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This quarter’s issue is focused on improved probe design to enable advancements in 
molecular imaging. Molecular imaging is a discipline which enables the visualization 
of cellular and molecular functions and processes in living systems. It can allow us to 
determine whether drugs have reached a tumor, determine early response to 
treatment based on biochemical and physiological changes in the tumor, and even 
detect disease heterogeneity, often without the need for a biopsy or other invasive 
techniques. Molecular imaging is one of the most rapidly advancing specialties in 
medicine and is situated at the intersection of multiple disciplines, ranging from nuclear 
physics and chemistry to genomics and immunology. 
 
Common imaging modalities employed in a clinical setting include computed 
tomography (CT), molecular resonance imaging (MRI), positron emission tomography 
(PET), single-photon emission computed tomography (SPECT), ultrasound, and 
visible/near-infrared surgical imaging. Both the techniques themselves, as well as the 
requisite probe molecules associated with the techniques, can be complementary in 
scope, allowing the tailoring of the imaging study to the precise needs of the patient. 
We will consider below the differences in the molecular probes used in these 
techniques. 
 
Contrast agents are available for CT and MRI, but they are often required in high 
doses, which can preclude imaging limited capacity systems in vivo, such as 
overexpressed tumor receptors. Thus, there is ongoing research on increasing 
sensitivity, particularly in the area of MR contrast agents.  
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For CT, contrast agents are mostly based on iodinated molecules that effectively 
absorb X-rays. New CT molecular contrast agents under development often use 
nanoparticles to allow a larger number of X-ray-absorbing atoms to be bound to a 
targeting molecule. Currently, CT imaging plays an important role in molecular imaging 
by providing additional anatomical resolution for PET imaging (PET/CT).  
 
MRI can be enhanced by gadolinium (T1 imaging), for which stable chelation is 
important due to the toxicity of this lanthanide. Superparamagnetic iron oxide 
nanoparticles (SPIONs) conjugated with specific targeting ligands can serve as T2-
based molecular imaging probes for MRI. Magnetic resonance can also be used to 
monitor metabolism via MR spectroscopy and hyperpolarized MRI. Using dynamic 
nuclear polarization, the metabolism of carbon-13-containing molecules can be 
monitored spatially and in real-time. MRI is also used in multimodal imaging with PET 
(PET/MRI) to provide anatomic information without ionizing radiation. 
 
PET imaging visualizes the localization of biomolecules labeled with positron-emitting 
radionuclides and is a very widely used molecular imaging technique for cancer. PET 
imaging probes are broadly divided into covalent PET labels, which are usually non-
metal radionuclides bound directly to a biomolecule metabolite or protein, and 
radiometals, which require a chelator to stably complex the metal.  
 
With respect to covalent PET imaging probes, the glucose analog 2-[18F]fluoro-2-
deoxyglucose (18F-FDG) is the most successful PET tracer, allowing the visualization 
of energy metabolism in cells. The technique takes advantage of the Warburg effect - 
the increased aerobic glycolysis that is the hallmark of many malignant tumors. 
However, this technique suffers from limitations in some tissues. For example, the 
continuous glucose utilization by the human brain hampers 18F-FDG PET imaging 
strategies for brain tumors. Consequently, radiolabeled amino acids are broadly 
applied in brain PET imaging instead. Other covalent PET probes include choline, an 
essential molecule for the biosynthesis of cell membrane phospholipids, that has been 
labeled with 11C as well as 18F.  
 
In radiometal-based PET probes, a metal is bound to a bifunctional chelating agent 
that forms a stable linkage between the label and the targeting ligand. An advantage 
of using radiometals in radiopharmaceutical development is the possibility of 
exchanging a diagnostic with a therapeutic radiometal, converting an imaging probe 
into a therapeutic agent (often dubbed ‘theranostics’). Particular radiometals are 
chosen their decay characteristics (e.g. gamma vs positron emission), as well as their 
half-life. Short-lived radiometals are ideal for binding to ligands that exhibit fast 
pharmacokinetics (e.g., small molecules and peptides), whereas longer-lived 
radiometals are suited for the imaging of slow biologic processes, such as the 
biodistribution of antibodies. Gallium-68 is used clinically in the FDA-approved tracer, 
68Ga-dotatate, whereas Zr-89 and Cu-64 labeled antibodies and small molecules are 
being evaluated in clinical trials in the United States.  
 
The importance of radiolabeled PET probes is very clearly established. For example, 
radiolabeled somatostatin analogs are used in the diagnosis of neuroendocrine 
tumors, which express somatostatin receptors. 68Ga-dotatate is a companion 
diagnostic to 177Lu-dotatate, which was FDA approved in January, 2018. Also, since 
most prostate cancers exhibit a high glycolytic rate that limits the use of 18F-FDG PET, 
alternative tracers are needed. Prostate-specific membrane antigen (PSMA) ligands 
are present on over 90% of prostate cancer lesions. Small molecule PSMA ligands 
bind to the active site in the extracellular domain of PSMA, including PSMA-11, (Glu-
urea-Lys-(Ahx)-[68Ga(HBED-CC)]) for imaging with 68Ga, or PSMA-617 (a DOTA-
conjugated PSMA ligand) for chelation of the 177Lu radionuclide, used for radiotherapy.  
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Furthermore, the radiometal Zr-89 has become the favorite for antibody-based PET 
imaging (immuno-PET). The physical half-life of Zr-89 matches well the biologic 
window of most antibody pharmacokinetics. The most common chelator for 89Zr 
radiolabeling is the hexadentate siderophore desferrioxamine (DFO). Immuno-PET 
probes such as 89Zr-trastuzumab, 89Zr-pembrolizumab, 89Zr-DFO-REGN3504 (for PD-
L1 imaging), and 89Zr-DFO-daratumumab (targeting CD38, in multiple myeloma) are 
in early stage clinical trials (NCT03321045, NCT03065764, NCT03746704 
NCT03665155), among others. 
 
