrics, which aligns with our results. Smaller IQR indicates high
repeatability of dose delivery with the adapted plan.

Comparable outcomes—substantial improvements for targets with limited or variable benefits for
OARs—have also been reported for 0ART in vulvar [10), rectal (11), and pancreatic cancer (25).
However, it was shown for 8§ patients with pancreatic cancer that adaptation can be statistically
significantly beneficial not only for the target but also for most QARs—if the OARs are prioritized
over target coverage [Z26), or at least have the same priority level (27).

In [28) the benefits of adaptation were shown for 3 patients with gastric mucosa-associated
lymphoid tissue lymphoma: the adapted plan showed better target coverage and decreased mean
dose to liver and kidneys. Thus, both the target and the OARs benefited from the adaptation.
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Moreover, even excluding the fractions with high difference in prostate volume relative to the pCT
(which can cause among other effects also an artificial underdosage for targets with scheduled
plans), we observed occasional instances of low dose coverage for PTV and SIB1 with scheduled
plans (D95% < 80%). This finding further underscores the importance of 0ART. The results align
with results from (£}, where a low PTV coverage sporadically occurred, despite the rigid
registration of the CTVs to the CBCT, which ensured consistent CTV volumes between the pCT and
each CBCT.

Plan quality in terms of homogeneity and conformality was significantly better for the adapted
plan. However, the difference between the adapted and the scheduled plans was not so drastic as
reported in (29), where 15 patients with bladder cancer were retrospectively analyzed. The
difference between our results though could be explained by the field geometry. In our clinic, an
IMRT with a fixed number of fields (mostly 9 or 12) is preferred, while in [29) 3 arc VMAT was
utilized. On the other hand, in (30) IMRT was used, and CN values were comparable with those
reported in [29). However, both [29) and (30) analyzed bladder cancer patients in contrast to our
study with prostate patients.

It Is important to note that the comparison of adapted vs. scheduled plans should not be directly
interpreted as a comparison between 0ART and conventional non-adaptive RT. In conventional RT,
larger CTV-to-PTV margins are typically employed to maintain target coverage at the cost of DAR
sparing: in (g), the authors compared the scheduled plan with larger margins against the adapted
plan with reduced margins for postoperative prostate patients. They indeed showed that the
tighter margins with adaptation still could provide at least as good coverage as conventional IGRT,
furthermore, they led to significantly better QAR sparing Ancther study (9) proved the benefits of
0ART with smaller margins (in comparison to IGRT with conventional margins) for prostate
cancer patients for both targets and health tissues (presented by the dose to the body). Similar
observations were made for bladder cancer (30} and gynecological cancers (31, 32).

We acknowledge that comparing adapted and scheduled plans on the anatomy of the daily CBCT
does not fully reflect the true dosimetric advantages of adaptation, as additional anatomical
changes (e.g, bladder filling or bowel gas motion) may occur during the adaptation process and
influence the target coverage and OARs sparing (2, 10). In the Ethos system, it is possible to
acquire a verification CBCT after adaptation but before treatment delivery. A more realistic
dosimetric assessment would require contouring the targets and OARs on this verification CBCT
and recalculating the dose-volume metrics. We have previously performed this analysis for 8
patients (19) and highlighted that the “delivered dose” provided by Ethos is of limited value, as it
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relies on rigid contour propagation. Thus, this delivered dose, although quickly accessible, is not
suitable for the realistic dosimetric comparison.

In this study, we demonstrate that even with reduced margins, optimal target coverage is
achievable with oART, while still providing equal OAR sparing in comparison with non-adapted
plans (with the same margins).

5. Conclusions

This study demonstrates that ontine adaptive radiotherapy provides substantial improvements in
target coverage in a clinically realistic setting. Adapted plans consistently achieved better
homogeneity and conformality meeting target coverage constraints in nearly all adapted fractions,
while OAR sparing stayed the same and the observed differences were not clinically relevant. The
reduction in interquartile ranges across dose metrics further highlights the robustness and
reproducibility of 0ART. These findings confirm that 0ART enables high-quality, consistent
treatment delivery and reinforces its value in routine clinical practice for prostate cancer,

Funding Statement

The author(s) declare that no financial support was received for the research, and/or publication
of this article.

Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: Research data are
stored in an institutional repository and will be shared upon request. Requests to access these
datasets should be directed to hanna.malygina@uks.en

Ethics statement

The studies involving humans were approved by Arztekammer des Saarlandes, Germany. The
studies were conducted in accordance with the local legislation and institutional requirements, All
patients gave written informed consent for retrospective, pseudonymized analysis of their data in
the context of the PRAIRIE trial protocol (Ethics vote 111/23 by Arztekammer des Saarlandes).

ATTACHMENT 12




ATTACHMENT 12
Purpose of the Project

Author contributions

HM: Methodology, Formal Analysis, Visualization, Software, Data curation, Writing - original draft.
BZ: Data curation, Writing - review & editing, Investigation. HA: Methodology, Writing - review &
editing, Supervision, Investigation. MR: Writing - review & editing, Investigation, Methodology.
YD: Conceptualization, Writing - review & editing, Methodology. MH: Project administration,
Supervision, Conceptualization, Writing - review & editing. JP: Methodology, Conceptualization,
Data curation, Writing - review & editing, Validation.

Conflict of interest

The Department of Radiation Oncology and Radiotherapy is a Reference Site for Siemens
Healthineers Center of Excellence for Advanced Radiation Oncology. JP has received a speaker
honorarium from Varian Medical Systems, Inc. MH has received a speaker honorarium from Varian
Medical Systems, Inc. and is a member of its advisory board.

The remaining authors declare that the research was conducted in the absence of any commercial
or financial relationships that could be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Generative Al was used In the creation of this manuscript. During the
preparation of this work, the authors used a large language model (ChatGPT, OpenAl, version GPT-
4) to improve readability and grammar. After using this tool, the authors reviewed and edited the
content as needed and take full responsibility for the content of the publication.

Any alternative text (alt text) provided alongside figures in this article has been generated by
Frontiers with the support of artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible. If you identify any Issues,
Pplease contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent
those of their affiliated organizations, or those of the publisher;, the editors and the reviewers. Any

ATTACHMENT 12

Page 81




ATTACHMENT 12
Purpose of the Project

product that may be evaluated in this article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
hitps://www.rontiersinorg/articles/10.3389 /fonc.2025.1662671/ful | #supplementary-material

DataSheet1.pdf (531.6KB, pdf)

References

1. Bray F, Laversanne M, Sung H, Ferlay ], Slegel RL, Soerjomataram [, et al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA: A Cancer ] Clin. (2024) 74:229-63. doi: 10.3322/caac.21834, PMID:

[DOI ] [PubMed] [Google Scholar ]

2. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA: A Cancer | Clin.
(2023) 73:17-48. doi: 10.3322/caac.21763, PMID: [DOI ] [PubMed] [Google Scholar ]

3. Faccenda V, Panizza D, Daniotti MC, Pellegrini R, Trivellato S, Caricato P, et al. Dosimetric
impact of intrafraction prostate motion and interfraction anatomical changes in dose-
escalated linac-based SBRT. Cancers. (2023) 15(4):1153. doi: 10.3390/cancers15041153,
PMID: [DOI ] [BMC free article] [PubMed] [Google Scholar ]

4. Kupelian PA, Langen KM, Zeidan OA, Meeks SL, Willoughby TR, Wagner TH, et al. Daily
variations in delivered doses in patients treated with radiotherapy for localized prostate
cancer. Int] Radiat Oncol Biol Phys. (2006) 66:876-82. doi: 10.1016/j.ijrobp.2006.06.011,

PMID: [DOI ] [PubMed] [Google Scholar ]

5. Ethos Varian. Available online at: hitps://www.varian.com/products /adaptive-
therapy/ethos (Accessed July 05, 2025).

6. Waters M, Price A, Laugeman E, Henke L, Hugo G, Stowe H, et al. CT-based online
adaptive radiotherapy improves target coverage and organ at risk (OAR) avoidance in
stereotactic body radiation therapy {SBRT) for prostate cancer. Clin Trans Radiat Oncol.

ATTACHMENT 12

. e — P — Pae 82



ATTACHMENT 12
Purpose of the Project

(2024) 44:100693. doi: 10.1016/j.ctr0.2023.100693, PMID: [DQ] ] [PMC free article]
[PubMed] [Google Scholar ]

7. Fischer], Fischer LA, Bensberg ], Bojko N, Bouabdallaocui M, Frohn ], et al. CBCT-based
online adaptive radiotherapy of the prostate bed: first clinical experience and comparison
to nonadaptive conventional IGRT. Strahlenther und Onkol. (2024) 201:767-78. doi:
10.1007 /s00066-024-02323-6, PMID: [DQ1 ] [EMC free article] [PubMed] [Google
Schelar |

8. Morgan HE, Wang K, Yan Y, Desai N, Hannan R, Chambers E, et al. Preliminary evaluation
of PTV margins for online adaptive radiation therapy of the prostatic fossa. Pract Radiat
Oncol. (2023) 13:345-53. dol: 10.1016/].prro.2022.11.003, PMID: [0l ] [PubMed])

[Google Scholar ]

9. Byme M, Teh AYM, Archibald-Heeren B, Hu Y, Rijken J, Luo §, etal. Intrafraction motion
and margin assessment for Ethos online adaptive radiotherapy treatments of the prostate
and seminal vesicles. Adv Radiat Oncol. (2024) 9:101405. doi:

10.1016/j.adro.2023.101405, PMID: [DOI ] [EMC free article] [PubMed] [Google
Scholar |

10. Bak ME, Jensen NK, Ngttrup T], Mathiesen HF, Roed H, Sjélin M, et al. Clinical
experiences with online adaptive radiotherapy of vulvar carcinoma. Acta Oncol. (2023)
62:1230-8. doi: 10.1080/0284186X.2023.2257377, PMID: [DO] ] [PubMed] [Google

Scholar ]

11. de Jong R, Visser ], van Wieringen N, Wiersma ], Geijsen D, Bel A. Feasibility of
Conebeam CT-based online adaptive radiotherapy for neoadjuvant treatment of rectal
cancer. Radiat Oncol. (2021) 16:136. doi: 10.1186/s13014-021-01866-7, PMID: [DOI ]

[EMC free article] [PFubMed] [Google Scholar ]

12. Zwart L, Jasper ], Vrieze E, ten Asbroek L, Ong F, Koch S, et al. PO-1691 intrafraction
prostate motion during CBCT-guided online adaptive radiotherapy. Radiother Oncol. (2022)
170:51491. doi: 10.1016/50167-8140(22)03655-6. ESTRO 2022, 6-10 May 2022,

Copenhagen. Onsite in Copenhagen and Online. [DOI ] [Google Scholar ]

13. McComas KN, Yock A, Darrow K, Shinohara ET. Online adaptive radiation therapy and
opportunity cost. Adv Radiat Oncol. (2023) 8:101034. doi: 10.1016/j.adro.2022.101034,

PMID: [DOI ] [PMC free article] [PubMed] [Google Scholar ]

ATTACHMENT 12

Pagesa e - r— —_—



ATTACHMENT 12
Purpose of the Project

14. Dearnaley D, Syndilus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al. Conventional
versus hypofractionated high-dose intensity-modulated radiotherapy for prostate cancer: 5-
year outcomes of the randomised, non-inferiority, phase 3 CHHIP trial. Lancet Oncol. (2016)
17:1047-60. dol: 10.1016/51470-2045(16)30102-4, PMID: [DC] ] [PMC free article]

[PubMed] [Google Scholar ]

15. Malygina H, Auerbach H, Nuesken F, Palm ], Hecht M, Dzierma Y. Full bladder, empty
rectum? Revisiting a paradigm in the era of adaptive radiotherapy. Strahlenther und Onkol.
(2025) 201:47-56. doi: 10.1007/s00066-024-02306-7, PMID: [DD] ] [PMC free article]

[PubMed] [Google Scholar ]

16. Catton CN, Lukka H, Gu CS, Martin JM, Supiot S, Chung PW, et al. Randomized trial of a
hypo-fractionated radiation regimen for the treatment of localized prostate cancer. ] Clin
Oncol. (2017) 35:1884-90. doi: 10.1200/]JCO, PMID: [DOI ] [PubMed] [Google Scholar ]

17. Brand DH, Tree AC, Ostler P, van der Voet H, Loblaw A, Chu W, et al. Intensity-modulated
fractionated radiotherapy versus stereotactic body radiotherapy for prostate cancer {PACE-
B): acute toxicity findings from an international, randomised, open-label, phase 3, non-
inferiority trial. Lancet Oncol. (2019) 20:1531-43, doi: 10.1016/51470-2045(19)30569-8,
PMID: [DOI ] [EMC free article] [PuhMed] [Google Scholar ]

18. The PACE Trial (2022). Available online at: https: //www.icrac.uk/media/docs /default-
source/default-document-library/pace protocol v12 cleanpdf?sfirsn=130£3069 0
(Accessed April 15, 2024).

19. Malygina H, Auerbach H, Ries M, Nuesken F, Zuniga BS, Moumeniahangar S, et al. Intra-
adaptational changes in online adaptive radiotherapy: from the ideal to the real dose.
Strahlenther und Onkol. (2025) 201:1170-84. doi: 10.1007/s00066-025-02425-9, PMID:

(DOI ] [EMC free article] [PubMed] [Google Scholar ]

20. Salembiler C, Villeirs G, Barl BD, Hoskin P, Pleters BR, Vulpen MV, et al. Estro acrop
consensus guideline on ¢t- and mri-bhased target volume delineation for primary radiation
therapy of localized prostate cancer. Radiother Oncol. (2018) 127:49-61. doi:

10.1016/j.radonc.2018.01.014, PMID: [DOI ] [PubMed] [Google Scholar ]

21. Alexander SE, McNair HA, Oelfke U, Huddart R, Murray J, Pathmanathan A, et al. Prostate
volume changes during extreme and moderately hypofractionated magnetic resonance
image-guided radiotherapy. Clin Oncol. (2022) 34:e383-91. doi:

10.1016/j.clon.2022.03.022, PMID: [DOL ] [PubMed] [Google Scholar ]

ATTACHMENT 12
Page 84 —




ATTACHMENT 12
Purpose of the Project

22. Panchal A, pyupio bot. Cutright D, Mason D, Couture G, Wakita 4, et al.
dicompyler/dicompyler-core. (2023). [Gaogle Scholar ]

23. Pezner RD, Liu A, Han C, Chen Y], Schultheiss TE, Wong JY. Dosimetric comparison of
helical tomotherapy treatment and step-and-shoot intensity-modulated radiotherapy of
retroperitoneal sarcoma. Radiother Oncol. (2006) 81:81-7. dol:

10.1016 /j.radonc.2006.08.025, PMID: [DO] ] [PubMed] [Google Scholar ]

24. Van' A, Riet T, Mak CA, Moerland MA, Elders LH, Zee WVD. A conformation number to
quantify the degree of conformality in brachytherapy and external beam irradiation:
Application to the prostate. Int ] Radiat Oncol Biol Phys. (1997) 37:731-6. doi:

10.1016/50360-3016{96)00601-3, PMID: [DQ] ] [PubMed] [Google Scholar ]

25. Lee A, Pasetsky ], Lavrova E, Wang YF, Sedor G, Li FL, et al. CT-guided online adaptive
stereotactic body radiotherapy for pancreas ductal adenocarcinoma: Dosimetric and initial
clinical experience. Clin Trans Radiat Oncol. (2024) 48:100813. doti:

10.1016/).ctr0.2024.100813, PMID: [DOI ] [PMC free article] [PubMed] [Google Scholar )

26. Schiff | P, Price AT, Stowe HB, Laugeman E, Chin R, Hatscher C, et al. Simulated
computed tomography-guided stereotactic adaptive radiotherapy (CT-STAR) for the
treatment of locally advanced pancreatic cancer. Radiother Oncol. (2022) 175:144-51. dol:

10.1016/).radonc.2022.08.026, PMID: [DQ[ ] [PubMed] [Google Scholar ]

27. Olberg S, Thompson LL, Roberts HJ, Wo JY, Hong TS, Wolfgang ], etal. Evaluating CBCT-
guided adaptive radiotherapy for pancreatic cancer using synthetic CBCT data. Curr Oncol.
(2025) 32:60. doi: 10.3390/curroncol32020060, PMID: [DO1 ] [PMC free article]

[BubMed] [Google Scholar ]

28. Uto M, Iramina H, Iwal T, Yoshimura M, Mizowaki T. Treatment time and dosimetric
advantage in cone beam computed tomography-guided online adaptive radiation therapy
considering interfractional and intrafractional changes in patients with gastric mucosa-
associated lymphoid tissue lymphoma. Pract Radiat Oncol (2025) 15:e40-6. doi:
10.1016/).prr0.2024.07.013, PMID: [DO] ] [PubMed] [Google Scholar ]

29. Azzarouali S, Goudschaal K, Visser ], Hulshof M, Admiraal M, van Wieringen N, et al.
Online adaptive radiotherapy for bladder cancer using a simultaneous integrated boost and
fiducial markers. Radiat Oncol. (2023) 18:165. doi: 10.1186/5s13014-023-02348-8, PMID:
[DOI ] [BMC free article] [PubMed] [Google Scholar ]

ATTACHMENT 12
— - Page 85 e




ATTACHMENT 12
Purpose of the Project

30. Astrom LM, Behrens CP, Calmels L, Sjostrom D, Geertsen P, Mouritsen LS, et al. Online

adaptive radiotherapy of urinary bladder cancer with full re-optimization to the anatomy of
the day: Initial experience and dosimetric benefits. Radiother Oncol. (2022) 171:37-42,

dof: 10.1016/j.radonc.2022.03.014, PMID: [D0I ] [PubMed] [Google Scholar ]

31. Branco D, Mayadev ], Moore K, Ray X. Dosimetric and feasibility evaluation ofa CBCT-
based daily adaptive radiotherapy protocol for locally advanced cervical cancer. ] Appl Clin
Med Phys. (2023) 24:e13783. doi: 10.1002/acm2.13783, PMID: [DO1 ] [PMC free article]

(EubMed] [Google Scholar ]

32. Wang G, Wang Z, Guo Y, Zhang Y, Qiu ], Hu K, et al. Evaluation of PTV margins with daily
iterative online adaptive radiotherapy for postoperative treatment of endometrial and
cervical cancer: a prospective single-arm phase 2 study. Radiat Oncol. (2024) 19:2. doi:
10.1186/513014-023-02394-2, PMID: [DOI ] [PMC free article] [PubMed] [Google
Scholar ]

Associated Data

This section coflects any data citations, data availability statements, or supplementary materials included in this
article.

Supplementary Materials

DataSheet1.pdf(531.6KB, pdf)

Data Availability Statement

The data analyzed in this study is subject to the following licenses/restrictions: Research data are
stored in an institutional repository and will be shared upon request. Requests to access these
datasets should be directed to hannamalygina@uks.ew

Articles from Frontiers in Oncology are provided here courtesy of Frontiers Media SA

ATTACHMENT 12
————— Page 86 =




ATTACHMENT 12
Purpose of the Project

8 medicina ['lﬁ:sy

Revicw
CT Urography Findings of Upper Urinary Tract
Carcinoma and Its Mimickers: A Pictorial Review

Paola Martingano %, Marco F. M. Cavallaro %, Alessandro M. Bozzato >, Elisa Baratella
and Maria A. Cova?

Department of Radiology, ASUGI, Cattinara Uospital, 34139 Trieste, [taly

Department of Radiology, ASUGI, Maggion: Hospital, 34129 Trieste, laly: mre.cavallaro@vingilio.it
Dupartment of Radiology. University of Trieste, ASUGI, Cattinara | lospital, 34139 Tricste, [taly;
alessandroj buzzato@gmail.com {A.M.B.); elisa.baratella@gmail.com (E.B.); m.cova@fme.units.it (M.AC)
*  Correspondence: pacla. martingano@asugi.sanita.feg.it; Tel: +39-040-399-4372

R P

Reveived: 20 November 202(; Accepted: 15 Devember 2020); Published: 17 December 2020 :':ﬂ‘":;

Abstract: Urothelial carcinoma (UC) is the fourth most frequent tumor in Western countries and
upper tract urothelial carcinoma (UTUC), affecting pyelocaliceal cavities and ureter, accounts for
5-10% of all UCs. Computed tomography urography (CTU} is now considered the imaging modality
of choice for diagnosis and staging of UTUC, guiding discase management. Although its specificity
is very high, both benign and malignant discases could mimic UTUCs and therefore have to be
well-known to avoid misdiagnosis. We describe CTU findings of upper urinary tract carcinoma,
features that influence disease management, and possible differential diagnosis.

Keywords: CT urography; urinary tract imaging; urinary tract tumor; urothelial carcinoma; upper tract
urothelial carcinoma; benign urinary tract lesions; urinary tract inflammatory discase

1. Introduction

Urothelial carcinoma (UC) is the fourth most frequent malignancy in Western countries, with a
peak incidence in elderly (70 to 90-year-olds) and a three-fold man prevalence. Upper tract urcthelial
carcinoma (UTUC) accounts for 5-10% of all UCs [1, 1], with double the incidence of pyelocaliceal
tumors compared to urcter location. UTUCs are often associated with concomitant or recurrent
bladder cancer, while the contralateral urinary tract is implicated only in 2-6% of tumors, Many risk
factors have been identified in the development of UCs, in particular tobacco smoking, some herb
consumption, and aromatic amines occupational exposure [

Local symptoms of UTUCs, represented by flank pain or lumbar mass, are usually due to
advanced disease, while systemic symptoms like fatigue, fever, and weight loss are related to metastatic
progression. Hematuria, either microscopic or visible, is the most common and early symptom of UC,
and requires prompt investigation. [n patient with positive cytology but negative bladder cystoscopy,
a UTUC is highly suspected, and so an upper tract evaluation is needed. Flexible ureteroscopy allows
diruct visualization of urcter, renal pelvis, and collecting system, with the possibility of direct biopsy
ot aspiration cytology, but it is considered quite invasive. Among imaging techniques, computed
tomography uragraphy (CTU) offers the highest accuracy in UTUC diagnosis, with a pooled sensitivity
of 92% and a pooled specificity of 95% [3,4]. Other imaging modalitics, like magnetic resonance
urography (MRU) have becn tested. but have been proven to be inferior. In particular, the direct
comparison of MRU and CTU showed a sensibility of 82.8-86.2% and a specificity of 83.1-83.3%, for
MRU compared to 96.6% and 87-91.5% of CTU, respectively [5], so present guidelines indicate CTU as
the imaging of choice in the work up of hematuria [1].
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2. CTU Technique

CT Urography has to be tailored to clinical indication and could be performed with different
protocols, including at least an excretory phase [5]. An unenhanced phase is used to detect stones,
calcifications, hemorrhages, clots, and to measure the attenuation coefficients of the renal and urothelial
masses [7-9]. A corticomedullary phase, occurring between 30 and 40 s after contrast medium
administration, is used to evaluate suspected vascular abnormalities or arterial enhancement [, 10],
while a nephrographic phase, acquired 90-110 s after contrast medium ad ministration, improves
detection and characterization of renal lesions [%,11]. The excretory phase, obtained 8-12 min after
contrast agent administration, assesses the abnormalities of the urothelium with the distension and
the opacification of the collecting systems, ureters and bladder [4-12]). However, the main limitation
of a multiphasic protocols is the high radiation exposure, ranging from 25-35 mSv [6]. To reduce
radiation dose, a split-bolus injection of contrast medium could be used, obtaining a single combined
nephrographic-excretory phase, lowering the effective dose to 17.5 mSv [12]. To improve the distension
and opacification of the collecting system, different ancillary maneuvers can be employed, the most
commen being intravenous saline hydration and low-dose furosemide injection (Figure 1) [&].

Figure 1. Computed tomography urography (CTU): MIP {maximum intensity projection) (a) and
coronal (b} images. Furosemide administration allows distention of the entire urinary tract, without
blocming arifacts due to high attenuation of intraluminal contrast medium; the split-bolus technique
allows simultaneous luminal and parenchymal assessment.

3. Imaging Findings

Upper tract urothelial cell carcinomas appear on unenhanced phase as soft tissue masses,
with lower density than renal calculi, except for indinavir ones [9,14-16); intralesional and superficial
calcifications can be seen and may appear granular, linear, or punctate [14,17-20), After contrast medium
administration, UTUCs show early enhancement, unlike non-enhancing clots, while in the excretory
phase, they appear as filling defecis or luminal narrowing in the urinary tract, best appreciated using a
wide window setting, because small tumors may be concealed by the high attenuation of surrounding
contrast medium (Figure 2) [4,14- 18]
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Figure 2. Small renal pelvis UTUC: a soft tissue lesion on unenhanced scan {arrow in {all,
shows homogencous enhancement in the cortico-medullary phase (arrow in (b)) amd appuears as
a filling defect in the nephrographic-excretory phase using a wide window setting (arrow in (el
With wrong imaging settings, it results hardly revognizable (d).

Based on their morphology UTUCs may be differentiated in papillary tumors, flat lesions,
and invasive caranomas. Papillary tumors appear on CTU as single or multiple filling defects in
the collecting system, varying from millimetnic to broad basis wide tumors occupying the entire
lumen [14,14,17]. When tumors invalve the caliceal system, a calyx could be entirely missing
inn the excretory phase due to complete filling by solid tissue, the so-called “oncocalyx”(Vigure Ja);
calyx dilation and absence of urine opacification, classically described as “phantom calyx”, occur if tumor
develops in the infundibular neck determining its amputation (Figure *h) [15,17,21,22]. When tumors
involve the ureter, lumen occlusion is frequent and hydronephrosis can cause hypoperfusion of the
renal parenchyma; on CTU, the solid ureteral mass is accompanied by a reduced nephrographic effect
and a delayed contrast agent excretion (Figure 4) [15,17]. Ilat lesions could manifest as a concentric
or eccentric pyclocaliceal or ureteral wall thickening, not invariably causing luminal narrowing
(Figure 5). Finally, UTUCs can present an infiltrative pattern with increased attenuation and stranding
of periurcteral and renal sinus fat (igure ). Direct involvement of renal parenchyma may be present
in pyelocaliceal malignancy: on CTU, it is easily appreciated in the cortico-medullary phase thanks to
carly UC enhancement compared to renal medulla, while in the nephrographic phase, umor tissue
hypoenhancement is more difficult to differentiate from reduced nephrographic effect of the compressed
adjacent parenchyma (Figure 7). Sometimes, in advanced cases, infiltration causes kidney enlargement,
buk with the preservation of the organ shape [+4,16].
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Figure 3. Pyelocaliceal papillary tumors: coronal nephrographic-excretory images (a,b). Solid tissue
entarges and obscures the superior calyx {arrow in (a)), theso-called oncocalyx. Solid pelvic-infundibular
tissue {empty arrow in (b)) causes upstream non-opacified dilation (¥}, the so—called phantom calyx.

