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In this PD-L1 ImagiNg to prediCt durvalumab treatment response
in SCCHN (PINCH) study, we performed 89Zr-DFO-durvalumab (anti–
PD-L1 [programmed death ligand 1]) PET/CT in patients with recurrent
or metastatic (R/M) squamous cell carcinoma of the head and neck
(SCCHN) before monotherapy durvalumab treatment. The primary aims
were to assess safety and feasibility of 89Zr-DFO-durvalumab PET imag-
ing and predict disease control rate during durvalumab treatment. Sec-
ondary aims were to correlate 89Zr-DFO-durvalumab uptake to tumor
PD-L1 expression, 18F-FDG uptake, and treatment response of individ-
ual lesions. Methods: In this prospective multicenter phase I–II study
(NCT03829007), patients with incurable R/M SCCHN underwent base-
line 18F-FDG PET and CT or MRI. Subsequently, PD-L1 PET imaging
was performed 5 d after administration of 37 MBq of 89Zr-DFO-
durvalumab. To optimize imaging conditions, dose finding was per-
formed in the first 14 patients. For all patients (n 5 33), durvalumab
treatment (1,500 mg/4 wk, intravenously) was started within 1 wk
after PD-L1 PET imaging and continued until disease progression or
unacceptable toxicity (maximum, 24 mo). CT evaluation was assessed
according to RECIST 1.1 every 8 wk. PD-L1 expression was deter-
mined by combined positive score on (archival) tumor tissue. 89Zr-DFO-
durvalumab uptake was measured in 18F-FDG–positive lesions, primary
and secondary lymphoid organs, and blood pool. Results: In total,
33 patients with locoregional recurrent (n5 12) or metastatic SCCHN
(n 5 21) were enrolled. 89Zr-DFO-durvalumab injection was safe.
A dose of 10 mg of durvalumab resulted in highest tumor-to-blood
ratios. After a median follow-up of 12.6 mo, overall response rate was
26%. The disease control rate at 16 wk was 48%, with a mean duration
of 7.8 mo (range, 1.7–21.1). On a patient level, 89Zr-DFO-durvalumab
SUVpeak or tumor-to-blood ratio could not predict treatment response
(hazard ratio, 1.5 [95% CI, 0.5–3.9; P5 0.45] and 1.3 [95% CI, 0.5–3.3;

P5 0.60], respectively). Also, on a lesion level, 89Zr-DFO-durvalumab
SUVpeak showed no substantial correlation to treatment response
(Spearman r, 0.45; P 5 0.051). Lesional 89Zr-DFO-durvalumab
uptake did not correlate to PD-L1 combined positive score but did
correlate to 18F-FDG SUVpeak (Spearman r, 0.391; P 5 0.005).
Conclusion: PINCH is the first, to our knowledge, PD-L1 PET/CT
study in patients with R/M SCCHN and has shown the feasibility
and safety of 89Zr-DFO-durvalumab PET/CT in a multicenter trial.
89Zr-DFO-durvalumab uptake did not correlate to durvalumab treat-
ment response.
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Squamous cell carcinoma of the head and neck (SCCHN) is
the seventh most common cancer worldwide, with up to 900,000
new diagnoses in 2020 (1). Patients with recurrent or metastatic
(R/M) SCCHN with no curative options have a poor prognosis
(2). However, a subset of patients derives durable responses from
immune checkpoint inhibitors (ICI) targeting programmed cell
death 1 (PD-1) or its ligand (PD-L1) (3–5), although selecting
those patients up front remains challenging.
Patients who benefit most from ICI often express high levels of

