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Immune checkpoint inhibitors (ICIs) targeting programmed cell death
protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1) frequently
induces tumor response in metastatic melanoma patients. However,
tumor response often takes months and may be heterogeneous. Con-
sequently, additional local treatment for nonresponsive metastases
may be needed, especially in the case of brain metastases. Noninva-
sive imaging may allow the characterization of (brain) metastases to
predict response. This pilot study uses 18F-BMS986192 PET for PD-L1
expression to explore the variability in metastatic tracer uptake and its
relation to tumor response, with a special focus on brain metastases.
Methods: Metastatic melanoma patients underwent whole-body
18F-BMS986192 PET/CT scanning before and 6 wk after starting ICI
therapy. 18F-BMS986192 uptake was measured in healthy tissues,
organs, and tumor lesions. Tumor response was evaluated at 12 wk
using CT of the thorax/abdomen and MRI of the brain. RECIST, version
1.1, was used to define therapy response per patient. Response per
lesion was measured by the percentage change in lesion diameter. Tox-
icity was assessed according to Common Terminology Criteria for
Adverse Events, version 4.0. Results: Baseline 18F-BMS986192 PET/
CT was performed in 8 patients, with follow-up scans in 4 patients. The
highest tracer uptake was observed in the spleen, bone marrow, kid-
neys, and liver. Tracer uptake in tumor lesions was heterogeneous. In
total, 42 tumor lesions were identified at baseline, with most lesions in
the lungs (n5 21) and brain (n5 14). Tracer uptake was similar between
tumor locations. 18F-BMS986192 uptake in lesions at baseline, cor-
rected for blood-pool activity, was negatively correlated with the change
lesion diameter at response evaluation (r 5 20.49, P 5 0.005), both in
intra- and extracerebral lesions. Receiver-operating-characteristic
analysis demonstrated that 18F-BMS986192 uptake can discriminate
between responding and nonresponding lesions with an area under the
curve of 0.82. At the follow-up scan, an increased 18F-BMS986192
uptake compared with baseline scan was correlated with an increased
lesion diameter at response evaluation. In the follow-up 18F-BMS986192

PET scan of 2 patients, ICI-related toxicity (thyroiditis and colitis) was
detected. Conclusion: In this pilot study, 18F-BMS986192 PET showed
heterogeneous uptake in intra- and extracerebral metastatic lesions in
melanoma patients. Baseline 18F-BMS986192 uptake was able to pre-
dict an ICI treatment–induced reduction in lesion volume, whereas the
follow-up PET scan allowed the detection of treatment-induced toxicity.
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Immune checkpoint inhibitors (ICIs) targeting the programmed
cell death protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1)
axis or cytotoxic T-lymphocyte–associated protein 4 (CTLA-4) recep-
tor, either as monotherapy or as combined treatment, have shown
response rates of approximately 40%–60% in patients with metastatic
melanoma, with progression-free and overall survival (1–8).
However, it often takes months before response to ICI treatment

can be detected, and lesions may respond in a heterogeneous manner.
Some lesions may respond, whereas other lesions may not respond
or display pseudoprogression (9). Consequently, some fast-growing
lesions may require additional treatment. Data from the Dutch
National Cancer Registry show that 22% (876/3,959) of metastatic
melanoma patients underwent surgery for nonresponding metastases
in addition to systemic treatment with ICI (10). Moreover, approxi-
mately 30% of metastatic melanoma patients develop brain metasta-
ses. Brain metastases are considered as a risky location because they
carry a high risk for developing central nervous system failure and
mortality (11). Therefore, local treatment with radiotherapy or resec-
tion is often considered in patients with brain metastases.
Before starting ICI therapy, it is difficult to determine which