Figure 4. Ureteral papillary upper tract urothelial carcinoma [UTUC): nephrographic-excretory coronal
{a) and axial {b) images. Solid tissue in the lumbar ureter [empty arrow in (a}} determines complete
occlusion of the urinary tract with hydronephrosis. Note the reduced nephrographic effect and absent
excretion of contrast medium in the left kidney

CTU findings help distinguishing organ-confined diseases from advanced ones, but infiltrative
tumeors are correctly diagnosed only in 67% of cases; this low performance is due to microscopic invasion,
not visible at imaging, or to misinterpretation of inflammatory changes as tumor involvement [21].
Therefore, in clinical practice multiple clinical, histological, and imaging parameters are used to
stratify tumor risk and its consequent management. According to European Association of Urclogy
guidelines, low-risk tumors, identified by unifocal disease, size < 2 ¢cm, non-invasive aspect on
CTU, and low-grade on cytologic or biopsy spedimens, could be treated with kidney-sparing surgery
(endoscopic ablation and segmental ureteral resection); on the other hand radical nephroureterectomy
and systemic chemotherapy are indicated in case of multifocal disease, size > 2 cm, invasive aspect on
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CTU, concomitant hydronephrosis, high-grade cytology, high grade or variant histology, or previous
cystectomy [3].

Figure 5. Flat ureteral UTUC: nephrographic-excretory axial (a) and CPR—curved planar
reconstruction--coronal (b) images. An irregular wall thickening (arrows), without lumen narrowing,
extends in the upper ureter. Lirinary stones are visible in inferior calyces.

Figure 6. Pyelocaliceal infiltrative UTUC: nephrographic-excretory axial (a} and coronal (b) images.
Extensive pyelocaliceal wall thickening with lumen narrowing causes diffused attenuation of the renal
sinus fat due to tumoral infiltration (empty arrows).
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Figure 7. Caliceal infiltrative UTUC: coronal cortico-medutlary (a) and nophrographic-excmtory
(b} images. Sohd hssue occupies upper and medium calyees (°): the dirct infiltration of kndney
parenchyma ap pears hyper-eobanang compared to medulla in the cortico-medullary phase (arrow in
(a)) and shows wash out in the nophrographic phase (arrow in (b))

4, Mimickers of UTUC

Many pathological conditions may mimic CTU appearance of UTUC, both benign and malignant
Some CTU features could help differential diagnosis, but they are not always sufficient and so
further diagnostic work-up may be requined. Among these lesions, hypertrophied papilla, clots,
suburothelial hemorrhage, renal papillary necrosis, symmetric wall thickening of the unnary tract
due to inflammation or encasement, cystic pyeloureteritis, unogenital tuberculosis, and fibroepithelial
polyp ane benign lesions that should be considered to avoeid an unjustified invasive intervention.
On the other hand, renal cell cardinoma and renal lymphoma may be mistaken for UTUC and receive
incorrett treatment.

4.1, Hypertroglvied Papilla

Hypertrophiced papilla, a benign anatomical abnormality, causes a pronounced concave impression
on surrounding valyx that can mimic a filling defect in the excretory phase. The presence of a smooth
vomtour with preservation of foriceal shaps (Figune 5), along with the frequent prosence of multiple
similar aspects in the same Kidney, allows correct diagnosis [24,275].

A2

Figure 8. Hypertrophied papilla: nephrographic-excretery coronal (a), sagittal (b) and axial (c) images
A filling defect with smooth margins amd regular shape is recognizable in the supetior calys (asrows);
the forniveal structune is preserved.
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4.2. Blood Clots

Blood clots are usually caused by trauma, neoplasm, renal lithiasis and anticoagulant therapy.
They commonly manifest as slightly hyperdense lesions on unenhanced phase, without enhancement
after contrast medium administration; in the excretory phase, they can be more easily differentiated
from UTUC, because commonly entirely surrounded by opacified urine (Figure 9). In doubtful cases a
further CT scan performed after changing patient position demonstrates a shift of the suspicious filling
defect [7,2,12].

Figure 9. Blood clot: nephrographic-excretory axial (a), coronal (b) and sagittal {c} images. A small
filling defect in the superior calyx without contact with the caliceal wall.

4.3. Suburothelial Hemorrhage

Suburothelial hemorrhage is a rare condition with diffuse renal sinus wall thickening due
to intraparietal bleeding, presenting with flank pain and hematuria. This condition is related to
bleeding diatheses such as anticoagulant treatment and hematological disorders. In the contrast
enhanced and excretory phases, the renal pelvic wall shows diffuse soft tissue thickening with
lumen narrowing, easily mistaken for a UTUC. The unenhanced phase allows the correct differential
diagnosis demonstrating hyperdensity of the urinary tract wall due to hemorrhagic components
(Figure 10) [25,27].

4.4. Renal Papillary Necrosis

Renal papillary necrosis {(RPN), often presenting with hematuria, is due to an ischemic lesion
involving the renal papilla; it is frequently associated with diabetes mellitus, sickle cell anemia,
analgesic abuse and urinary tract infections [11]. RPN is recognizable only in the excretory phase,
presenting as central erosion of the papilla filled with opacified urine, the teardrop-shaped cavity
(Figure 11a) or the “ball-on-tee” sign (Figure 11b), or as erosion of the calyceal fornices filled with
opacified urine, the “lobster-claw calyx”. In the end stage, the sloughed necrotic papilla appearsas a
non-enhancing filling defect surrounded by conbrast medium in the excavated calyx, the signet ring sing
(Figure 11¢) [14,25]. Beyond the possible presentation, RPN determines caliceal irregularity extending
proximal to interpapillary line, with opacified urine located deep into the medulla, while calyceal
irregularities due to UTUC extend toward renal pelvis [15].
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Figure 10. Suburothelial hemorrhage: axial images. In the unenhanced scan (a) diffuse hyperdense
urothelial walt thickening is dearly visible. In the nephrographic (b) and excretory (c) phases wall
thickening is hardly differentiable from a UTUC. Complete disease resclution on follow up CTU
(d) confirmed the benign nature of previous extensive urothelial thickening.

Figure 11. Renal papillary necrosis: excaretory coronat images. The central erosion of a papilla appears
as a focal spot of opadified urine inside renal medulla, with a teardrop shape (arrow in (a)) and a
ball-on-tee shape (arrow in (b)); in the end stage necrotic papilla creates a filling defect in the excavated
calyx, the signet ring sign (arrow in {c)}.
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45, Inflammation

Pyeloureteral wall thickening with increased attenuation of the surrounding fat is not a specific
sign of UTUC but may be present also with urothelial inflammatory diseases. Differential diagnosis
is not always possible on the basis of imaging alone, and so clinical, laboratory, and, sometimes,
pathological findings have to be considered to decide proper management. The involvement of a
longer part of the urinary tract is usually related to a benign disease, while UTUC is often associated
with a shorter segment localization [7,12]. Other signs indicative of a benign disease are circumferential
symmetric wall thickening, with diffuse urothelial enhancement, smooth margins, and symmetric and
homogeneous attenuation of the surrounding fat (Figure 12); moreover, in doubtful cases, a follow-up
CT may be useful to confirm benign nature of urothelial thickening (Figure 13) [28,29].

Figure 12 Inflammatory disease: CPR cortico-medullary images in corona (a) and sagittal (b) planes.
Diffuse urothelial thickening with homogenous enhancement associated to haziness of sinus fat and
mild hydrenephrosis.

4.6. Retroperitoneal Fibrosis

Retroperitoneal fibrosis (RF) is a fibro-inflammatory disease characterized by the development of
fibrotic tissue in the retroperitoneum; it could be idiopathic, associated to abdominal aortic aneurism,
or secondary to other diseases. RF can cause ureteral encasement with obstruction and hydronephrosis.
On CT it appears as enhancing solid tissue, generally isodense to muscle, that develops around
the abdominal aorta, causing obscuration of fat planes, and medial displacement of the ureters
(Figure 14) [29].

4.7. Pyeloureteritis Cystica

Pyeloureteritis cystica is a benign disease due to chronic inflammation of the urinary tract,
characterized by multiple subepithelial cysts, arising from degeneration of von Brunn’s nests.
On unenhanced phase, the measurement of the attenuation coefficients of the cysts is usually not
possible due to their tiny dimensions and, on excretory phase, they appear as multiple millimetric
filling defects, often not detectable on nephrographic phase (Figure 15). The differential diagnosis
between pyeloureteritis cystica and muitifocal UTUC may be difficult. Nevertheless, the latter is
usually characterized by presence of fewer and more inhomogeneous lesions [7,12,2%,30].
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Figure 13, Inflammatory disease. Nephrographic-excretory CPR (a,¢) and axial (b,d} images. A short
ureteral wall thickening, with smocth margins and symmetric appearance, cauzes mild lumen stricture
{acrows in {a,b)); dlinical and labaratory data are indicative of an infammatory disease. The follow up
CTU pecformed 3 months later (¢ d), demanstrates a complete resolution, confirming the benign nature.

Figure 14. Fetroperitoneal Bbrosis. Nephrographic axial {a) and coronal {b,¢) images. Low enhancing
3ohid tasue surround an aneurismatic abdominal aorta, causing encasement and medial deviation with
narrowing of both ureters (arrows), already treated with ureteral stents.
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Figure 15. Pycloureleritis cystica: ascending pyelegraphy (a) and CT nephrographic coronal CT
(b) images. Multiple small and regular filling defects are recognizable in the renal pelvis and proximal
ureter {arrows in (al), which correspond to tiny hypudense lesions insice a diffuse enhancing urothelial
wall thickening (arrows in (b)).

4.8, Urogenital Tuberculosis

Urogenital tuberculosis (UG TB) accounts for almost one third of extrapulmonary TB cases, and 3%
of patients with TB develop renal manifestations [11]. In the earty stage of UGTB, the most ty pical
imaging findings are papillitis, papillary necrosis and caliceal deformity, the so-called meth-caten
calyx [12,22,32]. During progression of the disease, granulomas coalesce and form the tuberculomas,
i.e., caseous necrotic lesions with hypodense non-enhancing center, in direct communication with
calyces [12]. At this stage, a fibrotic response develops, causing strictures with caliectasis, or amputation
of the calyces, both characterized by a typical “rose-thorn” shape [12,22,31]. Moreover, pelvic stricture
and retraction may be seen along with an irregular thickening of the pelvis and the ureter [22,33].
The differential diagnosis between UGTB and UTUC may be difficult, However, UGTB must be highly
suspectedd when multiple different caliceal deformities coexist in the same patient (Figure 15) [25].

Figure 16. Urogenital tuberculosis: nephrographic-excretory CPR (a), coronal (b} and sagittal
(¢) images. Widespread enhancing urothelial wall thickening affects renal pelvis and the entire
ureter (a). Multiple caliceal erosions with complete expulsion of necrotic papilla are recognizable in
the upper and medium part of the kidney (full atrrows), the inferior calyx presents a rose-thorn shape
{emipty arrows), while the lower pole is replaced by a large fluid cavity (*).
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4.9. Fibroepithelial Polyp

A fibroepithelial polyp (FP) is a benign ureteral lesion, consisting of a fibrovascular stroma,
covered by a layer of urothelium. It usually presents with hematuria or flank pain, and with a CTU
aspect of a solid mass inside renal pelvis or ureter, so the differential diagnosis with a papillary UTUC
is challenging (Figure 17). The correct diagnosis could be supposed only in the presence of the typical
appearance of a long pedunculated mass with smooth margins, entirely surrounded by contrast
medium in the excretory phase, except for the attachment site of the stalk [12,28,25].

Figure 17. Fibroepithelial polyp: nephrographic-excretory axial (a,b) and CPR (¢} images. A smooth-margin
mass develops inside the ureter without associated wall thickening (arrows). Note complete lumen
occlusion with upstream dilation and absent contrast excretion, by comparison with the contralateral
normal ureter (empty arrow). When typical aspects are absent, differential diagnosis with UTUC
is difficult.

4.10. Renal Cell Carcinoma

Renal Cell Carcinoma (RCC) typically appears as an expansive mass with well-defined margins
and it is easily differentiated from urothelial carcinomas. Nevertheless, infiltrative RCCs could
sometimes be difficult to distinguish from pyelocaliceal infiltrative UTUCs. Both malignancies show
early contrast enhancement. However, the reniform shape is usually preserved in infiltrative tumors of
the excretory tract, whereas a contour expansion can be seen in RCCs (Figure 18) {14,15,34).

4.11. Renal Lymphoma

Extrancdal spread of lymphoma often invoives the urinary tract, but primary renal lymphoma
without systemic disease is quite rare. Lymphomatous tissue could develop from renal capsule or
perinephric and hilar fat, determining a vascular encasement and renal sinus involvement. It presents
as a homogeneous soft-tissue lesion on nen-enhanced CT with poor enhancement after contrast
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injection due to its hypovascularity, helping differential diagnosis with typical hypervascular RCCs and
UTUCs. Lymphoma of the renal sinus could mimic the infiltrative pattern of UTUC, but lymphomatous
tissue, due to its pliable nature, generally do not alter urinary tract shape nor causes hydronephrosis
(Figure 19) [16,35,34].

Figure 18. Recurrent RCC: cortico-medullary (a) and excretory (b) coronal images. A polilobulated
lesion with inhomogenecus early contrast enhancement (full arrows) develops inside the renal
parenchyma and extend in renal pelvis {*). The organ shape is altered and an exophytic mass is
recognizable in the site of previous local surgery (empty arrows).

Figure 19. Renal sinus lymphoma: nephrographic-excretory axial (a} and MIP (b) images.
Hypovascular and homogenous solid tissue diffusively involves renal sinus fat without distortion of
pyelocaliceal system.

5. Conclusions

Computed tomography urography is a very useful tool in diagnostic workup of suspected upper
urinary tract carcinoma. Some CTU features help to differentiate low-risk tumors from high-risk
ones, leading to proper management. However, imaging findings could be nonspecific, and only the
knowledge of pessible UTUC mimickers guides a correct differential diagnesis, avoiding mistreatment.
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CTU  Computed Tomography Urography;
FP fibroepithelial polyp;

MIP maximum intensity projection;
MPR  multiplanar reconstruction;
MRU  magnetic resonance urography;
RCC rena) ceil carcinoma;

RF retroperitoneal fibrosis;

RNP  renal papillary necrosis;

uc urothelial carcinoma;

UGTE  uregenital tuberculosis;

UTUC  upper tract urcthelial carcinoma
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MRI-Linac radiation therapy outcomes in patients with prostate, breast and other

advanced malignancies.

Lakdveir Kaur, Kim Mcmiflin, Ashley Drolon, Amar J. Srivastava, Steven K. Seung, Matthew C. Solhjem, Stephen Blzke Bader, Enc K. Hansen, Alice Wang Chesebro,
Marka R. Crittenden, Kristina Hoot Yowng; Earle A. Chiles Research Institute at the Fobert W, Franz Cancer Centes, Portland, OR: Radiation Oncology Division, The Oregjon

Clinic, Pordand, CR

Background: MR-~ guided radiation therapy offers an innovative approach, providing superior
soft tissue contrast that enables clinicians to deliver higher doses to the target site with fewer
fractions. The objective of the study [s to assess objective response rates and adverse effects
related to a community-based single-{nstitution experfence with the ViewRay MRIdian.
Methods: An IRB-approved registrational tral was conducted at the Providence Cancer Insti-
tute starting May 2020, with data cutoff of September 2023. All patients treated underwent MR
screening, and the target site(s) were treated using hypofractionated radiation therapy in =5
fractions. The primary endpoint was to assess adverse effects attributed to radiation therapy.
Secondary measures included iocal recurrence-free survival (LRFS), distant metastasis -free
survival (DMFS5), overall survival {05), and change in prostate-specific antigen {PSA) for
patients treated definitively for prostate cancer. The assessments were performed under the
guidance of experienced radlation oncologists. Results: From May 2020 to September 2023,
n—257 patients received treatment on the MRIdian with amedian follow-up of 430 days {range
£-1221 days]. One and 2-year LRFS was 92% and 87%, and excluding prostate and breast
cancer, 83% and 70%. Definitive prostatestereotactic body radiation therapy(SBRT) was de
livered to 117 patients and significantly reduced PSA (mean difference - 6.27, p<0.0001), with no
local faflures to date. One and 2 -year DMFS was 75% and 67%, though if excluding definitive
prostate SBRT and partial breast irradiation, these were 48% and 33%. The OS rate attand 2
yeats was 86% and 76%. Excluding prostateand breast cancer, the 1and 2-year 05 was 74% and
§5%. Grade 3+ adverse events possibly or definitely attributable to radiation therapy werenoted
in 5% (n—13/257) of patients, including z possible treatment-assoclated deaths (bowel per-
foration following liver SBRT, and respiratory fallure following lung SBRT and trastuzumab-
deruxtecan systemic therapy). Conclusions: Our institutional experience with the MRIdian
demonstrated high levels of local control, while overall survival was driven by out-of-field
tailures, Serious adverse events were infrequent, but more common in abdominal targets
highlighting the need for careful planning and tight organs at risk (OAR) constraints, partic-
ularly if systemic therapy is delivered soon after radiatlon. Research Sponsor: None.

= ——— Page 102

ATTACHMENT 12



ATTACHMENT 12
Purpose of the Project

litincis Department of P.. > Topics & Services » Diseases and Conditions » Cancer » Types of Cancer 3 Prostate Cancer

Prostate Cancer

RESOURCES > PUBLICATIONS >

What is Prostate Cancer?

Prostate cancer is one of the most common types of cancer even though prostate
cancer only occurs in males. The prostate is a small walnut-shaped gland that produces
the seminal fluid that nourishes and transparts the sperm.

Many prostate cancers grow slowly and stay in the prostate gland, where the cancer
might not cause serious harm; however, there are other types of prostate cancers that
can be aggressive and can spread quickly.

When prostate cancer is detected early, an individual has the best chance for successful
treatment.

Facts: According to the lllinois State Cancer Registry, there were 9,667 cases of prostate
cancer diagnosed in Hllinois in 2021. In 2021, 1,169 lllincisans died from prostate cancer.

What are the Risk Factors of Prostate
Cancer?

Factors that can increase the risk of prostate cancer include:

Older age

Prostate cancer is most common in males over the age of 50,

Race

Black people have a greater risk of prostate cancer compared to people of other races.
In addition, Black people are more likely to have aggressive or advanced prostate
cancer, but the causes are unknown.

Family history

Having a blood relative who has been diagnosed with prostate cancer, such as a parent,
sibling, or child, may increase your risk of prostate cancer. Also, if you have a family
history of the genes that increase the risk of breast cancer or a strong family history of
breast cancer, you can be at a greater risk of prostate cancer.
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Obesity

Obese or overweight people are more likely to have prostate cancer that is aggressive,
and the cancer is more {ikely to return after the initial treatment.

What are the Symptoms of Prostate
Cancer?

Prostate cancer may show no signs or symptoms in its early stages; however, in the
later stages, prostate cancer can show symptoms such as:

+ Trouble urinating

+ Decreased force in the stream of urine

Bloed in the urine and/or semen
« Bone pain

» Losing weight without trying

Erectile dysfunction

How is Prostate Cancer Diagnosed?

After prostate cancer screening, if the screening detects an abnormality, your doctor
may recommend further tests to determine whether you have prostate cancer, such as:

Ultrasound

During a transrectal ultrasound, a small probe will be inserted into your rectum.
Through sound waves from the probe, a picture of your prostate gland is created.

Magnetic resonance imaging (MRI)

In some cases, your doctor might recommend an MRI scan of the prostate to take a
more detailed picture. Aiso, MRl images can help your doctor plan a procedure to
remove prostate tissue samples.

Collecting a sample of prostate tissue

To determine if there are cancer cells in the prostate, your doctor may recommend a
procedure to collect a sample of cells from your prostate {prostate biopsy). Prostate
biopsy is often done using a thin needle that is inserted into the prostate to collect
tissue. Afterward, the tissue sample is analyzed in a lab to determine if there are cancer
cells present.
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How to Prevent Prostate Cancer?

There is no sure way to prevent prostate cancer; however, there are things you can do
to reduce your risk of prostate cancer including:

« Choose a low-fat diet

+ Increase the amount of fruit and vegetables you eat each day
¢ Reduce the number of dairy products you eat each day

» Maintain a healthy weight

« Get regular exercise

Stop smoking

¢+ Drink less alcohol

Resources
o Concar St
C0C: Prostate Cancer
Mayo Clinic: Prostate Cancer
Prastate Cancer Foundation
Publications
2016 Prostate and Testicular Cancer Annual Report
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What is Bladder Cancer?

Bladder cancer is a common type of cancer that begins in the celis of the bladder, a
hollow muscular organ in the lower abdomen that stores urine. The kidneys carry urine
through the ureters to the bladder and out of the body through the urethra.

There are three types of bladder cancer

= Transitional cell carcinoma ~ cancer of the innermost tissue layer of the bladder.
Most cancers of the bladder begin in the transitional cells.

« Squamous cell carcinoma — cancer of the thin, flat cells of the bladder, This type of
cancer can develop after prolonged infection or irritation.

= Adenocarcinoma - cancer that begins in the glandular cells Jocated in the lining of
the bladder.

Bladder cancer can be described as:
» Superficial bladder cancer only affects the cells of the lining in the bladder

« Invasive bladder cancer spreads through the lining of the bladder to the muscle
wall, nearby organs, and/or lymph nodes

According to the lllinois State Cancer Registry, in 2021, 3,147 new cases of bladder
cancer were diagnosed in lllinois. Of these cases, 2,380 were in men and 767 in women.
In 2021, 605 |llinaisans died of bladder cancer.

What are the Causes and Risks of Bladder
Cancer?

The exact cause of bladder cancer is unknown; however, bladder cancer is often linked
to exposure to certain chemicals and smoking. Bladder cancer occurs more often in
men than women since men are most likely to smoke and work in the manufacturing
industry. In addition, bladder cancer is more common in Whites than in any other race
or ethnicity.
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What are the Symptoms?

In the early stages, bladder cancer produces no signs or symptoms. One of the most
common signs of bladder cancer is blood in the urine. Sometimes, the blood in the
urine is not always noticeable. Some less common symptoms can include frequent
urination, a feeling of urgency but not being able to go, and painful urination. If
bladder cancer reaches a more advanced stage, symptoms can include bone pain,
pelvic pain, unintended weight loss, and swelling of the legs.

How to Prevent Bladder Cancer

There is no definite way to prevent bladder cancer. However, you can reduce your risk
by avoiding exposure to carcinogenic chemicals (people who work with hair dye, paint,
metal, leather, and rubber are at increased risk), increasing your physical activity,
drinking plenty of fluids, and not smoking.

Smoking damages every organ in the human body. More than 50% of bladder cancer
cases are found in men who smoke and 20% in women who smoke. Eating a diet high
in fried meats and fats and being overweight or obese also can contribute to bladder
cancer.

Maintaining a healthy diet by consuming at least five daily servings of fruits and
vegetables, particularly cruciferous vegetables like broccoli, cauliflower, and cabbage,
may reduce the risk of developing cancer.

Resources

Publications
Cancer Awareness ip lllinois
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REVIEW ARTICLE

Urolithiasis: History, epidemiology, aetiologic factors and
management

Rabie KACHKOUL"?*, Ghita Benjelioun TOUIMIP4, Ghita EL MOUHRI?®, Radouane EL HABBANI?,
Mohamed MOHIMS®, Anissa LAHRICHI?

IHigher Institute of Nursing Professions and Health Techniques, Fez 30000, Moreceo; tLaboratory
of Binchemistry, Faculty of Medicine and Pharmacy, University Sidi Mohammed RBen Abdellah, BP
1893, Kin 22, Road of Sidi Harazem, Fez, Movoceo; }Euromed research center, Furomed faculry of
medicine, Euromed University of Fes (UEMF), 30 030, Meknes Road, Campus UEMF, BP5!, Fez,
Morocco, “Laboratory of Human Pathology Biomedicine and Environment, Faculty of Medicing
and Pharmacy of Fez, Sidi Mohammed Ben Abdellah University (USMBA). Fez, Moroceo; *Higher
Institute of Nursing Professions and Health Technigues, Annex Taza, Fez, Morocco; ‘Laboratory of
Molecular Bases in Human Pathology and Therapeutic Tools, Faculty of Medicine and Pharmacy,
Universiry Sidi Mohammed Ben Abdeliah, BP 1893, Km 22, Road of Sidi Harazem, Fez, Morocco.

Abstract

Urolithiasis is defined as a disease diagnosed by the presence of one or more stones in the urinary
tract. It is one of the oldest and most widespread diseases known to man, their discovery and
characterisation chronelogy began with the civilisation’s history. This pathology has a multifactorial
aetiology, very frequent worldwide with geographuc and racial varaton, their prevalence isincreasing
in lockstep with socioeconomic development In fact, this disorder affects between 2 and 20% of the
population, with an approximate recurrence rate of 30% to 50% in 5 years. Furthermore, calcium-
type stones, which are composed of calcium oxalate (CaOx) alone or a mixture of CaOx and calciurn
phosphate are the most commeon, accounling for more than 80% of cases. The medical management
of urolithiasis is done by medical treatments and/or by surgical interventon for the stones extraction
by the techniques such as extracorporeal shock wave lithotripsy (ESWL.), ureteroscopy (URS)
perculaneous nephrolithotomy (PCNL) and open surgerv. However, vanious therapies, including
thiazide diuretics and alkaline citrate, are used in an attempt to prevent stones recurrence induced by
hypercalciuria and hyperoxaluria, bul the scientific evidence for their effectiveness is less convineing
On the other hand, endoscopic and ESWIL. metheds have revolutionised the treatment of urinary
lithiasis, but these costly metheds, can cause acute kidney injury and decreased renal function, in
addition, do not prevent the probability of new stone formation. The deepening of our knowledge
on all points relating 1o this disease is a prionty for specialists in order to find adequate solutions
for this disease. This review provides an overview of urolithiasis, its history, epidemiology, clinical
manifestation, diagnosis and treatinent methods.

