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Immune checkpointinhibitors (ICIs), by reinvigorating CD8" T cell
mediated immunity, have revolutionized cancer therapy. Yet, the systemic
CDS8' T cell distribution, a potential biomarker of ICI response, remains
poorly characterized. We assessed safety, imaging dose and timing,

pharmacokinetics and immunogenicity of zirconium-89-labeled,
CD8-specific, one-armed antibody positron emission tomography tracer
89ZED88082A in patients with solid tumors before and -30 days after
starting ICl therapy (NCT04029181). No tracer-related side effects occurred.
Positron emission tomography imaging with 10 mg antibody revealed
897ZED88082A uptake in normal lymphoid tissues, and tumor lesions across
the body varying within and between patients two days after tracer injection
(n =38, median patient maximum standard uptake value (SUV,,,,) 5.2,1Ql
4.0-7.4). Higher SUV,,, was associated with mismatch repair deficiency and
longer overall survival. Uptake was higher in lesions with stromal/inflamed
than desertimmunophenotype. Tissue radioactivity was localized to areas
with immunohistochemically confirmed CD8 expression. Re-imaging
patients on treatment showed no change in average (geometric mean)
tumor tracer uptake compared to baseline, but individual lesions showed
diverse changes independent of tumor response. The imaging data suggest
enormous heterogeneity in CD8" T cell distribution and pharmac
odynamics within and between patients. In conclusion, **ZED88082A can
characterize the complex dynamics of CD8" T cells in the context of ICIs, and
may informimmunotherapeutic treatments.

T cell-enhancingimmune checkpointinhibitors (ICls) have gained their
placein cancer treatment withimpressive, durable antitumur efficacy
inaremarkable variety of tumor types'>. However, response rates vary,
and only a subset of patients benefits. A combination with another ICI
orother medicines canimprove responserates butcanalsoincrease the
risk of adverse events (AEs)". This highlights the clinical need for tools to
optimize treatment strategies forindividual patients. Several biomark-
ers have been identified to select patients for ICI. These include pro-
grammed death-ligand 1(PD-L1) expression, tumor mutational burden,

deficiency of mismatch repair (AIMMR) proteins and a T cell-inflamed
gene expression profile* . However, no single biomarker or combina-
tion of biomarkers accurately predicts response to ICI.

CDS8" T cells play an essential role in tumor cell destruction
by the immune system. Their presence in the tumor is associ-
ated with responses to ICls across several tumor types® ™. An ICI
treatment-emergent increase in CD8" T cell density in tumor biopsy
samples has also been associated with tumor response. Most data are
available for patients with advanced melanoma with biopsy samples
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obtained at different time points following the start of ICls. For exam-
ple, increased CD8" cell density in 25 paired tumor biopsy samples
collected after 20-120 days pembrolizumab treatment was associated
with response. Others reported a CD8* T cell expansion in 13 biopsy
samples two weeks after anti-programmed cell death (PD-1) antibody
therapy initiation, but this was not the case in a study analysing ten
mostly late on-treatment biopsy samples after 0.7-26 months®'°. Sam-
pling bias may influence these differences and considerable heteroge-
neity can exist within or between different lesions within one patient'>".

Due to these inherent limitations for invasive tumor biopsies,
remarkably little is known about the systemic kinetics and heteroge-
neity of CD8* T cell distribution among tumor types and individual
tumor lesions in patients. To address this issue, we developed the
zirconium-89-labeled one-armed antibody ¥ZED88082A targeting
CD8a, as antibodies or antibody fragments labeled with zirconium-89
(3Zr) allow noninvasive whole-body visualization of a target with
positron emission tomography (PET)"* ', First, ®ZED88082A uptake
with PET was shown in human CD8-expressing tumors xenografted
in mice"”. We then performed ¥ZED88082A PET scanning in patients
withsolid tumors before and ~30 days after starting ICl treatment with
PD-L1 antibody, or PD-1 antibody with or without CTLA-4 antibody.
The primary objectives of the study were to characterize the safety,
imaging dose and time points, pharmacokinetics and immunogenicity
of ¥ZED88082A in patients with solid tumors. Secondary objectives
included the potential toimage whole-body CD8" T cells, correlations
of CD8 PET imaging data with tumor-based assessments and correla-
tions with clinical outcomes and AE to ICI treatment.

Results
Trial population and safety
Between February 2019 and November 2020, 39 patients were enrolled
(NCT04029181). One patient with tracer extravasation was excluded
from PET analyses (Table 1). Twenty-two of the 29 consecutive patients
included for repeated imaging did undergo this, with a median of 30
days following initiation of ICI treatment (IQ128-36 days). Seven were
not scanned during ICI therapy, because of withdrawal before (n=1)
andduring (n=4) treatment due to disease progression, patient anxiety
(n=1) and COVID-19restrictions (n=1).

No%¥ZED88082A-related side effects occurred. AEs due to ICIwere
consistent with reports from previous studies (Extended Data Table1).

