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Cancer Imaging-Focused Trials in the NCTN

• My background and path NCTN participation and 
leadership

• How Does Imaging Fit into the NCTN Portfolio?
• Types of Imaging trials in the NCTN
• Examples of ECOG-ACRIN Imaging Trials and 

Opportunities for Early Investigators
• Guidance & Future Directions



My Background
• MD/PhD at UPenn, PhD In Bioengineering

• PhD thesis on applied physics of PET detectors
• Short stint in a start-up – UGM Medical Systems

• Director of Engineering
• GME Training at UW (1990-1996)

• Internal Medicine
• Short-tracked to Nuclear Medicine 
• Research Fellowship  in PET cancer imaging – quantitative imaging, PET proliferation 

imaging, and novel breast cancer response assessment
• Faculty in UW Radiology (1997-2012)

• Moved to SCCA/FH in 2006 to focus on cancer imaging and thyroid cancer Rx
• Moved to  UPenn in 2012

• Nuclear Medicine Division Chief  2012-2016
• Vice-Chair for Research 2016 – present
• Abramson Cancer Center – Cancer Imaging Core Co-Lead; AD Education and Training



My Path to the NCTN

• Research focus on early translation of novel PET probes and methods; Br Ca focus; mechanistic studies 
(i.e., NIH-fundable)

• PET Cell proliferation and Breast Cancer ER imaging (NCI P01 Project PI)
• LABC response to neo-adjuvant systemic therapy – metabolism and blood flow (NCI R01)
• Internal mammary lymph node mapping and metastasis detection (NCI R01)
• Br CA bone metastases response (NCI R01) 
• CIP PET Translational Program – led FES PET/CT IND-enabling trial, helped with FMISO and FLT

• Exposure to translational/clinical trials leaders
• Served as the imaging expert on Cancer Biomarkers Study Section
• AACR/ASCO Vail Course – imaging expect

• NCTN
• ACRIN (2007-2012). Inaugural Leader for Experimental Imaging Science Committee (EISC)
• ECOG-ACRIN (2012-present)

• Imaging Committee: EIWG Leader (2012-2016)
• Scientific Planning Committee  Co Chair (with Keith Flaherty) (2017-present)
• Breast Committee senior member (2012-present)

• National: CTEP Correlative Science Steering Committee (2018 – 2021); NCI CTAC 2014-2019
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NCTN Structure for Imaging Studies

ECOG-ACRIN

NRG

SWOG

Alliance

COG

IROC (core)

Qualification
Image Analysis
Informatics/AI

Qualification
Image Analysis

XRT Rx Planning
RP Dosimetry?

Qualification
Image Analysis
RP Dosimetry?

Qualification
Image Analysis

Qualification
Image Analysis

Archiving
QC

Group Imaging Core Lab
(All: Guide Rx Trials; Review 

Imaging Components)

Primary Imaging 
Trials

Methodology
Detection/Diagnosis
Imaging Biomarkers

Theranostics

Theranostics

Theranostics

Detection
Biomarkers

Theranostics



Development & Review Pathway For Imaging Studies
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Imaging Trials in ACRIN and ECOG-ACRIN

• ACRIN 6684 - FMISO (hypoxia) PET and DCE/DSC MRI in glioma  (Clin Cancer Res paper*; secondary 
analysis papers*)

• ACRIN 6687 - NaF PET to Assess Response to dasatinib (J Nucl Med paper*; secondary analysis papers*)
• ACRIN 6688 -  FLT PET Early Response to Br Ca Neoadjuvant Therapy (J Nucl Med paper)
• ACRIN 6691 -  Diffuse Optical Spectroscopy Imaging Br Ca Response (Cancer Res paper, secondary paper*)
• LOCATE (ACR core lab) – Impact of Fluciclovone PET on treatment (J Urol paper; secondary papers*)
• EAI141 – FLT PET to measure early AML response (Leuk Lymphoma paper; secondary analysis planned*) 
• EAI142 -  FES PET to predict 1st-line ER + MBC response (J Clin Onc in press; secondary analysis planned*) 
• EA1183 - FDG PET/CT  Br Ca bone met response (SABCS oral; primary paper pending; secondary analysis 

pending*)
• EA1181 -  FDG PET/CT for early HER2-target Rx response (trial design paper published*, accrual completed)
• EA1252 -  Randomize Use of FES PET/CT to direct 2nd line ER+ Rx (under development)

* Junior investigator authorship opportunity



Imaging to Guide Cancer Therapy: 
Clinical Needs

Pre-Rx Therapy Post-Rx

Response?  
-Yes/no           
-How much?