Keywords: Aetiologic factors, diagnosis, epidemiclogy, history, management, urotithiasis.

BACKGROUND the kidneys (parenchyma, calyx, elc.), or in the
urinary tract (pelvis, ureter, bladder) (Fig. 1),
therefore causing pain, bleeding and can lead to
renal failure. The disease has been recogmsed
singe the dawn of history and methods of
treatment have been reported in van ous medical
writings from different civilisation, Treaunent
andd prevention of urolithiasis recurrence requires
a better understanding of the disease, the

Urolithiasis, also known as king's disease, is one
of the most common diseases and a major public
health problem concern around the world. The
pathology is caused by an urinary biochemical
imbalance between stone-forming inhibitors
and promotors in a process called lithogenesis.*
It is characterised by the presence of stones in

~Acdrass for correspondonce Rado Kackkod, HOPer Imaele ¢t Murshg B-clesans ana Heath Tedimoues, fe2 20000, Meromn Tal - #2125 44
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Staghorn Stone

i Ureteral Stone

Bladder Stones

FIG . 1: Localisation of urinary stones in the kidney (4)* and in the wirary tract (B).

mechanisms involved stones formation and the
relationship that exists between other disorder.

Urisary Stones
The term “stones™ is derived from the Latin
calculus (pebbles)*, and refers to a pathological
biomineralisation product defined as an
agglomemation of crystals bownd by an organic
matrix. Except for rare types. which have a
matrix content of approximately 65%. the latter
acoounts for 2 to 5% of the total mass of stones
[t is com posed primarily of proteins, amino acid
polymers, lipids and cellular compounds **
The role and importance of this matrix has
been explained in a pamdoxical way by some
researchers including Boyce (1968)", who
proposed that it aclively participates in the
assembly of kidney stones, serves as a model
and controls crystallisation within its limits."!
On the other hand, and in an opposite way,
Vermeulen & Lyon (1968) considered that the
matrix and its ubiquitous presence as a simple
caincidence, because the stones crystallise in the
wine with the presence a large macromalecules,
and that proteins farm & discontirmous layer
around the small crystals whose sizes wvaries
between 10 to 20 nm. Howewver, they suggested
that newlyformed crystalswith a macramolecular
layer are less likely to dissolve during ionic
and winery pH changes, hence the matrix’s
importance in the formation of stones!™? A third
possikility has been proposed by Khan and Kok
(2004), who suggest thet the matrix compounds
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play differert roles in two events, which do
not necessarily take place at the same site. The
first is manifested by the stone centre formation
which involves the farmation and retertion of
crystals and occurs in the short term. VWhile the
second invalves their later constructions itis a
longterm evert that occurs after the formation
and maintenance of stones nest.’

Hisrory of the disease
The discovery and characterisation of stones
chronology are not recent. It started and
went in parallel with civilisation’s history.
Archaeological and paleontological documents
clearly showr that this pathology is one of the
oldest human diseases. The earliest recorded
urinary and bladder stones were identified by
Shattock in 1905, found in Egyp ian mummies
and aged approximately 4400 BC. - JCforthe first
stone and from 4800 BC. -JC for the second ."?
Howrever, this disease has been cited in various
scientific and literary writings throughout the
human civilization’s history (Fig. 2). The first
literary references in relation to slone disease
were revealed in of Asutw in Mesopotamia
medioal texts. between 3200 and 1200 BC.
-JC. These writings describing symptoms and
ordering treatments to dissolve stones such as
the use of black saltpetre, ostrich eggshell pine
turpentine and the sex part of the donkey'+*%
The old traditional Egyptian medicine has also
reported therapeutic schemes for the treatment of
urivary ratdiseases, including stones whichare
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Old traditional
Egyptian
medicine

Hindu writings
(Charaka;
Sushruta)

Traditional

i
Persian
% medicine
=

Mesopotamia
medical texts

FIG. 2. Urolithiasis history.

found in the Ebers papyrus (1500 BC).V:¥ Also,
the system of traditicnal Persian medicine dating
back to 1000 BC descnibes the symptoms of
stone disease and suggests methods of treatment
based on the adoption of a bath and massage
with scorpion oil, diet and the use mixture of
some vegetables infusion. "

The Hindu writings of ancient India had
mentioned this disease, mainty by two famous
physicians Charaka and Sushruta {about 600
BC) The latter describes in their texts collection
on the traditional medicine practice “Sushruta
Samhita”, the causes of stone formation. He
recommended many medical treatments and
provided a detailed description of the surgical
procedure, including perineal lithotomy, 51718
The contributions of the ancient Greeks and
Romans are numerous and diverse. Hippocrates
(460-377 BC) described kidney diseases and
defined the symptoms of bladder stones. He
also stated hus warnings and concerns about the
risks of performing lithotomy in their Qath 7
will not cut persons labouring under the stone
but will leave this to be done by practitioners
of this work” WP Ammonius of Alexandria
(276 BC) was the first to suggest crushing stones
in order to faalitate their removal. Cornelius
Celsus (25 BCto 40 AD) descnibed the abdominal
pain of patients with urolithiasis, his description
of perineal lithotomy marked a tuming point
in the history of urclogy. This technique was
practiced with very little change and remained
very useful until the end of the 18% century
Calus Plinus Secundus (AD 23-79), Galen (AD
131-200), and Paul d’Aegine (AD 625-690)
were other notable physicians practising
lithotomy, 141317212

UROLITHIASIS
- 'LH-.
Arab-Muslim E_"’:_ Y
civiliztion ki
Greco-Roman
civilization

4. J}'

During the Arab-Muslim civilisation, stone
extraction procedures were also known and
frequently reported by Rhazes (865.925AD), Ibn
5ina(980-1037 AD)and especially by Abulcasis
(Ibn Abbas Alzahrawi) (936-1013 AD), one of the
fathers of modern surgery. The latier showed a
considerable experience in surgery (the technique
of perineal cystolithotomy), by modifying the
lithotomy technique petrformed by Celsus and
Paul &’Egina His book “Al-Tasreef” clearly
shows the improvement of this techmque and
the reduction of its risks. He appeared to be the
first doctor to crush stones in the urethra 4 7.5

During the period from the Renaissance up
to thus point, there was a revolution and a rapid
increase 1n intellectual creativity in many areas
that are related to this disease:

* Sabuncuoglu Serafettin (1385-1470) and Ahi
Ahmed Celebi (1432-1522) had described

a new technique of stones transurethral

fragmentation and bladder irrigation, as

well as rules to facilitate stones passage and
dissolution.*#*

* Francisco de Romanis (1520) had made the
first major scientific improvement since Celsus
and Albucasis, to overcome the difficulty of
locating the bladder neck, 41323

¢ Pierre Franco (1561), performed the first stone
extraction by suprapubic lithotomy. 4153

+ Jérdme Cardan (1501-1576), allowed the
opening of the lumbar abscess.*!*

« Jacques de Beaulieu (1651-1714), introduction
the “lateral lithotomy™, this method was
perfected and popularized 4517

+ William Cheselden (1722) and John Douglas
(1719), extra-peritoneal approach.’"

+ Wollaston (1 810), cystine, the firstamino acid
described, was i1solated from urinary stones.®
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* Jean Civiale (1824), introduction the

modifications on the “primitive lithotrite™

developed by Albucasis, to capture and

fragment stones in the bladder, 151!

Ingalls (1873), first nephrotomy, 4153

Bigelow (1874), development of a stronger

and harder lithotrite “htholopaxy”, introduced

into the bladder (with anaesthesia) te crash

and remove stone fragments.'*'*

+ Max Nitze (1879), a lens system development
for cystoscope. ®

« Heinecke (1879), first pyelotomy.!43

* Le Dentu (1881), first nephrolithotomy. 1'%

+ Max Brodel (1901), description of the kidney’s
avascular region, 4132

+ AlexandervenLichtenberg (1906), radiological
method for renal tract visualization ¢

+ Hugh Hampton Young (1904), cystoscopic
lithotrite {1912) Rigid ureteroscopy. %%

+ Moses Swick (1929), intravenous urography.

Yutkin (1954), Elcctrohydraulic lithotripsy. 132

Goodwin (1955), the first percutaneous

nephrostomy, 1133

Marshall (1964}, first experience of flexible

ureteroscopy using a fiberscope %2%

* Smith et Boyce (1967), introduction and

popularisation of anatrophic nephrolithotomy

for the treatment of staghorn stones.

(1970), percutaneous nephrolithotomy.'?

{1980), extracorporeal shock wave lithotripsy

(ESWL) 14,15,2526

*

Epidemiology of urolithiasis
The epidemioclogical data of a given pathology
can only be determined precisely if some factors
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FIG. 3: Worldwide urolithiasis prevalence,

336

——— Page 111 ——— -

I Crpras 151 -
17.5% 813,
o J--‘J X } )
5,1% rs.!* puu!u*-
o e

December 2023

such as geographical location, climate, race, sex,
age, nutrition, and other environmental factors?’,
endogenous and hereditary factors are taken
into account.?® However, according to Hesse
er al. (2003), the *‘occurrence’ parameter is
determined by two factors: first, the incidence,
which represents the number of the new disease
cases per population, measured over a giventime
interval. The second is the prevalence, which
is the proportion of sick people detected in a
population at a given time,” Furthermore, the
epidemioiogical characteristics and aetiological
factors of urinary lithiasis are constantly
evolving, reflecting to a large extent the health
conditions, dietary habits and population’s
standard of living ¥

The prevalence of the diseasein industrialised
countries has increased dramatically over the past
50 years. This transformation finds evidence in
the economic progression which reflects changes
in sociceconomic level, lifestyle modifications
and changing eating habits. Globally, this disease
affects approximately 2 to 20% of the population
with vanations between countries (Fig. 3).2

The United States being an outstanding
example for studying changes in the
epidemiological behaviour of the disease, due
to the studies availability, high level of nchness,
large populations, as well as geographic and
cthnic diversity. However, the study carmed out
by Boyce et al. (1956) between 1948 and 1952
(across all country states) estimated the average
annual of hospitalists incidence at 9 47p 100,000,
with a variation belween States from 4.31 to
19.25 per 100,000.%"
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The work of Johnson er «f (1979) which
lasted 25 years between 1950 and 1974 on the
Rochester population, showed a significant
increase of this disease in men, with an annuat
age-adjusted incidence around from 78.5 to
123.6 per 100,000 people. This parameter
remained more or less stable in women with
36.0 per 100,000 people. The prevalence was
also estimated in this population {Rochester) at
12% and 5% in men and women respectively’!,
and another of 18.5% in Tennessee* Later,
Stamatelou et al. (2003) observed a nationwide
increase in prevalence of 3.8to 5.2% (from 1988
to 1994 and from 1976 to 1980) accompanied by
variations in geography, ethnicity / race, age and
gender.® Recent studies reveal the prevalence
rate at 8.8%", and at 9.2%.%* Forecasts for the
2030s estimated a prevalence at 9.5%.* Not far
fram USA, a similarity of epidemiological profile
is marked in Canada compared to the last one.
with a prevalence of 2%.3"3

In Europe, studies conducted after World War
Il showed a remarkable increase in the number
of people affected by the disease (Table 1).
The urolithiasts prevalence in the European
Union was estimated between 510 10% in 2011,
equivalent to 25 and 49 million peaple.®*

In Germany, the disease trend was increased
belween 1979 and 2001, with an increase in the
prevalence from 4.03 to 4.73% and the incidence
from 0.54 to 1.47%.7

In taly, the risk increased during these three
decades and the prevalence tends towards 1.17%
in 1983 against 1.72% in 19944 towards 4, 14%
in 2012 with an incidence of 2.32 / 1000P*,
regional variations were recorded with a major
risk observed in Milano.® The picture is similar
in Iceland with a prevalence of 4.7% in males
and 3.2% in females. ™

For Spain, UK and France, the disecase
frequencics are around 14.6% (2013-20143%,
714 to 11.62 % (between 2000 and 2010)* and
8.9% at age = 40 years (1994Y*"? respectively.

The Lurasia zone is also marked by anincrease
in the incidence from 0.5 to 609.3 { 100,000P
between 2002 and 2008 in Russia, from 53 to
6580 / 100,000P (1980 vs 2006) in Ukraine,
1030 and 25601100,000P in Belarus (2004 and
Tajikistan (2005) respectively*

In Asia, the work of Ogawa (2012) revealed
an increase In prevalence in Japan from 4 to
10.8% between 1965 and 20057 Zeng & He
(2013) estimated the rate at 9% of China's
urban population in 2008*, and 9.6% in Taiwan
between 1994 and 1996.% The Middle Easthad a
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higher rate of prevatence and mmajor risk recorded
in KSA with 19.1% between 2004 and 2008%
Turkey with 11.1%* and Iran with 5.4% %

However, the stones composition haschanged
considerably over these last decades, with a
gradual increase in the frequency of calciwmn
oxalate and calciuin phosphate stones, even in
the Eastern Hemisphere, where these stones
were traditionally less common than uric acid
and infection stones "7

Epidemiological studies carried out in
different continents and countries indicate that
calcium oxalate is very present with a levels
varying between 51.3 and 78%, followed by
calcium phosphate with a percentage varying
between 11.9 and 13.8 %, then uric acid (from
6.9 to 11.9%), struvite (0.8 1o 6%), cystine (0.6
to 2%), Brushite (1.1 to 1.5%) and finally the
other components (0.1 1o 1.1%) #3330 &

Urolithiasis recurrence s descnbed as the
discasc reappearing in some paticnts after a
period of time, which appears to be completely
cured. 1t is a major issue for both patients and
doctors. This parameter is a difficult subject
to classify as a fundarnental value, due 1o the
heterogeneity of the factors involved, as well
as the scarcity of studies that provide reliable
data.®* Generally, the recurrence rate is estimated
at 30 to 50% within the first 5 years after the
discovery of the first stone and from 50 to 60%
within the next 10 years. 2086

In Morocco. a developing country, where
access to healtheare is not the same across the
country, which can lead 10 a toss of information
about the disease. Iin addition, dietary habits
differ from one region to another, and many
patients rely on traditional medicine to initiate
this disease. especially among the mountain
population. In addition, there is a lack of
studies regarding this disease, except for a few
publications which have mainly focused cn
determining the stones composition collected Ln
certain regions From all the above, we could
think that the epidemiological profile is far from
reality and differs from one region to another.

However, the prevalence of urolithiasis
in Morocco vartes between 3.76 and 16.3%
according to Joual e ¢l (1997)%° The smdy
conducted by Boumzaoued et af. (2015) in
Moulay Ismail Military Hospital at Meknes
reveals that the intra-hospital prevalence is
25.36%, with a male/ female ratic of 3.1, an
average age of 47.1 vears and the left side
dominance compared to tie right side (60.02
versus 35.84).% According to Laziri (2009)

337
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the average of annual hospital incidence rate
is estimated at 30 per 100,000 in the Settat
province & In children, a prevalence of 0.83%
was revealed between 2003 and 2013 in the
Hassan H University Hospital Center in Fez %
The cumulatve frequency was estimated at
0.25% during the period from 2000 to 2012 inthe
Meknes region, and an average hospital incidence
rate was estimated at 2£/100.000 in the paediatnc
surgery department of the Meknes regional
hospital.® Regarding the stone composition,
sorne researchers have found that calcium oxalate
monohydrate 1s the major constituent, followed
by uric acid, carbapalite and struvile 5™

Clinical mantfesiation
Urclithiasis can remain asymptomatic for a long
time, 5011 can be observed unexpectedly during
an imagng examination or during a chronic
kidney failure assessment.™

The 1mtial presentation of unnary hthiasis
is often accompanied by renal colic, which is
pain caused by the displacement of a slone [rom
the renal pelvis o the ureter, causes ureteral
spasm and eventually obstruct™ The simple
form of renal colic is frequent, characterised
by sudden and intense pain, staring in the
flank area racialing to the groin and progressing
downwards and anteriorly into the genital area,
as the stone descends into the ureter, with no
peritoneal signs.™™% Generally, the pain is
neither aggravated or reduced by a change of
position, therefore may be accompanied by
nausea and vomiling, adding also, that if the
stone is Jodged at the uretero-vesical junction,
may cause a feeling of urinary frequency
and urgency. However, all symptoms are
relieved quite abruptly when the stone exits
the ureter and passes into the bladder® Other
manifestations include persistent non-visible
hacmaturia, intermittent visible haematuria,
dysuria, penile oedema, enuresis, anorexia, and
repetitive urinary tract infections®™™ The
end-stage complications of infected stones can
be life-threatening, including pyonephrosis,
xanthograiulomatous pyelonephuttis, perinephric
abscesses and sepsis.®

Urolithiasis aetivlogic fuctors

Determining and understanding the factors
involved in promoting the formation of urinary
stones are a very important part of treatment
procedures. However, in order to implement a
better treatment decision and have a satisfactory
positive response, all the interactions and the
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complication of these factors must be taken mto
consideration.

1. Non-dietary risk factors

1.1 Family history

LIrinary stones develop more frequently in people
witha family history of the disease than inthose
without a family history The risk ratio was
estimated by Curhan et af. (1997) 10 be more than
2.57 times higher in individvals with a famify
history of the disease™, and a recurrence threat
of 1.2 was detected by Guerra er al. (2016)."
The explanations about this factor remain limited
on the likelihood of a genetic predispositon and
environmental exposures combination shared by
family members, mainly those related to eating
habits 5 &8

1.2 Relationshlp between vrolithlasls and
systemic disorders

Several diseases and systemic factors have been
associated with anincreased risk of urinary lithnasis
occwrence. Primary hyperparathyroidism® %,
renal tubular acidosis™* and Crohn’s disease™ %
are affechons that have been correlated with
urolithiasis and increase the risk of stone
formation

A history of gout increases the nisk of stone
formatiors. both uric acid and calcium oxalate #
The Kramer & Curhan (2002} study, reported the
chance to have a hthiasis history in people with
gout at 49%.% These results were confirmed in
men by a prospective study ** The relative nisk
(RR) of subsequent kidney stones in the age.
adjusted (RR: 2.06) and multvanate (RR: 2.12)
models was higher in patients with a confirmed
gout diagnosis than in those without gout **

Increased body size as assessed by weightand
body mass index (BMI) is associated with an
increased nsk of stone formation, independent of
other risk factors, including diet.  The magmtude
of the increase 1n BMI nisk 15 greater in women
than 1n men.”2** The nisk of stone formation in
individuals with a BMT greater than or equal to
30 compared to those with a BMT of 21 to 23
was 30% higher in men, but almost twice a3
high in women.® Weight gain also increases
the risk, weight gain of approximatzly 15.88
kg from early adulthood increases the nsk of
stone formation by 40% in men and by 80% tn
women.*

The study conducted by Taylor et al {2005)
revealed the positive association of dmbetes
with nephrolithiasis, independent of age, BMI,
thiazide diuretic use and diet ® Daudon et al

ATTACHMENT 12




ATTACHMENT 12
Purpose of the Project

Malays J Pathol

{2006) evaluated the types of stones in people
with diabetes (type 2 diabetes), the proportion of
uric acid stones was higher compared to calcium
stones The first type of stone was significantly
3 umes higher in patients with stones with type
2 diabetes than in non-diabetic patients. ™ In the
same lines, Cameron et ol {2006) demonstrate
that a low pH level is the main nsk factor for
the uric acid stones formation.* In fact, diabetes
may increase the risk of urinary stone formation
by altening the urine composition. Insulin
resistance 1s associated with hugh levels of free
farry acids in the plasma, which can enter the
proximal wbular cells, interfering with the use of
glutamine inammonium production ™ Likewise,
this resistance contributes to the accumulation
of ammona and considerably reduces the pH,
which favors the uric acid stones formation.*
Low urine pH affects the ability of the urmary
tract to excrete acid (citric acid), which increases
the risk of stones containing calcium *

The link between our patholegy and
hypertension has been adopted mainly n two
opposing ways, The first considers that the
incidence of urinary stones was sigmficantly
higher in hypertensive patients, i.e. people
with hugh blood pressure are at an increased
risk of developing a kidney stone % On the
contrary, the second shows that the risk of
hypertension was higher in people with a history
of nephrolithiasis and not vice versa. This
assoctation was independent of other risk factors
recogrused in these two pathologies. " In the
same context, Gillen e al (2005} established this
hypothesis, but only in women."" In contrast,
consumption of a DASH (Dietary Approaches
to Stop Hypertension) tvpe diet 15 associated
with a marked decrease in the risk of urinary
stone incidence.'” Thus, 1t can reduce the risk
of their formation by ncreasing the levels and
volurme of unnary citrale "™

The risk of cardiovascular disease has been
assoclated with a history of urinary stone,
although no causal relationship has been
definitively established ** However, Ferraro
et al (2013) showed a modest increase in
the nisk of coronary heart disease in women
with & history of stones, but not in men in
prospective studies "™ The survey by Alexander
et al (2014)and their prevalence 1s increasing.
Kidney stone formers often have risk factors
associated with atherosclerosis, but it isuncertain
whether having a kidney slone is associated
with higher risk of cardiovascular events. This
study sought to assess the association between
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one or more kidney stones and the subsequent
risk of cardiovascular events. Design, setting,
participants, & measurements Cohort study
of 3,195,452 people aged 18 years registered
n the universal health care system in Alberta,
Canada, between 1997 and 2009 (median follaw-
up of 11 years found a sigmficantly higher
risk of acute myocardial infarction of 40%% in
people with one or more ¢pisodes of stones.
Concurrently, coronary angioplasty / coronary
bypass surgery was 63% and stroke was 26%,
with a greater effect in women than i men *'
On the other hand, Domingos & Serra (2011}
show that this relationship remained significant
only for myocardial infarciion in women with
a risk of more than 57%'%, while the latter was
31% i the work of Rule et all (2010) “% In
contrast, Fan ef af (2017) found that lithiasis
disease was associated with a high prevalence
of traditional and non-traditional nsk factors
for cardiovascular disease such as hypertension,
albuminuna, chrone kidney disease, increased
arterial stiffness and ankle brachial index,
mndicative of penipheral arterial disease, "

1.3 Environmental factors

Regions with higher average annual temperature
and humidity appear o be contnbubng factors.
People living under those conditions are prone
to chronic dehydration, which results in low
unine volumes and hypocitraturia, leading to an
increased incidence of urinary stones especially
of uric acid."!'* Seasonal vanatons have
been mentioned with peak mcreases have been
observed during the summer months.*='* Global
warming trends are likely to shift and expand
areas at increased risk for stone formation. A
study modeling the impact of chmate change
on stone disease found that the fraction of the
U.S8. population living 1n areas at high risk tor
nephrolithiasis would increase from 40% 1n 2000
to 36% by 2030 and to 70% by 200512

L4 Urinary risk factors

The crystallisation of stone forming salts 1s due o
an abnormat urinary composition, of metabolic or
environmental origin. These unnary nsk factors
are the basis for the diagnostic categorisation of
stone-related diseases. Several factors can coexast
inthe same patient.” 24-hour unnalysis provides
important prognostic information and direct
treaument recommendations for the prevention
of stone formation.
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Hypercalciurla: [s defined asacalcium excretion
in the unine, greater than or equal to 300 mg/day
tn men and 250 mg/day in women with a diet
containing 1000 mg of calcium fday® %" It
affects approximately 20 to 60% of patients with
stones®™*>M¥L1% and contributes to caleium stone
fonnation, by increasing the urinary calcium salt
saturation and by deactivating negative charged
urinary infubitors. "¢ The most comnion cause of
hypercalciunaisincreased absorption of calcium
from the intestine. This disordsris also associated
with low bone mineral density in the vertebrae,
the causes of this latter are unknown.'®

Hyperoxaluria: Where the oxalate urinary
excretion is greater than 45 mg/day. This
excretion can be present in 20 to 40% of patients
affected by the disease, and the major risk is
observed more in males than in females 7%
However, it should be noted that the risk of
stone disease begins well below this oxalate
excretion value, This may be due o the primary
hyperoxaluna that causes the increased hepatic
oxalate production or increased absorption
in the short bowel syndrome called enteric
hyperoxaluna (acquired;. in which the intestine
is overexposed to bile salts, resuiting inincreased
permeability to oxalate. A diet low in oxalate
and / or normal calcium to be raised, reduces
oxalate urinary excretion.® [n contrasl, pnmary
hyperoxaluria is rare and the result of autosomal
recessive genetic disorders associaled with
oxalate synthesis. In fact, primary hyperoxaluna
type I is caused by a mutation in the alanine
glyoxalate aminotransterase gene, while type {15
caused by a mutation in the glyoxalate reductase
{ D-glycerate dehydrogenase gene 2 1# 13

Hypocitraturia: Less than 320 mg/day urinary
citrate excretion, found in 5-11% of new
cases who developed stones. Citrate forms
a soluble complex when it binds to calcium,
thus preventing the binding of calcium to
oxalate &% |lypocitratuna can be the result of
distal renal tubular acidosis, chrome diarrheal
syndrome, intestinal dysfunction, genetic factors,
hypokalaemia, urinary tract infection. rich dist
protein and low in alkali. but it is mainly of
unknown actiology, 6 1719