Although optical methods are not suitable for whole-body imaging, intraoperative 
probes have been developed to delineate tumor margins during cancer surgery. 
Conjugates containing visible and near-infrared fluorophores such as fluorescein and 
indocyanine green, respectively, have been developed. For instance, folate receptor-
targeted probes have recently been successfully applied clinically for the detection of 
ovarian tumors during surgery. 
 
It is clear that, despite robust clinical applications of a variety of imaging modalities and 
probes, there are still many opportunities for improvement. New agents are continuing 
to increase the diagnostic and therapeutic potential of radiometals, while optical probes 
are enhancing conventional surgical techniques. Elsewhere in this issue, we highlight 
the work of two chemists that are working in this field; one is an established scientist 
whose work has helped lay foundations for continued advancements in radiometal 
agents; the other is an up-and-comer in the field whose work is already having clinical 
impact. 
 
Molecular Cancer Therapeutics 
 
This recent article from Molecular Cancer Therapeutics (MCT) related to this issue's 
theme may also be of interest: 

 

 
Phage Display-Derived Peptide-Based Dual-
Modality Imaging Probe for Bladder Cancer 
Diagnosis and Resection Postinstillation 
Li Peng, Wenting Shang, Pengyu Guo, et al. 
DOI: 10.1158/1535-7163.MCT-18-0212 
 
Combined ultrasound and white-light 
cystoscopy are insufficient for preventing the 
recurrence of non-muscle invasive bladder 
cancer (NMIBC), due in part to its inability to 
detect small foci left behind during resection. 

To combat this, Peng et al designed a targeted fluorescent probe (PLSWT7-DMI) that 
can detect NMIBC tumors via near-infrared and photoacoustic imaging. The authors 
demonstrated fluorescence-guided resection of a murine model using the probe 
granted a significant survival advantage over conventional resections. PLSWT7-DMI 
also detected small lesions ex vivo in human NMIBC samples. Therefore, PLSWT7-
DMI represents a translational probe that could enhance the detection and reduce the 
recurrence of NMIBC.    
 
 
  

http://mct.aacrjournals.org/site/misc/about.xhtml?utm_source=nov17&utm_medium=aboutmct&utm_campaign=cicremail
http://mct.aacrjournals.org/content/17/10/2100?utm_source=feb19&utm_medium=cicr&utm_campaign=180212
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News from the CICR Steering Committee 
 

 

 
 
Contributed by CICR Chairperson, Julian Blagg 
 
 
 
 

CICR at the AACR Annual Meeting 2019 
 
On behalf of all CICR Steering Committee members, Happy 2019!  We look forward 
to seeing CICR members and colleagues at the AACR Annual Meeting 2019 in 
Atlanta, Georgia (March 29 to April 3, 2019), and specifically, at the CICR sessions 
and events. A CICR Town Hall will be held on Sunday, March 31, 5:30-7 p.m., Georgia 
World Congress Center, Building A, Room A315-316, immediately following two CICR-
sponsored "New Drugs on the Horizon" sessions in the Congress Center, Building A, 
Room A305, which comprise an exciting line up of ten presentations, all of which will 
be first disclosures for small molecules or biologics either already in the clinic or 
entering clinical trials at the time of the AACR Annual Meeting 2019. This is an 
excellent opportunity to be first to learn about the next wave of innovative cancer drugs 
progressing to the clinic. In addition, CICR Steering Committee members are heavily 
involved in a three-part "From Chemistry to the Clinic Session" on Saturday, March 30, 
in the Congress Center, Building A, Room A311-312. Programmed sessions are as 
follows:  
 

 Lead Optimization in Cancer Drug Discovery; chaired by Philip Jones and Jim 
Bischoff 

 Novel Chemical Tools and Leads for Unprecedented Targets; chaired by Sara 
Buhrlage and John Wang 

 Unconventional Modalities to Target the Tumor Microenvironment and 
Transcription; chaired by Michael Brands and Zhao-Kui (ZK) Wan 

  
Please encourage your colleagues to attend these sessions at the Annual Meeting, 
and to join the AACR-CICR Working Group to increase our ability to secure chemistry-
related sessions in meetings such as the AACR Annual Meeting, as well as the "New 
Horizons in Cancer Research" and "AACR-NCI-EORTC Molecular Targets and 
Cancer Therapeutics" Conferences. On behalf of the CICR Steering Committee, I 
would like to thank all CICR members for their continued support and participation in 
the working group's activities; please email cicr@aacr.org for more information! 
 
 
 
  

https://bit.ly/2BqnkRa
https://www.aacr.org/Membership/PAGES/SCIENTIFIC%20WORKING%20GROUPS/CICR-AT-THE-ANNUAL-MEETING___A5B924.ASPX
https://www.aacr.org/Membership/PAGES/SCIENTIFIC%20WORKING%20GROUPS/CICR-AT-THE-ANNUAL-MEETING___A5B924.ASPX
mailto:cicr@aacr.org
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Selected Research and Review Highlights 
 

 
 
Phage Display-Derived Peptide-Based Dual-Modality Imaging Probe for 
Bladder Cancer Diagnosis and Resection Postinstillation 
Molecular Cancer Therapeutics Li Peng, Wenting Shang, Pengyu Guo, et al. 
DOI: 10.1158/1535-7163.MCT-18-0212 
The combination of ultrasound and white-light cystoscopy are insufficient for 
preventing the recurrence of non-muscle invasive bladder cancer (NMIBC), due in part 
to the inability of the technique to detect small foci left behind during resection. To 
combat this, Peng et al designed a targeted fluorescent probe (PLSWT7-DMI) that can 
detect NMIBC tumors via near-infrared and photoacoustic imaging. The authors 
demonstrated fluorescence-guided resection of a murine model using the probe 
granted a significant survival advantage over conventional resections. PLSWT7-DMI 
also detected small lesions ex vivo in human NMIBC samples. Therefore, PLSWT7-
DMI represents a translational probe that could enhance the detection and reduce the 
recurrence of NMIBC.   
 