tumor PD-L1 as analyzed by immunohistochemistry, using differ-
ent assays, scoring protocols, and cut-offs (5–8). Since June 2019,
pembrolizumab has received Food and Drug Administration and
European Medicines Agency approval as first-line treatment of R/M
SCCHN patients with an immunohistochemistry combined positive
score (CPS) of at least $1. Thus, pretreatment assessment of PD-L1
has major clinical implication, although there are also patients with a
PD-L1–negative tumor biopsy who benefit from ICI (9–11).
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Therefore, there is a clinical need to better understand ICI re-
sponses and the caveats that remain with selection based on PD-L1
expression in tumor biopsies. The role and expression of PD-L1 in
anticancer immune responses is complex and warrants a biomarker
that enables monitoring its heterogeneous and dynamic expression in
different (tumor) tissues (12). Molecular imaging with radiolabeled
tracers targeting PD-1 and PD-L1 allows noninvasive visualization of
all accessible PD-1/PD-L1 (13,14). This approach overcomes impor-
tant limitations of immunohistochemistry analyses, including invasive
biopsies and sampling errors (15,16). It is a complementary tool for
blood and tissue sampling, potentially providing relevant information
for selecting patients and steering drug development (17).
The first clinical PD-1/PD-L1 imaging studies were performed with

89Zr-labeled atezolizumab (anti–PD-L1) and nivolumab (anti–PD-1) in
patients with metastatic breast cancer, bladder cancer, and non–small
cell lung cancer (NSCLC), demonstrating a correlation between tracer
uptake and treatment response (18,19). To date, to our knowledge, no
PD-L1 PET imaging studies have been performed in patients with
R/M SCCHN.
The primary aim of this PD-L1 ImagiNg to prediCt durvalumab

treatment response in SCCHN (PINCH) study was to assess the
safety and feasibility of 89Zr-DFO-durvalumab PD-L1 PET imag-
ing and to predict durvalumab disease control rate in patients with
R/M SCCHN. Secondary aims were to investigate the correlation
of 89Zr-DFO-durvalumab uptake to PD-L1 expression measured on
tumor biopsies, 18F-FDG uptake, and treatment response of individ-
ual tumor lesions.

MATERIALS AND METHODS

Patients
Eligible patients were aged 18 y or older, had an Eastern Cooperative

Oncology Group performance status of 0 or 1, and had a life expectancy
of at least 12 wk. Patients had histologically or cytologically confirmed
R/M SCCHN of the oral cavity, oropharynx, hypopharynx, or larynx not
amenable to curative therapy, with no prior systemic treatment for R/M
SCCHN. Patients with known leptomeningeal carcinomatosis, symptom-
atic or uncontrolled brain metastases requiring treatment, were excluded.
Patient recruitment was performed at 4 university medical centers in The
Netherlands (Radboudumc, UMC Groningen, Amsterdam UMC, and
Leiden UMC). The study was performed in accordance with the Declara-
tion of Helsinki and approved by the institutional review board of each
participating center.

Procedures
Contrast-Enhanced (ce) CT or MRI, 18F-FDG PET/CT, and

89Zr-DFO-Durvalumab PET/CT. At baseline, all patients underwent
ceCT or MRI of the head and neck, chest, and abdomen, combined with
whole-body 18F-FDG PET/CT and 89Zr-DFO-durvalumab PET/CT. 18F-
FDGPET/CTwas performed according to EuropeanAssociation ofNuclear
Medicine guidelines, version 1.0 (20), and the 89Zr-imaging procedure was
harmonized between participatingEARL (EANMResearchGmbH)-accred-
ited centers (PET/CT systems) (21). Patients underwent 89Zr-DFO-durvalu-
mab PET/CT 5 d after intravenous injection of approximately 37 MBq of
89Zr-DFO-durvalumab. Details on the conjugation, radiolabeling, and qual-
ity control of 89Zr-DFO-durvalumab and image acquisition and reconstruc-
tion are described in the supplemental material (supplemental materials are
available at http://jnm.snmjournals.org) (21–24).

After baseline imaging, all patients were planned for durvalumab treat-
ment (fixed dose of 1,500 mg intravenously once every 4 wk) starting
within 1 wk after PET imaging until disease progression or unacceptable
toxicity, for a maximum of 24 mo. Data on adverse events were collected
up to 90 d after the last treatment dose and graded according to the

National Cancer Institute Common Terminology Criteria for Adverse
Events (version 4.0). Treatment evaluation was performed with ceCT of
the head and neck, chest, and abdomen at baseline and every 8 wk during
treatment, using RECIST (version 1.1). Participants were contacted every
3 mo to assess survival after discontinuation of durvalumab treatment.