Hyperuricosuria: An elevated level of uric
acid with excretion greater than 750 and 80V
mg/day in women and men respectively, which
results in spontanecus precipitation in solution
This precipitation can act as a scaffolding for
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crystalline aggregation of calcium oxalate and
subsequent stone formation. Hyperuricosuria
may be secondary to: uricosuric drugs
myeloproliferative disorders, primary gout or
congenital disorders. Excessive intake of animal
protein (especially punines) can increase uric acid
excretion and decrease urine pH. The latter ts
a very important factor in controlling uric acid
supersaturation.**!"” However, atlopurinol has
been shownto be an effective agent in prevenung
the formation of calcium oxalate stones in
patents with hyperunicosuria'®, also adding a
decrease in protein intake is also useful ©

Cystinuria: Is a rare autosomal recessive
disorder characterised by a reduced renal
tubular reabsorption of the dibasic amino acids
cystine, ornithire, lysine and arginine.'** Over
excretion of cystine leads to stone formation
due to their low solubility in urine at normal
urine pH."" Tn fact, the solubility of cystine is
pH-dependent (modest increase if the pH tends
towards 7.5, greater increase if the pH exceeds
7.5) and varies according to the solubilises
electrolytes and macromolecules. However, two
genes responsible for cystinuria with multiples
of mutations have been identified: the gene
(SLC3A1) 1s responsible for type | cysunuria
and completely recessive, while the gene
(SLC7A9) 1s Iinked with non-type 1 (type il
and IlI) and incompletely recessive These two
genes code respectively for two protein subunits
rBAT and b** AT of a membrane transporter
located in the renal proximal tube and epithehal
cells of the gastrointeshnal tract. Clinically,
heterozygotes with type 1 mutations are silent
while heterozygotes non-f types {types [ and i)
have a2 wide range of unnary cystine levels and
some even have symptomatic urolithiasis,*'-'*

Low urine volume: Is acommon and modi fiable
risk factor, defined as a 24-hour unine volume
less than 1L/ day, and present in 12 to 25% of
lithiasic people. Low liquid consumption, with
a low volume of urine production, produce hugh
concentrations of solutes responsible for the
stone formation in the vrine. In addition, the
nsk decreases with lugh liquids 1ntake, which
stimulates the increase of total urine volume * ***

Urine pik: A tugh unne pti leads to increased
saturation of calcium phosphate, predisposing
to develop lithiasis. A high unne pii can also
lead to the formation of struvite stones, due to
the low solubility of phosphate when excessive
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ammonia is preduced by the urea fragmentation.
However, law urine pH predisposes to uric acid
nephrolithiasis.®

Infection: Infection stones are formed when the
upperurinary tractisinfected by urease-producing
bacteria, for example (Proteus sp, Haemophilus
sp. Ureaplasma urealyticum and Kiebsiella
sp). These microorganisms hydrolyse urea to
produce ammonia and hydroxide, increasing the
urinary pH, consequently increasing phosphate
dissociation to form trivalent phosphate. These
latter bind to magnesium to form a “triple
crystal” of struvite stone {magnesium phosphate
ammeonia) and { or calcium carbonate apatite.
These stones mostly developin a branched fonn
(staghom} which occupies a large part of the
collection systemn 15"’

2. Dietary risk factors

Dnet plays a very important role in influencing
urine composition and therefore directly
influences the risk of urolithiasis. The nutrients
involved in this diet include calcium, animal
protein. oxalate, sodium. sucrose, fructose,
magnesium and potassium H124123

Calcium: Excessive dictary calcium intakc
was considered to be a protective factor against
urinary littuasis formation, independent of
other risk factors.® However, high dietary
calcium intake binds with oxalate in the gut
and subscquently reduces oxalate absorption.!#
Indeed, the study conducted by reveals that
the recurrence rate decreased by 50% in patients
who followed a diet withanormal calcium intake
(1200 mg:day) associated with a low intlake of
animal protein, campared to those who consurned
a low calcium diet (400 mgiday). Unlike dictary
caleium, calcium supplementation does not
appear to reduce nsk and may increase risk in
older women 144447

QOxalate: The proporion of dictary oxalate
absorbed varies from 10% to 50% and is
affected by concomitant dietary factors (such
as calcium), intestinal flora and related discases.
In addition to this absorption, urinary oxalate is
also dertved from the endogenous metabolism of
glycine, hydroxyproline, vitatnin Cand glycolate,
However, the dietary contribution of urinary
oxalate may be higher in store formation. Up
to cne-third of patents with calcium oxalate
nephrolithiasis may have increased dietary
oxalate absorption, and in some cases, a
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deficiency in oxalate degradation by the bactena
Onxalobacter formigenes in the gut may be the
caus&slé‘ﬁl.l:'a

Potassium: An increase in dielary potassium
intake has been considered to reduce risk in
men and older women.5* Potassium consumption
polentially reduces calcium excretion in the urine
and stimulates urinary citrate excretion.”?

Sodium / sucrose: A high intake is directly
praportional to urinary calcium and independent
of calcium intake.® Salt consumption invariably
increases calcium excretion, conversely, their
reduction decreases calciuria especially in
hypercalcious.'?

Vitamin C (ascorbic acid) Can be metzbolised
to oxalate, higher intake may increase the risk of
calcium oxalate stone formation ®* According
to Traxer ef al. (2003), the consumption of 2 g
of vitamin C per day increases urinary oxalate
excretion by 20% in normal subjects and by
33% in lithiasis subjects.”™ The risk of stone
formation was greater than 40% in men who
consumed more than 1g of vitamin C, compared
to men who ingested less than the recommended
daily atlowance. '™

Yitamin B36: |s a cofactorin oxalate metabolism
and its deficiency increases the producuon and
excretion of oxalate in the urine. High doses of
the supptemental vitamin B6 may be beneficial
in some patients with primary hyperoxaluria type
1.% A high intake of vitamin B6 may reduce the
tisk of stone formation 3219

Animal Protein: High levels of anuimal protein
in the diet lead to high urinary oxalate, low pH.
and low urinary citrate ® Red meat, canned fish,
meat extracts and muscle are rich in punne
which increases the uric acid concentration
and therefore promotes stone formation. By
recarnm erkiation, protein intake should be limited
to 1gikg/day.

Liquid lntake: Low fhidintake (<1200 mi/ day)
predisposes to the stonc formation, Increased
water consumption results in urine dilition of
constituents that may precipitate, as well as a
reduction in the residence time of free crystatline
particles in the uring ¥

ATTACHMENT 12



ATTACHMENT 12
Purpose of the Project

Urelithiasis diagnosis and management

1. Diagnostic

This is a2 very imnportant step that gives a general
idea of the nature and causes of the disease in
order to choose suitable treatinent methods.
Different diagnostic tools are used to confinn
lithiasis.

1.1 Inltial Investigation
Urinary tract stones diagnosis begins with a
history focusing on key elements, include a
family or previous history of urinary stone,
duration and progression of symptoms, and sighs
or symptoms of sepsis. Physical examination is
often more helpful in ruling out non-urologic
disease, ™

Metabolic investigations are important to
predict the likely stone type (if the stone is not
available for analysis), identify the secondary
causes and metabolic risk factors, evaluate the
prognosis, and guide the treatment. Typically, a
mmetabolic workup including fasting blood and
punctual urine samples, as well as 24-hour urine
is requested.’*” Practically, we use the methods
described below.

Urine test strip: allows 1olook for hacmaturia,
nitrituria, leukacyturia, glycosuria, proteinuria,
but also cstimates density and pH.©¢

Cytobacteriological exam of urine (CBEL):
performed to complete a positive unine dipstick,
before initiating antibiotic therapy. It allows to
recognise the non-glomerular character of a
hematuria and to identify the genns especially
the bacteria with urcasic activity ™13

Blood culiure: carried out systematically in case
of fever over 38.5 °C.. In the case of obstructive
pycloncphritis, this examination looks for
possible sepsis.™

Biological examinations: inchude creatinine,
complete blood count (CBC), and blood
ionogram.™

Crisatlluria: performed on fasting morming urine
to determine the pH, density and pre-existing
crystals in the urine.

1.2 Diagnostic imaging

In order to search the existence of an upper
excretory tract dilatation or a stone, several
merhods are used, among which we cite:
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Ultrasourd: non-invasive, incxpensive,
rapid, preferred for pregnant women and in
patienis with a renal failure stage.” Tt aliows
visualisation of the stone and more delicate for
the visualisation of lwnbar or iliac lithiasis, Iis
sensitivity is excellent for pyelocalicular stones
and for those of the lower ureter ifutl bladder),'™

Abdomlnalx-ray easy toperforminemergencies,
but it has a poor sensitivity for detecting the
lithiasis with a poor specificity (Hamm er al.,
2001).7* Therefore, this examination should not
be done independently. However, the sensitivity
is better when it is coupled with scanner.™

Intravenous Urogram (IVU} can show the
entire upper urinary tract to the urethral operung.
allows a fairly fine analysis, especially of the
urothelium with a single 1odine injection. " [t has
now replaced by the scanner without injection
with almost unanimity, When the urologist
wishes to visualise the urinary tree for an invasive
procedure, this scanner is injected,™

Computed tomography (CT): an imaging
method used to obtain cross-sections,
reconstructed from measurements of the
attenuation coelficients of the X -ray beam inthe
volurne considered 27 Injected or uninjected CT
is the imaging test with the best sensitivity and
specificity, giving dynamic 3D reconstructions. Tt
helps to identify stones not visible on abdominat
x-ray in particilar unc stones, small stones,
ureteral stones and to measure the density of these
stones. [t also allows to specify the differential
diagnases in nearly 50% of tumbar pain

1.3 Treatlments

1.3.1 Dietary measures

Fluid intake is an cssential component of
treatment and should be adjusted to ensure 1hat
urine output is greater than 2.5 Liday Batanced
dict standardisecdlincalcium (800 mg to 1 giday),
sodium (2 1o 3 g/day), protein (0.8 to 1.4 g'kg!
day), and limiting excessive intake of oxalate-
rich foods to a threshold of 40 to 50 ingiday 1™

1.3.2 Medical trextment

Renal colic trecauncnt is based on the use of
non-steroidal anti-inflammatory diugs (NSAIDs)
which act by blocking the cyclo-oxygenases
involved in the inflammatory cascade, reducing
local edema and glomerular filration rate ™%
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In recent years, the mntroduction of expulsion
therapy based on drugs capable to facilitate
the passage of distal ureteral stones These are
caleium channel blockers (such as Nifedipine)
which act by relaxation of smooth muscle fibers
and alpha blockers (such as Tamsulosin) that
participate in peristalsis.” %% Yet despite their
wide use, the evidence for the benefit of these
agents In ureteral stones treatment remains
Weak.“"‘“

1.3.3 Surgical treatment

Surgical treatment aims to remove any stones in
the urinary tract. Takes into account the stone
location. its size, its composition, the urinary
tract anatomy and the patient's morphology.

1.3.3.1 Extracorporeal Shock Wave
Lithotripsy (ESWL)
Non-invasive method, applying waves created
by an extracorporeal generator and focused on
the stone in order to pulvense it. The stone
localisation is done by ultrasound. The average
success rale for the Ridney 15 60 to 80% and 80%
for the ureter, depending on the stone’s nature,
their sizes and locations. '

1.3.3.2 Ureteroscopy (URS)

Invasive method that aims to remove stones
stuck in the ureters or bladder, also can examine
stones in the upper urinary tract. This procedure
is painful and 15 performed Ly a ureteroscope in
the form of a small wire that connects to a camera
at the end. The latter is inserted into the urethra
and passes into the bladder to remove stones, '

1.3.3.3 Percutaneous Nephrolithotomy
(PCNL)

The procedure 15 1nvasive and consists

in introducing a nephroscope through a

percutaneous opening 1o fragment and extract

stones larger than 2cm in diameter, or irtegularly

shaped (coralliform in particular).®

1.3.3.4 Open surgery

The use of open surgery for stone removal
15 dectining due to the development of new
non-invasive or semi-invasive methods such as
ESWL, URS and PCNL. This method remains
recommended for the treatment of large,
coralliform stones where the predictable number
of percutaneous accesses seems unreasonable
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1.3.3.5 Allernative treatment based on
ntedicinal and arotnatic plants

Medical management of urolithiasis involves
medical treatments and / or invasive surgical
interventtons to extract the stones, which
may generate side effects and complications
such as haemorrhage, hypertension, tubular
necrosis, subsequent kidney fibrosts, renal
failure, steinstrasse (several small stones
blocking the ureter), pancreatitis, infechon and
persistent residue (potential nidus for new stone
formation).***¥ Research into treatment and
prevention methods for this disease remains
an avenue to be explored to avoid a possible
recurrence in patients. In fact, the use of
alternative methods, based on medicinal and
arcmatic plants (MAP} is very popular in the
world, especially in developing countries
However, the exploitation of these traditional
resources in research projects in order to verify
experimentally the cffectiveness of these
resources and their applications is an issue and
a challenge that must be addressed. Besides,
ethnobotanical studies carried out in Morocco by
vanous researchers have revealed the importance
of some plants in the hithiasis treatment and in
prevention of stones recwrrence, as well as to
rehteve renal colic. ™

On the other hand. in vitro studies show the
effeciveness of plants extracts in inhibiting
stone formation in different crystallisation
stages (nucleation, growth, aggregation). Among
these plants we can cite, Rotula aquatica'®,
Holarrhena antidysenterica't’, Origanum
vulgare™, Ammi visnaga'™ Phyllanthus ning '™,
Herniaria hirsta’™, Trionthema nmonogvna
Macroryloma unifiorum'2, Tamarix gallica L.\¥
Punica granatum L.*°, Avbutus unedo 1'%
act on caleinm oxalale crystals. Commiphora
wightii'"* Citrus medica, Boerhaavia diffusa
L. Romda agquatica’® mhibit struvite crystal
growth. Chenopodium atbum'™, Tribulus
terrestris, Bergenia figulara'® against brushite
crystal growth. Mentha pulegium and Eucalyptus
camaldulensis essential oils show a very
important effect against the Bacteria with
ureasic aclivity responsible on infection lithiasis
formation.’®* [n addition, in vitro studias on cell
culture models as well as work on ammal models
have been camied out by deferent researchers and
show the preventive effect of plants against cell
damage and stone formation, 1414511
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CONCLUSION

This review work allowed us to take stock of
urolithuasis disease, which has a multifactorial
actiology and is one of the major public health
problems. The risk and frequency of'this disease
have increased steadily over the last decades,
which at the same time has increased the
care costs and created a burden on the health
system. Despite the scientific and technological
development which we are currently aware,
the treatment methods used to relieve patients
with urinary stones do not show the desired
effectiveness, hence the need to find alternatives.
Studies on the plants’ active components are
progressing, with interesting results that need to
be confirmed at the clinical level In addition,
the prevention accompanied by a diet remains
effective
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ARTICLE INFOQ ABSTRACT

Keywards: Compuied tomography (CT) of the abdomen is usially appropriate for the initlal imaging of many arinary teact
Computed '““f“&l"Ph)’ discases, due lo its mdc-nvmlalnllly, fast seanning and Acq sllmnul!hln alices and isotropic data, that allow the
Urloary calcufi creation of mulipl roft d and three-di 1 e d imuges of excellent anatomie detaibs.
W ucoplass N 1! d C’l’ ins the dard imagl y for ig renal colic. The technique alluws the

Urinary bladder cances

Transitional cell carcinoma detection of nearty all types of urinary calculi ard the esl'mnlion nfﬂnm burden. CT is the primary diagnostic

1oo] for 1he characierization of an indeterminaie renal mass, including both eysic sod solid tumors. 1t is alse the
modality of choiee for staging a primary renal tumor.

Umlithissis snd arinary 1ract malignancics represent the maip uregenic cvases of hematurda. CT vrography
{CTU) tmproves the visualization of both the upper and lower urinary tract and is rocommended for the
investigation of gross hematuria and microstopic hematurda, in paticnts with predisposing facines for urologic
malignancics. CTU is highly accurate in the detection and staging of upper tract urothelial malignancics

CT rep 1he most ¢ ly used technique for the detection and siaging of bladder carcinoma and the
diagnostic efficacy of CT staging impruves with mone advanced disease. Nevertheless, il has limited accyracy in
dilferentiating non-muscle invasivc bladder carvinoma from muscle-invasive bladder carcinoma.

In this review, clinical i ion and the optimal i hnique for €1 of the wrinary tract is reviewed:
The CT features of common urologic diseases, including umrmlnthins:s renal umors and urothelial carcinomas
are discussed
1. Inoroduction different renal perfusion phases. The acquisition of thin slices apd

isotropic data allow the creation of multiplanar reformations (MPRs)
Computed tomegraphy (CT) of the abdomen represents the standard and three-dimensional (3D} reconstructions in any desired plane

of imaging for many urologic di The main ads ges of the without loss of anatomic details || -51.
technique include the wide availabilicy, fast scanning, increased volume Non-enhanced CT (NECT) of the abdomen represents an accuwate
coverage In a single breach hold, high spadal and remporal resolution, imaging modality for the investigation of renal colic or suspected uro-
lower suscepribillty to variable patient factors and ability to assess lichiasis. The rechnique Is highly sensitive and specific in the diagnosis of

Abbreviations. CT, computed tomography; MPRs, multiplanar reformations; 3D, three-dimensional; NECT, non-cnhanced CT; XLUB, kidney-urcier bladder; U8,
ulirasound; LDCT, low-dosc (T, CECT, contrast-¢rhanced CT; RCC, renal cell -] CTU, CT urography; UTUC, upper teact urothelial carcinoma; MIBC, muscle-
invasive bladder i NMIBC, scle invasive bladder carcinoma; [IU, hounsficdd umit; SWL, shock wave lithotripsy; PCNL, percutancous ncph-
volithatomy, PN, partial nephrectomy; PF, perinephric fat, EP, excretory phasc: BMI, Body Mass Index; ceRCC, cloar coll renal cell carcinonis; pRCC, papillary renal
cell carvinoma; chRCE, ch hobe renal cell [pAML, [ut-pour anglomyolipoma: RO, renal cocoryloma; PEComs, perivasiular epithelinid cell; NGE,
nephmgraphic phase; IVC, Infexior vena cava; CMP, corticomedullary phase; MRI, magnetic resonance imaging: ROL, reglon of interest; LN, lymph nodr; MIP,
maximum intensily projection; TRUB, transurethral resection of the bladder: TNM, tumor-node- metasiasis
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Table 1
Suggested CT report template for preoperative assessment of suspected or proven renal cell carcinoma (PP: perinepluic fal; IVC: inferior vena cava; AML: angio
myolipoma) [15].

Involved kidney

+ Nephrometry score: Tumot radivg (cm);

>or < 50%,

pliytic; Distance 1o the pevicalyceal system (> 7 v, 4-7 rorm, < 4 mm} Lacation: Anterioc/Posteriol (A/P/

X} Loction regarding to the polar liner (above/bel ew/crosy/between); Extension into the rend vein

PF srandlog: (sbsent/present); Atmorng of PF: (seent/sbandsnt)

Kidney location: standacd, high, low, ectopic
Kidney size (cr)
Renal colleeting system:

" s 0 8 8

Adacd dunli 4

Extrerwnal Fiructares adjacent to the tumor: Distance to the nearert snatomic toracture, such s eolon, moall bowe, gall biadder, paneress wnd renal har verds

Exrension of turaor Into PF, perirenal farda o |psiistecal adreosl gland: {sbrent/present)

* Vervely: Distance of main renal actery ocigin 10 the first bennch (em) and to the tenal hilam (em); Aceestocy renal mrteries; Length from IVE to right renal hilem (em} Length from

sortic edge to the teft hilwrn (ero); Accessocy cend veins

+ Parenchymml vardeant enastomy: sandacd, dromendacy hamb, feral lobul ation, colemn of Bertn, tendl deft, congenital fuston/votation

+ Benign pathology: renal cysus, ones/cal clficotions, seacs, AML

Coutralatersl Iddney

« Hdney dze (cn)

+ Bnhancerment: normal, defayed

+ Pathology: cysts, stones/cdl ciftcations, scars, AML

Others
+ Regioml lymphadenopathy: |oestion, sice, corcelation with large versels
+ Distant metnstmrer

urinary caleuli, helping to predict sponianecus stone passage and,/or to
determine appropriate treatment planning [i: - 8], However, due to the
inereased radiation burden, recommendations strongly advocate the use
of kidney-ureter-bladder (KUB) radiography combined with ulrasound
(US) a5 a primary imaging tool and the performance of low-dose CT
(LDCT) in selected cases [6-8].

Contrast-enhanced CT (CECT) of the abdomen is the most commonly
used diagnostic tool for the detection and characterization of renal w-
mors, including both cystic and solid renal masses {9-13]. CECT is also
the modality of choice for staging renal cell carcinoma (RCC), providing
valyable anatomic information to the surgeon [14,15).

CT urography (CTU) is a widely aceepted 100l for the routine work-
up of macroscopic hematuria or microscopic hematuria, in patients with
risk factors for urologic malignancies [16-221. It represents the primary
means of screening and staging the upper tract wrothelial tumors
(UTUTs) 116,20-22. Choosing the appropriate technique & of para-
mount impertance for the diagnosis of wrothelial malignancies any-
where in the urinary wace [20-321,

CECT of the abdomen, including some form of CTU remains the

The main predisposing factors for urologic malignancies include
gross hematuria, male gender, age > 35 years, smoking, occupatonal
exposure to chemicals, analgesic abuse, history of urologic disease,
rritative volding symptoms, history of pelvic irradlation, chronic ur
nary tract infection, exposure to known carcinogenic agents or chemo
therapy and chronie iIndwelling foreign body [16-19],

All patents with gross hematuria should undergo a full wologic
workup, as the etiology is malignant in up w 40 % of cases. Conversely,
patients with miccohemnaturia have a low risk of malignancy, ranging
from 2.6 to 4 % (15 1%]. CTU helps w ¢lucidate the eticlogy of hema-
turia; and once a diagnosis is made, that assists the therapeutic planning
and/or follow-up (16,2021 5],

Urolithiasis usually presents with renal colic and is a common benign
cause assoctaied with hemauria. NECT of the abdomen can easily
identify urinary stones [ 4], It is important for clinicians not to miss
clinically significant stones [i7{. Although the stone size that &
considered as “clinically significarn” is debatable, stones smaller than 3-
4 mm are mostly passed spontaneously and are not considered of clinical

standard for staging muscle-invasive bladder carcinomas (MIBCs).
Regarding local staging, the technique is useful in diagnosing tumoer
invasion intw the perivesical fat and for adjacent organs, although it is
unable to differendate MIBC from non-muscle invasive bladder carci-
noma (NMIBC) [#3,24],

CT-based innovative approaches, including dual-energy, multi-en.
ergy, spectra] CT and CT-based radiomics may improve the diagnostie
performance of the technique in the assessment of urinary wact diseases
[ #-35).

In thisreview, we summarize data on when and how to perform a CT
of the winary tract CT findings of comumon urclogic pathologies,
including wreterolithiask, tenal tumors and wrothelial carcinomas are
also presented.

2. CT of the abdomen: The urologists’ perspective

H ia isa ymp in urology and it is characterized
as gross hematuria, when the blood is visible with naked eyes and
microhemanuria, when only detectable under the microscope. Common
benign wogenic causes of hematuria include urclithiasis, infection and
benign prostatic hypercophy. Malignancies causing hematuria can
originate from anywhere along the urinary oact [ 16 19,36,
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p e. [nvestigating the location of a stone is important, since it
may influence teaunent options. Endoscopic surgery is the meatment of
choice for distal yreteral stones, thus differentiation of distal ureteral
stones from phleboliths is important and often challenging, based on CT
findings. Stone density, measured in Hounsfield Units (HU) is also
essential for stone management. Stones with a mean CT density > 1000
HU are considered hard, making extracorporeal shock wave lithow ipsy
(SWL) an Irmapropriate option [3F]. Stone demsity will also influence
fragmentation efficacy, which will determine laser sewtings and predict
operaing limes during intracorporeal lithotripsy. CT also plays an
important role during pere nephrolith y (PCNLy (A].
Anatomic information, regarding the exact stone location in the calyces,
thelr relative position with the pleural space and the lower ribs, infor-
mation regarding adjacent kidney stucumes, like colon, spleen and
major vessels are important in order to achieve appropriate percuta-
neous access and avoid possible complications. CT-guided puncrures
may be an option in challenging cases, such as in patients with body
deformities or in the presence of minimal hydronephrosis [14].