lesions will respond and which lesions will require additional
treatment. Immunohistochemistry on biopsy samples only pro-
vides information about a small fraction of a single tumor lesion
and is, therefore, unable to address intra- and intertumoral hetero-
geneity, thus limiting the value of immunohistochemistry to pre-
dict response. In patients with metastatic melanoma, known to be
a high heterogenic responding tumor, PD-1 immunohistochemistry
staining on biopsies was not a good predictor of response to ICI
and hence is not used in clinical practice (12).
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Whole-body PET imaging with a PD-L1–targeting tracer may
have added value in detecting heterogenic expression of the drug tar-
get for anti–PD-1 therapy. Detection of low levels of PD-L1 expres-
sion may be predictive for nonresponding lesions that will require
additional treatment. PET imaging of PD-L1 expression in non–small
cell lung cancer, bladder cancer, and triple-negative breast cancer has
shown that the intensity of the PET signal correlates with tumor
response to ICI (13,14). The same approach could also be used to
address the heterogeneity of metastatic tumor lesions in melanoma.
This might especially be of importance for the characterization of
brain lesions. PET imaging of PD-L1 expression may thus be a via-
ble noninvasive diagnostic tool for lesion characterization and
response prediction in metastatic melanoma patients.
This pilot study investigated the intensity and variability of PD-L1

expression using 18F-BMS986192 PET in metastatic tumor lesions
of melanoma patients, including patients with brain metastases. As
secondary objectives, we explored whether 18F-BMS986192 uptake
was related to tumor response and whether enhanced tracer uptake in
major organs was related to immune-related toxicity.

MATERIALS AND METHODS

Patient Population
Patients 18 y or older with stage IV metastatic melanoma who were

eligible for treatment with ICI were recruited into the study. Patients
with brain metastases were preferably included. Patients with sus-
pected brain metastases could be treated with stereotactic radiotherapy
before the start of the ICI therapy; however, these irradiated lesions
were not included in the analyses. Other inclusion criteria were the
presence of measurable disease according to RECIST, version 1.1; an
Eastern Cooperative Oncology Group performance status of 0–1; and
an adequate hematologic and end-organ function (15). The main
exclusion criteria were preexisting autoimmune disease and treatment
with immunosuppressive medication.

This study was approved by the Medical Ethical Committee (METc)
of the University Medical Center Groningen (UMCG), delegated by the
Central Committee on Research Involving Human Subjects, and was reg-
istered at ClinicalTrials.gov (ClinicalTrials.gov identifier NCT03520634)
and METC 2016/646 (EUDRACT no. 2015-004920-67 with site-specific
amendment 6). All patients provided written informed consent.

Study Design
This single-center imaging study with the 18F-BMS986192 tracer was

performed at the UMCG, The Netherlands. Patients received either nivolu-
mab (anti–PD-1) or a combination of nivolumab and ipilimumab (anti–
CTLA-4). The combination therapy consisted of 4 cycles of ipilimumab and
nivolumab every 3 wk, followed by nivolumab monotherapy.
Included patients were all treated with an ICI. The study intervention was a
18F-BMS986192 PET scan at baseline and 6 wk after treatment initiation.

Production of 18F-BMS-986192
The azide precursor BMT-180478 and the adnectin BMT-192920, both

required for the on-site preparation of the PET tracer 18F-BMS986192,
were kindly provided by Brystol Myers Squibb (Supplemental Fig. 1; sup-
plemental materials are available at http://jnm.snmjournals.org). The final
PET tracer 18F-BMS-986192 was produced in a Good Manufacturing
Practices–compliant automated synthesis module according to the
previously published protocol (16). The radiochemical purity of
18F-BMS986192 was always more than 95%, and the molar activity
always exceeded 3.000 GBq/mmol.

18F-BMS-986192 PET Acquisition and Analysis
Patients received an intravenous bolus injection of approximately

185 MBq (range, 182–192 MBq) of 18F-BMS986192. PET images

were acquired 60 min after tracer injection on a Biograph mCT64 or
mCT40 camera (Siemens Medical Systems). Whole-body PET scans
(head to toe; 12 bed positions, 3 min per bed position) were acquired
together with a low-dose CT scan. Vital signs (blood pressure and
heart rate) were measured before, 10 min after the injection of
18F-BMS986192, and immediately after the PET/CT scan. Patients
remained under observation for 120 min after tracer injection.