Residual Disease?

Mid-RxEarly

Relapse  
Survival

-Aggressive Dz?

-Rx Targets



MRI FMISO PET

Hypoxic

Not 
Hypoxic

[18F]FMISO PET Predicts Outcome for GBM Patients
Spence, Clin Cancer Res 14:2623, 2008

University of Washington

(Not Hypoxix)

(Hypoxic)



ACRIN 6684
MULTICENTER, PHASE II ASSESSMENT OF TUMOR HYPOXIA IN 

GLIOBLASTOMA USING 18F-FLUOROMISONIDAZOLE (FMISO) 
WITH PET AND MRI 

Elizabeth Gerstner, MD, PI

Outcomes:

Progression

Overall 
Survival (OS)

Diagnosis 
and Surgery

Radiotherapy and 
Temazolamide

FMISO PET 
MRI

FMISO PET 
MRI



ACIN 6684: Hypoxia PET and MRI Predict GBM PFS and OS
Gerstner, Clin Cancer Res, 22:5079, 2016



ACRIN 6684 Secondary Papers

MRS 
Methodology

20 Aim: MRS Accuracy in Predicting 1 year OS

(Ratai, Plus One, June 2018)

PET Radiomics 
Methodology

Predicting OS

(Muzii, Tomography, 6:14, 2020)

Planned Secondary Aim Ad-Hoc Analysis: Data Request



Radiopharmaceutical Diagnostics:
Quantify Target Expression by in vivo Radioligand Binding Assay

Estrogen Receptor  PET
 (Breast Cancer)

Uptake (SUV) vs Tissue Assay

(Mintun, Radiology 169:45, 1988)

Radioligand 
Binding

Immunohisto-
chemistry

(Peterson, J Nucl Med 49: 367, 2008)

Measure Target 
Expression

16α-[18F]fluoroestradiolol (FES)

(Katzenellenbogen, Nucl Med Biol  92:24, 2021)



Is the Target Present?
FES Uptake Predicts Breast Cancer Response to Hormonal Therapy

(Linden, J Clin Onc, 24:2793, 2006)

FDG Pre FES Pre FDG Post

Response

Progression

(Boers, Eur J Cancer 126:11e20, 2020)

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.ohsu.edu%2Fpeople%2Fjeanne-link-ms-phd&psig=AOvVaw0a_4IlPT2gZWtMj29lSWxr&ust=1680898739964000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCKjaw_WJlv4CFQAAAAAdAAAAABAE


ECOG-ACRIN Biomarker Trial of  FES PET: EAI142

18Group Meeting • Nov 14-16, 2013

• First line therapy
• Stand-alone imaging trial:

– Clinical indication for endocrine therapy
– Standard Rx allowed (AI, FUL, TAM)
– Measurable and non-measurable disease

MBC from ER+ 
Primary CA

FES PET

Biopsy

Response PFS
6-month 

assessment

Endocrine Therapy

Primary Aim

Validation Aim

FDG PET

Dehdashti & Linden



EAI142 Schema



[18F]16α-fluoro-17β-estradiol (FES)-PET as a predictive measure for first-line 
endocrine therapy in patients with newly diagnosed metastatic breast cancer (EAI142)

Linden, Dehdashti et al (J Clin Oncol, in press)

rare 
phenotype

predominant  
phenotype

Visual Assessment Number of Lesions Number of Patients1 Number of Patients2

No uptake 0 (0%) 19 (19.4%)
1 (1%)

Minimal uptake 3 (0.67%)
Mild uptake 36 (8%)

97 (99%)Moderate uptake 84 (18.67%) 79 (80.6%)
Intense uptake 327 (72.67%)

Total 450 98 98

FES Uptake Did  Not Predict PFS FDG Uptake Strongly Predicted PFS

Lessons Learned:
• Prospective, multi-center trials are important!
• Predictive value of imaging biomarkers depends upon patient presentation and treatment stage
• Consistent retention of ER expression in untreated MBC support a role for FES PET/CT in staging 



EAI142 Planned Secondary Analysis Papers
Comparative Staging of FES vs FDG PET/CT: 

Is FES > FDG for ILC?
Methodology for Automated, Clinically 

Practical Comparative FDG and FES Analysis



Imaging to Guide Cancer Therapy: 
Clinical Needs

Pre-Rx Therapy Post-Rx

Response?  
-Yes/no           
-How much?