For wologisi, hemarturia is a presenting finding of a cancer, undess
praven otherwise and RCCs invading the pelvicalyceal system or UTUCs
are usually implicated, Large-sized tumors are hard to miss, but the same
is pot the case for small, wually endophyde or hypovascular reral
masses and for small wothelfal tumors, which require meticulous
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s of sp passage of a ureteral stone. Il CT secondary signs are

detected and a stone s not seen, the possibility of & [:B!td‘slum ar ebswuction due to other eticlogy, besides urolithiasis should be considered. 3Ureteral dilamtion
rarely may not be seen in uretevolithiasis, *“Hydronsphrosis and perinephrie fat stranding have 989% positive predictiva value and 91% negative predictive value for the

detection of ureterolich (PF: perinephric fat; SWL: show wave lithorripsy).
NECT findings Remarks
Py findings
s Stone burden cracial for connagement planning
* nembet of stones
» stone size: | argert diameter, to the dosest mm {(wre  divided into fones meaturing 5 mm, 5-10 mm, 10-20 mm and > 20 mm.
axial and coronal plane, bone windows settings and Stones with a dlameter of 5 mim have o 8% probability of spontaneour
magnificd views) passug¢ and stones with a diemeter of 5-10 mro have o 47% probebility of
passage
« Stone location® wpper, middi e oc lower el yx; cend pd vis; apper,
middie or distal neeter; arinary bladder
» Stone fragility toay inBuence the outcome of SWL
« heecogeneous stoner: presence of internal hypodense  more misceptible to fragmentation
ageas
« homogeneous stones: eniform Internal e lesy plibl e to frag: tion, more sessions may be needed
thin sections, bone window rettings)
« Stone compostion crucial for di ic and ] [« ing b pe o predict the success
of SWL
& uric aeid: 200-450 HY grent overlap in CT density of arinary stones, especisdly of amall ca cnli
{=< 500 HU)
* strevite $00-900 HU
* cystine: 500-1100 HU
o ealcinm phosphate: 1200-1600 HU
e calciam oxalate monohydeate + brashite 1700-2600
HU
Astociated findings
» poft-tissue rim sign & gim of solt-tisvee mrenuation azoand  nieteral cal- fensitivity, 77% and specificity, up to 2% for araevolithinsiy; moce
culus. coctesponds to edematont areteral wall prominemt For stones <4mim; seen Iin <10% of phiebaliths
+ comet tall dgn & eccentric, tapering soft-tissue area adjacencto a ruggesive of phiebolith
calcification
« radiclucent center mggestive of phiebolith
« CT densicy + gtone >3 phlebdith
5 dary findings” (vigas of
o upretera) ditatation®
» hydronephrosis®
s PFctranding* + increaved of PP, of peritenal often not detected during the flest 2 hou s foll owing the onset of acrte Bank;
sepey aod/ec rendl fascia 8 hoors may be needed to be oftimally seen
* perinrereral stnmding + Incrensed aitenasdon of perinrateral far
+ uolinteral rensl enlargement + may be mote focl ot renadl potey (eady phare) may be seen in eady o swbd e obsiraction
. ¥ of hypesd
medullary pyremlds

« thickening of the laterocotml Bevein

« dilferences it renal parenchymal
density

Fludings wreful lu the plaming of §

hypodensity of the parenchyma of the cbsuuered kidney

[due to edema)

+ relationstip of the kidney ©
surroanding organy

s complex or varient reoal enatomy

* aberrant vascalature

» selection of uppropriste caliz

+ distorted pelvicalyceal architectare
or abnorosl infandibulor
orentwtion

o skin-to-stone distance

P L

+ measuced from the center of the stone Lo the skin
sueface (axinl plane)

helps in predicting stone-free-satey after SWL

evaluation with CTU, Obviously, flat urothelial lesions are challenging,
but the radiologist should keep in mind that when wall thickening and
contrast enhancement i reported on CTU, ureteroscopy under general
anesthesia usually follows.

Histologic characterization of renal mmors, based on CT fndings
alone is practically unfeasible. Understandably this is a difficult task,
since even a biopsy of a renal mass can be non-diagnostic inup 1o 8% of
cases | 401]. CT plays a cardinal role in the characterization of renal cystie
magsses and staging of RCC {12 14|. RCC size, presence of tumor venous
thrombus, regional metastade lymphadenopathy, involvemenr of the
adrenal gland and distant metastases are often included on a CT repon

—— Page 129 -

But surgeons would appreciate detailed imaging of the renal vessels,
rumor's endophytic or exophydc nawre and information regarding is
vicinity to the renal hilum and the collecting system [ 15,41 ]. The RENAL
nephromemy score is of gteat assistance, since it comrelates with surgical
decision making, surgical complications, postoperative functional out
comes, Cancer-Specific Survival and histologie factors such as tumor
stage and grade (Table 1) |15, Measuring the posterior and lateral
perinephrie thickness and assessing the extent of perinephrie smanding
may anticipate surgical difficulties in cases of partial nephrectomy (PN),
which requires removal of the perinephrie fat (PF) [47], Equally
important is the relative position of the kidney to the thoracic cage.
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(d)

Fig. 1. Typical non-cnhanced C1 findings of ureterolithiass in two pati {a, b) Coronal reformations show a 4.5x6 mm stone (arrow, b) in the upper third of 1he
right ureter, causing proximal uretera| dilatation and significant ipsilateral hydronephrosis (arrow, a) (¢) Transverse image in the lower pelvis deplets a 2 mm lone
(ammow) located in the left ureterovesical junction. (d) Axial and (¢) coronal reformatied images in the same patient demonstrate secondary signs of ureterolithiasis,
including thickening of the leN renal fascia and perirenal sepia (arrows), presence of fnid in the perirenal space and mild hydroncphmsis
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{a)

(b)

Fig. 2. Uteterclithiasis with absence of acute obstruction. (@) Axial non-
enhanced GT image of tie lower pelvis shows a 2.5x3.5 mm stone (arrow) in
the righs ureterovesical junction. The mean CT density of the calculus is 350
HU. (a) Axial and (b) cotonal reformations depict absence of right hydro
nephrosis. Bilateral small renal calculi (arrows) are found to coexist.

Finally, when bladder cancer (BC) is suspected, it & always
confirmed with conventional cystoscopy. CT provides mainly informa-
tion regarding staging of advanced tumors and is of imporiance when
the decision for radical cystectomy Is made | 75,241
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(a)

(b)

(c}

Fig. 3. Horseshoe kidney and wreterolithiasis. (a, b} Axial non-entanced CT
images show lower poles of the kidneys fused fanow), in keeping with a
h hoe kidney. Bil 1 hydr is (stars) is also detected, marked on
the left side, The cause is a 3x3 mn stone (arrow, c) {ocated in the upper third
of the left ureter. A thin hato of soft-tissue dersity is seen around the calcolus
(soft-issye rim sign), a finding that is very specific for the diagnosis of
ureterolithiasis.

3. Renal colic

Renal colie accounts for 1 9% of the emergency department visits
(-EAE-47], Approximately 14 % of men and 6 % of women will
develop urinary tract stones during lifetime, with recurrence rates of 26
% within 5-10 years [4], Since the first repore by Smith et al., NECT of
the abdomen has been established as an accurate technique for imaging
renal colic ot suspected urinary stone disease, with 95-98 % sensitivity
and 96-100 % specificity for the diagnosis of urolithiasis | 7.8},

MECT is performed rapidly, does not require bowel preparation or
tnravenous adminkwadon of contrast medfum and has low intercb-
server variability. CT allows the detection of nearly all types of urinary
stones, including those that are radiolucent on KUB radiography, such as
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Bosniak classification, version 2019 of renal cystic tumors, including CT findings, new definldons incorporated in the npdated classification and recommendatons for

(NECT: noa-enh d CT; CECT: contrast-eanhanced CT) [12].
Category  CT findings Definitions Recommendsdons
1 well defined, bormogeneons smple Duid « thin well: < 2 mm benign, smple cend ¢yt no falow-ap
{-9 te 20 HU), smooth thin wall that insy enhance,
absenwe of septa of caleiflcations
I well defined, wnooth thin wall o tenal cystic mas benign, simmple cenal cyst or highty Hkdy
4. cyaie mass, few thin eepta; rept and wall may * < app ¥ 25 % of ing dlemnents, based on ~ benign renal cystic mask no follow-wp
enhance; cacifications of any type subjective viswal inspection
b. homogencous hypersttenusting masy {> 70 HU) on  » few septa 13
NECT o thin wall/mepa
¢. homogeneoas nonenhancing mass * (<2 rom)
< 20 HU st renal mass CT protocol; cal el fiestons of mny
type
4. homogeneous mast -9 to 20 HU on NECT
¢. horogeneons mass 21-30 HU on poreal phare CECT
f. homageneans iypodense masy tos small to
charncteyize
¥ cyic raasy, sroooth y thickened ing « minimally thickened wall/septa: 3 mm likely bengn renal cystic masr (visk of
wall, or smecth minimal thickening of one or mote & muany pepta: > 4 malignancy: <10 %) follow-wp at 6, 12
enhancing septa, or many smoath thin enhaneing septa roonthy and then, annugly fot 5 years
m cystic mass, one of more thick enhancing septa/well, or  « thick wall/septa: > 4 mm imermedinte possibility of malignancy {50
Lecegular enhancing wall /eepta « iccegular wall/cepra < 3 mim focal or diffure convex %] referra 1o » woalogin
prottuslon{s), with cbruse matging with the wall /tepta
n CECT, obtalned perpendical c to the
wall /septa, exeluding the wall /septa)
w CyStic Mass ohe of Moce enhancing nodele(s) « nodale focal convex protrusion, any size, with scute aften malignant (90 %}

raurging with the wall ‘vepta, or focl convex protresion

cefercal to a wrologist

> 4 rom, with obtase marging with tre wall repta

to the

on CECT, ob P

wall /reptn, excleding the willmpt;)

uric acid, xanthine and cystine stones. The only exceptions are pure
matrix stones and stones in patients on reatment with indinavir, which
are of soft-tssue density and therefore, difficult to recognize on CT
[1E,AT 47).

CT provides accurate information regarding stone size and location,
therefore helping 1o predict spontaneous stone passage. CT can access
the overall stone burden, including rumber of siones, size and velume,
stone density and inner stnucture, skin-to-stone distance and surround-
ing anatomy, findings that are useful for the selection of appropriate
treamment [7.8,43,44], The technique helps In the presurgleal planning
of Interventiomal procedures, such as PCNL and should be used 1o detect
residual stone fragments following PCNL and SWL, as well as to assess
the need for a second-look procedure [4], Associated findings, including
signs of acute obstruction, calyceal rupture, fluid collections and/or
urinary abnormalities, such as congenital abnormalites, nfections and
wmmors are readily detected (). Extraurinary pathologies induding
gynecologic, gastointestimal, hepatobiliary, vascular and musculoskel-
etal conditions mimicking renal colic may be detected inup to one third
of NECTs in patients referred for acute flank pain |-ii].

The CT protocel for the invesdgation of acute flank pain includes
scarning from the upper pole of the kidneys to the base of the urinary
bladder. Axial images can be obtained with 5 mm collimation and then,
reconstructed with thinner (1-3 mm) secdon thickness, allowing the
improvement in the detection and characterization of small stones and
also the decrease in radiation burden. Goronal MPRs are advocated to
assess the entire length of the ureter, helping o detect small stones and
enabling the differentiation of urinary stones from calcificadons such as
phleboliths, calcified plaques and renal parenchymal calcifications.
Stone measurements should be performed both in the coronal and axdal
plane, whilst bone window senings and magnified views are helpful,
[noravencus conmast and acquisition of an excretory phase (EP) are
recommended i selected patients, such as in cases of uncertainty about
whethes a calcific density represents a stone or a phlebelith and when
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stone removal is planned and the anatomy of the renal collecting system
needs to be depleted [ 7.6

The typical CT sign for wreterolithiasis is the visualizadon of the
calculus within the ureteral lumen, Urinary stones often have a CT
density = 200 HU, greater than that of the suround ing soft dssues [#].
Talile 7 shows typical CT findings of ureterolithiasis (Fige [ 3},

Although, NECT has emerged as the standard for imaging acute flank
pain, a major concem is the risk of radiation exposure. The American
College of Radiology Appropriateness Criteria 2016 state that a LDCT is
the examinadon of cholkee for assessing patlents with suspected ure-
lithiasis, bur also considers that KUB combined with US represents an
acceptable alternative [7]. A multicenter prospective study, inchuding
randomized patients examined for renal colic with CT, radiology-
performed US, or point-of-care US reported that US results in lower
radiation e, without ly affecting patient-centered out
comes [4%]. In pregnant and pediatric patents US should be the mo-
dality of first choice. NECT is recommended in cases with less typical
clinical presentation, when the initial US findings are inconclusive, in
patients with a Body Mass Index (BMI) = 30, in patents who fai to
respond to conservatve weamment or in those for whom surgery s
planred [, 43], In cases with recurrent symptoms of stone disease, a
repeat KUB s recommended for follow-up, if the stone ¢an be observed
on KUB [¥].

Despite recommendations, recent data suggest that the use of CT in
the investigation of acute flank pain continues to increase, raising a
conceln about radiation exposure |76 45 44], The reporied effective
radiation dose for NECT is 2.8-13.1 mSv for men and 4.5-18 mSv for
woemen [ /], LDCT (< 3 mSv) and uloa-LDCT (1.9 mSv) can be used w
diagnose urolithiasis, with high sensitivity and specificity, although they
may not be as effective In detecting stones with sizes = 3 mm, or in
patients with a BMI > 30 {%,43], Dose reduction techniques on NECT
include the following: limiting the scanning area from the upper pole of
the kidneys to the middle of the pubic symphysis;, reducing the tube
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(b)

Fig. 4. Brsnink classification, version 2019 class 1l senal eystic mios Comnal multiplanar reformations duning the {0) cotticomedullary and the (B} mphrogniphic
phase shaw a right-sided renal cystic mass (arruw) in the interpolar region, with thick (= 4 miny, contrast-cnhancing sepla Two uther right nenal cysis {(slars) arc aba
detecied as well-defined, homogenoous kesions, with a water CT denity and » smooth, thin, bancly enhancing wall {Bosisak classificatbon, version 2019 class 1, nenal
ryathe mass)

Table 4
Ttenal cell carcinoma ‘TNM (lumor-node-metastasis) classification system {IVC: infesior vena cava; LN: lyniph node) (6010 |
T pri =
TH primary fumor cannot be eewssed
TO noevidence of primary tumor
TI rmumor © 7 omio greatest diameter, confined 10 hidney
TLa tunmy = 4 cii
Tib tumos = A embut < 7 cm
T2 tumor - 7 omiin greatest diameter, coofined o Ridoey
Ta tumor = 7 conbed = 10 m
T2b tumor = 10 cen, limited to 1he kidoey
T3 tumor exiends into inajor veins or pesinephric tivaes, bul nol 1o the ipsilaieral adrenal gland and not beyond Gerota's fasria
Tla tinos gromly exiends into the renal yein of iis segmeoral {nwsce condaining) branches, of iovadkes perirenid ad'of eenal an Gt but pot Dryond Geroda s lrsca
TIb turhor grensdy extends inte infrediaphuagnativ IVC
Tic lunor grossly exdends into supradiaphraginalic IV or imoades the wall of ihe [VC
T4 rumor invades beyond Grrota's fascia (Inchding contignous extension into the ipsiiatenal adrenal gland)
N - Regional LNs
KX regiooal INs cannot be asseoed
NO oo regional LI mctmtasis
N1 meiastatic involvement of regional LN (s}
M - Distant metastasis
MO no distaol mectastasis
M1 distan awtadasis
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(h)

Fig- 5. CT findings of © histologic types of RCC. Clear ocll ROXC, {a) Axial non-enhanced CF image shows & sight lower pole renal tumor {armow), mairly
exaphytic and homogencous, with CT density (30 HU), similar to that of mm\a! renal parenchyma. Coronal reformatied images during the (b} corticomedullary and
1he [c) nephrugraphic phase depict varly, strong, hete th rat {110 HU, arrow, b}, with rapid deenhancement (75 HU, ammow, c. Necrotic
patt ks revealed within malignancy as non-enhancing area Paplllnry RCC. (d) Axial non-cnhanced CT image demonstrates a homogencous, slightly hyperdense (4D
HUY left renal tumor {amrow), mainly endophylic. A small simple renal cyst (Bosniak classification, version 2019 ¢lass 1, star) is also seen. Coronal rontrast-+nhanced
imuges during the (e) conticomedullary and the () nephrogrphic phase depict lower pole teR kidney tumor, with well defined marging, mild contrast enhancement
{60 HU, araw, e}, without washoul {60 HU, armuw, [). Ch hobe RCC. (g) T non-ethanced CT image shows an upper pole lefi renal mass (armw).
mainly isodense (35 HU) when compared to normal renal pnmmhyma The tumor {arrow) enbances b sly and moderately {70 HU) during the corti:
comedullary phase (h, axial image), withour significant washout (65 HU) during the nephrographic phase (i. coronal plum-)
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Fig. 6. CT Bodings of common benign solid renal wmors. Fat-poor AML. Transverse (a) non-
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ed and ¢ hanced CT images during the (b) cortico-

madullary and the (¢) nephrographic phase depitt a small, mainly exophytic right renal mass (arew). The tumor appears hy perdense on unenhanced images (45
HU), when tompared 0 normal renal parenchyma, with early, marked contrast enhancement, followed by rapid deenhancement. Renal oncocytoma. Transverse (a)

non-enk d and k:

1 onh

peripheral (arcow), fell

cwrent and tube voltage; use of 5 mm thickness sections; wse of auto-
matie tube eumrent meduladon, which allows optimization of radiation
dose; and use of iterative reconstruction, which eliminates image noise
(7B, 50-52).

4. Renal tumors

Over the last decades, the increased use of cross-sectional imaging,
including CT has resulted in a rise in the incidental detection of renal
tumers, It is reported that in approximately 14.4 % of CTs, at least one
renal mass s incidentally discovered (9, 11,51 57|,

The first step in the workup of incidentally found renal tumours is to
differentiate between benign cysts and solid masses. The majoriey of
renal masses is benign cysts. Renal cystie leslons are usually benign and
when malignant, they are less aggressive compared with solid tumors
L1&]. CT is the most commonly used modality for the assessment of renal
cystle tumors, with satisfactory results in the characterization, The 2019
Bosnlak dlassificaton is recommended for the evaluation of renal cystic
masses [12,13]. The updated Bosniak classification Inroduces specific
definitions for individual imaging findings and Bosnjak categories, it
includes a larger proportion of renal masses found in clinical practice
and it enables subgrading in a greater proportion of renal cystic lesions
[12,13,58,5%], Talile 3 presents the CT features of renal cystic tumors,
based on the new classification (Fig. 4) | 12].

Most solid renal tumors are malignant and RCC represents the most
common histelogy [53-57}. The main RCC historypes are the following:
clear cell RCC (ccRCC), papillary RCC (pRCC) and chromophobe RCC
(chRCC) [60]. Prognosis is mainly related to ROC histclogie subrype,
tumour stage (Table 4) and muclear grade (61 |,

However, not all soli¢ renal tumors are malignant. The reporied
prevalence of benign pathotogy between surgically resected solid renal
masses Is approximately 20 %. Fat-poor angiomyolipoma (fpAML) and
renal oncocytoma (RO) comprise most of the benign solid renal umours,
Accurate, noninvasive characterizadon of renal mmors & therefore
important, to determine the best therapeutic planning 9,110,537 57],
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d CT images during the (b) cocticomedullary and the (e) nephrographic phase ;how a Inlge well-defined right renal mass
(armw) The mor is detected heterogeneous, mainty hypodense on unenhanced images. Afer in:

iom, it reveals an avid, early

d by moderate washout (aow) and a large, central non-enhancing stellate scar {small arrow, b).

CT I5 often used for the characterizadon of solid renal tumors
[9,10,56]. The technique can provide valuable information in the
characterizadon of RCC histologie oypes [15,62-65], Clear cell ROC
typically shows avid enhancement in the early phase, when compared 10
pRCC, chRCC and RO (Fig, 5). CT pauems of enhancement help to
differentiate ccRCC from pRCC, chRCC and RO with accuracies of 85 %,
84 9% and 77 %, respectively [5:3].

Angiomyolipomas are benign tumors, derived from the perivascular
epithelioid cells (PEComa) family.

Approximately 5 % of AMLs have a nonhomogeneous distribution of
fat, defined as < 25 % of fat per high-power field on pathology (fpAMLS).
CT does not always permit a reliable characterization of fpAML. How:
ever, in the presence of a small, homogeneous solid renal tumor in fe-
male patients, detected hyperdense on NECT, with rapid, avid
enhancement and hout kinetcs, the diagnosis of (pAML should be
suggested (Fig. fa) [53,54,57,06,57], Renal oncocytoma has variable
and nonspecific CT findings thar overlap with the characteristies of RCC,
especially the chromophobe type (Fig. 6b). Histopathology represents
the reference standard [53,54,64,69], Table 5 shows CT findings that
help in the characterization of solid renal mmors.

A core renal CT protocol consists of a NECT scanning and a neph-
rographic (NGP) phase CECT (Table 6) [53,70], NECT is important for
the detection of macroscopic fat and calcifications and also establishes
the baseline CT density of a mass, before contrast medium intravenous
administration. NGP is the most sensitive phase fot the detection of renal
tumors, because almost all renal masses enhance less than normal renal
parenchyma, NGP also improves the detection of enhancement and as-
sesses possible umor thrombus extent inte the inferior vena cava (IVC).
A corticomedullary phase (CMP) may also be obtained and is useful in
sub-typing RCC, assessing renal arterial anatomy and detecting possible
renal vein invelvement. The additlon of an EP is optional and is useful
far the detection of urcthelial malignancies |57, 711, Thin slices are
advocated to minimize partial volume artifiets and to help in the
assessment of small renal masses [4,56:].

CT with a dedicared renal protocel is usually appropriate for the
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CT findings and clinical features that help in the characterization of solid renal tumors (ccROC:! ¢lear ¢ell renal cell carcinoma; pROG: papillary renal cell carcinoma;
¢hRCC: chromaphobe renal cell i ; [pAML: f2t-poor angiomyolipoma; RO: remal oncocyroma; NECT: non-enhanced CT; GMP: corticomedullary phase; NP:
nephrographic phase; BP: excretory phase; IVC: inferiot vena cava). pRCC has two hiswlogic types: Type 1 and Type 2, the latter d with a worse prognosi:
there are no reliable CT ¢riteria to differentiate between the two types. *Cenmral stallate sear: comesponds (o a central zone of fibrows connective tsswe, with the fibrotic

bands radiating ds the periphery of the lesion, closely resembling a star; it is detected as a hypodense area at GT and may demonstrate a stellate or spoke-whesl
pantesn of enhancement, %5 1 enh i jon: detected as two parts within 8 tumor that depict different degrees of enhancement during the CMP, with
the rel ly highly enh d partb ing less enhanced during the early EP, whereas, the less enhanced part during the CMP becomes highly enhanced during the
carty EP. *Angular interface: seen in an exophytic renal mass that has a ing, almost pyramidal fnteiface with a definable apex within the parenchyma.
Histology  Clinical fowtures Blologie CT findings
bebaviour
Morphologle faitares  NECT or N
eeRCC often symptomatic often diaghored large size heterogmons strong heterogenesnr rapid washoat
=t pdvanced echancerment hypodense compesed
sage exophytic central necosis to notmal cenal
peak of P iyt
vend veinot IVC  wdl-defined o ill- may have
invasion (45 %) defined cal cifications, perinephic engoged
haemorriage vemeds
WOLSe Pt oo 5, peendocapsgl e of cystic pats
compared o
other ROC rardy multifocal and macroscopic fat raie
histotypes bilmeral (5 %)
pRect venous invasion,  small < 3 em I type1)  wesk by pesk of enhanceeat
only in type oc b ype h
advanced stage axophytic T advanced ruage)
Lest thush other RCC
wdl defined (type1)or  mildly histatypes
il -defined (type - hypadense
sdvanced stage) {35 HU)
preadocapind e cal cific ationr: race
(type T advanced
mudfocal and wage)
bilateral: more often
then ceRCC mactoscopic fat very
are
<HRCC often disgnosed larger size comparedte  homogeneoss ‘inexmediale’ pattern of rpoke-wheel
ot carly stuge: 86 other RCC histocypes i i h !
L 7.2 tha cal cifications: 39 % e than ceRCC and mote
than pRCC segrnental
cenal vein aiophytle macroncopic fat very enbant ement
iorvasion: <5% rare inversion®
complerely o
predominan y well
defined
prendocapenl 2
centeal stellate senrs
040 %%
fpAML Afympromagie benign < 4o homogenecoas mogencoRs STONg eapld washowt
enhancement
youiyg fernale anguia Interface Clee-  hypadense
eream cone' sign, (> 45 HW) perinepheic engorged
tporadic “overfiowing beer vesrelx abrent
sign)* hypodente it
OR in tuberous el exoris complex
(55-90 %) and mactoseopic fat
Lymphangtony omatosis (30-50 abrert
%)
edcifieations. absent
RO asymptomatic Benigm exophytic hypoedense homogeneons rirong wpoke-whedd
enhancement entancement’
men complately ot petirenal fascia
pved o nandt y well thickenirg fegmental
mean g 65 years defined eniancement
invernon’
preadocaped € 50 %
central sredlate sear
33% (turmocs > 2.5 em)
{contiruad on Rexe page)
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Table S {(continued)
Higalogy Clindeal features Biclogle CT Andiogs
Maorphologic featares  NECT CMP NP

rardy motdfocal (13
%) and bilatersl (4-5

%)

Table &
GT renal mass protocol (NECT: ron-enhanced GT; GECT: contrast-enhanced CT; NGP: nephrographic phase; GMP: corticomedullary phase; EP: excretory phase) | /ii].
Scaaming Plane Area Recoastracton thickness (mm) Other parameters
NECT ara kidneys 3 rom with ot
withont 50 % overlap
CRCT + 100-150 rd (300-350 g of iodine/mi } of contrast mediam
injection cate: 2-5 mi/sex
covonal end segittal reformations (reconstreetion thickness: 3 mm, no over gl
NP add diaphragm-diac crests 3 mm with or + delay tiroe: 100-1205et
without 50 % overlap
Ovr axal kldneye 3 rom with ot + delay ime: 30-705ec
withoot 50 % evedap
j: 4 wdd diaphiagm-diac crests 3 mm with ar + delsy tine: 7-10 min
withowt 50 % overlap

inftial assessment of an indeterminate renal mass, representing an
equivalent alternative toc magnetic resonance imaging (MRI) and
contrast-enhanced US [%,10]. CT density, lesion homogeneity or het
erogeneily and contrast enhancement are the key elements for the
characterization of renal tumors. The size, location and number of re-
gions of interest (ROIs) used to measure lesion CT density are important.
Multiple ROLs should be used, encompassing approximately-two-thirds
of the rumor (both on MECT and CECT) in a homegenecus renal mass
and placed within different regions in a heterogeneous lesion [ %, 191,
Contrast enhancement {5 present, when there is an unequivocal
atvenuation change of = 20 HU berween NECT and CECT and absent, If
the change is < 10 HU. Enhancement Is considered equivocal, If change
is between 10 and 20 HU {%,10.56]. Fig 7 shows an algorithm for the
investigation of a renal mass, incidenvally found at CT [¥].

4.1. RCC stuging

CT of the abdomen represents the diagnostic madality of choice far
RCC staging, providing valuable anatomic information, that serve as a
roadmap to guide treaonent decistors [11,14.15|. RCC can be muly
focal, therefore both kidneys should be investigated for the presence of
synchronous tumonrs (Fig &) [141

RCC size is a cructal element of the staging system (Tabic 4). The
maximum tumor §j should be d in oblique reformations
along the longest dimension of the neoplasm, to minimize over-
estimation or underestimation of lesion size [15].