89Zr-DFO-Durvalumab PET/CT
Dose Finding. On the basis of prior dose-finding studies with 89Zr-

labeled antibodies, we aimed to enroll a minimum of 3 patients per
dose cohort (2, 10, or 50 mg of durvalumab) (25). All patients
received an intravenous injection of 2 mg of 89Zr-DFO-durvalumab.
For the 10- and 50-mg cohorts, 89Zr-DFO-durvalumab was comple-
mented with 8 and 48 mg of unlabeled durvalumab, respectively. For
pharmacokinetic purposes, blood plasma samples were drawn within
10 min after injection and 5 d later (day of the PET scan). Plasma
radioactivity was measured in a g-counter and reported as the percent-
age injected dose per gram (%ID/g). The optimal dose for 89Zr-DFO-
durvalumab PET imaging was determined based on pharmacokinetic
blood analyses and visual and quantitative PET analyses.

After dose finding, we aimed to include an additional 43 patients
receiving the optimal dose of 89Zr-DFO-durvalumab. However, the study
was closed early for enrollment in December 2020 due to the registration
of pembrolizumab as first-line treatment for R/M SCCHN patients in
The Netherlands (June 2020). In total, we enrolled an additional 19
patients who underwent the same procedures as described above, except
for the collection of blood samples for pharmacokinetic analyses.

Imaging Assessment
ceCT or MRI and 18F-FDG PET/CT. Baseline ceCT/MRI and

18F-FDG PET/CT scans were centrally reviewed by 2 independent
radiology and nuclear medicine physicians according to standard clini-
cal practice. The evaluation of CT lesions was performed according to
RECIST 1.1 (26). Lesion size was defined as the mean size in milli-
meters (mm) as determined by 2 reviewers.

The 18F-FDG PET/CT scans were assessed using PERCIST (27). A
tumor lesion was defined as visually positive based on anatomic sub-
strate on low-dose CT in combination with higher than surrounding
18F-FDG uptake and a diameter on ceCT or MRI of $10 or $15 mm
in lymph nodes (26). The maximum and peak SUVs (SUVmax and
SUVpeak) based on body weight were obtained, as well as metabolic
tumor volume (MTV) and total lesion glycolysis (TLG).

89Zr-DFO-Durvalumab PET/CT. The quantification of tumor
lesions was performed by placing a 3-dimensional sphere in an 18F-
FDG–positive lesion using Accurate tool software developed in IDL
[Interactive Data Language], version 8.4 (Harris Geospatial Solutions)
(28). This was done for all 18F-FDG–positive lesions, irrespective of
visual 89Zr-DFO-durvalumab uptake. This volume of interest was manu-
ally delineated around the entire lesion if this could be distinguished
from the background. In tumor lesions without evident visual 89Zr
uptake, a spheric volume of interest of 1 cm3 was drawn at the anatomic
location of the tumor lesion, based on the low-dose CT, diagnostic CT,
and 18F-FDG PET/CT. On a lesion level, the SUVpeak of individual
lesions was determined to report tumor tracer uptake. For healthy
organs and blood pool, SUVmean was reported. To correct for variable
concentrations of circulating 89Zr-DFO-durvalumab, tumor-to-blood
(TTB) ratios were reported as SUVpeak tumor/SUVmean blood. The
blood-pool activity was measured in a spheric volume of interest in
the descending aorta. To correct for differences in number of lesions
per patient, the lesional SUVpeak and

18F-FDG TLG values of 1 indi-
vidual patient were summarized as geometric mean (gm) values.
This gm was used to correlate tracer accumulation to treatment
response. Furthermore, to correct for partial-volume effect, sub-
group analyses were performed for lesions $ 20m (reported in the
supplemental material)
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PD-L1 Immunohistochemistry
Fresh or archival cytologic or histologic samples suitable for PD-L1

staining were available for 27 patients. This involved tumor tissue
from recurrent disease (n 5 12) or metastases in lung (n 5 7), lymph
node (n 5 7), or bone (n 5 1). PD-L1 staining was performed using
VENTANA (Roche) PD-L1 (SP263) assay and evaluated by a certi-
fied pathologist in head and neck cancer masked to clinical informa-
tion. As an internal control, staining for PD-L1 was performed with
the clinically validated 22C3 antibody using the Dako stainer in histo-
logic samples of 8 patients (8). In all samples, PD-L1 expression was
assessed according to the CPS, which describes the number of PD-
L1–positive tumor cells plus immune cells per 100 tumor cells, show-
ing positive cell membrane staining or a score of ,1, 1–20, or .20.