Minimally invasive MRI sensing of biophysical processes 
Hai A et al, Nat Biomed Engineer 2019; 3:69-78. 
https://www.nature.com/articles/s41551-018-0309-8 
Existing methods for the precise detection of biological electromagnetic fields that 
correspond to various signaling events and other process in some organs are 
considered invasive. In Nature Biomedical Engineering, Jasanoff and co-workers at 
MIT in Cambridge, MA, USA, describe a novel transducer microcircuit that can respond 
to electrical signals in vivo without the need for external power delivery. This 
advancement enables the use of MRI to assess biophysical changes via an entirely 
new principle. Ongoing work to further miniaturize this technology may allow 
significantly less impact on the patient, due to easier implantation and less potential 
for tissue damage. 
 
 

http://mct.aacrjournals.org/content/17/10/2100?utm_source=feb19&utm_medium=cicr&utm_campaign=180212
https://www.nature.com/articles/s41551-018-0309-8
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Novel near-IR Fluorescent probe 
Zhou Y, et al, BioConjug Chem 2018; 29:4119-4126. 
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.8b00756 
Xi and coworkers from the Tongji Medical College at the Huazhong University of 
Science and Technology in Wuhan, China reported a novel imaging probe that has the 
ability to locate specifically to tumors and may allow for new advancements in the 
diagnosis of cancer or in determining whether disease tissue remains after surgery. 
The new imaging agent is based on a small pentapeptide named TMTP1, originally 
discovered by the group to bind to highly metastatic tumor cells, possibly by interaction 
with aminopeptidase P. In this work, the researchers conjugate this cyclic peptide to a 
near-infrared fluorescent agent (ICG) via a 4-unit PEG chain. They found the conjugate 
molecule to have good specificity for binding to cancer cells and demonstrated its 
ability to detect tumors in tumor-bearing mice. The team plans a future trial to further 
evaluate the utility of this new agent in fluorescent laparoscopy procedures. 
 
Fishing for Drug Targets: A Focus on Diazirine Photoaffinity Probe Synthesis 
(review). 
Hill JR et al, J Med Chem 2018;61:6945-63. 
https://pubs.acs.org/doi/10.1021/acs.jmedchem.7b01561 
Diazirine-based photoaffinity probes (PAPs) have become an important tool for target 
identification within the drug discovery process. These functional groups can 
orthogonally label protein targets by covalently capturing transient molecular 
interactions upon photochemical activation. However, the preparation of diazirine-
based photoaffinity probes (PAPs) can be a daunting prospect for a chemist without 
experience with these moieties. This review summarizes available synthetic routes and 
illuminates recent advances in diazirine synthesis with select examples of practical 
labeling applications. 
 
An 18F‑Labeled Poly(ADP-ribose) Polymerase Positron Emission Tomography 
Imaging Agent 
Zmuda F et al, J Med Chem 2018; 61:4103-14. 
https://pubs.acs.org/doi/10.1021/acs.jmedchem.8b00138 
 

 
Poly(ADP-ribose) polymerases (PARP) are proteins involved in DNA repair and are 
over-expressed in a wide variety of tumors. Four PARP inhibitors have been approved, 
including olaparib (AstraZeneca, 2014), rucaparib (Clovis Oncology, 2016), niraparib 
(Tesaro, 2017), and the recently approved talazoparib (Pfizer, 2018). Use of these 
drugs is significantly increasing due to the fact that the PARP DNA repair pathway has 
been shown to be synthetically lethal to cells with cancer-associated BRCA1/2 
mutations. Approved indications for PARP inhibitors include BRCA-mutated ovarian, 
fallopian-tube, peritoneal, and breast cancers. The development of a radiolabeled 
PARP-inhibitor for positron emission tomography (PET) would ease in the clinical 
identification of patients likely to respond to these therapies, have poor drug tumor 
uptake, or those that have developed resistance caused by known issues of efflux 
transporter over-expression. The authors report the discovery of a PET tracer based 
on the PARP-inhibitor olaparib. Through their development process the authors were 

https://pubs.acs.org/doi/10.1021/acs.bioconjchem.8b00756
https://pubs.acs.org/doi/10.1021/acs.jmedchem.7b01561
https://pubs.acs.org/doi/10.1021/acs.jmedchem.8b00138


 7 

led to a PET tracer candidate that was synthesized in a good radioactivity yield and 
exhibited specific PARP binding allowing visualization of tumors over-expressing 
PARP. 
 
Dynamic Carbon Isotope Exchange of Pharmaceuticals with Labeled CO2. 
Destro G at al, J Am Chem Soc 2019; ASAP 
https://pubs.acs.org/doi/10.1021/jacs.8b12140 
The authors describe a new procedure for the direct and traceless incorporation of a 
carbon tag into organic drug molecules containing a carboxylic acid functional group. 
The drug development process requires a method to detect and quantify drugs and 
their metabolites in vivo and in vitro. The use of isotopically labeled tracers is the most 
effective and precise method. Using a copper(I) catalyst with a bisoxazoline ligand and 
[14C]CO2 gas, a variety of carboxylic acid-containing molecules were transformed to 
their 14C labelled analogues in high efficiency in a single step. As an example of the 
power of this methodology, the authors 14C labelled the fluoroquinolone antibiotic 
flumequine at the essential carboxylic acid moiety in a single step. This procedure 
contrasts to the published 10 linear step route to the same tracer, drastically reducing 
the generation of radioactive waste, as well as increasing yield and ease of access. 
The paper shows how late stage modifications of fully functionalized and unprotected 
drugs can accelerate molecular tracer development, such as early 14C-based ADME 
studies which support drug development. For complementary carbon isotope 
exchange methods that have recently published see papers by the Baran group at 
Scripps and the Shultz group at Merck. 
 