RCC pseudocapsule formation is the result of tumor growth, causing
compression, ischemia and necrosis of the adjacent renal parenchyma.
The presence of pseudocapsule implies early-stage disease. Although
less sensitive than MR], CT often detects tumour pseudocapsule, as a
regular, hyperdense or hypodense halo surrounding the necplasm
[#1,72].

Thin-section CT improves the detection of PF infiloration, although
false-positives are not uncommon, assocjated with perinephric stranding
due to inflammadon, oedema, vascular engorgement or fibrosis [14].
The presence of enhancing nodules in the PF Is considered highly spe-
cific for the diagnosis of PF invasion [ 7], The assessment of renal sinus
fat invasion is important in candidates for PN, although this sign is often
difcult to be accurately diagnosed on CT [ 14

CECT has a high sensitivity in detecting venous neoplastic invatve
ment, especially in the main remal vein and the [VC. Enlargement of the

11

Page 137 =

vessel, filling defects and enhancing twmour thrombus are signs highly
suggestive of venous invasion (Fig. 7). Accurate assessment of the ce-
phalke extent of the IVC thrombus is erucial in precperative planning.
Neoplastic thrombus in the segmental branches of the renal vein and
invasion of the IVC wall may be difficult o be assessed on CT {14].

CT has high sensitivity and nearly 100 % negative predictive value in
the diagnosis of neoplastic invasion of the neighbouring organs,
including the adremal gland, although the positive predictive value in
distinguishing mere abutment from infiltration & low [[4]. CT hasa 10
% false-negative vate and a 50 % false-positive rate, when using
marphologic criteria to diagnose metastatic lymphadenopathy, suchasa
short-axis diameter >1 ¢cm and disruption of the normal lymph node
(LN} architecture | 14]. CT represents the examination of choice for the
detection of distant met; RCC ie lesi are often
hypervascular and therefore may be betver detecied in the CMP |14],

5. CT urography

The definition of CTU, as propesed by the European Society of
Urogenital Radlology tncludes a diagnostic examination dedicated for
imaging the kidneys, ureters and bladder and involving the use of thin
slices, ingravenous adminisoation of iodi d contrast medium and
imaging in the EP [1']. CTU is recomnended for the inijtial imaging of
gross hematuria and for the initial imaging of microhematuria, in pa
tients with risk factors for urologic malignancies [14],

Standard CTU prowcol (single-bolus technique) starts with an
unenthanced scarming of the urinary tract, to detect stones and (o assess
the enhancement of remal /ureteral/bladder soft tissue masses. After the
bolus injection of intravenous conwast, three ot four contrast-enhanced
Phases are obtained in the arterial (CMP), NGP and EP, The split-bolus
technique has also been used, including the administration of two
separate injections of inoavenous contrast and the acquisition of a
combined NGP/EP. Although this protacol results in reduced radiation
dose, decrease in sensitivity for the detection of subte urothelial lesions
and stnall RCCs as well as inadequate tumor ftaging have been reported
|19-2374-77].,

Incomplets distention and opacification of the ureters (particularly
the distal parts) represent the biggest CTU challenge for radiologists.
Several ancillary techniques have been proposed to maximize the
distention of the collecting system, such as inuavenows adminiszation
of diuretics, oral or intravenows hydration, prone position and
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Heterogeneous.
thick or imegular wall
mural nodules, septa or
calcifications

Y

270HU

{a) Incidental cystic or solid renal mass on NECT
TSTC, homogeneous Homogeneous:
thin or imparceptible wall,
absence of nodules, septa
and calcifications
probably benign cyst. indeterminate -101c 20HU 21 to 88HU
no further work-up probably baenign cyst,

no further work-up

hemorrhagic or
protenacecus cyst,

probably benign.
no further work-up

MRI or CT? indeterminate indeterminate
within 8-12 months MR or CT! MRI or CT'
{b) Incidental cystic or solid renal mass on CECT

' 4

TSTC, hamageneous

I

Homogeneaous:
thin or imperceptibie watl,

7

Heterogensous:
thick or irregular wall,

absence of nodu'es, septa mural nodules. septa or
‘ and calcifications calcifications
probably benigncyst. ngeterminate ‘
no further work-up -10 to 20HU »>20HU
probably benign cyst. solid or
‘ no further work-up complicated cystic
mass
MRI or CT?, ‘
within 6-12 months indeterminate
MRI or CT!
Fig. 7. Fluwehan fur the assssment of a cystic or sulid renal tumer, incidentally found st {a) d and (b) h d CT (NELT: non-enhanced CT:

TSTC: 100 small to characterize; CECT: contrsst-enhanced CT). 'CT and MRI with and wil hoyl i

ontras ives; MRI is

I eq
preferred for the asscssment of small eonal tumaors (< 1.5 em); If old exanvnatlons ave available, any renal mass without change n imaging fratures or with an

average growih of < 3 mm per year for at keast 5 years docs not need furtber work-up.
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Fig. 8. Synchronous bilateral clear cel] RGGy. Axial (8, b) non-enhanced CT fmages show bilateral renal masses (arrows), mainly isodense to nommal renal paren-

¢hyma, both deforming kidney contour. Coronal reformations during the (¢, d) conicomedullary and the (e, ) nephrographic phase d

tenal wmon

(arrows) with strong, early, heterogeneous enhancement and rapid washouy, findings that are strongly suggestive of clear cell RGGs, Nonenhancing parws within the
neoplasms correspond to areas of necrosis on histology. Note, small collateral vessels (n the perirenal space (long arow, d), a finding also suggestive of the clear cell

variant. Sporadi

5y

abdominal compression [20,21,74-7%], Among these techniques, hy
dration has been shown to be the simplest means o achieve maximal
distension of the collecting system and opacification of the wreters
[30,21].

CTU dat i careful it of the source
axial inages in combination with multplanar and 3D reconstuctions.
Maximum-intensity projection (MIP) reconsuuctions are pardeularly
helpful, allowing 2 satisfactory globat overview of the renal collecting
systems and ureters and better assessment of subile areas of urothelial
thickeming and strictures (Fig. 17), Evaluation of the EP data using wide.
window settings is also recommended to better visualize caliceal details
ard small flling defects within the collecting system | 20,21 ).

ion req

5.1. Upper tract urothelial carcinoma

Urothelial carcinomas are the 6th most common type of cancer in
developed countries. Notably 90-95 % of these tumors involve the
bladder wall and only 5-10 % the upper urinary tract. Padents usoally
present with gross or microscopic hemarguria (#7081 ]

Pelvicaliceal umots are approximately twice as common as ureteral
rumnoers and multifocal neoplasms are found in 10-20 % of cases. When
the ureter is affected, the most commonly involved pan is the distal
third. Following treatment, approximately 40 % of patients with UTUCs
develop a metachronous numer in the urinary bladder and 2-5 % in the
contralateral upper tract [0,

CTU has the highest accuracy for the diagnosis and staging of UTUC
| Lm0 AL -A4], According to a Tecent systematic meta-amalysls, CTU
represents the technique of choice for the investigation of UTUCs, with
92 % sensitivity and 95 % specificity [54].

_— Page 139

RCCs are rare, reported in less than 2% of patients with RCGs. Simple liver cyst {asterisk, e, f).

The main CTU appearances of UTUCs include an area of focal,
concentric or eccentric urothelial thickening, with contrast enhance
ment, a sofl tissue mass and an infiltrative mass. Mass-like UTUCs are of
soft-tissue density on NECT, with lower auenuation compared to stones
and blood clots, showing early moderate contrast enhancement and
detected as filting defects in the EP (Fiz. 11, 12). These tumors niay show
granular, linear or punctate caleifications (Fig. 11b) Some UTUCS pre-
sent as locally aggressive, infiltrative masses, distorung or obswucting
the collecting system or the ureter, with upstream dilatation. Direct
ifiliration of the renal parenchyma by the tumor is seen as kidney
, heterogeneity and hypoenhancement of the parenchyma,
but with preservation of the reniform shape of the organ (Fig. 1 Ih4, 13)
[20-21 828586, Tabie 7 presents typical CTU findings of UTUCs and
cormunon mimickers.

Subtle urothelial thickening, without mass effect or associated uri-
mary obstructon may be difficult 19 detect on CTU. Meticilous assess-
ment for subtle hydronephrosis and/or hydroureter or asymmetry in
ureteral dilatation (Fig. | (), particularly focused on the mansiden point
between the dilated portion and the nonnal caliber ureter may indicate
the presence of a small ureteral malignancy {31 80],

Accurate staging of UTUC s crucial in planning meatment (Table H)
|BLET]. Kidney-sparing surgery has been proposed for low-risk UTUCS,
includ ing unifocal tunors, of maximal diameter less 2 em, noninvasive
CTU findings and low-grade on cytologic or biopsy specimens [4i1],
When a fat plane or a layer of excreted contrast Is intervened berween
the mass and renal parenchyma, the tumor is characterized as of early-
stage (T1 or T2), including neoplasms that do not invade beyond mus
cularis. Loss of renal sinus fat or abnormal enhancement of adjacent
renal parenchyma are signs of invasive disease (T3). Direct invasion of

enlarg
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Fig. 9. Clear cell RUC with aeeplastic involvement of the ipsilateral renal vein and the infedor vena cava (T3b). (a) Axial non-cnhanced CL image shows bet-
erogenwcous Fight renal mass (arrow) causing obliteration of the renal sinus. Enlergement of the inderior vena cuva (Jung armow) is alkso seen, Corvnal reformations
during ibe (b} contcomedulliry and (e} the exctelory phase depict expanding right renal mass (armow) heterageneously enhancing und invading the pelvicalyceal
system. A small renal cystic mass with peripheral caleifications (Bosniak claxsification, version 2019 rlan b reml qmi:- mass, small arow, b) is deiected in the upper

pale of the teft kidney Coronal {(d} multiplanar reformariced and () three-dimensional ree y projection, MIP images during the conii.
comedallary phase show rght renal vein and inferior vena mvn cxpanding lhmmbus. beemgencotisly mhanrlng (armws). Accurate preoperative cvaluation of
cxient of the neoplastic thrombasis of the inferior vena cava is imp for p g the appropwi % Y h for thrombectamy

i
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Fig. 10. CTU findings of ureteral tumors in two patents. Coronal MIP reformations of the exeretary phase, using (a) soft-tissue and (b) bone-window sertings show a

small inregular uretersl narrowing (arrow) invelving the middle third of the left ureter. (e) Coronal MIP reft
reveals a sybde narrowing {armow) of the middle thivd of the left ureter, causing pmdmal uret:ral dilatation and mild left hyd

it hoed

parti useful in d | ureteral natrowing and./or asy

d image of the y phase in another patient

MIP reformati are

the perinephric fat or adjacent organs defines T4 stage [0, 71.H/].
5.2 Urinary bladder carcinoma
Cy y s datory for the diagnosis of BC (273, Men with a

bladder u.rmor diagnosed by any imaging technique may avoid flexible
cystoscopy and go directly to rigid cystoscopy and transurethral resec
tion (TURB), for histological diagnosis and resection of the bladder [23).
In 30 % of patients with BC, synchronous multifocal tumors are detected
{Fig. 14).

For staging, the tumor-node-metastasis {TNM) classification is rec
ommended (Table 9) (2787 Approximately 75 % of patents present
with NMIBC, including rumors confined to the mucosa (stage Ta, Tis: in
stae) or submucosa (T1). NMIBCs are treated by TURB, in combination
with inravesical mstillations | 2:284], Due to the fact that the incidence
of synchronous UTUCs is low (1.8 %) in these patients, CTU is recom-

Y

as signs of a small weterzl urothelial tumor,

ny

{Fig 18) [%0,23]. Sanding of the perivesical fat is often found to
coexist. CT should be best obtained prior to TURB, to avoid postblopsy
changes in the perivesical fat, closely resembling exwavesical tumor
extension [E4].

The atcuracy of CT in differentiating NMIBC from MIBC is limited.
This 5 because the layers of the bladder wall are invisible on CT and the
attenuation of BCs and bladder wall are often similar | 75,%0,47].
Retraction of the bladder wall and/or hydronephrosis are indireet CT
signs of locatly invasive rumors (Pl [6) [90),

‘The aceuracy of C1 in the dlagnosis of fe lymphad h
in BC varies from 54 to 86 % |97]. A short-axs diamel.er »8 ln.m for
pelvic LNs and = 10 mm for abd | LNs is considered pathologic
[23,50,97], The recendy inueduced ‘Node Repordng and Data System
{Node-RADS)" standardizes the report of metastatic involvement of
reglonal and distant LNs, based on size and configuration, on cross-
sectenal imaging including CT. This system aims to improve the

ded in selected cases, including BCs involving the trigone,
or high-tisk tumors | 21,64 |.

CT of the abdomen ts r ded for the evaluaden of locally
advanced MIBC stage and umeor spread to LNs or distant organs. CTU is
the preferred srudy far the assessment of synchranais ITTTICS | 2 RoeG2]

BC typically enh more iy Iy than the adj normal
bladder wall on CT and can be detected as polypoid mass, a broad based,
plaque-like area of wall thickening or an infilrative, diffuse lesion
(Figs. 14 15) [W,5%5], The sensitivity and specificity of CTU in the
detection of primary and recurrent bladder BC has been reporied to be
93 % and 99 %, respectively [77.75], Optimal bladder distention and
careful assessment of the bladder wall, both on axial images and MPRs in
the coronal and sagittal planes are essential for BC detection. CT is
limited in the detection of necplasns at the bladder neck and flat, sessile
lesions [H5]. In addition, Tis cannot be detected based on bmaging [13].

Regarding local staging, CT ks sensitlve in identdfying tumors that
have macroscopically invaded the perivesical fat (T3b) and/or adjacem
organs (T4) (21,89 %3]. CT accuracy in assessing extravesical tumor
extersion varies berween 55 % and 92 %, increasing with more
advanced stages | ], Parivesical invasion is diagnosed in cases of overt
growth of BC beyond the outer margin of the biadder wall and for in the
presence of an irregular interface between tumor and perivesical fat

L ication with the referring physicians and to increase the
consensis among radiologists for primary siaging and in response
assessment setdngs {100,

6. CT advances

Dual-energy, multi-energy and specual CT post-processing tech-
nigues, incdluding the creation of virtual unenhanced images and iodine
density maps can help in the characterization of indeterminate renal
tumiors and winary calculi compoesition and reduce radiation exposure
by eliminating the NECT scamming [25-31|. Through mathematical
exwaction of the spatial diswibuton of signal-Intensitles and pixel-
mtarelationships, CT-based radiomics quantify hidden textural infor
maton in a renal mass, showing promise in the characterization of renal
wmors [72-75],

7. Conclusions

CT of the abdomen often represents the examination of choice for the
comprehensive evaluation of many urinary wact diseases, helping to
plan tailored eatment. Optimal CT protocol is essencial for acourate
data interpretaton.
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Fig. L1. CTU Bndings of uppes tract wrothelial tumors in three patients. (a,b) Coronal reformatied non-enhanced CT images depict & soft-tissue mass {arrew] af the
1efl lower calyx The lesion conlans small calcifiestions (armow, b). Cotonal ref d = h d images show tumor {arow) as & moderately enhancing
mass in the (¢) nephrographic phase and as an ill-defined filling defect (d) in the excretory phase. Urothelial carrinoma of the renat pelvis. Coronal {e) non-ctthanced
and contrast-enhanced CT images durm; the {0} nephrqu)hx aud the (g) excrelory phase, The tumor (arrow) is detected as a sofi-tissue mass on unenhanced

itnages, isodeme 10 normal renal p hym h g and as a filling drfect with irregular margms in the excreiory phese. Infiltrative upper tract
urothelial lumor. (h) Axial nn:lfnllmrrd CTi m\nge demonsiraies. ll!,lll kidney enlargement and heterogeneity famow), with rITacﬂ:lﬂu of the renal sinus fan md
perinephric stranding. Coronal reformations during the (i) nephrographic and the (j) excretory phase show renal mali v (arrow) i h

and bivading boih the colleming systein {atrows, €) and the renul parenchyma. Note, the preservation of the reniforn shape of the thwasrd Iudlwy a finding
suggestive of the wrothelial origin of the neoplasm.

Ll
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Flg. 12. Ureteral arothdlial tumor. Coronal multiplanar
riformations of 1he {a) non-cnbansced seanning, the (b)
nephmgraphic ang 1he (€) excretory phase revenl a sfl-
tisme mass (arrow) in the distal third of the befl urcter,
maderntely enhancing. The mass causcs upstream ure-
teral dilatation, left hydronephrosis {small armow, a, ¢)
and delay in the excretion by the ipsilaieral kidney Nole,
diffuse | enh of the pruximal part of the
keft ureter (small armow, bl a fAinding suggestive of
coexisting  inflammanion. Benlgn hyperplasia of the
prostate is also scen
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(b}

(d)

Fig- 13. Upper tract uruthelial lumor with i retroperil | lymphadenopathy. (8) Transverse pun-cnhanced CT imagc shows helerugencous lefl nenal mass
(arrow} with abliteralion of the renal sinus. Left perinephric stranding is ala scen. Camnal reformaiited kmages during the (b) Acphrogrphic and the (¢) excrelory
phase depict urothelial malignancy (armw) inhomogencously enhancing and invading the pelvicalyconl system. Noie, the absence of renal contour deformity by the
tumar (d) Comnal reformation during the nephrographic phases demonstmtes enlarged. heterogeneausly enhancing left parmaartic lymph nodes inrmw] Small
bilateral simple renal cysts (Bosniuk classificetion, version 2019 class |, small arrows, b, ¢) are also seen.
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Table 7
CT features of upper wact urothelial carcinomas and common mimickers [27] (HECT: non-enhanced CT; NGP: nephrographic phase; CMP: corticomedullary phase; EP:
excretory phase; UTUC: upper tract urothellal carcinoma; The: tuberculosis; RCC: renal cell | ). ! Clinleal, lab y findings and follow-up GT help in
difF jal diagnosis. ? Diff ial di is may be difficult, Lesion multiplicity favors the diagnosis of The. ? Differential diagnosis is difficult. Lesion heterogeneity
and presence of fever favors the diagnosis of pyeloucetetitis cystica.
CT findings NBCT CMP/NGR EF
UTUT « roft-tissue masy (8-30 HU), mey have mild 00 moderste, eally enbianesmeant fling defect, s¥nooth or ll-defined merging
calcifications
. e ot i¢ wall thickening h lamind narmowing
. mass, b E h g mild to mod distortlon or obstruction of the cenal collecting system
peeservation of the reniform kitney shape  cnhancement, hypoenhancement of
the renal patenctryroa

+ apstresm dilatadon, ieduced nepheographle
effect, ddayed contiast medlurm exeretion

Mimickers
» blood dot hypetdense (40-80 HU)
abrence of enhanc ement entirdy mrcounded by opacified wrine
. i ion! cire i, sy ic wall thickening. diffuse
aftennation of the surrcunding fat
» hypetgophied flling defect, smooth margins, presecvation of focniceal
renal papllla shape, mul tiplicity
+ venal pepdlery central eronon of the pagilla, Mled with apacified wine
fectons (“teardeop-shaped™ cavity) OR erosion of the calpeeal
absence of enhane Enent fomices, fMled with opacified wiine ("lobster-daw” e yx)
[esrly phase)
flling defeet, surroanded by contrat medinm in the
excavated cdyx (“dgnet ring” sign} calleed abhormality
extends tae the interpapillary line. opacdfied urine
located deep Into the medalla v UTUT: esicesl sbnormaliry
extends toward renal pelvis
+ The®
tubacoloms: rolt-tiue mass, hyp signs of paplll &y necrosis, caliceal deformity (“moth-enten”
center calyx) (eady phasel, direct communi cation witl cal yees,
ircegalac wall thickening inegul i i is OR ampatetion of the
ol yeer (“rore-thadn” shape)
P hyraal 4 don and calcificatl
Ichronie phase)
+ Bbtoepithd ial
polyp soft-tisrwe mast, dongnted shape, smooth enhancemem flling defect, entirely seccounded by conti as mediur, except
margins, for the sttachment site of the stalk
lesion movernent batween images sside from
sitechunent zome
+ suburothel el luminal narcowlng
henorchnge diffose, renal sinas wall thickening,
hyperdensity
« pyclosreteritis
eym‘n" maltiple moall flling defects (few mom)
« reuoperitoned mpedin gretan displacement
fbeosic soft risvwe macs, enveloping the sorma, enhancement
obscurmtion of fat planes
& RCC expansile growth, well -defined or 8l -defined hetarogeneons shancement
nacging
+ tenal | ymphoma mbsence of collecting renal system distoction ot
homeogeneous, rolX-tirrue roasy mild enhancemment hydconephroris
Table 8
Upper tract urothelial i THM (umor-node is) classificacion system (PF: perinephric fat; LN: lymph node) (7],
T = Primery Tamor

TX  peimary manor ¢hnoel be Siteped
TO no evidence of primary tamor
Ta non-invasive papiltary eaelnoma
Tis carcinoma it sine
T1 tomes invades subepithdial ¢onnectd ve tistue
T2 tomec invades muscalacis
T3 (Renal pevisk tumm externds beyond dris into peripevic fat oc renat
T4 tomoot invades coatiguons orgens of tuowgh the tena pacenchyma the PP
N = Reglomsl LNs
NX cegional LMs cannot be asversed
KO  no cegiondl LN metastasis
N1 metastasis in a stngle LN < 2 om in grostest diameter
N2  metastasis in o siegle LN > 2 em, of multiple LHs
M - Disumt cretastasis
MO no distant metastasis
M1 distant metastasis

{Ureter): momo: extends beyond museal adis into petiaretecie for
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Fig. 14. Muliiple synchronous Wadder carci Mukipl et
demonstrate muliipk bladder tumors (ammows) as polypoid, contrast-cabanced

Table 9

Furopvan Jeurnad of Rabology 160 (2023) 110717

of cunttast-chhanced CT images (porial phase) In (8} axial and (b) sagltial planes
Mases

Bladder carcinoma TNM (tumor-node-metasiasls) classification system (LN: lymph nede) (17,

T - Primary Tumor

TX peimacy tumor cannat be avewsed
0 no evidenoe of primary tumor
Ta  non invasive papillary cancinoma
Tis cardnoma {m sins
T1  rum invades subepithelisl coanective tissue
T2 rumor bnvades muscularis
T2a tumor invades weperficial muscle (inner half)
T2h tumor invades deep mrsde (outer half)
T3 tunor invades perivesical lisue
Tla microscopically
TIb marnoscopically {extravesiral mass)

T4  tumo invardes any of the following prostate groma, seavinnl vesicles, uterus, vaging, pelvic wall, shdomenal wall
T4 tumeor i ades prostaie siroms, seminal vesices, verus or vagina

T4b tumeor invades peivic wall of sbdominal wall
N = Regiotal LNs
NX  reginal LN+ cannot be axrsaed
NO noregional LN melastasis

N1 metastasisin a single LN in the true pelvis (hypogasiic, obtursior, extemal iliac, or presacral)
N2 mctastasis in muliiple vegional tNs in the Inse pehvis (hy pogastric, obtnestor, external iliar, or presacmal)

N3  mectastiasis in & comnon ilise LN(x}
M - Dimtant metastass
MO no distant etastasis
M1 distans metisTasis
M1a non regional | X<
M1b other distant mctastasis

NECT is used as the first-line imaging modality for suspected uro-
lithiasls in an emergency setting. The technique is highly accurate in the
detection of wrinary caleuli, providing valuable information to the

logists regarding sp 13 stone passage on the selection of the
appropriate treatment strategy. However, CT exposes the patient to
1onizing radiation arx! therefore, combined KUB and US may be used as
an alternative, while LDCT is recommended in selected patients.

Characterization of renal tumots is ciltical to determine the best
therapeutic approach and to improve patient survival. GECT is the most
cor ly usedl method 1o eval Indeterminate renal masses, playing
an impottant tole in the chatacterization of both exlid and cystic -
mours. Staging of a primary tenal twmour is rypleally performed with
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CECT, providing impoitant preoperarive anaromie informatisn to the
sujgeon.

CTU remains the standard of bmaging for the investigation of
macroscople haematuria and microscopic haematuria, in the presence of
tisk factoes for wrologic malignancles. The rechnique is highly recom
mended for the detection and staging of UTUCSs.

CECT of the abdomen ls often used for staglng BC, with satisfactory
results in advanced tumours.

CT-based innovative approaches, intluding dual-energy, mulii-en
ergy, spectral CT and CT based railiomics might hmptove the diagnostic
efficacy of the technique In the Investigation of the utinaty tact.
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Fig. 15. CTU findings of bladder curcinotas in two puticnts. (a) Axial hanced CT ref ion during the corticomedullary portal phase, (b) axial and (c)

| ref during the ¢ ¥ phise show a large polypoid tomor (arow) in the right posterior bladder wall, close to the ipsilateral urelerovesical
junction. The mass (arrow) has an ircgolar surface, cnhances hetrmgenconsly and is detected as a filling defect in the excrelory phase. Trnsverse contrast-enhanced
reformations during the (4) corticomedulksry portal and the (2) excretory phase {wide-window scilings) in anolher patient. A small bladder mass (arrow) is detected
in the right posterolateral bladder wall The lumor is barely sven as a contrast-enhancing lesion in the portal phase, benter appreciated as a filling defect in Lhe
excretory phase, using bone window settings / of the Y phase data with wide window seillings is extremely belplel 1o better visualize small filling
deferis within the dense excreled contrast medium in the urinary collecting systern.
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Fig. t6. CT findings of muscleinvasive Badder carcinomas in two paticnts (a,b) Axial conteast.enhanced CT images during the portal phase show invasive ear

cinoma of the right pasterulateral bladder wall (armmw) as an area of foosl wall thickening and contrast enhancement with overt pevivesical extension and invasion of
the reclum. The tumar alse invades the righl unde leal jonction, Iting in wnteral dilatation, right hydrnephrusiv and dedsy in the excretion of the contmst
medinm by the ipsitateeal kidney, as seen in {€) eotonal 31 snlime pridencd recomstruction of the excretory phase. (d) Axial and () romnal conteast-enhanced 0T
images during 1he portal phase in another patient depict a nodular, conlrst-enhancing bladder lumor (amow), measuring 12x10 mm in the area of the dght ure-
Terovesical junction. The neophem canses proximal ureteral dilalation and right hydronephrosis, as demonstrated on the (£) corenal 3D MIP reconsteaeted image of
ke exeretory phase The prosency of hydronephsis is strongly predictive of extravesioal tumor Invelvement

I

ATTACHMENT 12

— o - S Pago 148



ATTACHMENT 12
Purpose of the Project

AC Tdf eral.
Declaration of Competing Interest

The authors declare that they have no known ing fi fal

(20

Burpatn Journal of Radiclogy 160 (2023) 110717

Agnidellng for dinicd practice, Bur, Radiok, 18 (2008} 4-17, hitpar/ded sig/10.
1007,/70532Q 4070792 2.
S P, Rum EK. Firhwnan, Upper and Lower Tract Urothelinl Iinaging Uring

interests or personal relationships that could have appea:red t; influence
the work reported in this paper.

