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December 24, 2025 

Dear Frank and the Expect Miracles Community, 

I am very pleased to report on our lab’s progress that was made possible by Expect 
Miracles this year. When I began my faculty career at Memorial Sloan Kettering 
Cancer Center, it was a dream come true, and I decided to focus my lab’s efforts on 
two of the biggest problems in cancer: 1 - treating metastatic cancer, which is 
responsible for nearly 90% of cancer deaths, and 2 - detecting cancer early, so that 
it can be treated when it is still curable. Because of the work and support by Expect 
Miracles, we have been able to make breakthroughs in both of these areas at the 
bench that are accelerating towards the clinic to extend and improve the lives of 
patients.  

I am excited to announce our newest publication, which came out on Christmas 
Eve in the journal Nature Nanotechnology. It describes how our novel liquid 
biopsy technology enables the detection and identification of brain tumors from a 
standard blood test. Diagnosing brain tumors often requires risky and invasive 
biopsies because there are no reliable blood-based biomarkers, and existing liquid 
biopsy techniques largely fail to detect tumors of the central nervous system. Our 
technology, which uses nanosensors that interact with the many molecules in the 
blood, producing data analyzed with machine learning/AI, accurately detects brain 
tumors with 98% accuracy. We then employed advanced proteomics techniques to 
identify the biomarkers that drove the sensor responses. These markers included 
both known and newly discovered molecules released not only by tumor cells 
themselves but also by surrounding immune and support cells. This means our 
technology detects signals from the entire tumor “ecosystem”, not just the cancer 
cells. Our findings show that this method that we call “machine perception liquid 
biopsy” can detect and identify hard-to-detect cancers, and uncover new 
biomarkers, offering a powerful new approach for non-invasive cancer diagnosis. 
We are now in the process of accelerating this technology towards general clinical 
use in patients worldwide in collaboration with a startup company, Nine 
Diagnostics. 

A second recent publication in the journal Science Advances, describes our work 
that greatly improves the potential to build drugs against many new targets in 
metastatic cancers. Nearly 85% of proteins in humans are considered ‘undruggable’ 
by standard chemical approaches. Our team developed a novel approach to make a 
promising class of protein-degrading cancer drugs, called proteolysis-targeting 
chimeras (PROTACs), much safer and more effective. PROTACs are exciting next-
generation therapeutics that hijack cellular degradation machinery to selectively 
eliminate cancer-causing proteins. However, their large and complex structures 
make them difficult to deliver and can lead to unwanted side effects. To overcome 
these challenges, we developed a way to package PROTACs into nanoparticles that 
specifically target blood vessels within solid tumors. These nanocarriers improved 
the delivery of PROTACs to tumors, leading to substantially slower tumor growth 
and longer survival in mice. We also used advanced prediction algorithms to 
identify key molecular features that can predict whether a PROTAC will form 
nanoparticles— with 96% accuracy. Our findings present a powerful new strategy 
to deliver complex cancer drugs more effectively, potentially paving the way for 
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safer and more successful treatments in the clinic. A startup company, Selectin 
Therapeutics, is advancing these innovations towards the clinic, initially for the 
treatment of brain tumors and metastases, and eventually for many more types of 
cancer. 

A third work, published this year, that we are excited about, makes several 
important discoveries. BRAF remains one of the most important therapeutic 
targets in cancer, but traditional BRAF inhibitors can sometimes “paradoxically” 
switch on the very pathway they aim to block and drive drug resistance. A newer 
“paradox breaker” drug, called FORE8394, is designed to block both single and 
paired forms of BRAF to avoid that problem, but very high doses are often needed 
to reach effective levels, and combining it with a metabolism-blocking booster drug 
can lead to unwanted drug–drug interactions. By building “paradox breaker” 
nanoparticles that carry FORE8394, we found, surprisingly, that the nanoparticles 
improve the drug’s effects by entering and staying in tiny compartments inside 
cells called lysosomes. By “hiding” in lysosomes and slowly releasing the medicine 
back into the cell, the nanoparticles keep the drug around longer and sustain 
pathway shutdown. In mouse models of BRAF-driven melanoma, these 
nanoparticles improved how long the drug stayed in the bloodstream, concentrated 
more of it in tumors, kept cancer signaling turned off for longer, and delayed tumor 
growth with better survival—achieving benefits similar to adding a booster drug 
but without blocking the liver’s main drug-metabolizing enzymes, which can lower 
the risk of harmful drug interactions. This novel and exciting finding points to a 
broadly useful way to strengthen many classes of cancer medicines—by packaging 
them so they hide inside cancer cells. 

These are just a few examples of the work that our lab members have accomplished 
this year. I am very excited for 2026 because of how these technologies are 
advancing towards patients, and the exciting breakthroughs that we can’t announce 
yet but are coming out very soon. These include exciting developments in life-
saving immunotherapies, diagnostics, and therapies for some of the deadliest kinds 
of brain metastases. Thanks to the resources provided by Expect Miracles, we are 
able to do high-risk, high-reward science that benefits patients. We thank Expect 
Miracles for making these advancements possible. Our recent publications made 
possible by the contributions of Expect Miracles are listed below: 

D Goerzen, M Kim, C Schroff, MN Hoang, JS Wollowitz, A Kolb, JP Walshon, K 
McCortney, C Horbinski, K Galbraith, S Raoof, M Snuderl, A Ordureau, DA 
Heller*. “Machine perception liquid biopsy identifies brain tumors via systemic 
immune and tumor microenvironment signature.” Nature Nanotechnology (2025) 
In press. 

K Vogt, M Panagiotakopoulou, MT Manzari Honu, X Hu, X Yu, R Raziuddin, Q 
LaPlant, S Ruiz, GP Raju, J Jin, DA Scheinberg, DA Heller*. “Tumor 
microenvironment-targeted PROTAC nanoparticle self-assembly broadly predicted 
by structural descriptors.” Science Advances 11 (2025) eadu2292. 

C Chen, AM Perea del Angel, R Sridharan, DA Heller*. “Endolysosomal 
Sequestration Effects Controlled Release of BRAF Paradox Breaker Nanoparticles.” 
ACS Nano 19 (2025) 33879-33890. 

L Nogueira*, R Alvim, H Baker, K Nagar, J Thomas, L Alvim, K Kim, DA Heller, A 
Reis, A Scherz, J Coleman*. “Synergistic Efficacy of WST11-VTP and P-Selectin-
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Targeted Nanotherapy in a Preclinical Prostate Cancer Model.” Cancers 17 (2025) 
2361. 

SB Ruiz, DE Tylawsky, J Shah, M Saoi, B Cuevas, S Desai, B Racz, AM Perea, AR 
Izawa-Ishiguro, J Cross, DA Heller*. “Phospholipase PAFAH2 Mediates 
Ferroptosis Surveillance and Lipid Remodeling to Promote Resistance in KEAP1 
Mutant Cancers.” ACS Chemical Biology 20 (2025) 1739-1755. 

SS Piletsky, EE Keblish, DA Heller*. “Controlled quantum well formation on DNA-
wrapped carbon nanotubes via peroxide-mediated aryl diazonium reduction.” 
Nano Letters 25 (2025) 2480–2485. 

 

Sincerely, 

 

 

 
Daniel A. Heller, PhD 
Head, Cancer Nanomedicine Laboratory 
Member, Molecular Pharmacology Program, Sloan Kettering Institute  
Memorial Sloan Kettering Cancer Center 