 
Whole body PD-1 and PD-L1 positron emission tomography in patients with non-
small-cell lung cancer 
Niemeijer AN et al, Nat Commun 2018; 9:4664 
https://www.nature.com/articles/s41467-018-07131-y 
Patient selection is of great interest to clinicians working with immune-oncology 
checkpoint inhibitors. Current PD-L1 immunohistochemistry methods only correlate 
moderately with patient survival and response to PD-L1 treatment. The tumor 
heterogeneity of PD-L1 expression is often hypothesized to be the reason these biopsy 
methods have limited value. In this article, the authors apply recently developed PD-
L1 PET radiotracers in patients with non-small-cell lung cancer. Whole body PD-L1 
PET-CT scans reveal significant tumor tracer uptake heterogeneity both between 
patients, as well as within patients between different tumor lesions. This study shows 
that a non-invasive PD-L1 PET radioligand can be a complimentary tool to 
immunohistochemistry when selecting patients for treatment. 
 
Fc-Mediated Anomalous Biodistribution of Therapeutic Antibodies in 
Immunodeficient Mouse Models 
Sharma, SK et al, Canc Research 2018; 78:1820 
https://www.ncbi.nlm.nih.gov/pubmed/29363548 
The biology of immunodeficient strains impacts the in vivo fate of antibody-based 
therapeutics. This study used immunoPET radiotracers prepared from humanized, 
chimeric, and murine mAbs against four therapeutic oncologic targets to interrogate 
their biodistribution in four different strains of immunodeficient mice bearing lung, 
prostate, and ovarian cancer xenografts. The immunodeficiency status of the mouse 
host as well as both the biological origin and glycosylation of the antibody contributed 
significantly to the anomalous biodistribution of therapeutic monoclonal antibodies in 
an Fc receptor-dependent manner. Significance: Fc/FcγR-mediated immunobiology of 
the experimental host is a key determinant to preclinical in vivo tumor targeting and 
efficacy of therapeutic antibodies.  
 

https://pubs.acs.org/doi/10.1021/jacs.8b12140
https://pubs.acs.org/doi/10.1021/jacs.8b12035
https://pubs.acs.org/doi/10.1021/jacs.8b12035
https://pubs.acs.org/doi/abs/10.1021/jacs.8b09808
https://www.nature.com/articles/s41467-018-07131-y
http://jnm.snmjournals.org/content/59/3/529.long
https://www.ncbi.nlm.nih.gov/pubmed/29363548
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A PET Imaging Strategy for Interrogating Target Engagement and Oncogene 
Status in Pancreatic Cancer 
Henry, KE et al Clin Canc Research 2018; published online Sept 18, 2018 
http://clincancerres.aacrjournals.org/content/early/2018/09/18/1078-0432.CCR-
18-1485 
A key downstream event of MYC is transferrin receptor (TfR), which has been identified 
as a biomarker for cancer therapeutics and imaging. Zirconium-89 transferrin 
([89Zr]Zr-Tf) was synthesized and assessed to measure changes in MYC dependence 
on KRAS status of PDAC, and target engagement of anti-MYC and anti-ERK targeted 
therapies. Mice bearing iKras*p53* tumors showed significantly higher uptake of 
[89Zr]Zr-Tf in mice withdrawn from inducible oncogenic KRAS. A therapy study 
showed a statistically significant decrease of [89Zr]Zr-Tf uptake in drug vs. vehicle-
treated mice bearing Capan-2 and Suit-2 xenografts. Conclusions: The study shows 
that [89Zr]Zr-Tf is a valuable tool to noninvasively assess oncogene status and target 
engagement of small molecule inhibitors downstream of oncogenic KRAS, allowing a 
quantitative assessment of drug delivery. 
 
 
  

http://clincancerres.aacrjournals.org/content/early/2018/09/18/1078-0432.CCR-18-1485
http://clincancerres.aacrjournals.org/content/early/2018/09/18/1078-0432.CCR-18-1485
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Profile of an Early-Career Researcher 
 
Brian M. Zeglis, PhD 

 
 
Assistant Professor of Chemistry 
Hunter College of the City University of New York 
New York, New York 
 

 

 

Antibodies have long been extremely promising vectors for the delivery of diagnostic 
and therapeutic radiation to tumors, yet several intrinsic limitations of these 
biomacromolecules have hampered their clinical success in nuclear medicine. The 
laboratory of Dr. Brian Zeglis at Hunter College seeks to use bioorthogonal chemistry 
to improve the safety and efficacy of radioimmunoconjugates for diagnostic and 
theranostic imaging as well as targeted radiotherapy.  

Dr. Zeglis’s route to a career in radiochemistry and molecular imaging has been 
somewhat circuitous. He studied organometallic chemistry with Professor Robert H. 
Crabtree as an undergraduate at Yale University, and bioinorganic chemistry with 
Professor Jacqueline K. Barton as a graduate student at the California Institute of 
Technology before joining Professor Jason S. Lewis’s laboratory in the Department of 
Radiology of Memorial Sloan Kettering Cancer Center as a postdoctoral fellow. In 
January 2015 — after six years at MSKCC — Brian began his independent career at 
Hunter College with the support of an NIH K99/R00 Pathway to Independence Award.  

The long-term goal of Prof. Zeglis’s research at Hunter College is to use emergent 
chemical technologies — most notably bioorthogonal click chemistry — to improve the 
safety and performance of radioimmunoconjugates. For example, over the last five 
years, researchers in the laboratories of Professor Zeglis and Lewis have spearheaded 
the development of an approach to in vivo pre-targeting, based on the rapid and 
bioorthogonal inverse electron demand Diels-Alder ligation between trans-
cyclooctene-bearing antibodies and tetrazine-bearing radioligands (Molecular 
Pharmaceutics 12 (2015) 3575-3587). This strategy has proven extremely effective for 
both imaging and targeted radiotherapy in murine models of colorectal and prostate 
cancer, providing high tumor-to-background activity contrast at only a fraction of the 
radiation dose to healthy organs created by traditional radioimmunoconjugates 
(Molecular Cancer Pharmaceutics 16 (2017) 124-133). The first in-human clinical trial 
of this technology is scheduled for the second half 2019 at MSKCC.  