References

[1) G.D. Rubin, Dare eqpl orion: the chall enge of maltdeteetor-cow CT, But. J. Radial,
36 (2000) 24-80. hitpe// doi o12710.1016/50720-0 1W8N(00)00270-9.
[2] G.O: Rabin, 2-D irmaging with MDCT, Eat. J. Radiol. 45 (2003) 537-541.
heps://d ol o0g,"10. 10 16/50720- 048 03)D00I5-4.
(3] W.DO. Poley, Renal MDCT, Ewi. J. Radldl. 45 (1003) 73-78. buaps //dod
S0, 1016,50720-040%1 0IWHI0000-2.
(4] A Twuuei, B Yekder, Multideteatow 1ow CT of the kidueyy, Bue. J. Rudial. 52
(2004} 5665, bitpy,/dot /10,101 6/ ejiad . 200 1073 055,
(sl s. shﬂh, EX. Pistwnan, Multi- detem tow CT of the kidneys and wtinary nacc
apglicetions in the 4 is of benign disenves,, Radiographics.
29 (2004) €20. hitpe.//dossag/ 1011 12 g 20
(6] A Skolatikes, A Neising, A Petfik, B. Snmam. K Thomas, G. Gambaro
(Consultant nept:dogln). Guiddi N.F. Davis, R Gereghty,
Lombardo, L Tldvc:, Guiddines Office R Shepherd, EAU guiddines on
lithiasi imtion of Uralogy 2022. hups, Fd5oboch axgnzda
ndfiont i mdnﬂmmn,‘.'nll puiddine /EAU-Guidd inet on Urolichiasis 2022 20
22.00-24- 14244 crippdf (sceessed 20 December 202321
171 C.A Cowrvey, DD Cawlding, BEM. Ramer, RS. Arellans, J.T. Bichof], M. Dighe, P.
Fulgham, 5. Goldfarb, GM. [srae, E Lazares, J.R Leyendecker, M. Majd, P.
Nikolaidiz, N. Papanicd S. Prasad, P. Ramchandsni, §. Sheth, R Vikearn, ACR
approprimeners critetia® acute onret flank pein-mspicion of stone diveass,
Utrasound. Q. 26 (2012) 227-233. hape /. debotg, 101997/ RUG 0H01 31

R

T SeTA,
[8] AR Kambadakene, B.H. Puner, O.A Catal ano, DV hh-'n. N'twmd.evd\dru
eoncepts in the ineging and of aral @Sty pecspective,

Radiographics 30 (2010) 603-623, huys . do sig/15 1198/ 5y 303095116,

[9] B.R Hexts, $.G. Siverman, NM. Hindman, R G Uzzo, LP. Hartruan, GM. |arad,
D.A Basmguacten, LL Beriend, P.V. Pandhatipande, Management of the
Incidental Renal Mass on CT: A White Paper of the ACR Incidental Findings
Committee, J. Am. Coli. Radiol. 15 (2018) 264-273. bwipw " dod ey 10 0006/4
jiler 20 P04 320

[10] ZJ. Wang, P. Nikdaidis, G. Khairi, V.5. Dogra, D. Ganeshian, 5. Gddfard, J.
L Gore, RT Gupta, R P, Hartman, MLE. Hellbian, A tyshchik, AS. Parysko, 5.
.l Slvqe. AD Smith, D.J. Wolfrnan, J.J. Wong-You-Cheong, M.E. Lockhart, ACR

Criteria® L i Renal Masy, J. Am. Cdl. Radidl. 17

(2020)5415«5120 e R R TR BT oty Wikl ]

(11] 5. Ljungbay, L. Albiges, Y. Abn-Ghanem, J. Bedie, U. Capitanio, 5. Dabetanl,
$. Pernndez-Pdlo, M. Gdes, F. Hofimann, M. Hora, T, Kaite, T. Kausk, T.
B. Lam, L Macconi, T. Fowles, FL Tehbaz, A Vape, A e, Enropean Association
of Urdlogy Gulddines on Rend Cell Cateinoma: The 3022 Updute, Bt Urdl. 62
{2022) 299410, taaps doi . oeg T2 1006/) i ir 0. 2022, 0:3.006.

(12} §.G. Slvermon, L Pedrosn, J.H. Bllis, N.M. Hindman, N. Schiedn, A.D. Sroith, E.
M. Reuay, AB. Shinegate, N.E Catci, 5.5. Raman, $.A. Wells, 5.D. Kaffenberger,
ZJ. Wang, H. Chandarana, M.5. Davenpoct, Bomiak Classificaion of Cystie Renal
Masses, Yersion 2019: An Update Proposa and Heeds Amveramentt, Radiographics
292 (2019) 475-488. hwipw/dod o 10011 8RSkl HH 1 ETE4,

[13] Y. Arita, 5. Yoshide, T.C. Kwee, H. Edo, R Kafakihara, K Shigets, ML
R Takeshira, H. Okaraura, R Ueda, R Ihii, 5. Olceda, Y. Pujii, Qinicdl adlity of
the Bomisk classifieation m!nn 2019 Dlm'uﬂe value of adding magnetic
resonance imaging ko comp Bar. J. Redid. 148
(2022) 110163, kg dad o 10 I.-' -t If;.ld 2023 1090&3,

{14] R Vikram, ¥.D. Plund, M.D. Blaufox, G.C. Moteno, J.L. Gore, H.J. Harvin, M.
£ Heilbyan, 5.1 Linnw, P.1, Ngwyen, P. Hikd sidis, GM. Preminger, AS. Parysko,
5.5, Raman, M.T. Taffd, ZJ. wang, LM Weinfdd, EM Ramner, ME Lockhmart,
ACR Appropriateness Criteria Renal Cdl Carcinoma Steging, J. Am. Coll. Radidl.
17 {2016) 518-525. harger /el oy ' 13 D016 | e 06 G0, 021,

[15] N. Alssikhan, W. Alshietui, P. Caswidy, L Aganovic, H. Vahdet, Renal temot
stroctared repocting ind ading nephcometry seore a0d beyord: what the siclogist
and interventional cadiologist need to know, Abdern Radicl. (HY) 44 (2019}
199-200. g/ dve 2oy, 10 1207400261 218 16910,

[16] DJ. wdiman, J. Marko, P. Nikolaidls, G. ¥hatri, V.5. Dogra, D. Ganestuan,
§. Gddfub, J.L Goce, RT. Gupts, M.E. Heid bean, A Lyshehik, AS. Pucysko, 5.
J. Savige, AD. Smith, Z.J. Wang, J.). Wong-Yoa-Cheong, DoC. Yaa, M.
E. Lotkhat, ACR App Qitetia® ia, J. Am Coll. Radidl. 17
{2010) $138-5147. H.-'|a i sty 18 DELAS] ferr 3020 81,030

[17) D.A Barocas, 5.A. Boorjizn, RLD. Alvares, T.M. Downs, CP. Gross, B.D. Handton,
K.C. Kebashi, RR. Lipman, Y. Lotan, K. Ng. M.E Hidven, AC Peterson, J.
D. Raman, R Smith-bindman, L.H. Soster, Mictobemamrix AUA /7 SUPU
Gulddine (2020) 778-786. torpss Ao o L2 EO9T, 0 S0 H0000 | 257,

(18) R Davis. JS. Jones, DA Baroces, EP, Cacle, EX_ Lang RJ. Levdllee, F.
M. Messing, 5.D. Miller, AC Peterson, 'E.M.T Tazk, W. Weitzd, Disgnosis,
eval wati d foll ow-ep ol wrin (AMH) inadud AUA
guideline, J. Urol. 188 (2012)2473—3481 Bampw s o o 10 100 preo PRI T 0
[AE}

[19] AJ. Van Der Mden, N.C. Cowan, U.G. Mldln hm CCA. Holte- hnmng.
5. Takahashi, R H. Coban, CT i indi and

BLapny q

[21)

[22)

[23)

f24)

[26)

(27)

28]

1291

(301

(kD]

(321

(34

{35

[36]

371

[38]

(391

[40}

41]

= Page 149

grephy, Rediol. Qin North Am. 55 (2017) 225-241.
rl\pr."/dnr g 10.1016/31el. 7015 10.008,
0. Ali, EK Fishman, 5. Sheth, Upper utinary tract acotheid earcinoma on
multidetector CT: spectiuen of disease, Abdom. Rediol, (NY) 44 (2019)
3674-3885. twips://doi.org /10 1007/ 700261919492173-2,
P. Mattingano, M .M Cavallaro, AM. Boziste, B Barwtella, M A Cova, CT
arography findings of epper urinacy tact caccinoma snd ity mimickers: A
pictocinl review, Medicina. (Kaonas) 56 {2020) 705. bitps/ doi aig/ 10100
i/ meditinaSs L 705,
J.A. Witjes, HM. Bruins, R Cathomas, EM. Compérat, N.C Cowan, G. Gakis,
V. Handndez, E Linares Espinds, A Lotch, Y. Henzlllet, M. Rosanne, G.
N. Thalmann, E. Veskimfe, M.J. Ribd, A.G. van der Heijden, European
iation of Urd ogy Guiddines on Musde.invasive and Metsstatic fladder
Canicer: Sutnmary of the 2020 Guidelines, Bar. Urd. 79 (2021) 82-104, hivys
Sidam g/ 101016, wiuro. 2020507 645,
P.J. Hend ey, V. Paneblaneo, E Pietzak, A Fadkov, R Vilkaam, M.D. Galsky, 5.
F Sharlat, M. Roupret, A M Kanat, Contenapocary Staging for Mastle-Invasdve
Bsdder Cancer: Accuracy and Limitaticns, Eur. Urol. Oneol. 5 (2022) 403-411.
bt din g/ 18, 101625 602 2022 04 (OB,
K. McCoombe, K. Dobdi, 5. Meilde, S. Liewdlyn, P. Kench, Sensitivity of victual
non-contrart dual-energy CT wcogram for detection of wrinary ca<uli: o
systematic ceview and meta-analysis, Evi. Radid, 32 (2022) 8588-8596. hit
sl o 10 V007 P00 012 ERI 5
D. Botsikas, G Hansen, S. Stefaneli, CD. Becker, X Montet, Urinacy stone
detection and chacactetisation with dual -energy CT wiogiaphy aftet furosemide
intreavenous injection: Prdiminary rerults, Bur Radial. 24 (2014) 709-714. 2t
P d sk org 15, 1007,/500330.013-3033-5.
J.Shy, Y. Teng J. Cul, R Ysng X. Meng, Z Cal, J. Zhang, W. Xv, D. Wen, H. Yin,
Qe el renal edl earcinomea: CT-bared cadlomics featarer for the prediction of
Fehimuan grade, Euc. J. Radiol. 109 (2018) 812 hops/des ocg/ 10 101627 &0
a PONS N0,
X. Zheng, Y. Liu, M. 1, Q. Wang, . Song, Dod -energy compated tomography for
chacucterizing wrinacy cdeifted e enli and vric acid calenlic A meta-snalysis, Bar.
J. Radiol. 85 (2016) 18431980, tespw: don s 0 b0 16, e jomd 2005 88013,
D. Zopfs, KR Laakamp, D. Pinco dos Sanios, M. Sokol owrki, N. GroBe Hokamp,
D. Maintz, J. Borggrefe, T. Persigetl, 5. Lennantz, Low-keV virtad monomergetic
imaging teconstructions of exeretory phase spectrl dunl-energy CT in patiems
with urothdial cu:lnoma. .A feasi bility stady, Eur. J. Ihdld 116 (2019)
135-143. b/ S, o/ 10, VN6 ejoad o9 a0
A Mileto, K Sofwe, D. Muin Irmaging the (end lesion with deal -caergy
multidetector CT and melti-energy apglications in dinicdl practice; what can it
usly do for you? Ear. Radial. 26 (2016) 3677-3690. hops " /dai o0, 10100
700330 0154180 7
S5.Z Adam, A Rablnowich, R Keemer, A Blachar, Spectral CT of the abdomen:
Where are we now? Insighes. (maging. 12 (2021} 13, hotps, ol org/ 10 1186
AAE3244 (31 11082 7
R Yang, J. Wu, 1. Sun, $. Lal, Y. Xa, X Lis, Y. Ma, X Zhen, Radiomics of sroall
red (e o1l el Uplissde CT wocwtucy of inschine leuridig -buved
ducsi featdon made s for dhe tion of tenal edl 1 and
angiomyolipoma without visible fat, Euc. Radiol. 30 (2020) 1254-1263. {u®
P e g 10,1007 /500030-0 190530 4. 5,
A Imndui 13 ihulil‘u. c srmrm, % Uorq. $. Guaafean, M. Prior, CT:baved
fou diff tic review, Abdom. Rndiol.
(HY) 46 (2021) 2052-2063. h'lu Aol uu,‘”lo 1007,/500261 02002832 2.
5. Urrpmr; L Beer, A Bruining, l\. Waitek, G.D. stewan. F A Gallagher, E Sala,
di ¥ of compated R8P imaging in renal
edl carcinoma—a fystematic ceview and mmmiyﬂ:, Bur. Radial. 30 (2020)
3558-3566. hitpw./ doi org/1 % VHIT /F00330 020 DESEE T,
Y. Deng, E Sodle, A Samuel, 5. Shah, E Cai, M. Ame-uwiri, C Sundatam,
. Lall, X. Sendrasegaran, CT textuee ana ysis in the diffetentiation of majoe renal
cell carcinorma subtyper and correlation with Pulwman geade, Bur. Radiol. 29
(2019) 6922-6929. huupr./doi gL 1007 /00030-019-06260-2.
G, Avelling 5. Bose, D.5. Wang, Disgnosir and Management of Hermatuin, Surg.
Qin. Horth Am. 96 (2016) 503-515. haips doi.org A 0.1016/]. 0. 10 16.02.007.
HT Yeh M. Wong, How significant are dinically insignificant reridual fragments
(dl owing lithoipsy? Cucc. Opin Urol. 15 (2005) 127131, g, /doi g 710
[ e W 0000160628 43860 1%,
EE. Hiewads, B. Dy %i, P. Radui 1, Predicting stone befoce
wewtiment - Can it realy drlve dinicel decisions? Cant. Rart. J. llml 67 {(2014)
392-396. furpe Srdoi oeg /10 517 toju 201408, mi1 5
KR Ghani, U. Patel, K. Anson, Compated Tonography for Percutancous Ronal
Aceess, J. Endoaral. 23 (2009) 1633-1639, by, Aol odg 10 L 0ES, end 2009,
[ Erat
L Marconi, $. Duhb i, T.B. Lam, P. Hofy P. Stewmt, J. Hottie, A Bex,
K Bensal ah, 5.E Canfidd, M. Hota, M.A. Kaczyk, AS. Mercebarger, P ¥,
A Maldets, T, Powler, M. Stachier, B, Ljangberg, A Velpe, Systematic teview and
mmeta-anal yois of diagnostic acemcacy of pe renal turnour biopsy, Bur.
Urol., 69 (2016) 660-673, fipa/dni cui/ L0101 6/f ernro. 2015.07.072,
JA Long, V. Arnoux, G. Fiaed, R 1L D JJ. Rambesnd,
B. Boiltot, N Tercier, A Arvin-Baod, A Motean-Gandry, Bxxernal viid-iouuf
the RENAL nephrometry score in renal temonrs tieated by partial nephaectomy,
BIU. Int 111 {2013) 233-239, bwpw o o TRUTTL )T S08 A 1000 205 2 10
I

ATTACHMENT 12



ATTACHMENT 12
Purpose of the Project

AC Talleral

[42]

(42}

{#4

[46)

[+7]

(48]

£49]

150)

1:]

152

(53]

(54)

(35

(56}

[571

(581

591

L]

L]

(62)

AJ. Davidink, AS. Parker, CS. Thomar, §.C. Leibovich, P Castle, M.
G. Heclanan, K. Cucter, D.D. Thid, Mayo adhesive probabllity reare: An acewrate
image-based rcaring rystern to predict adherent perinephric fut in partisf
nepheectomy, Ear. Urd. 66 (2014) 11651171, by o s 18 LOLA]
LT TR TR
CL Moote, CR Cupentet, ME Helbtan, K Raver, AC. Kiambeck, C Moeno,
BM Rorer, G Scales, MM Shaw, KM, Sternberg, [rasgiog in Suepected Renal
Golle: Systemade Revlew of the Literatwre and Multspecialty Consentas, J. Am.
Coll. Radiol. 15 (2019) 1132-1143, hatpe /i sty 10 F0ES.F jact 2019.04.004,
C Baget, | Milet, M. Sebbang, R Tharet, C. Vetheyden, F. Curror-Doyen,
H. Mdirmari, P. Taouce, Ineging rstegles for patients with mspicion of

plicated colle pein: dingnostic sencecy and t, Ewr.
Itldld 31 (2021) 2983-2993. httpr //dod s 10,1007, m:m 200)2-:14 B
P.M. Cheog, P. Molg, M.D. Dann, W.D. Borwell, V.A. Duddal was, vn-m.g
radldogist needs to ksow about wrolithiasis Part 1 - Pathogenesis, ty)
assessment, and variant anatoray, Am. J, Roeatgend 198 mu)sn{m
Mt e org ST T3 AR 1 IS
.M Cheng, F. Moln, M.D. Denn, W.D. Boswdl, V.A Duddawar, What the
radidlogint needs to kvow aboat weclithinsis Part 2 - CT fndings, ceponting, and

AJR Am. J. i 198 (2012) 548.554. ttpeidon =g/

LTI 4/AIR1 5. 8402,
W.R. Masth, K.C. Cronin, D.V. Sshani, &. ng in U

[

s

]

1871

K€l

Burdpear Journal of Radiology 160 (2023) 110717

.I.K. Kim, T.K. Kim, HJ. Ahn, C.5. Kim, KR Kim, K.5. Cha Diffecentistion of

f cenal td1 i on hdlcd CT recons, ATR. Am J. Reentgendl. 17¢
(3002) 1499-1506. = figm g 102204/ 1TE 617014595,
JR, Young D M-zdi:,s Sauk, AJ. Pantack, J. Sayre, 5.5, Raman, Qe tell
cenal edl n:cinum-. discriminagtion from other venall cell corcinoma mbtyper and
T, Radiology 267 {2013) 444453

P d-’nup AR AT TR EIRE. SN
T. Yaroada, M. Endo, M. Truboi, T Matswhachi, K Takare, 5. Higano,
5. Takahashi, Different stion of pathologic mbeypes of papiflary cenal edl
emcinoma on CT, AJR. Arn J. Roemgend. 191 (2008) 1559-1562. fiige
org/18 3T A ATR BT3RS
RS, Lim, T.A Pood, M.D.P. Mtinnes, L.T. Lavaliee, N. Seticda, Rend
anglorydipems withost visibie fat Can we make the disgnosis using CT and
MRI? Enr. Radiol, 28 (2018) 542553, hovpw /. /de oag 121 007/ s0p 51
{4 F A5 A
ML Jinzaki, 5.G Silvarman, H. Akita, Y. Nagachima, 5. Mikeml, M. Oya, Renat
uU.omydlpwnt A radiclogical d arvification and spdate on recent

I dlagnosis and Abdom. Imaging. 39 (2014)
5&8—604 P s e 00 DT m AT ER RS
5. Chowdhary, A Rajesh, NJ. Maya, KA Mucaly, A Haroon, Renal
oncocytoma CT leatures connod celinbly distingsish oncocytoma from other renal

el

Radidl. Qin North Am 55 (2017) 209-224. hope Aol od g 181006, 6. 207
612003
(‘.M Rutker, CO. Mening, 5. Bhallu, Mimicy of renal edlie ive dil

169

] Clin. Radiol. 64 (2009) 517-522. herpr /doloeg/ 10 108G condd T
ANEO0NE
X L, P HieJ m F. Hou, Q. M, J. Cui, Diffezeaind disgnosic of renal

d hetical CT, Radiogeaphics 24 (2004) $11-28. butps: " doi org/L0
ll 8. '1g. P T 15505,
R Smith-Bindman, €. Asbin, J. Baliz. RN, Dengiamin CA. Camargo, J. Cocbo,
AJ. Dean, R, Gdldsieln, RT. Gelffey, G.D, Juy, T.L Kang. IR, Krieod, 0J. ba,
M. Malin, W. Manson, J. Mdnikow, DL Migl lotett, $.K Miler, LD, Milr, J.
K. Mina, M. Moghadass, V.E. Hoble, G Prem, M.L Stoller, Y.E Valencin,
J. Warg, RC Warg, 5. Caromi versur C
Ti for H. Eng. J. Med. 371 (2014)
1100-1110. hepsr i-’H g B0 DO ORI A,
$. Rob, T. Bryant, L. Wil son, B.K. Somani, Niza-lew-dose, low-dose, and sandacd
dose CT of the kidney, wceters, and bisdder iz there a difference? Reruity fiom a

review of the din Radlal. 73 (2017) 11-15. fetjeedee
o PO LS Frrmd 018 18 8
A Gervaise, C. Gervaige-Hency, M. Pemn. 4 Nule'.CJlncl Laplace,
M. Lapierce-Cornbes, How ta peric doge iy for cenal

calic in dindeal practice, Dcm interv. Inaging. 97[2016)393—400 B

S ML DM e D505 00

M.J. Roberts, J. Williams, 5. Khadea, 5. Nal svenkats, J. Kam, 5.F. McCombie,

M. Arisnayagam, 3. Cansgwsingham, R Paguson, M. Khiads, C Vacd,

M. Winta, P. Sanaci, H. Loh, Y. Thakkes, P. Dugdae, R Ko, A prompective,

matched compacison of sltralow and standard-dose compated tomogaphy for

sereszment of tenal colic, BJU. Int. 126 (2020) 2732 fitjm doumiy, 101001

bim 13 06

. Waishoa, CA Muwccay, MO Mciones, . Chatelzin, b Siddsinh, O. N -Deodan,

5. Hatwywnaramry, N. Schieda, CT irnaging of sdid renal romsver: pidills and

routions, Qlin. Radid. 72 (2017) 708-721. hutpe//doi.org/ 101016/ 1 erad. 20

750K

F.U. Kay, 1. Pedeosa, [maging of Sdld Rend Masses, Utdl. Qin Nocth Am. 45

(2018) 311-330. bitpe: i mg/10. 1018/ ud 2018.03.013.

K. Sasaguri, N. Talmhashi, CT and MR lmaging for solid cenal rmass

characcerization, Bar. J. Radld, 99 (2018) 40-54. hetpe//dod ovg/10 1016,] o

ad 2007 12008,

ZJ. Wang, A C Weaphalen, R, Zagorda, CT and MAI of soall cenal macces, Br.

J. Radial. 91 {2018) 20180131, hempw //dnd org, 10 1259/ bjr. 20180130,

AC TAll, E Andrios, M.G. Gkdi, M. Krokidis, M. Stasinopoaten, |

M. Varkmsakis, LA Mol opoulos, The tole of imaging in the managemen of recd

masser, Buc. J. Radidl. 141 {2021) 109777 Sitpr (Aol 0rg /10 E0167] cjad 20

20089777

N. Schieda, MLS. Davenpext, 5. Krishng, EA. Edney, | Pediors, H. Hindman, R

H. Bmoni, N.E Curcl, A, Shinegme, 5.G. Sdverman, Bosnisk o esalication of

cystic renal marset, version 2019: A pictorinl guide to clinical wse, Radiographics

41 (2021) BU4-B28. M/ Sa org B0 114, T FET1 P01

E Bdney, ML5. Davenport, N, Carci, M. Schiedn, S. Krishna, §. Hindman, 5.

G, Siﬂmnul th Bowink dml‘lﬂivn of eyre vend e, vunm

2019; |anerp pitals wd to avoid

Abdom Radicl, (1Y) 46 (2021) 26992711, My ol g,

33984 1

H. Moch, AL Cablla, P.A. Hamgpheey, V.E Reater, T.M. Uhright, The 2016

WHO dassification of Tumosis of the Urinary System and Male Genital Organs-

Part A Renal, Pende, and Testicnlar Terooucs, Bac, Ural. 70 (2016) 93-105. s

Srdol g 10 1806 bewenio 20LSBEIUT,

M.E. Amin, P.L. Giesne, 5.0. Edge, CC. Compton, J.E Gershenwald, R,

K. Brogkdond, L Meyer, DM Gress, iR Byrd, DLP. Winchester, The Bighth

Edition AJCC Canter Stuging Mansal: Continuing to build » bridge from n
bared to = more PP to cancer stuging, CA.