All PET scans were reconstructed according to the European Associ-
ation of Nuclear Medicine (EANM) Research Ltd. (EARL) criteria and
analyzed using Syngo.via VB30 software (Siemens) (17). For quantifi-
cation of 18F-BMS986192 uptake, volumes of interest (VOIs) were
manually drawn around the visible tumor lesions in the PET scan. For
PET-negative lesions, the VOI was drawn around the tumor lesion on
the CT or MRI scan that was manually aligned with the PET scan.

Tracer uptake in healthy tissues and lymphoid tissues (lung, tho-
racic aorta, spleen, liver, bone marrow, tonsils, parotid glands, thyroid,
and axillary and inguinal lymph nodes) was measured to assess any
toxicity-related increase in tracer uptake, using manually drawn VOIs.
Tracer uptake was corrected for body weight and injected dose and
expressed as SUVs (SUVmax, SUVmean, and SUVpeak for tumor lesions
and SUVmean for normal tissues) consistent with EANM guidelines for
18F tracers in tumors (18). Because the SUV may be influenced by
patient-specific characteristics, such as tracer metabolism and clear-
ance, tumor-to-blood ratios (TBRs) were calculated using the VOI of

the lesion and the thoracic aorta TBR 5 Tumor SUV
Blood-pool SUVmean

� �
(19).

Response Evaluation
Response to therapy was evaluated according to RECIST, version

1.1 (15). Contrast-enhanced chest–abdominal CT and gadolinium-
enhanced MRI brain scans were obtained at baseline and week 12 as
part of routine patient care.

Tumor lesions that were scanned on MR or CT at baseline but not at
follow-up were excluded from response evaluation. To evaluate
response per tumor lesion, the percentage change of the diameter at fol-
low-up compared with baseline was calculated. Tumor lesions with a
long-axis diameter smaller than 10 mm and lymph node lesions with a
short-axis diameter smaller than 15 mm were excluded from response
analysis.

Adverse events induced by the ICI treatment were assessed at each
outpatient visit, using the National Cancer Institute Common Termi-
nology Criteria for Adverse Events version 4.0 and reported in this
study until the 12-wk tumor response evaluation.

Statistical Analysis
Patients were evaluated for tracer biodistribution analysis if they

underwent at least 1 18F-BMS986192 PET scan. An assessment of the
normality of data was performed using the Shapiro–Wilk test. Differ-
ences in tracer uptake between the baseline and on-treatment
18F-BMS986192 PET scans were analyzed using a paired t test. Corre-
lations between parameters were calculated using the Spearman corre-
lation test. P values of less than 0.05 were considered statistically
significant. PET data are expressed as median with interquartile range
for nonnormally distributed data and are expressed as mean with SD
for normally distributed data.

Receiver-operating-characteristic (ROC) analyses were calculated to
determine the 18F-BMS986192 uptake value that best differentiated
between responding and nonresponding lesions. Statistical analyses were
performed using GraphPad Prism 8.0.1 software for Microsoft Windows.

RESULTS

A total of 10 patients were included in this study, 8 of whom
underwent baseline 18F-BMS986192 PET/CT imaging before starting
anti–PD-1 therapy (Table 1). In the remaining 2 patients, no
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PET scans could be obtained due to rapid clinical progression.
In 4 patients, the on-treatment 18F-BMS986192 PET/CT scan was
obtained between 41 and 55 d (mean, 42) after starting anti–PD-1
therapy. No 18F-BMS986192–related side effects occurred within
the observation period of 120 min after tracer injection.