In addition to this work on in vivo pre-targeting, Prof. Zeglis’s laboratory is also working 
to develop and deploy chemoenzymatic approaches to site-specific bioconjugation 
(Molecular Pharmaceutics 15 (2018) 892-898), create new bioorthogonal thiol-based 
ligations for the construction of radiolabeled bioconjugates (Bioconjugate Chemistry 
29 (2018) 1364-1372), and explore the interplay between antibody glycosylation and 
the performance of radioimmunoconjugates (Journal of Nuclear Medicine (2019) 
Online Ahead of Print). 
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Senior Researcher Highlight: Carolyn J. Anderson, PhD 
 
 
Professor of Medicine, Radiology, and Pharmacology, and 
Chemical Biology and Bioengineering  
University of Pittsburgh 
Pittsburgh, Pennsylvania 

 
 
 
 
 
 

Carolyn J. Anderson has had an unlikely journey towards a career in diagnostic 
imaging and targeted radionuclide cancer therapy; one that started with undergraduate 
training in nuclear chemistry. Coming from a large family in Northern Wisconsin with 
limited resources, she did her undergraduate education in Chemistry at a small branch 
school of the University of Wisconsin (Superior). During her junior year of college 
(1984), she applied, on a whim, to be in the first elite class of students in the Summer 
School in Nuclear Chemistry at San Jose State University, funded by the Department 
of Energy. Unexpectedly accepted, she became part of a group of chemistry majors, 
from colleges such as Harvard and UC-Berkeley, taking coursework and learning 
laboratory skills in nuclear chemistry; an area where there is still minimal formal 
didactic training at the undergraduate level. There, she met Professor Greg Choppin 
and went on to do her PhD training with him at Florida State University, studying the 
behavior of actinides in the environment. The summer before starting graduate school, 
she learned about nuclear medicine through a summer program at Argonne National 
Lab and discovered a passion for applying nuclear chemistry to medicine. After 
receiving her PhD in Inorganic Chemistry, she went to Washington University in St. 
Louis to do postdoctoral research with Professor Michael J. Welch, and there she 
designed and studied receptor-targeted agents labeled with metal radionuclides for 
imaging and therapy of cancer. More than 20 years later, as a full Professor, she left 
Washington University and now leads pre-clinical cancer imaging at the University of 
Pittsburgh.  
 
Dr. Anderson’s research throughout the past 28 years has laid a foundation for the 
recent exploding growth of radiometal-based agents for diagnostic imaging and 
targeted radionuclide therapy of cancer, a field now coined “theranostics”. Her lab has 
done seminal research on the development of copper-64-labeled antibodies and 
peptides for positron emission tomography (PET) imaging of cancer, and she and 
colleagues at Washington University led the first human study of a copper-64-labeled 
somatostatin analog to image neuroendocrine tumors. The first commercial copper-
64-labeled agent in this class is now moving towards FDA approval and 
commercialization (Cu-64 DOTATATE). Nearly 20 years ago, her lab published pre-
clinical toxicity of the 177Lu-labeled version of DOTATATE; that agent is now FDA-
approved and commercially available for treating neuroendocrine tumors. Dr. 
Anderson has unique expertise, applying her training in inorganic chemistry and 
radiochemistry to design chelators for stably complexing radiometals to cancer 
receptor-targeted agents, and she was funded for 12 years by NIH in this area. At the 
University of Pittsburgh, Dr. Anderson’s lab develops radiometal-based agents to 
image specific cell types in the immune system for early response assessment of 
immune-based therapies. Collaborating with outstanding clinician scientists, such as 
John Kirkwood (Director of Melanoma Program) and Robert Ferris (Director of the 
UPMC Hillman Cancer Center), her lab is funded to design PET agents for imaging 
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immune checkpoint pathways and to explore combining immunotherapy with novel 
targeted radionuclide therapy agents.  
 
Dr. Anderson has received numerous honors, including the Michael J. Welch Award 
from the Society of Nuclear Medicine and Molecular Imaging in 2012, and a 
Distinguished Investigator Award from the Academy of Radiology Research in 2014. 
She gave the Michael J. Welch Lecture at Washington University (2015) and the 
Patricia Durbin Lecture at Lawrence Berkeley National Lab (2016). 
 
 
 
 
  



 12 

 
Spotlight on World News 
 
Please Note: Discussion of FDA approvals for this issue are limited to new chemical 
entities approved to treat cancer since the previous CICR Newsletter issue (December 
2018). 
 
BMS acquires Celgene 
Bristol-Meyers Squib and Celgene have entered into an agreement in which BMS 
acquires the smaller Celgene in a deal reportedly worth $74 billion. With 
complementary focuses in the independent organizations, the principals expect this 
merger to reinforce existing research strengths in cancer, inflammatory and 
immunological diseases, and cardiovascular disease. Further, this acquisition will 
bolster the earlier-stage pipeline, which is expected to provide benefit for long-term 
growth. The impact on current Research and Development activities is, as of yet, 
somewhat unclear. 
Source: BMS Press Release 
 
Eisai and Bristol-Myers Squibb inked multi-year research collaboration in 
immuno oncology 
Bristol-Myers Squibb Company, Eisai Co., Ltd, and its U.S.-based subsidiary H3 
Biomedicine, Inc. announced a multi-year research collaboration leveraging H3’s RNA 
splicing platform that might provide a more powerful response against cancer. Under 
the terms of the multi-year agreement, H3 and Bristol-Myers Squibb will jointly conduct 
the research focused on developing immune therapies. H3 is eligible to receive an 
upfront payment and development milestones, as well as certain royalties with an 
option to co-develop and co-commercialize by Eisai. 
Sources: Eisai, BMS 
 