Cancer. J. dia. 67 (2017} 93-99. Migw. ol s D0 EIEL ¢mie T10E8,

F. Vd oso Gornes, AP Mutos, J. Pllas, V. Mascarenhas, V Herédia, S. Duarte,

M. Ramalho, Renal cdl emcci rubeype 4i nsing single phace

corticomedull ary contrast-enhanced CT, Qin. Imaging. 3% (2015) 173-277

I i DD O o i SO 090 )7,

V18T a3

24

1701

”

72

1731

74

75]

176]

77

78]

79

)]

(82

(s3]

(84)

——= Page 150

cenal edl wiing CT features: & cennal
scar nﬂchd retrospective study, Acta Radid. 63 (20232) 253-260. himgw . dsi
EIR ERT R RIEEEE Lo T
ZJ. Wang M.S. Davenpoct, $.G. Silverrann, H, Chandecana, A Doshi, GM Irred,
J.R. Leyendecker, 1. Pedrosa, $. Ramen, EM. Remer, A D. Shinegere, A D. Seolth,
R. Vikzam, CT Renal Mass Protocol v1.0: Soelery of Abdominal Radiology Disease
Focused Pand on Renal Cdl Carcinomma, 2020. hupe://dol.ag/
abdominaiadiol ogy.org wp-¢ onteny/ apl oads,2020/1 1L/RCC. CTpotocol stinal -7
15-17 pdf. (accesred 27 Decetmber 2022).
AC TN, M1 ngmp:ial A Gousin, J. Kelef-Errn, M. Sofikity, V. Malamon
Mind, K T cell cmdl Value of i MDCT with
mualtif anac rdumouﬂn ithe dexection of peeadocaprule AJR Am
Roentgenal. 199 (2012) 379-386, trpe, dob odg/ 10221 AR 11,7747,
G Li, X. La, ¥, Ding, Q. Luo, L. Xs, G Zhu, G Quan, Presdocapral e of Small Renal
Cal Turnors CT Imaging Specoamn end Corcdated Hintopmhol ogical Femures,
Ul J. 18 {2020) 301-306. hatps /. dii ocg/ 10, 22007 /) vid? 5907,
S. Sheth, J.C Scatwige, KM. Haton, M. Cod, EK Fistwosn, Carcent m
in the di and of ronal cdi i Rdc of
CT st theee-dis CT, Radicgraphics. 31 (2001) $237-254. hurpe//d s oi
/10 1148 /1 idi et aphi ci 20 mpgd T g01ociBe237.
M. Hocoozian, RLH. Cohen, .M. Caodi, N.C. Cowan, J.H. Hlis, Multidice CT
urogeaghy: State of the art, Br. J. Radiol. 77 (2004) $74-86. bitpr, dsd seg/10.0
259,bj /13478281,
A Kowashima, T.). Vitivka, AJ, LeRoy, RP. Haosan, C.H. McColloagh, B.
P. King, CT wiogrophy, Radiographics 24 (2004) $35-54, hirpe Vil g 18
V148,42 24315513,
5.4 Joffe, 5. Servaes, 5. Okon, M. Hocowite, Multi detector Row CT Ucoptaphyy in
the of 23 (2003) 1441-1455. hitpa . dei
10,1198/ 1 26035085,
AC Tl $.C. Efternidis, J. Kalef Exra, D. Glannakls, Y. Alarmanos, N. Softkids,
© Trumpoutasy, Meiti-detector cow CT wiograptty on m 1640w CT scanner in the
evaluaion ofuuhﬂii mmors, Eac. Radid L7 (2007) 1046-1054. heipe,dod
w13 DO pOERG OO 9N R
V. Ragroponlos, A. M< Hamer, Irupeoved peviea yeed visualizmicn with
with hdical
compated mnqu:lly Ear. Redidl. 15 (20&5] 1634-1640, P g B0
E007, 900330005 2659 8.
EM, Cawnili, P. Inampadi, RH. Col'u\, JLH Blu; Ommmon ofmllll-dautu
cow CT erograpty: Bffect of wrd
of acquisition del oy, Radiology 235 (2005] us-ms. LA BT
By TEN SIS
M. Rowpxdt, M. Babjuk, M. Baiger, O. Capaun, D. Cohan, EM. Compam, H.C
Cowan, J.L. Dominguez Byerig, P. Gontero, A Heagh Martafld, J. Pdos, B.
Peyronnet, T, Seieen, V. Sonkap, R Syivester, B.W.G.V. Rhijn, R Zigeaner, 5.F
Shasiat, Evcopean Asvotiation of Urology Guiddines o Upper Urinary Traet
Urachelial Carcinoms: 2022 Update, Eac, Urol 79 (2021) 62-79. hitgr /, ded g
A10.1016/ ) ew wro. 202005 042,
DA Geeen, M. Rink, E Xplinas, S.F Matin, A Sterd, M. Roupuet,
1. Kacakiewlcz, D.5. Scherr, 5.P. Sharie, Drotheliad caccinoma oﬂm Rddu and
the uppei tract disparate twins, J. Urol. 189 (2012) 1214-1221. bips
Ay 18 FO16, ) juee 201 205.07%
EM. Caoill, RH. Colun, CT la of mrothellal tamocr of the
Kidney, Abdom. Radlol, (WY) 41 (2016) 1100-1107. hryw=. /s org /13 1007, 00
261 316 vt
K Chiap

M. Theochatop 5. k) Perto of
Iy diagnosis of pper arinary act wrothelial

u:dru'n In pdulr ;uumitg ‘with hematuria: Systernatic review and mets-

analysis, Bur. J. Radid, 73 (2010) 334-398. beipse /dom s b3 100 jrpad 0

LRETIFY

£. Juniseh, S.F. Sharist, P. Baitzer, H. Pajkovic, $. Kiraura, T. Iwara, . Korn,

L Yug, P.V. Gyhndi:q M. Rmk. M, Abnfmaj Diagnestic perfornmnce of

(MDCTU) in apper treck arcthdial

(b b

ATTACHMENT 12




ATTACHMENT 12
Purpose of the Project
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ATTACHMENT 13
Alternatives

Alternative #1: Maintain the Status Quo (do not purchase new major medical equipment)

This alternative has no capital costs associated with it but also yields no benefit to the community.
This option would involve the waste of all of the resources and expenses that have been put into this
project and would come at the expense of the improved quality of care this project is designed to
generate — both in access to care but also in quality of information available regarding diagnosis and
treatment. Hospitals and other centers would be unlikely to be capable of filling this avoidable gap in care,
thus meaning that patients would go without necessary treatments. The Applicant seeks to avoid this
option if at ail possible.

Alternative #2: Wait to Replace Equipment until Failure and Modify the Project

Whether this alternative would have greater or lesser cost is unpredictable and unknown. |t
would likely result in increased costs because the additional expense associated with maintaining the
current equipment would likely exceed any potential cost savings that could result from delay. More
importantly, it would ensure patient disruption and result in a notable gap in available care because the
Applicants would have to proceed through the CON process upon the current equipment becoming
obsolete. This would result in an unacceptably long period where necessary care and treatment would be
unnecessarily unavailable. For these reasons, this alternative was not selected.

Alternative #3: Project as Proposed

The project, as proposed, is the most responsible from a health planning perspective as well as
from a patient care delivery perspective. This project enables the Applicant to fulfil the CON principle of
pursuing the most effective increase in access to care at the lowest appropriate cost. More importantly, it
will ensure those patients reliant upon this exceptional practice group for their care will continue to have
access to necessary life-improving and life-sustaining care. For those reasons, and given the
deficiencies of the alternatives identified above, this is the alternative that was selected and is being
presented to the Board for consideration and approval.
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ATTACHMENT 14
Size of Project

SIZE OF PROJECT

DEPARTMENT/SERVICE

PROPOSED STATE
BGSF/DGSF STANDARD

DIFFERENCE

MET STANDARD?

Diagnostic Radiology
{LINAC and CT Machine,)

1,574 Total: 4,200

2,400 GSF Per
Unit (Accelerator;
1,800 GSF Per
Unit {CT Scan)

-2,626

YES
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ATTACHMENT 15

Project Services Utilization

Pursuant to 77 lllinois Admin. Code Section 1110 Appendix B, the Applicant is required to provide
projected utilization to determine if the new equipment will meet Board target utilization standards for

applicable clinical service areas.

Both the LINAC and CT Scan will be utilized at the facility to provide both imaging and radiation
treatments to patients. To determine the projected utilization of the new equipment, the Applicants have
reviewed their historical utilization for referrals to existing facilities that have similar equipment.

On average during the past calendar year, UroPartners and affiliated physicians have sent 3,000 patients
for scans and treatment. There is an expectation that with the new technological advance in medical
condition diagnosis and the wider variety of conditions that can be treated with this equipment that there
will be an increase in historical volumes over time.

UTILIZATION
DEPARTMENT HISTORICAL PROJECTED STATE MEET
{ SERVICE UTILIZATION UTILIZATION STANDARD STANDARD?
(PATIENT
DAYS)
(TREATMENTS)
ETC.
YEAR 1 | Diagnostic / 3,000 procedures | 3,000 procedures | 7,500 procedures YES
Interventional (Accelerator) (Accelerator) (Accelerator)
Radiology 3,000 procedures | 3,000 procedures
(CT Scan) (CT Scan) eI
YEAR 2 | Diagnostic / 3,000 procedures | 3,000 procedures | 7,500 procedures YES
Interventional (Accelerator) {Accelerator} {Accelerator)
Radiology 3,000 procedures | 3,000 procedures
7,000 procedures
{CT Scan) {CT Scan} (CT Scan)
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ATTACHMENT 31
77 lll. Admin. Section 1110.270- Necessary Expansion (c)(2)

The proposed project is a necessary expansion of the Advanced Radiation Center of Chicago's
treatment capabilities to meet patient service demand for specialized radiation oncology care. As
discussed in the Purpose of Project section, the Facility serves a high-volume patient population requiring
timely access to advanced radiation therapy, and the proposed equipment will both replace deteriorating
technology and expand the scope of services available to patients within the Service Area. This section
documents the basis for the expansion through historical utilization data, evidence of changes in industry
standards, changes in the scope of services offered, and the absence of licensure or code deficiency
citations.

The physicians who will utilize the Advanced Radiation Center of Chicago have experienced
sustained and growing demand for radiation therapy services over the last several vears. The site's
existing LINAC has maintained consistently high utilization, reflecting the substantial need for radiation
onceology services among patients in northern Cook County and surrounding communities.

The consistent utilization demonstrates that the Facility was operating at or near capacity with its
existing equipment. Moreover, UroPartners’ network of over 90 providers generates a steady and growing
volume of referrals for radiation therapy, particularly for prostate cancer and other urologic malignancies.
The current equipment configuration limits the Facility's ability to accommodate this demand efficiently, as
the aging LINAC’s increasing downtime and longer treatment delivery times reduce effective throughput.
The proposed Varian Ethos system's ability to deliver precise radiation treatments in approximately 15
minutes per session combined with its adaptive workflow will increase the Facility’s effective daily
treatment capacity and reduce patient wait times for initiation of therapy.

Additionally, the proposed expansion of services to include adaptive radiation therapy for breast,
lung, gastrointestinal, gynecological, head and neck, and pancreatic cancers will serve a broader patient
population beyond UroPartners’ traditional urologic oncology base. This expanded scope is expected to
generate additional patient volume from referring oncologists and multidisciplinary cancer care teams
throughout the Service Area who currently lack local access to adaptive radiation therapy.

The radiation oncology field has undergone significant evolution in treatment standards since the
Facility's existing LINAC was installed. The emergence of online adaptive radiation therapy (OART)
represents a paradigm shift in how radiation is planned and delivered. The shift toward adaptive radiation
therapy is reflected in evolving clinical guidelines and peer-reviewed literature demonstrating superior
target coverage, and improved organ-at-risk sparing when treatment plans are adapted to daily anatomy.
As noted in the Purpose of Project section, a retrospective study of prostate cancer patients treated with
the Varian Ethos system found that adaptive plans achieved target coverage benchmarks in 418 out of
422 treatment fractions, significantly outperforming non-adaptive plans. These findings reflect a broader
industry consensus that adaptive therapy represents the current standard for precision radiation
oncology.

Further, advances in CT simulation technology have raised the standard for treatment planning
accuracy. Modern simulation CT systems, such as the proposed SOMATOM go.Sim, incorporate Al-
driven automated contouring and wider bore designs that improve patient positioning and workflow
efficiency. These capabilities were not available when the Facility's current simulation equipment was
acquired, and the gap between current equipment and contemporary standards continues to widen.

The Facility's existing equipment does not support adaptive radiation therapy workflows and
cannot deliver the tevel of precision that current industry standards demand. Without this expansion, the
Facility will be unable to offer care consistent with evolving best practices, placing its patients at a
disadvantage relative to those with access to institutions that have adopted these technologies.
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ATTACHMENT 31
77 1ll. Admin. Section 1110.270- Necessary Expansion (c)(2)

The proposed project represents a meaningful expansion in the scope of services available at the
Facility. Currently, the Advanced Radiation Center of Chicago provides conventional external beam
radiation therapy, primarily for prostate cancer and other urologic malignancies. The acquisition of the
Varian Ethos system will expand the Facility’s capabilities to include:;

¢ Online adaptive radiation therapy (OART), which is not currentiy available at the Facility or, to the
Applicants’ knowledge, at any other freestanding radiation center within the 10-mile Service Area
outside of downtown Chicago academic medical centers,

s Stereotactic body radiation therapy (SBRT) for renal cell carcinoma and other select indications,
expanding treatment options for patients who are not surgical candidates.

s Expanded treatment of non-urologic malignancies, inciuding breast, lung, pancreatic,
gastrointestinal, gynecological, and head and neck cancers, using adaptive protocols that
account for daily anatomical variability.

s Enhanced CT simulation capabilities through the SOMATOM go.Sim system, including Al-driven
organ-at-risk contouring that accelerates treatment planning and supports the adaptive workflow.

This expansion of scope is driven by patient demand, referral patterns, and the recognition that
patients within the Service Area currently lack convenient access to adaptive radiation therapy. By
broadening the range of cancers treated and the sophistication of treatment delivery, the Facility will
serve a larger and more diverse patient population while maintaining the specialized focus that
distinguishes it from general hospital-based radiation oncology departments.
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ATTACHMENT 31
Utilization — Major Medical Equipment (c)}{3)(A)

The Applicants meet the requirements of 77 Ill. Adm. Code § 1110.270(c)(3)(A). as the proposed
acquisition of major medical equipment, a Varian Ethos linear accelerator {LINAC) and a SOMATOM
go.Sim CT scanner are projected to achieve or exceed applicable target utilization levels within 12
months of installation. These projections are supported by documented patient demand, a well-
established referral base, historical procedure volumes, and regional cancer incidence data.

Appendix B of the Health Facilities Planning Board's rules establishes target utilization levels for
certain categories of major medical equipment. For linear accelerators, the applicable standard is 3,000
procedures in a hospital setting. There is no specific standard that exists for this equipment category in a
non-hospital setting. For CT scanners used in radiation therapy simulation, the applicable standard is
3,600 procedures in a hospital setting. Appendix B dces not include a specific benchmark for CT
simulation equipment in a non-hospital setting.

The Advanced Radiation Center of Chicago currently serves a substantial patient population
requiring radiation therapy services. In the most recent calendar year, the Facility delivered approximately
3,000 treatments using its existing LINAC. This volume refiects referrals generated through UroPartners'
network of over 90 providers, as well as referrals from external oncologists and primary care physicians
within the Service Area.

UroPariners referred approximately 3,000 patients in the most recent calendar year for
procedures utilizing CT and linear accelerator equipment. With the acquisition of the proposed equipment,
the Applicants project continuation of this volume without disruption in patient care, resulting in more than
3.000 procedures annually across both modalities. This projection is conservative, as the Facility
anticipates additional volume growth from:

e Expanded scope of services, including adaptive radiation therapy for breast, lung, pancreatic,
gastrointestinal, gynecological, and head and neck cancers, which will generate referrals from
multidisciplinary oncology teams beyond UroPartners’ existing urologic oncology base.

e Reduced treatment delivery times (approximately 15 minutes per session with the Varian Ethos
system), which will increase effective daily throughput compared to the existing LINAC.

« Elimination of referrals to outside facilities for patients who currently require adaptive radiation
therapy capabilities unavailable at the Facility.

e Faster turnaround times and improved access will encourage internal referrals and greater
procedural efficiency.

The SOMATOM go.Sim CT system will be utilized primarily for radiation therapy simulation a
required step for every patient beginning a new course of radiation treatment. As such, CT simulation
volume is directly tied to LINAC patient volume. Each new patient requires at least one CT simulation
scan prior to treatment initiation, and some patients require additional scans for re-simulation during their
treatment course.

Based on the projected LINAC patient volume above, the CT scanner is expected to perform
approximately 3,000 simulation scans in the first 12 months. Additional utilization will be generated by
diagnostic CT imaging for urologic evaluation, including staging scans for newly diagnosed cancers, CT
urography for hematuria evaluation, and surveillance imaging for patients in active monitoring protocols.
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ATTACHMENT 31
Utilization — Major Medical Equipment (c)(3)(A)

Regional cancer incidence data further support the projected utilization levels. According to the
linois Department of Public Heaith, prostate cancer is the most commonly diagnosed non-skin cancer
among men in lllinois, with approximately 10,000 new cases annually statewide. A substantial proportion
of these patients are candidates for radiation therapy as a primary or adjuvant treatment modality. Kidney
cancer, including clear cell renal cell carcinoma, accounts for more than 2,000 new cases annually in
llinois, with select patients eligible for stereotactic body radiation therapy. Breast cancer, lung cancer,
and pancreatic cancer—all of which will be treated at the Facility using adaptive protocols represent
additional significant sources of patient demand.

Given the Facility's location within the 10-mile Service Area, its established referral network, and
the limited availability of adaptive radiation therapy in the northern suburban region, the Applicants are
confident that the projected patient volumes are achievable and that both pieces of equipment will meet
or exceed applicable utilization thresholds within 12 months of acquisition.
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ATTACHMENT 33
Availability of Funds

The Applicants have sufficient resources to fund the cash portion of this project. Attached as
evidence is a letter from JP Morgan, the Applicant’s financial institution which reflects that the Applicant
has sufficient funds on hand to complete the project.
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ATTACHMENT 33
Availability of Funds

J.PMorgan

Solaris Health Holdings LLC
2101 West Commercial Boulevard, Sulte 3500
Fort Lauderdale, FL 33309

Dear Sir or Madam,

This letter is being delivered to you to provide information on the Company’s banking relationship with
JPMorgan Chase Bank, N.A (the “Bank”).

We can hereby confirm that the Company has maintained accounts at the Bank since 2020 and has
operated the accounts in a satisfactory manner.

As of 5/30/20255, the Company maintains balance in the mid to high B figures.

Please be advised that this tetter refers only to facts as they exist as of the date of this letter and the Bank
shall have no duty or obligation to inform the addressee hereof of any fulure changes in such facts. This
letter is solely for the benefit of the addressee hereof for the referenced purpose, and may not be relied on
by any other peraon or for any other purpose.

Sincerely,

Vi-vas

Vince Secret

Executive Director

JPMorgan Chase Bank, N.A.
450 S. Orange Ave, Floor 10
Orlando, FL 32801
407.236_7090
vincent.secret@jpmorgan.com
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ATTACHMENT 35
Financial Viability

The Applicants meet the requirements for a financial viability waiver in accordance with 77 I,
Adm. Code § 1120.130, as the proposed project does not exceed the applicable capital expenditure
minimum and qualifies as an equipment acquisition or service expansion not requiring demonstration of
financial viability under this Section.
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UROPARTNE

May 21, 2026

John P. Kniery

Board Administrator

Illinois Health Facilities and Services Review Board
525 W Jefferson Street, Floor 2

Springfield, IL 62761

Re: Advanced Radiation Center of Chicago
Ill. Admin. Code Section 1120.120(a) Available Funds Certification
Ill. Admin. Code Section 1120.140(a) Reasonableness of Financing Arrangements

Dear Mr. Kniery:

As a representative of Advanced Radiation Center of Chicago and Solaris Health Holdings, LLC,
I, Justin Cohen, M.D., hereby attest that the project costs will be $8,629,000. Applicants will
fund $7,705,000 of the project construction and equipment along with the necessary working
capital and operating deficits with existing cash and securities. The balance of the project costs
which equal $924,000 account for costs associated with the facility lease. All applicants have
sufficient and readily accessible internal resources to fund the obligation required by the project.

I further certify that our analysis of the funding options for this project reflected that the funding
strategy outlined herein is the lowest net cost option available.

Sincepely,
_|I|' it
/

Justin Cohen, M.D.
Prgsident
LroPartners, LLC

28672733 v1



ATTACHMENT 36
Economic Feasibility
Projected Operating Costs and
Total Effect of the Project on Capital Costs

Pursuant to the lllinois Administrative Code Section 1120 Appendix A (a){3), a project’s cost must be at or
below the RS Means for the new construction of a medical office building housing major medical
equipment in excess of the Board's capital expenditure threshold. At the time of the application, the RS
Means for new construction of Medical Office Building housing newly acquired major medicat equipment
in this area of the state is $981.69 per GSF. This project is slated to be completed in the third quarter of
2027, and the application RS Means is $981.69 per GSF. The proposed cost per GSF for this project is
$590.85 and thus meet the Board’s Criteria.

COST AND GROSS SQUARE FEET BY DEPARTMENT OR SERVICE
A B C D E F G H

Department Total Cost

(List below) Cost/Square Foot Gross 5q. Ft. Gross Sq. Ft Const. § Mod $ (G +H)
New Mod. New Circ.* | Mod. Circ.* (AxC) (B xE)

Diagnostic $540.03 - 1,574 - - - $850,000 - $850,000
Equipment

{LINAC and

CT Scan)
Contingency | $50.83 - 1,574 5 5 S $80,000 - $80,000

TOTALS $590.85 - 1,574 - - - $930,000 - $930,000

* Include the percentage (%) of space for circulation

Projected Operating Costs

The projected direct annual operating costs for the first full fiscal year at target utilization are
$2,913,367.32, based on the fully allocated salaries, benefits, and supplies associated with operation of
the proposed equipment and related service. Based on projected annual utilization of 6,000 procedures,
consisting of 3,000 accelerator procedures and 3,000 CT scan procedures, the projected direct annual
operating cost is $485.56 per procedure / unit of service,

Total Effect of the Project on Capital Costs
The total projected capital cost of the project is $8,629,000. Based on projected utilization of 6,000

procedures in the first full fiscal year at target utilization, the total effect of the project on capital costs
is $1,438.17 per procedure / unit of services $8,629,000.
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ATTACHMENT 37
Safety Net Impact Statement

Pursuant to 77 lll. Admin Code Section 1110.20 the acquisition of major medical equipment is
classified as a non-substantive project. As a non-substantive project for the acquisition of major medical
equipment, the submission of a safety net impact study is not required by the applicants pursuant to 77
lllinois Admin. Code Section 1110.10(c).
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ATTACHMENT 38
Charity Care

The Applicant, UroPantners, LLC is a physician practice group and the Advanced Radiation
Center of Chicago will be an office-based lab clinical setting. The facility is not considered a healthcare
facility as defined by the lllinois Health Facilities Planning Act (20 ILCS 3960). However, the Applicant do
operate the UroPartners Surgery Center and are providing the charity care data for that facility below.

CHARITY CARE
2022 2023 2024
Net Patient Revenue $9,956,553 $4,238,821 $15,402,191
Amount of Charity Care (charges) $0 $0 $0
Cost of Charity Care 30 $0 $0
ATTACHMENT 38
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ATTACHMENT 39
Flood Plain Requirements

f

DA
JROPARTNERS
May 21, 2026

John P, Knicry

Board Administrator

Iilinois Health Facilities and Services Review Board
525 W Jefferson Street, Floor 2

Springficld, IL 62761

Re: Advaneed Radiation Center of Chicago - Flood Plain Requirements
Dear Mr. Kniery:
As representative of Advanced Radiation Center of Chicago, I, Justin Cohen, M.D., affirm that
our proposed site complies with Illinois Executive Order #2005-5. The site located at 8915 West
Golf Road, Niles, Illinois 60714 is not located in a flood plain, as evidence please find enclosed a

map from the Federal Emergency Management Agency (“FEMA”).

I hereby certify this is true and is based upon my personal knowledge under penalty of perjury
and in accordance with 735 ILCS 5/1-109.

Sincerely,

Juétin Cohen, M.D.
g:esident
roPartners, LLC
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ATTACHMENT 39
Flood Plain Requirements

A, S

AP # et mam
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After paginating the entire completed application indicate, in the chart below, the page numbers for the included attachments:

INDEX OF ATTACHMENTS

ATTACHMENT
NO. PAGES
1. | Applicant Identification inciuding Certificate of Good Standing 27-29
2. { Site Ownership 30
3 Persons with & percent or greater interest in the licensee must be identified with the % of ownership 31
4. | Organizational Relationships (Organizational Chart) Certificate of Good Standing Etc. 32
5. | Flood Plain Requirements 33-34
6 Historic Preservation Act Requirements 35-41
7 Project and Sources of Funds |temization 42-43
8. | Financial Commitment Document if required 44
9. | Cost Space Requirements 45
10. | Discontinuation n/a
11. | Background of the Applicant 46-52
12. | Purpose of the Project 53-151
13. | Alternatives to the Project 152
14. | Size of the Project 153
156, | Project Service Utilization 154
16. | Unfinished or Shell Space h/a
17. | Assurances for Unfinished/Shell Space n/a

Service Specific:
18. | Medical Surgical Pediatrics, Obstetrics, ICU n/a
19. | Comprehensive Physical Rehabilitation nfa
20. | Acute Mental lliness n/a
21. | Open Heart Surgery nfa
22| Cardiac Catheterization n/a
23. | In-Center Hemodialysis nfa
24. | Non-Hospital Based Ambulatory Surgery nia
25. | Selected Organ Transplantation nfa
26. | Kidney Transplantation n/a
27. | Subacute Care Hospital Model n/a
28. | Community-Based Residential Rehabilitation Center n/a
29. | Long Term Acute Care Hospital n/a
30. | Clinical Service Areas Other than Categories of Service n/a
31. | Freestanding Emergency Center Medical Services 155-158
32. | Birth Center nfa

Financial and Economic Feasibility:
33. | Availability of Funds 159-160
34. | Financial Waiver n/a
35. | Financial Viability 161
36. | Economic Feasibility 162-163
37. | Safety Net Impact Statement 164
38. | Charity Care Information 165
39. | Flood Plain Information 166-167
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