Biodistribution of 18F-BMS986192
The biodistribution of 18F-BMS986192 was evaluated in healthy

tissues at baseline. High tracer uptake at baseline was observed in the
spleen (SUVmean, 15.9 6 8.7), bone marrow (SUVmean, 6.9 6 1.5),
and liver (SUVmean, 4.7 6 2.4). Patients with a follow-up scan
(n 5 4) did not show significant changes in uptake in healthy tissues
compared with the baseline PET scan, except for tonsil uptake, which
was significantly higher at baseline than at follow-up (Wilcoxon
signed-rank test, P5 0.002) (Fig. 1).

Variability in 18F-BMS986192 Uptake in Metastatic Lesions
Of the 42 evaluable tumor lesions, 21 were located in the lungs;

14 in the brain; 2 in soft tissue; and 1 each in bone, mediastinum,
peritoneum, adrenal gland, and lymph node. Examples of PET
images of a brain and lung lesion are depicted in Figure 2. The vari-
ability in uptake is shown in Figure 3 and Supplemental Figures 2
and 3. No significant differences were observed in 18F-BMS986192
uptake between lung and brain lesions (P 5 0.06). One bone lesion
was excluded from analyses because its VOI could not be sufficiently
separated from the high bone marrow uptake nearby, resulting in an
uptake value 6 SDs higher than the other metastatic lesions.

Association Between Baseline Tumor Uptake and Response
to Therapy
After the exclusion of small tumor lesions (median diameter, 5 mm;

range, 4–9 mm), 32 lesions (8 brain lesions) remained for response
evaluation. The percentage change in lesion diameter was not associ-
ated with the baseline tracer uptake parameters SUVmax (r 5 20.15,
P 5 0.42), SUVmean (r 5 20.17, P 5 0.34), or SUVpeak (r 5 20.18,
P5 0.31).
When correcting for differences in tracer availability, using the

tracer uptake in the blood pool as reference, we observed a significant
correlation between baseline tumor-to-blood ratio and change in
tumor lesion size (Fig. 4). This negative association was seen when cal-
culating a TBR from the SUVmax (r 5 20.43, P 5 0.014), SUVmean

(r 5 20.44, P 5 0.012), or SUVpeak (r 5 20.49, P 5 0.005) of the
tumor and SUVmean of the blood pool. The same negative association
was observed when only analyzing the intracerebral (brain) lesions, but
this association was statistically not significant (r5 20.54, P5 0.17).

Discrimination of Responding and Nonresponding Tumors
ROC analysis was performed to assess the optimal tracer uptake

value for predicting an ICI-induced reduction in tumor diameter.
When a TBR derived from SUVpeak of the lesion and SUVmean of
the aortic blood pool was used, ROC analysis resulted in an area
under the curve of 0.82 (P 5 0.006). A TBR cutoff value of 1.3
resulted in a sensitivity of 89% (95% CI, 57%–99%) and a specif-
icity of 78% (95% CI, 58%–90%) for discriminating a tumor
decreasing in size from a tumor increasing in size (Fig. 5).

Follow-up 18F-BMS986192 Scan and Response to Therapy
Four patients (50%) with a total of 19 metastases underwent a fol-

low-up 18F-BMS986192 scan at 6 wk. A paired t test revealed no dif-
ferences in tumor 18F-BMS986192 uptake between baseline and
follow-up scans. Figure 6A shows the individual differences in tumor
18F-BMS986192 uptake between baseline and follow-up for the brain
and lung lesions in these 4 patients. 18F-BMS986192 uptake was sig-
nificantly lower in the brain lesions than the lung lesions, both at
baseline and on-treatment (P 5 0.004 and 0.05, respectively). No dif-
ferences were observed in the mean lesion size of these brain and
lung lesions.