Billion-Dollar Acquisitions Fuel GlaxoSmithKline and Johnson & Johnson’s 
Cancer Pipelines 
GlaxoSmithKline (GSK) acquired Tesaro for 5.1 billion, picking up their March 2017 
FDA approved PARP inhibitor niraparib (Zejula). GSK will have competition in the 
increasingly crowded space with AstraZeneca, Clovis Oncology, and Pfizer all having 
approved PARP inhibitors. Clinical trials are currently underway with niraparib looking 
into expanding approval from ovarian cancer into other indications such as breast, 
lung, and prostate cancers. Separately, Johnson & Johnson (J&J) signed a potential 
1.6 billion - dollar deal to develop Argenx’s blood cancer drug cusatuzumab. The 
antibody drug targets CD70 and is currently undergoing Phase II trials for T-cell 
lymphoma and AML. 
Source: C&E News, Reuters, FierceBiotech 
 
Trump’s plan to lower drug prices meets with resistance  
In October of 2018, United States President Donald Trump unveiled a plan to lower 
prices for drugs covered under Medicare Part B. Under the plan, many therapies 
administered by doctors and hospitals would be sold to patients at lower prices, which 

https://news.bms.com/press-release/corporatefinancial-news/bristol-myers-squibb-acquire-celgene-create-premier-innovative
https://www.eisai.com/news/2018/news2018107.html
https://news.bms.com/press-release/rd-news/bristol-myers-squibb-and-h3-biomedicine-announce-research-collaboration-advanc
https://cen.acs.org/business/mergers-acquisitions/GSK-JJ-spend-billions-boost/96/web/2018/12
https://www.reuters.com/article/us-tesaro-m-a-gsk/gsk-slides-after-buying-cancer-firm-tesaro-for-hefty-51-billion-idUSKBN1O218H
https://www.fiercebiotech.com/biotech/ash18-argenx-pens-1-6b-biobucks-janssen-pact-for-blood-cancer-hopeful
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would decrease over a 5-year time period. The new pricing of the drugs would be 
established via comparison with prices charged for the same medicines in 16 other 
developed countries. This plan is being met with a great deal of opposition from many 
groups, including medical associations such as the American Hospital Association, the 
American Medical Association, and the Community Oncology Alliance, as well as trade 
groups that include PhRMA and BIO, among others. The concerns voiced by these 
organizations center on the possibility for reduced patient access to medications and 
the potential for reduced innovation from the companies that sell these drugs. This 
issue appears to be poised to become a hot button political topic, and one that may 
remain the subject of active debate for years. 
Source: FiercePharma 
 
Big Pharma open up innovation labs in China 
Even as some big pharma firms, such as GSK, Lily, and AbbVie, have withdrawn from 
their discovery efforts in China in recent years, an alternative business model has 
started to pick up in China, as companies are setting up innovation labs in the region. 
The goal is likely to capture local talent and innovation, while having better control of 
spending. To this end, Johnson & Johnson has set up its very first JLABS outside of 
North America. Pfizer also quietly opened up an Asia Discovery Lab in Shanghai with 
a mostly virtual approach, as judged by some job openings from its website. 
Sources: PR Newswire; Pfizer 
 
Cancer drugs lead a record number of new approvals  
In 2018, the FDA approved a record 59 New Molecular Entities (NMEs), eclipsing the 
prior standard of 53 in 1996. Among this number, new cancer drugs led the way, with 
16 new oncology medications approved. More new drugs or drug combinations were 
approved for leukemias and lymphomas versus those for solid tumors, but only by a 
small margin. Leading the cancer drug charge was Pfizer, with 4 new cancer 
therapeutics approved in 2018. Building on an already impressive 46 approvals in 
2017, this new record number should provide more, and better, options to many more 
suffering patients.  
Source: Fierce Biotech 
 
China first to approve AstraZeneca, FibroGen anaemia drug ahead of USA and 
Europe 
China has become the first country to approve a new anaemia drug from AstraZeneca 
and FibroGen, well before decisions by regulators in the United States or Europe. This 
approval indicates a positive step forward for China’s regulatory authorities. Prior to 
2017, regulatory approval was generally 5-7 years behind US and EU approval. 
Roxadustat is a HIF prolyl-hydroxylase inhibitor that increases endogenous production 
of erythropoietin, which stimulates production of hemoglobin and red blood cells. 
FibroGen sponsored the development and registration of roxadustat in China, while 
AstraZeneca is responsible for marketing the medicine. 
Sources: Reuters, Fierce Pharma 
 