Statistical Analysis
Clinical outcome was evaluated according to intention-to-treat analy-

ses on a patient and lesion level and visualized in a waterfall plot. Fur-
thermore, we assessed the disease control rate, overall response rate,
progression-free survival (PFS), and overall survival. A log-rank test
was performed to correlate PD-L1 CPS to PFS. A Cox regression
model was used to report hazard ratios (HR) for progressive disease.

In the dose-finding study, we compared differences in tracer-uptake
and TTB ratios between the 3 dose groups, testing for significance
using a 2-sided Kruskal–Wallis test.

On a patient level, the relation between 89Zr-DFO-durvalumab,
patient gm SUVpeak, and SUVpeak of the hottest lesion with durvalu-
mab response was explored by Kaplan–Meier survival plots. Similar
analyses were performed for gm 18F-FDG SUVpeak, TLG, and MTV.
Patients were grouped in a below-median and above-median group to
evaluate a difference in survival using the log-rank test. The relation
between these groups was tested by additional Cox regression models,
reporting HRs for progressive disease or survival.

We correlated 89Zr-DFO-durvalumab uptake with 18F-FDG SUVpeak

and 18F-FDG TLG on a lesion level. Additional descriptive analyses
were performed to evaluate the per-lesion PD-L1 expression to tracer
accumulation. For these correlations, we report the Spearman correla-
tion coefficient (r). Statistical analyses were performed using SPSS
Statistics (IBM) for Windows, version 22.0. Differences with a P value
of 0.05 or less were considered statistically significant.

RESULTS

Baseline Characteristics
Between April 2019 and December 2020, 37 patients were

screened, 3 were considered ineligible, and 1 declined to partici-
pate. 89Zr-DFO-durvalumab PET dose finding was performed in
14 patients (Supplemental Fig. 1). Twenty-one of 33 (64%) patients
presented with metastatic disease, most frequently located in lung
(45%) and lymph nodes (39%). PD-L1 CPS could be determined
in 27 patients (82%), including 17 patients with only archival tumor
tissue available. Baseline characteristics are reported in Table 1.

Durvalumab Treatment
In total, 31 of 33 patients started durvalumab treatment. Two

patients showed rapid disease progression before treatment initia-
tion and were offered best supportive care. One other patient
showed rapid disease progression before first disease evaluation at
8 wk. After a median follow-up of 12.6 mo, the median time on
durvalumab treatment was 5.3 mo (range, 1.2–26.5 mo).
The median PFS was 5.3 mo (95% CI, 2.96–7.62 mo), and

median overall survival was 13.1 mo (95% CI, 7.88–18.40 mo). The
survival rate at 12 and 24 mo was 58% (95% CI, 8.82–11.28) and
45% (95% CI, 8.91–24.87), respectively (Supplemental Fig. 2). The
overall response rate was 26%, including 3 patients with complete

TABLE 1
Baseline Characteristics

Parameter Patients (n 5 33)

Age (y) Median, 64.5;
range, 49–80

Sex (n)
Male 26, 79%

ECOG PS (n)
0 10, 30%
1 23, 70%

Smoking (n)
Current 4, 12%
Never or former 29, 88%

Alcohol (n)
Current 24, 73%
Never or former 9, 27%

Primary tumor location (n)
Hypopharynx 4, 13%
Larynx 7, 22%
Oral cavity 10, 30%
Oropharynx 8, 24%
Unknown 3, 10%

Disease extent at baseline (n)
Loco/regional recurrence 12, 36%
Metastatic disease 21, 64%

Location metastases
Lung 28, 45%
Lymph node 24, 39%
Bone 5, 8%
Other (liver, adrenal gland, muscle) 4, 8%