TABLE 1
Patient Characteristics

Characteristic n

No. of patients included 10

No. of evaluable patients* 8

No. of lesions on PET 47

No. of evaluable lesions† 42

No. of lesions $ 10 mm at baseline (CT or MRI) 32

Median patient age at baseline (y) 62

No. of females (n) 3 (38)

No. of PET scans per patient (n)

1 4 (50)

2 4 (50)

Immunotherapy regimen (n)

Anti-CTLA4 1 Anti-PD-1 5 (62)

Anti-PD1 3 (38)

No. of patients by treatment response
(RECIST, version 1.1) (n)

Complete response 0 (0)

Partial response 2 (25)

Stable disease 2 (25)

Progressive disease 4 (50)

*Including 6 patients with brain metastases.
†Lesions that were detected at baseline and follow-up by MR or

CT imaging.
Data in parentheses are percentages.

FIGURE 1. Biodistribution of 18F-BMS986192 at baseline (n5 8) and fol-
low-up (n 5 4). In the patients with follow-up scans, 18F-BMS986192
uptake in the tonsil was significantly higher at baseline than at follow-up
(Wilcoxon signed rank test, P 5 0.002). There were no other differences in
18F-BMS986192 uptake between baseline and follow-up.
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Fourteen of the 19 metastases on follow-up scans were larger
than 10 mm at baseline. A significant correlation between the
change in 18F-BMS986192 uptake (TBR) and the change in tumor
size between the baseline and follow-up was observed (r 5 0.79,
P 5 0.0007; Fig. 6B).

Assessment of Toxicity: Increased Uptake of 18F-BMS986192
Follow-up 18F-BMS986192 scans were also evaluated for ICI-

related toxicity. One patient developed ICI-related hyperthyroid-
ism, another patient colitis. The follow-up PET scan of the patient
with ICI-related hyperthyroidism showed increased uptake in the
thyroid (Fig. 7). This diagnosis was substantiated by blood thyroid-
stimulating hormone levels of 0.007 mU/L (normal, 0.5–4 mU/L)
and free T4 levels of 37.2 pmol/L (normal, 11–19.5 pmol/L). The
patient who developed ICI-related colitis 1 d after the PET scan
showed a different bowel uptake pattern at the second scan com-
pared with the first scan, but solely based on the PET scan a defini-
tive diagnosis of colitis could not be settled.

DISCUSSION

To our knowledge, this is the first study to investigate 18F-
BMS986192 PET imaging before and during ICI therapy in patients
with metastatic melanoma, including patients with brain metastases.
We found heterogeneous uptake of 18F-BMS986192 in metastatic
lesions at all locations, which is in line with a heterogeneous response
to ICI therapy that is often observed in melanoma patients. Interest-
ingly, we observed that high baseline 18F-BMS986192 uptake in
lesions, corrected for blood-pool uptake, correlated with response to

ICI treatment. The same trend was found for brain lesions, which is an
important finding because nonresponding brain lesions often require
additional treatment. Additionally, increased 18F-BMS-986192 uptake
in tumor lesions at the follow-up 18F-BMS986192 PET scan at week 6
was correlated with tumor progression at 12 wk.
Within a single patient with metastatic melanoma, different met-

astatic lesions may respond variably to ICI therapy. This variability
in response to ICI is both in terms of the change in the lesion vol-
ume and the time it takes a lesion to show response (20). Because
of this variability in response to ICI, additional local treatment is
often necessary on nonresponding metastatic melanoma lesions

FIGURE 2. Examples of a brain lesion (top) and a lung lesion (bottom).
Fused PET/CT transverse images (left) and PET sagittal images (right) are
shown. Semiquantitative measurements are reported underneath images.
TBR is calculated as lesion SUVpeak divided by SUVmean in aortic blood
pool.

FIGURE 3. Baseline 18F-BMS986192 tracer uptake measured as TBR
derived from SUVpeak of lesion and SUVmean of aortic blood pool. Median
group value is reported as a line. No significant difference was found
between mean values of brain and lung lesions (Mann–Whitney U test,
P50.06). Analysis included 42 tumor lesions (21 lung; 14 brain; 2 soft-
tissue; and 1 each in bone, mediastinum, peritoneum, adrenal gland,
and lymph node lesions) in 8 patients.