Residual Disease?

Mid-RxEarly

Relapse  
Survival

-Aggressive Dz?

-Rx Targets



Biologic Events in Early Response to 
Successful Cancer Therapy

Rationale for Measuring Early Response by Cell Proliferation Imaging

Cellular Proliferation
or

 Cell Death

Viable Cell Number

Tumor size

Rx

DNA Synthesis



Imaging Cellular Proliferation: [18F]fluorothymidine (FLT)

(Shields AF, Nature Med 4:1334, 1998)

(Grierson, Nucl Med Biol 27:143, 2000;            
Mankoff and Eary, Clin Cancer Res 14:7519, 2008)





Obtain pre-treatment proliferative 
Indices

Establish Eligibility

Baseline Imaging 

Post-therapy Imaging 

Surgical Resection

Chemotherapy cycle 1

• Baseline organ function
• Pathologically confirmed disease
• Determine primary systemic Rx 

Ki-67, mitotic index on bx sample or re-biopsy (if 
available)

18FLT PET/CT
(FLT-1)

18FLT PET/CT
(FLT-3)

18FLT PET/CT
(FLT-2)

Histopathologic Analysis
• Pathologic response, 
• Ki-67, mitotic index, surg. specimens

Early therapy Imaging 

Chemotherapy last cycle  

ACRIN 6688: Phase II Study of FLT-PET in Invasive
                      Breast Cancer 

*

*

*

∆



ACRIN 6688: FLT PET to Measure Early Breast Cancer Response  
(PI: Lale Kostakoglu)

Best ΔSUVmax cut-off for predicting pCR = -51% (sensitivity 
56%;specificity 79%). 

Pre-Rx

7 d Post-Rx

(Kostakoglu, J Nucl Med, 56: 1681, 2015)

Lale Kostakoglu, PI
Jen Specht, UW Site PI



ACRIN 6688 Secondary Impact &  Opportunity
Does Kinetic Image Analysis improve Response Prediction?

Kinetic Analysis (Methodology)

(Muzi, J Nucl Med 46:371, 2005)

Paved the Way for an AML FLT Trial (EAI141)

WB FLT PET Methodology

Predictive Value for
 AML Induction

(Jeraj, Leuk Lymphoma. 66: 2765, 2025



FDG PET Measures Bone Metastasis Therapeutic Response

Pre-Rx 4 wks Rx

(Mahlkin, Radiol Imaging Cancer. 2022 Nov;4(6):e220032)
(Peterson, J Nucl Med 2018; 59:1823)

Progression-Free Survival Time-to- Skeletal 
Event

Overall Survival

Modified PERCIST Criteria: Metabolic Progression versus Other



EA1183 Schema
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1. Screening tests outlined in Section 8.1 to be completed prior to registration.
2. Some patients may have a qualification scan done prior to registration, see Sections 3 and 7.4. Systemic treatment should begin after patient registration and after completion of T0.
3. Therapy to begin within 21 days of T0 scan. Note: If T0 scan completed prior to registration, systemic therapy must be initiated within 21 days of T0 scan. FDG-PET/CT scan can be completed again on 

study if necessary to make this requirement. Note: If T0 scan was completed prior to registration, systemic therapy must still be initiated within 21 days of the T0 scan (systemic therapy to start after patient 
registration).

4. T1 scan to be completed 12 weeks (+/- 14 days) from start of therapy.
5. SOC imaging and clinical follow-up every 12 weeks (+/- 14 days) for 4 cycles, and then done every 24 weeks (+/- 28 days) until disease progression or until completion of follow-up.
6. Recommended FDG-PET/CT at progression prior to starting new therapy.
7. Patients will be followed every six months to assess survival status and skeletal related events for a minimum of three years after the last patients is registered and a maximum of five years.