Prior treatments with curative intent* (n)
Surgery alone 3, 9%
Surgery with adjuvant radiation 8, 24%
Surgery with adjuvant chemoradiation 9, 27%
Radiation alone 5, 15%
Chemoradiation 8, 24%

Time from last platinum therapy (n)
#6 mo 1, 6%
.6 mo 16, 94%

Histologic/cytologic biopsy†

Archival 17, 52%
Fresh 16, 48%

PD-L1 status‡ (n)
PD-L1 CPS , 1 13, 40%
PD-L1 CPS 1–20 8, 24%
PD-L1 CPS $ 20 6, 18%
No assessment possible 6, 18%

*Chemotherapy regimen included monotherapy cisplatin or
carboplatin, or combination regimens, for example, docetaxel,
cisplatin and 5-fluorouracil or carboplatin and 5-fluorouracil.

†A fresh biopsy was defined as histologic or cytologic tumor biopsy
performed at study enrollment up to, 1 mo before study enrollment.

‡PD-L1 assessment was performed on biopsy tissue from R/M
disease. PD-L1 staining was performed using VENTANA SP263.

ECOG PS 5 Eastern Cooperative Oncology Group performance
status.

Data are median and range, or n and %.
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response and 5 patients with partial re-
sponse. The best response to durvalumab
treatment per patient is depicted in Figure 1.
The disease control rate at 16 wk was 48%,
with a mean response duration of 7.8 mo
(range, 1.7–21.1 mo). The most frequent
reported grade 3–4 treatment-related adverse
events were elevated alanine transaminase
and aspartate transaminase caused by hepati-
tis and pneumonitis (Supplemental Table 1).
PD-L1 CPS showed no association with
PFS (PFS of 4.6 vs. 12.9 vs. 3.5 mo with
CPS , 1, 1–20 and . 20, respectively; P 5

0.259; Supplemental Fig. 3).

89Zr-DFO-Durvalumab PET/CT
Dose Finding
In total, 14 patients were assigned to 1

of 3 dose cohorts: 2 mg (n 5 4), 10 mg
(n 5 6), or 50 mg (n 5 4) of durvalumab.
No clinically relevant infusion-related reac-
tions for the injection with 89Zr-DFO-dur-
valumab were reported.
Example 89Zr-DFO-durvalumab PET/CT

scans are shown in Figure 2. The pharmacokinetic analysis at day 5
showed the lowest 89Zr-DFO-durvalumab (%ID/g) plasma concen-
tration in the 2-mg cohort (Supplemental Fig. 4), whereas highest
concentrations were measured in the 50-mg cohort (P 5 0.077). The
10-mg dose cohort showed variable plasma concentrations be-
tween patients. In the 2-mg cohort, tumor
lesions could not be visualized properly and
high tracer retention was observed in the liver
and spleen.At higher antibody doses, liver and
spleen uptake decreased and tumor uptake in-
creased.Also, increasing antibody dose resulted
in visually prolonged 89Zr-DFO-durvalumab
circulation time. Quantitative analyses showed
that the mean TTB ratio was highest in the
10-mg cohort and lowest in the 50-mg cohort
(2-mg cohort: 2.28 6 0.61; 10-mg cohort:
3.756 0.93; 50-mg cohort: 1.486 1.64;P5

0.019;Supplemental Fig. 5).
On the basis of the highest TTB ratios and

tumor visualization, we selected 10 mg for
subsequent 89Zr-DFO-durvalumab PET/CT
imaging.

PET Imaging Analyses
In total, 24 patients underwent 89Zr-DFO-

durvalumab PET/CT imaging using an
antibody dose of 10 mg. In these patients,
89Zr-DFO-durvalumab tumor accumulation
wasmeasuredforall18F-FDG–positivetumor
lesions (n5 53). The 89Zr-DFO-durvalumab
uptake, lesion size, and lesion location are
displayed in Figure 3. An overview of all
lesions can be found in Supplemental Table 2.