https://www.fiercepharma.com/pharma/hospitals-doctors-and-pharma-push-back-at-trump-administration-plan-for-international?mkt_tok=eyJpIjoiTjJReU56bGtNalpsTkRsaSIsInQiOiJyZVFBbjA4bngzZ2VDRW0zcTV0cEhtNUxMQXdvU2NjNXNsS2llV2NGanJSUnQ1bTc1bVY1UXl2MmFHR
https://www.prnewswire.com/news-releases/johnson--johnson-innovation-announces-launch-of-jlabs--shanghai-in-collaboration-with-shanghai-municipal-government-pudong-new-area-government-and-shanghai-pharma-engine-company-ltd-300566315.html
https://pfizer.wd1.myworkdayjobs.com/PfizerCareers/2/refreshFacet/318c8bb6f553100021d223d9780d30be
https://www.fiercebiotech.com/special-report/two-years-after-sluggish-2016-new-drug-approvals-hit-their-stride-2018?mkt_tok=eyJpIjoiWWpnNE4yRmxNMlJrWVRVeiIsInQiOiJZSEt1U1YyaVwvaGdCU1V1ZlBQdlNjeVI1eWREQ3ZOamJyTE5YTlhZMVcwMmhwQ1Y4dmFwTHVmUUEzMnBBbTg
https://www.reuters.com/article/us-astrazeneca-china-anaemia/china-first-to-approve-astrazeneca-fibrogen-anaemia-drug-idUSKBN1OH12Y
https://www.fiercepharma.com/pharma-asia/astrazeneca-and-fibrogen-s-novel-anemia-drug-lands-blockbuster-nod-first-china
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FDA Approval of Tagraxofusp-erzs (Elzonris) 
On December 21, 2018, Stemline Therapeutics CD123-targeting cytotoxin 
tagraxofusp-erzs (Elzonris) was approved to treat blastic plasmacytoid dendritic cell 
neoplasm (BPDCN). BPDCN is an aggressive and rare disease of the bone marrow 
and blood that can affect multiple organs, including the lymph nodes and the skin. It 
often presents as leukemia or evolves into acute leukemia. This is the first FDA 
approval for BPSCN, where the standard of care has been intensive chemotherapy 
followed by bone marrow transplantation. As a result, the FDA granted this application 
Breakthrough Therapy, a Priority Review designation and an Orphan Drug 
designation. 
Source: FDA 
 
FDA Approval of Calaspargase pegol-mknl (Asparlas) 
The FDA approved Servier Pharmaceuticals calaspargase pegol-mknl (Asparlas) on 
December 20, 2018, to treat AML in pediatric and young adult patients. The drug is an 
intravenous formulation containing E. coli-derived L-asparaginase II conjugated with 
succinimidyl carbonate monomethoxypolyethylene glycol (SC-PEG). The enzyme acts 
by hydrolyzing L-asparagine to L-aspartic acid, reducing protein synthesis and tumor 
proliferation. See related NCI Drug Dictionary Entry. 
Source: FDA 
 
FDA Approval of Gilteritinib (Xospata) 
On November 28, 2018, Astellas Pharma received FDA approval of the FLT3 inhibitor 
gilteritinib (Xospata) to treat patients who have relapsed or refractory AML with a FLT3 
mutation, as detected by an FDA-approved test. AML is the second most common type 
of leukemia in the US, with an overall five-year survival rate of just 27%. About a third 
of AML patients are FLT3 mutation positive, a form of the disease associated with 
faster disease progression, higher relapse and lower survival. Gilteritinib is the second 

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm629020.htm
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/calaspargase-pegol
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm628980.htm
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FLT3 targeting inhibitor approved by the FDA, following midostaurin (Novartis) in 2017. 
Approval of the drug was based on the ADMIRAL phase III clinical trial, where 21% of 
patients who received gilteritinib had complete remission. See related blogpost. 
Source: FDA 
 
FDA Approval of Larotrectinib (Vitrakvi) 
Novartis & Loxo Oncology received FDA approval for larotrectinib (Vitrakvi) on 
November 26, 2018, to treat patients whose cancers have a specific genetic feature 
(biomarker). The drug targets three related proteins TRKA, TRKB, and TRKC, 
encoded by the genes NTRK1, NTRK2, and NTRK3, respectively. Chromosomal 
translocations of NTRK genes lead to TRK fusion proteins that are drivers of a variety 
of cancers. The approval is only the second FDA approval of an anticancer agent 
granted in a tissue agnostic faction, allowing treatment of any cancer containing NTRK 
fusions. These mutations may be present in about 1% of all solid tumors. See related 
blogpost. 
Source: FDA 
 
FDA Approval of Glasdegib (Daurismo) 
The FDA approved Pfizer’s Hedgehog inhibitor glasdegib (Daurismo) on November 
21, 2018, to treat newly diagnosed AML in adult patients in combination with low-dose 
cytarabine. The drug inhibits the smoothened receptor, which is part of the Hedgehog 
pathway and acts as a driver in AML. See related blogpost. 
Source: FDA 
 
FDA Approval of Lorlatinib (Lorbrena) 
Pfizer’s ALK inhibitor lorlatinib (Lorbrena) was approved on November 2, 2018, for the 
treatment of patients with ALK+ metastatic non-small cell lung cancer (NSCLC). This 
is the fifth ALK inhibitor approval, following crizotinib (Pfizer, 2011), ceritinib (Novartis, 
2014), alectinib (Chugai/Roche, 2015), and brigatinib (ARIAD Pharma, 2017). 
Lorlatinib is a third-generation inhibitor with effectiveness against clinically observed 
ALK mutations that arise during treatment with inhibitors from previous generations. 
The compound is structurally unusual, containing an amide linked 12-membered with 
increased lipophilic efficiency relative to its acyclic analogue. This structural feature 
allows the compound to penetrate into the brain, a common site of metastasis for 
NSCLC. See related blogpost and article. 
Source: Pfizer Press Release 
 
FDA Approval of Talazoparib (Talzenna) 
On October 16, 2018, Pfizer’s poly(ADP-ribose)polymerase (PARP) inhibitor 
talazoparib (Talzenna) was approved for the treatment of locally advanced or 
metastatic breast cancer patients with a germline BRCA mutation. Inhibition of the 
PARP DNA repair pathway has been shown to be synthetically lethal to cells with 
cancer-associated BRCA1/2 mutations. The compound joins three other PARP 
inhibitors already approved for treating certain women with inherited BRCA1/2 
mutations: olaparib (AstraZeneca, 2014), rucaparib (Clovis Oncology, 2016), and 
niraparib (Tesaro, 2017). See related blogpost. 
Source: FDA 
 
 
 