T0 scan2 Initiate Systemic therapy3 T1 Scan4 Post progression F/U7Post Imaging F/U5 Progression6Optional 4-week FDG-PET/CT

Blood collection Blood collection Blood collection Blood collection

• Radiographically confirmed MBC with histologic confirmation of either metastatic or primary tumor biopsy; hormone 
receptor positive with known HER2 status.

• BO/BD disease
• RECIST 1.1 measurable lesions in viscera, active CNS, LMD, or pleural or peritoneal disease were excluded. 
• Plan to receive 1st, 2nd, or 3rd line endocrine therapy, or chemotherapy or antibody drug conjugates or HER2-

targeted therapies. Patients who have received >3 lines of cytotoxic chemotherapy were excluded.

PD was defined as unequivocal progression 
of existing non-target lesions or the 

appearance of one or more new lesions per 
RECIST 1.1 

This presentation is the intellectual property of the author/presenter. Contact jspecht@uw.edu for permission to reprint and/or distribute.



FDG-PET to Assess Therapeutic Response in Patients with 
Bone-dominant Metastatic Breast Cancer, FEATURE
ECOG-ACRIN EA1183
Jennifer M. Specht1, Fenghai Duan2, Heather Jacene3, Eric Q. Konnick4, Frank Brescia5, Austin R. Pantel6, Samuel J. Galgano7, Justin 
Romanoff2, Lanell M. Peterson1, Mark Muzi4, Nancy U. Lin3, Ahmed K. Abou Hussein8, Wajeeha Razaq9, William R. Gwin1, Ami N. 
Shah10, Mathew A. Cherian11, Blanche H. Mavromatis12, Chadwick L. Wright13, Daniel G. Stover11, Amy M. Fowler14, Hannah M. 
Linden1, Angie M. DeMichele6, Jonathan E. McConathy7, Christopher Comstock15, Antonio C. Wolff16, David A. Mankoff6

1University of Washington/Fred Hutch Cancer Center, Seattle, WA, 2Brown University, Providence, RI, 3Dana-Farber Cancer Institute/Brigham and Women’s Hospital, Boston, MA, 
4University of Washington, Seattle, WA, 5Medical University of South Carolina, Charleston, SC, 6University of Pennsylvania/Abramson Cancer Center, Philadelphia, PA, 7University of 
Alabama at Birmingham, Birmingham, AL, 8Cooper University Medical Center, Camden, NJ, 9University of Oklahoma Health Sciences Center, Oklahoma City, OK, 10Northwestern 
University, Chicago, IL, 11The Ohio State University, Columbus, OH, 12UPMC Western Maryland, Cumberland, MD, 13University of Cincinnati Cancer Center, Cincinnati, OH, 14University of 
Wisconsin, Carbone Cancer Center, Madison, WI, 15Weill Cornell Medicine, New York, NY, 16Johns Hopkins University, Sidney Kimmel Cancer Center, Baltimore, MD.

NCT04316117



Modified PERCIST Adapted for Bone 

Complete metabolic 
response (CMR)

Complete resolution of FDG uptake in all active tumor to 
the level of background; No new FDG-avid lesions

Partial metabolic 
response (PMR)

≥30% and absolute 0.8 SUL unit decline in SULpeak from 
single-hottest lesion at baseline to single hottest lesion 
at follow up; No increase >30% in SULpeak or size of 
target or nontarget lesions; No new FDG-avid lesions.

Stable metabolic 
disease (SMD)

Not complete, partial metabolic response or progressive 
metabolic disease. 

Progressive 
metabolic disease
(PMD)

≥30% and absolute 0.8 SUL unit increase in SULpeak 
from single-hottest lesion at baseline to single hottest 
lesion at follow up; or visible increase in extent of FDG 
uptake (75% in TLG volume with no decline in SUL); or 
new FDG-avid lesions in a pattern typical of cancer

Measurable lesion: SULpeak ≥1.5x liver SULmean (3 cm spherical ROI in normal right lobe of liver) 

This presentation is the intellectual property of the author/presenter. Contact jspecht@uw.edu for permission to reprint and/or distribute.

San Antonio Breast Cancer Symposium®, December 9–12, 2025



Results: PFS by mPERCIST at T1 (12-wks)

• Data cut from 1 Sept 2025; median 
follow up 14.4 months;  21 pts with 
PMD and 95 without PMD

• Median PFS was 3.0 mos (95% CI: 
2.8 to 5.6 mos) for the PMD group 
and 19.4 mos (95% CI: 15.1 to 30.5 
mos) for the non-PMD group (log-rank 
test P<0.001). 