89Zr-DFO-Durvalumab PET Imaging.
For quantitative analyses of 89Zr-DFO-dur-
valumab, 53 lesions were included. No sig-
nificant differences were observed between

lesions in different organ sites. However, accumulation of 89Zr-
DFO-durvalumab was highly variable in tumor lesions within and
between patients (Figs. 3 and 4. The largest heterogeneity in 1
patient was observed between a lung (SUVpeak, 3.3) and liver
(SUVpeak, 9.8) metastasis. The highest SUVpeak was reported in

FIGURE 1. Each bar of waterfall plot depicts best response according to RECIST, version 1.1, of
single patient during durvalumab treatment. Blue bars represent patients with metastatic disease,
pink bars patients with locoregional recurrent disease. Dotted lines reflect RECIST for disease pro-
gression (120% change) and partial response (230%).

FIGURE 2. Representative example images of 1 patient per dose cohort. For each cohort, 89Zr-
DFO-durvalumab PET/CT (top) and 18F-FDG PET/CT (bottom) are presented. Physiologic 89Zr-DFO-
durvalumab is visualized in lymphoid organs (e.g., liver [1], spleen [2]). Arrows identify tumor lesions.
SUV(bw)5 SUV based on body weight.
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2 bone lesions (SUVpeak, 13.4 and 13.6) and 1 locoregional lymph
node (SUVpeak, 12.2).

89Zr-DFO-durvalumab SUVpeak was corre-
lated with lesion size (Spearman r, 0.359; P 5 0.09) and 18F-FDG
SUVpeak (Spearman r, 0.391; P 5 0.005), but not with organ site
(Spearman r, 0.15; P 5 0.28). The overall mean gm 89Zr-DFO-
durvalumab SUVpeak was 6.0 (95% CI, 4.6–7.3).

18F-FDG PET Imaging. In 33 patients, 70 18F-FDG–positive
lesions were identified according to PERCIST used for quantitative
analyses. The 18F-FDG uptake was highly variable within and
betweenpatients,with anoverall gm18F-FDGSUVpeak of 7.7 (range,
2.0–18.2) and 18F-FDGTLGof70.3mL(range, 2.7–659.0mL).

Correlation Between Tracer Uptake and Treatment Response
or PD-L1 Expression

89Zr-DFO-Durvalumab PET/CT. The median PFS of patients
with an above-median 89Zr-DFO-durvalumab SUVpeak was 5.7 mo

compared with 3.5 mo in the below-median
group (HR, 1.5 [95% CI, 0.5–3.9; P 5
0.45]; Fig. 5A). Also, gm 89Zr-DFO-durva-
lumab TTB ratio did not correlate with sur-
vival (HR, 1.3 [95% CI, 0.5–3.3; P 5
0.60]; Fig. 5B). Patients grouped based on
the hottest lesion showed a similar PFS of
5.7 mo (SUVpeak $ 6.22) versus 3.5 mo
(SUVpeak , 6.22) (HR, 1.1 [95% CI,
0.4–3.0; P 5 0.84]).
To correct for partial-volume effect,

the correlation of 89Zr-DFO-durvalumab
SUVpeak and TTB ratio with PFS was also
performed after correcting for lesions less
than 20 mm, showing no essential differences
between results described for all lesions
(Supplemental Fig. 6).
In total, 35 lesions were visible on eval-

uation CT scans during treatment. On a
lesion level, 89Zr-DFO-durvalumab accu-
mulation and treatment response was vari-
able (Fig. 6). There was no substantial

correlation between lesional 89Zr-DFO-durvalumab SUVpeak or
TTB ratio with the change in lesion size at 12 wk (Spearman
r, 0.45; P 5 0.051 and Spearman r, 20.669; P 5 0.78, respec-
tively). A cutoff of the median SUVpeak of these lesions did not
improve the correlation of 89Zr-DFO-durvalumab SUVpeak with
treatment response (Spearman r, 0.67; P 5 0.855).

18F-FDG PET/CT
Patients with an above-median 18F-FDG TLG showed a signifi-

cantly worse outcome than di patients with a low 18F-FDG TLG
(median PFS, 1.8 vs. 7.3 mo; HR, 2.4 [95% CI, 1.1–5.4; P 5
0.04; Fig. 7]). Patients with above-median 18F-FDG SUVpeak

showed a median PFS of 5.3 compared with 5.7 mo in the below-
median group (HR, 1.5 [95% CI, 0.7–3.4; P 5 0.30]). The 18F-
FDG MTV was not associated with PFS (P 5 0.69; not shown).