FIGURE 4. Association of TBR, derived from SUVpeak of lesion and
SUVmean of aortic blood pool, and relative (%) diameter change of lesions
(Spearman rank, r 5 20.43, P 5 0.014). From all 8 patients, each cir-
cle represents 1 lesion. Only lesions larger than 10 mm at baseline
were included in this analysis (n 5 32). � 5 brain lesions (n 5 8).
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(10). High immunohistochemistry PD-L1 expression in a metastatic
lesion is associated with a favorable response to ICI therapy.
Importantly, metastatic melanoma patients with low PD-L1 expres-
sion in a lesion may also respond to ICI therapy (12). Therefore,
immunohistochemistry PD-L1 expression on biopsies is not used in
clinical practice to predict a patient’s response to ICI therapy.
Discriminating between the different types of cells that may

express PD-L1 in a metastatic melanoma lesion, such as malignant
melanocytes, monocytes, and macrophages, may be important for
ICI therapy response prediction (21). For example, pretreatment
PD-L1 expression on macrophages was associated with favorable
response to ICI therapy, whereas pretreatment PD-L1 expression
on malignant melanocytes did not show any association with response
(22). Although whole-body PD-L1 PET cannot differentiate between
the PD-L1 expression of different cellular compositions, it may be
useful to visualize PD-L1 expression in different lesions and predicting
response per tumor lesion to ICI. Moreover, lesions with low PD-L1
expression on PET may indicate those lesions that need additional
local treatment.
In our study, high 18F-BMS986192 uptake was observed in lym-

phoid tissues, such as the spleen and bone marrow. This is sugges-
tive for PD-L1 targeting of the tracer 18F-BMS986192, as these
organs contain high levels of PD-L1–expressing immune cells.
Additionally, the follow-up 18F-BMS986192 PET scan showed an
increased PD-L1 uptake in 2 patients with ICI-induced toxicity
(thyroiditis and colitis), which may be a sign of inflammation with
an increase in PD-L1–expressing immune cells.
The correlation of PD-L1 uptake in tumor lesions at baseline

with response to treatment found in our study is comparable with a
study in non–small lung cancer. That study demonstrated that both
18F-BMS-986192 (PD-L1) and 89Zr-nivolumab (PD-1) PET imaging
could predict response on a lesion level (13). In addition, in our study
the second 18F-BMS986192 scan during ICI treatment at week 6 per-
formed in 4 patients found an increased 18F-BMS986192 uptake

correlating significantly with increased tumor size at follow-up at
12 wk. This positive correlation can be explained by the fact that
responding lesions have fewer PD-L1–expressing tumor cells, result-
ing in a reduction in 18F-BMS986192 uptake. On the other hand, a
higher tracer uptake at week 6 in nonresponding tumors at week 12
might theoretically be due to either a higher cell density or an
increased expression of PD-L1 per cell. PET cannot discriminate
between these options. It is described that high PD L1–expressing
tumor cells is related to a higher density of PD-1 tumor–associated
T cells (23). Therefore, a delayed immune influx in PD-L1–upregu-
lated tumor lesions at week 6 could be responsible for pseudoprog-
ression at week 12. Unfortunately, our pilot study was unable to
record any late response to immune checkpoint inhibition therapy
as by that time these patients had already switched to another form
of treatment. Moreover, technical aspects may have contributed to
the correlation between the change in tumor size and the change in
tracer uptake. A reduction in tumor size could also lead to a

FIGURE 5. ROC curve of TBR of lesion, showing sensitivity and specific-
ity for discriminating between tumors increasing or decreasing in diame-
ter. Area under the curve is 0.82 (P5 0.006).