• Significantly lower risk of progression 
in pts with non-PMD compared to 
PMD pts; Univariate Cox HR 0.16 
(95% CI: 0.10 to 0.28; P<0.001)

Kaplan-Meier curves for PFS for participants with positive (not PMD) and 
negative (PMD) mPERCIST responses 

PMD

Non-PMD (CMR, PMR, SMD)

This presentation is the intellectual property of the author/presenter. Contact jspecht@uw.edu for permission to reprint and/or distribute.



Benefit to Investigators
R01 for Exploratory Endpoints (Early PET, ctDNA); Specht PI, Konnick Co-I



EAI142 Secondary Analysis Papers Planned

•  4-week FDG PET/CT response vs 12-week response 
•  Both vs PSF

ctDNA Data vs FDG PET/CT vs PFS

Early Response by FDG PET/CT ctDNA Response & Correlation with PET Results



ACRIN 6687

A Phase 2, Multicenter Evaluation of 18F-Fluoride PET 
as a Pharmacodynamic Biomarker

 for Dasatinib, a Src Kinase Inhibitor, in Men With 
Castration-Resistant 

Prostate Cancer and Bone Metastases 

Principal Investigators:  Evan Y. Yu, MD and 
David A. Mankoff, MD, PhD



Background for ACRIN 6687

Yu EY,  Clin Cancer Res 2009;15:7421)

Dasatinib Leads to a Decrease 
in Bone Turnover Markers
Is This Effect Metastasis-Specific?

Gene Expression to Predicts AR-
Targeted Therapy Response

Biomarker–Guide Crossover:
Nilutaminde vs Dasatanib 

Dynamic [18F]NaF PET to Assess 
Regional Bone Turnover

Kinetic Model Developed 
for Saroma & Br Ca

(Brenner, J Nucl Med 45:1493, 2004)
(Doot, J Nucl Med 51:521, 2010)



• Metastatic, 
Castration 
Resistant 
Prostate Cancer

• Disease 
Amenable to 
Biopsy

• Castrate 
Testosterone 
Levels
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Nilutamide 
150 mg PO QD

Dasatinib 
100 mg PO QD

18F-Fluoride 
PET

18F-Fluoride 
PET

18F-Fluoride 
PET

18F-Fluoride 
PET

Study Schema

PCCTC and ACRIN Collaboration



ACRIN 6687: Image Analysis Tools
Forms and Scans Blood and Tissue Curves

Modeling, Parameter Optimization
UW PET Lab Data sent to ACRIN

(Mark Muzi)



ACRIN 6687 Primary Paper
Yu, J Nucl Med 56: 354, 2015

Conclusions:
• Effect of dasatinib on bone turnover – metastases > normal bone
• Borderline associate between NaF PET tumor changes and PFS
• Response can be heterogenous from site-to-site
Next Steps:
• Are other NaF PET image analysis methods more predictive?
• Would other imaging agents work better?



Secondary Papers for ACRIN 6687

(Yu, Clin Nucl Med 36:192, 2011)

Pilot Trial Motivated by Trial Results

(Muzi,Tomography, 7: 139, 2021)

Planned Secondary Aim

WB NaF PET 
Methodology

Improved Assessment of  
Dasatinib Impact on 

MetastasiisBone Turnover
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NCTN Imaging Studies: 
Opportunities for Early Investigators 

• Opportunities
• For non-imagers

• Leverage expertise and NCTN leadership in imaging at UW/FH to become an interface 
between therapy trial design and imaging tools for the trial

• Write secondary papers for trial secondary, image-based endpoints
• Be part of grants for exploratory imaging endpoints (e.g. EA1183 early PET/ctDNA R01)

• For imagers
• Provide expertise for therapy trials – leadership role in trial
• Be PI or co-PI for a primary imaging trial
• Be PI or co-I image-focused grants
• Write secondary image analysis papers

• Future Directions
• New trials will increasingly require both imaging and tissue companion diagnostic
• RP theranostics trials: by necessity, need oncology-NM coPIs, especially for combination Rx
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