The correlationbetween 18F-FDGSUVpeak

and 18F-FDG TLG ratio with PFS after cor-
recting for lesions less than 20mm is reported
in the supplemental materials and showed
similar results as described for all lesions
(Supplemental Fig. 7).
On a lesion level, PD-L1 CPS did not

correlate to 89Zr-DFO-durvalumab SUVpeak

(Spearman r, 0.38; P 5 0.20), 89Zr-DFO-
durvalumab TTB ratio (Spearman r, 20.06;
P 5 0.85), 18F-FDG TLG (Spearman r,
0.40; P 5 0.90), or 18F-FDG SUVpeak

(Spearman r, 20.12; P 5 0.70).

DISCUSSION

The PINCH study reported 89Zr-DFO-
durvalumab PET/CT in R/M SCCHN pa-
tients treated with durvalumab to address
current caveats in the predictive role of PD-
L1 expression on tumor biopsies. 89Zr-DFO-
durvalumab PET/CT was considered safe
and feasible in a multicenter setting. Hetero-
geneous 89Zr-DFO-durvalumab tumor accu-
mulation was detected within and between

FIGURE 3. Scatterplot of all 18F-FDG–positive lesions (n 5 53) measuring $ 10 mm (or 15 mm in
lymph node) and the lesions’ corresponding 89Zr-DFO-durvalumab uptake. Lesions were distributed
over lung (n5 20), lymph nodes (n5 18), local recurrence (n5 8), bone (n5 5), and liver (n5 1).

FIGURE 4. Example fused images of 89Zr-DFO-durvalumab (10 mg) PET/CT images showing
tracer uptake in known tumor locations. Axial sections in 2 different patients are displayed. Arrows
highlight tumor lesions in local recurrence (A), lymph node and pleural lesion (B), and 2 other bone
lesions (C). SUV(bw)5 SUV based on body weight.
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patients. 89Zr-DFO-durvalumab uptake could not predict durvalumab
treatment response.
To achieve optimal tumor-to-background contrast, selection of

proper antibody dose and imaging timing is essential. The PINCH
study showed superior TTB ratios when performing PET/CT 5 d
after 89Zr-DFO-durvalumab administration using 10 mg of durvalu-
mab, compared with 2 and 50 mg. In agreement with previous stud-
ies, increasing the dose of unlabeled antibody saturates the spleen
uptake and results in higher concentrations of circulating 89Zr-
labeled antibodies and increased tumor uptake (24,25). At 50 mg,
TTB ratio decreased, most likely explained by a decrease in avail-
able binding sites for 89Zr-DFO-durvalumab. In line with this, low
or absent tumor accumulation was also reported for 89Zr-DFO-dur-
valumab PET imaging with 750 mg of unlabeled durvalumab (22).
Preclinical studies have demonstrated a relation between the accu-

mulation of radiolabeled PD-1 and PD-L1 antibodies with PD-L1
expression, thereby distinguishing between tumors with different
PD-L1 expression levels (13,14). The first 2 clinical trials also
reported an association between radiolabeled PD-L1 antibody uptake
and PD-L1 expression (18,19). However, we did not find such a cor-
relation. Of note, our analysis was performed on a subset of patients
using archival tissue biopsies, as fresh histologic proof was not man-
datory for study inclusion. Besides sampling error due to small
tumor samples, correlating (archival) biopsies to PET imaging

remains challenging because of the heterogeneous and dynamic
expression levels of PD-L1. Also, in comparison to previous studies,
the PD-L1 staining and scoring procedures differed (29,30).
A previous study in 22 patients with metastatic NSCLC, triple-

negative breast cancer, and bladder cancer treated with atezolizumab,
above-median gm 89Zr-atezolizumab SUVmax was associated with
improved overall survival and PFS (18). Furthermore, both 89Zr-
nivolumab (anti–PD-1) and 18F-BMS-986192 (anti–PD-L1) SUVpeak