 
  

https://blog.aacr.org/fda-approves-three-new-treatments-for-aml/
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm627072.htm
https://blog.aacr.org/fda-approves-first-targeted-therapeutic-based-on-tumor-biomarker-not-tumor-origin/
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm626710.htm
https://blog.aacr.org/fda-approves-three-new-treatments-for-aml/
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm626443.htm
https://blog.aacr.org/fda-approvals-provide-advances-in-precision-medicine-and-immunotherapy/
https://pubs.acs.org/doi/10.1021/jm500261q
https://investors.pfizer.com/investor-news/press-release-details/2018/US-FDA-Approves-LORBRENA-lorlatinib-for-Previously-Treated-ALK-Positive-Metastatic-NSCLC/default.aspx
https://blog.aacr.org/fda-approves-a-new-parp-inhibitor-for-brca-mutant-breast-cancer/
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm623540.htm
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Upcoming Conferences 
 
AACR Annual Meeting 2019 
March 30-April 3, 2019, Atlanta, Georgia 
 
Sixth NovAliX Conference on Biophysics in Drug Discovery 
March 20-22, 2019, Cannes, France 
 
Royal Society of Chemistry Fragments 2019 
March 24-26, 2019, Cambridge, UK 
 
Frontiers in Medicinal Chemistry 
March 24-27, 2019, Würzburg, Germany 
 
Spring 2019 ACS National Meeting & Exposition 
March 31 – April 4, 2019, Orlando, Florida 
 
14th CHI Fragment-Based Drug Discovery 
April 9-10, 2019, San Diego, California 
 
Second Annual Industrial Biostructures America 
April 28-May 1, 2019, La Jolla, California 
 
102nd Canadian Chemistry Conference and Exhibition 
June 3-7, 2019, Quebec City, Canada 
 
EFMC-ACSMEDI: Medicinal Chemistry Frontiers 2019  
June 10-13, 2019, Krakow, Poland 
 
2nd Anglo-Nordic Medicinal Chemistry Symposium 
June 11-14, 2019, Hotel Comwell Borupgaard, Snekkersten, Denmark 
 
Gordon Research Conference in Heterocyclic Compounds 2019 
June 16-21, 2019. Newport, Rhode Island 
 
Gordon Research Conference in Cancer Nanotechnology: Bridging the 
Translational Gap in Cancer Nanotechnology 
June 23-28, 2019, Mount Snow, West Dover, Vermont 
 
55th International Conference on Medicinal Chemistry (RICT 2019) 
July 3-5, 2019. Nantes, France 
 
Gordon Research Conference in Computer-Aided Drug Design 2019 
July 14-19, 2019, West Dover, Vermont 
 

https://www.aacr.org/Meetings/Pages/MeetingDetail.aspx?EventItemID=174
https://www.novalix-conferences.org/
http://www.rsc.org/events/detail/33945/fragments-2019-7th-rsc-bmcs-fragment-based-drug-discovery-meeting
https://veranstaltungen.gdch.de/tms/frontend/index.cfm?l=8482&sp_id=2
https://veranstaltungen.gdch.de/tms/frontend/index.cfm?l=8482&sp_id=2
https://www.acs.org/content/acs/en/meetings/national-meeting.html?sc=meetings_1800815_mtg_OR19_od
https://www.drugdiscoverychemistry.com/Fragment-Based-Drug-Discovery/
https://industrialbiostructuresamerica.org/
http://www.ccce2019.ca/
http://www.ccce2019.ca/
https://www.maggichurchouseevents.co.uk/bmcs/index.htm
https://www.grc.org/heterocyclic-compounds-conference/2019/
https://www.grc.org/heterocyclic-compounds-conference/2019/
https://www.grc.org/cancer-nanotechnology-conference/2019/
https://www.grc.org/cancer-nanotechnology-conference/2019/
https://www.rict2019.org/
https://www.rict2019.org/
https://www.grc.org/computer-aided-drug-design-conference/2019/
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Gordon Research Conference in Organic Reactions & Processes 2019 
July 21-26, 2019. Easton, Massachusetts 
 
Gordon Research Conference in Natural Products & Bioactive Compounds 
2019 
July 28 – August 2, 2019. Andover, New Hampshire 
 
Gordon Research Conference in Medicinal Chemistry 2019 
August 4-9, 2019. New London, New Hampshire 
 
258th ACS National Meeting & Exposition 
August 25-29, 2019. San Diego, California 
(more details to be posted on ACS website when available) 
 
BrazMedChem2019 
September 1-4, Pirenopolis – Goias, Brazil 
 
EFMC-ASMC ’19: EFMC International Symposium on Advances in Synthetic 
and Medicinal Chemistry  
September 1-5, 2019, Athens, Greece 
 
20th SCI/RSC Medicinal Chemistry Symposium 
September 8-11, 2019, Churchill College, Cambridge, UK 
 
AACR-NCI-EORTC International Conference on Molecular Targets and Cancer 
Therapeutics 
October 26-30, 2019, Boston, Massachusetts 
 
Third FBDD Down Under 
November 12-15, Mellbourne, Australia 
(more details to be posted when available) 
 
 
  

https://www.grc.org/organic-reactions-and-processes-conference/2019/
https://www.grc.org/organic-reactions-and-processes-conference/2019/
https://www.grc.org/natural-products-and-bioactive-compounds-conference/2019/
https://www.grc.org/natural-products-and-bioactive-compounds-conference/2019/
https://www.grc.org/medicinal-chemistry-conference/2019/
https://www.grc.org/medicinal-chemistry-conference/2019/
http://www.sbq.org.br/medicinal/evento/brazmedchem2019
https://www.efmc-asmc.org/
https://www.efmc-asmc.org/
https://www.soci.org/Events/Display-Event?EventCode=FCHEM180
https://www.aacr.org/Meetings/Pages/MeetingDetail.aspx?EventItemID=184
https://www.aacr.org/Meetings/Pages/MeetingDetail.aspx?EventItemID=184
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Funding Opportunities 
 
Neuroendocrine Tumor Research Foundation-AACR Grant 
Application Deadline: March 19, 2019 at 1 p.m. ET-USA 
 
 

https://www.aacr.org/Funding/Pages/Funding-Detail.aspx?ItemID=33