FIGURE 6. (A) 18F-BMS986192 uptake for brain and lung lesions at base-
line and follow-up (4 patients, 16 lesions). Tracer uptake is reported as TBR.
Significant differences in tracer uptake were observed between brain and
lung lesions, both at baseline and at follow-up (Wilcoxon signed rank test,
P5 0.004 and 0.05, respectively). (B) Association between change in lesion
size and change in TBR of follow-up 18F-BMS986192 scan compared with
baseline (TBRfollow-up

– TBRbaseline) (4 patients, 14 lesions). Significant posi-
tive correlation was found between increasing TBR and increasing lesion
diameter (Spearman rank, r5 0.79, P5 0.0007).
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stronger partial-volume effect (spill-out effect), which would also
lead to the reduction in 18F-BMS986192 uptake.
Protein-based PET tracers targeting PD-L1 do not accumulate in

normal brain tissue (13,14), because proteins usually cannot cross
the intact blood–brain barrier. The inability of large proteins to
enter the brain could be part of the cause of the mixed response of
brain metastases to treatment with ICI. Brain metastases can disrupt
the blood–brain barrier, but this is not always the case. Niemeijer
et al. demonstrated that uptake of the protein-based PD-L1 tracers
18F-BMS-986192 and 89Zr-DFO-nivolumab was observed in some,
but not all, untreated brain metastases in 2 non–small lung
cancer patients (13). In our study, the 18F-BMS986192 uptake in brain
metastases was also heterogeneous. Moreover, 18F-BMS986192
uptake in brain metastases showed a relation with response, although
this correlation was not statistically significant, but this may be due
to the sample size.
In this study, a 18F-labeled adnectin was used to target PD-L1

protein expression. In contrast to PET with the 89Zr-linked anti-
body tracer 89Zr-DFO-atezolizumab, 18F-BMS986192 PET provides
the opportunity to acquire the PET scan 1 h after tracer injection,
and thus the examination can be completed within a single visit,
which is highly convenient for the patient. Imaging on the same day
as tracer injection is especially important for patients with brain
metastases, where it is often essential to start treatment without
delay. In addition, 18F-BMS986192 PET exposes the patients to a
much lower radiation dose, allowing the acquisition of multiple 18F-
BMS986192 PET examinations in the same patients within a short
time frame. Moreover, it should be emphasized that the tumor accu-
mulation of 18F-BMS986192 and most 89Zr-labeled antibody tracers
is based on slightly different mechanisms. 18F-BMS986192 uptake
in the tumor is the result of reversible receptor binding and thus
reflect receptor expression (24). The uptake of 89Zr-labeled antibody
tracers, on the other hand, is the result of receptor binding, followed
by receptor internalization, and thus represents receptor turnover,
more than receptor expression. The lower radiation burden, the fast
tracer kinetics, and the uptake mechanism of 18F-BMS986192 make
this tracer better suited for pharmacokinetics and pharmacodynamics
studies than the 89Zr-labeled antibody tracers.

CONCLUSION

PET imaging with 18F-BMS986192 PET
shows heterogeneous PD-L1 expression in
brain and lung metastases of melanoma
patients. The 18F-BMS986192 tumor
uptake correlates with response on a per-
lesion basis, with the same trend found in
both intracerebral and extracerebral lesions.
ICI-related toxicity can be detected at an
early stage, before clinical symptoms
appear. The preliminary results of this pilot
study warrant further evaluation of 18F-
BMS986192 PET as a noninvasive imag-
ing tool for assessment of PD-L1 expres-
sion in (brain) tumor lesions and prediction of
ICI therapy response.
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KEY POINTS

QUESTION: Is variability of PD-L1 PET tracer uptake in metastatic
melanoma lesions related to tumor response on ICIs, particularly
in brain metastases?

PERTINENT FINDINGS: In this pilot study, 18F-BMS986192 PET
showed heterogeneous uptake in intra- and extracerebral metastatic
lesions in melanoma patients. Baseline 18F-BMS986192 uptake was
able to predict an ICI-induced reduction in lesion volume.

IMPLICATIONS FOR PATIENT CARE: In melanoma patients,
PD-L1 PET imaging may identify which metastatic lesions require
local treatment in addition to ICIs.
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