were correlated to nivolumab treatment response in 13 NSCLC
patients. However, 2 other studies using 89Zr-durvalumab and 89Zr-
pembrolizumab in NSCLC patients showed a trend but no significant
correlation between tracer uptake and durvalumab, respectively, and
pembrolizumab treatment efficacy (22,31), which is more in line
with our data. The early termination of the study resulted in a lower
number of included patients. Potentially, more patients could have
resulted in a significant correlation. We also evaluated the correlation
between tumor metabolism and ICI response, as performed in previ-
ous studies (32,33). Our data suggest that, in particular,18F-FDG
TLG may identify poor durvalumab responders upfront. A potential
explanation could be that patients with more extensive disease have
already undergone extra steps in the immune escape route.
Altogether, PET imaging with 89Zr-labeled PD-L1 antibodies has

not consistently shown a correlation between tracer uptake and treat-
ment response. Potential explanations are the different characteristics

FIGURE 5. Kaplan–Meier estimates of PFS based on 89Zr-DFO-durvalumab SUVpeak (A) and TTB ratios (B) dichotomized at median value.

FIGURE 6. Spaghetti plot reporting lesional 89Zr-DFO-durvalumab
SUVpeak and lesional response of 17 lesions where colors identify corre-
sponding 89Zr-DFO-durvalumab uptake by distribution over quartiles.

FIGURE 7. Kaplan–Meier estimates of PFS based on 18F-FDG TLG
dichotomized at population median.
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of the antibodies used, which include affinity for PD-L1, which could
influence tumor retention; Fc-tail modification/glycosylation, which
could affect circulation time and effector functions; and nonspecific
antibody uptake due to enhanced permeability and retention (EPR)
effect (34–36). As a result of the EPR effect, there is always a (low)
PET signal in the tumor, although the PET signal is not PD-
L1–mediated. This EPR effect may hamper the detection of small
amounts of tumor PD-L1, which can be clinically relevant as low
PD-L1 expression (1% positive cells) has been associated with ICI
response. To limit the nonspecific uptake and thereby increase the
potential to measure low PD-L1 expression levels, small molecules
or peptides with rapid blood clearance can be used (37,38). Finally,
other mechanisms within the immune suppressive microenvironment
beyond PD-L1, such as the activation and promoting of CD81 T
cell priming in tumor-draining lymph nodes, determining ICI
response could have influenced the correlation between tracer uptake
and ICI response (39).
Despite the fact that 89Zr-DFO-durvalumab did not correlate to

treatment outcome, we do see potential of 89Zr-labeled antibodies
in optimizing the ICI treatment efficacy in patients with R/M
SCCHN (40). Besides a unique insight into antibody biodistribu-
tion, the in vivo visualization of 89Zr-labeled antibodies highlights
essential local effector mechanisms, reveals the complexity of
dose–response relations, and may shed a new light on the role of
nontumor located PD-L1 expression in the anticancer immune
responses (39). Ultimately, this teaches us how to use (and com-
bine) these drugs to improve response rates, an essential step in
early drug development suitable for phase 1 and 2 clinical trials.

CONCLUSION

The PINCH study is the first, to our knowledge, to perform PD-L1
PET/CT in patients with R/M SCCHN. It has shown that 89Zr-DFO-
durvalumab PET/CT imaging is feasible and safe. However, 89Zr-
DFO-durvalumab uptake did not correlate to PD-L1 expression on a
patient level and could not predict durvalumab treatment response.
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KEY POINTS

QUESTION: Can 89Zr-DFO-durvalumab PET/CT predict
durvalumab treatment response in patients with R/M head and
neck cancer?

PERTINENT FINDINGS: This multicenter clinical trial studies the
feasibility and safety of 89Zr-DFO-durvalumab PET/CT and its ability
to predict durvalumab treatment response. 89Zr-DFO-durvalumab
PET/CT was safe and feasible but was unable to predict durvalumab
treatment response.

IMPLICATIONS FOR PATIENT CARE: Our findings indicate that
an approach other than radiolabeled antibody–based PET imaging
to predict treatment response to ICIs using molecular imaging is
needed.
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