SCIENCE ADVANCES

A BLI Day0 PETDay 10 BLIDay 11 BLI Day0 PET Day11 BLIDay12 B
PET
BLI
5.0
M1
M3
4.0 M4
°
S M2
" M5
-
1
d
t
|5}
< 3.0 §
) 5
N =)
5]
1=}
=
8
=]
]
- 2.0 M4
M5
M1 M3 M2

Fig. 6. The number of CD19-tPSMAN®®) cells in the peripheral blood and the bone marrow does not correlate with the total number of the CD19-tPSMA ~ N%4eD cells
localized to the tumors. (A) PET/CT and BLI images of five mice. Days are marked from the day of infusion of CD19-tF8RIEAR T cells. Mice were imaged on the
SuperArgus small-animal PET/CT at 1 hour after injection of 14.8 MBd®%fDCFPyL and were scanned at various times after injection, as indicated. Images alternat&x
between fLuc-tagged bioluminescence (BLI, radiance) for visualization of tumor cells and PET/CT for CAR T cells, with each mouse undergoing both imaging studiescPET
data are expressed in percentage of injected dose per cubic centimeter of tissue imaged (%ID/cc), with arrows designating accumulation of CAR T cells. To improveZhe
display contrast of the in vivo images, the relatively high renal radiotracer uptake was masked using a thresholding method. Images are scaled to the same maxim@n
value within each modality. B) Quantified numbers of the CD19-tPSN¥%cells in the region of interest drawn to cover the entire tumor area were plotted with the
percentage number of PSMACAR cell populations in the peripheral blood (PPB) and the bone marrow (BM). Each data point (M) represents each mouss,
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PSMA PET using*fGa]PSMA-1138) or [*F]DCFPyL is being used readily visualized by PET/CT, was similar to that found in human biopsg
worldwide to detect prostate cancer in a variety of clinical scenarggecimens from the TRANSCEND trial (Fig. 5). This finding is also ref.a
with the latter in phase 3 trials in the United States (NCT0373968#3cted in the fact that the CD19-tPSIHA%) CAR T cells proved very
Very high standardized uptake values and tiny lesions are identifégféctive in this experimental model when a full complement of CAR T ce
at high sensitivity, in patients with prostate-specific antigen levelsnas infused rather than the subcurative test dose shown in Fig. 2, whgh
low as 0.1 ng/ml, with those PET agents. The reasons that the PSk&& administered to stress the system, i.e., to prove that, at even low dgses
radiotracers are so effective include the high number of target sitesgf€ZAR T cells, the tumor cell killing ability would not be compromisedg
cell (on the order of 1 x fipand the hydrophilicity of the agents mini- ~ Companion diagnostics for cancer therapy, including blood bIOm
mizing off-target, soft tissue uptake and predominant renal excretiomarkers such as circulating tumor DNA or cells, lack in their ability to re-
Accordingly, we transduced this reporter to CD19 CAR T cells, enabljpart on activity at the site of interest, namely, within the tumor. Imaglngﬁ
the visualization of clusters of cells as small as 2000 per well or in diwmarkers not only enable visualization of target and/or effector drugs
(Fig. 3). A mutated version of PSMA, namely, tPSM%", did not  or cells but also allow for direct therapeutic intervention by other means,
hamper activity of the cells in vitro or in vivo (Fig. 2 and fig. S1). e.g., surgery or stereotactic raidiat The lack of correlation between
An unexpected finding in this study was the heterogeneity of CAFAR T cells extracted from the peripheral blood or the bone marrow
T cell kinetics demonstrated by the genetically identical animals thatd from those measured within the tumor further underscores the
received the cells. In most animals, we could visualize the CAR T éellsortance of directly imaging the administered T cells (Fig. 6).
at the location of the fLuc-tagged tumor cells by day 12 after injectiBeripheral markers of CAR T cell presence only enable inference as
ofthe T cells (Fig. 4). However, in some animals, no cells could be geettivity at the tumor. Furthermore, the ability to image CAR T cells
at the tumor site initially, but cells could be seen very early (daydi)he tumor indicates that the cells are alive and maintain the capacity
within the bone marrow, only to migrate later to the tumor (Fig. 4for clonal expansion or that they could not be imaged by this geneti-
These animals developed tumors in the bone marrow visualizedchlly encoded reporter.
BLI, and the infused CAR T cells showed preference to infiltrate into There are limitations to the PSMA reporter approach for cell track-
these bone marrow tumors. Although the reason for that preferencenig. First, despite being a cell suwé enzyme, PSMA is imaged using
presently unclear, one can imagine even greater heterogeneity irhiga-affinity inhibitors, as if it were a receptor. The tPSRNfae)
clinical setting, which, if monitored in real time, could be used to tunsed here was developed specifically to eliminate the known cell inter-
the therapy to the individual T cell kinetics of the patient. nalization and turnover capability of PSMA to mitigate any potential
Speaking to the clinical relevance of our findings in the murireffect on the biology of the CAR T cells. This places a theoretical limit on
model, the number of CAR T cells within mouse tumors, which wettge sensitivity achievable, as PSMA will not concentrate the imaging
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