Inpart A, two anti-CD8 tracer protein doses (¥ZED8S082A + unla-
beled, desferrioxamine (DFO)-conjugated one-armed antibody
CED88004S) were evaluated: 4 mg (n=3) or 10 mg (n = 6) with serial
PETscans0(1h),2,4and7 (1) days after administration, followed by
abiopsy of atumor lesion. The 10 mg dose allowed for sufficient blood
pool tracer availability (average day 2 mean standard uptake value
(SUV,pean) 2.9 (£1.0), day 4 SUV,,, 1.9 (£0.3)). Compared to 4 mg, the
10 mg dose showed less and stable splenic uptake, indicating abate-
ment of splenic tracer sink effect (Extended Data Fig. 1a). The 10 mg
protein dose visualized tumor lesions and lymphoid tissues (Fig. 1and
Supplementary Video), with highest uptake on days 2and 4 (Extended
Data Fig. 2). In vitro, human peripheral blood mononuclear cells did
not internalize the tracer (Extended Data Fig. 3), consistent with PET
imaging datashowing no further increasein tissue signal between days
2-7.Therefore, in part B, the 10 mg protein dose with PET scanning on
day 2 was considered optimal.

Uptake in tumor lesions at baseline

Baseline °ZED88082A uptakein all nonirradiated lesions (n =266 in 38
patients) showed an overall geometric mean SUV,,,, of 5.6 (geometric
coefficient of variation 0.72) on day 2. Lesions were detected in all
major organs. Median geometric mean SUV,,,,, per patient was 5.2 (1QI
4.0-7.4). Heterogeneity in tumor uptake was observed between and
within patients (intraclass correlation coefficient 0.46; Fig. 2a,b(ii) and
Extended Data Fig. 4). In 10 patients, 4 with dMMR tumors, 16 lesions

Table 1| Characteristics at study entry of all evaluable
patients

Characteristics Sample, total

n=38
Median age, years (range) 62 (32-80)
Sex, n (%)
Female 20 (53)
Male 18 (47)
Tumor types, n (%)
dMMR (colorectal 5 (13%), UCC 2 (5%), duodenal 1(3%), 9 (24)
pancreatic 1(3%))
Cervical carcinoma 5(13)
Cutaneous SCC 4(11)
TNBC 3(8)
Cholangiocarcinoma 3(8)
Melanoma 3(8)
Anorectal SCC 2(5)
Vulvar SCC 2(5)
NEC (cervical, gastric-esophageal) 2(5)
Esophageal SCC 1(3)
NSCLC 1(3)
Hepatocellular carcinoma 1(3)
Ovarian clear cell carcinoma 1(3)
SCC of unknown primary 1(3)
Tumor stage at study entry, n (%)
Loco-regional irresectable 3(8)
Metastatic 35(92)
ECOG performance status, n (%)
0 19 (50)
1 19 (50)
Pl;e\;ious lines of systemic treatment in neo-adjuvant or adjuvant setting,
n (%
0 32(84)
1 4(M)
>2 2(5)

Previous lines of systemic treatment in the locally advanced or metastatic
setting, n (%)

0 29 (76)
1 4(m)
22 5(13)

ECOG, Eastern Cooperative Oncology Group. NEC, neuroendocrine carcinoma. NSCLC,
non-small-cell lung cancer. SCC, squamous cell carcinoma. TNBC, triple-negative breast
cancer. UCC, urothelial cell carcinoma.

(6 dAMMR) showed a pronounced tumor-rim uptake (Fig. 2b and
Extended Data Fig. 4f-h). Amongthe 13 evaluable lesions out of these
16, only 3 had computed tomography (CT) evidence of central necrosis.

89ZED88082A uptake was related to the lesion’s organ location
and highest in malignant lymph nodes (Fig. 2c). Malignant lymph
nodes also exhibited 62% higher SUV,,,,,than normal lymph nodes (95%
confidence interval (CI) 45-80%, P <0.001). We took two approaches
to verify whether potential differencesin CD8 tracer uptake did reflect
CD8-related tumor characteristics. First, we showed that ZEDS8082A
tumor uptake was higher in the 9 patients with dMMR than the 25
with mismatch repair proficient (p)MMR) tumors (Fig. 2d). Second,
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Fig.1|Normal tissue biodistribution of ®ZED88082A. a, Representative
89ZED88082A PET scan maximum intensity projection day 2. A whole-body
visualizationis available as Supplementary Video. b-e, Axial views of the same
scan fused with low-dose CT. Arrows indicate uptake in Waldeyer’s ring, cervical
lymph nodes (b), spleen, bone marrow (c), renal cortex, small intestine (d) and

Days postinjection

Days postinjection

inguinal lymphnodes (e). f,g Pretreatment uptake with 95% confidence bands
across tissues adjusted for protein dose, projected at 10 mg dose (n =9), days
0(1h),2,4and7(+1day), with meanSUV,..,, (f) and mean SUV,,,, (g) for lymph
nodes and tonsils, not visible on day 0.

we studied with CD8 immunohistochemistry (IHC) the tumors of
24 patients with 22 pre- and 12 on-treatment samples. This showed
four inflamed, 15 stromal and 15 desert phenotypes (Extended Data
Fig.5aand Supplementary Fig.1). The SUV,,,, was higher ininflamed or
stromal phenotype lesions than desert phenotype lesions before and
during treatment (Fig. 2e and Extended Data Fig. 5f). Lesions withaCD8
desert phenotype had ageometric mean SUV,,,, 0f4.3 (95% C13.1-6.0),
while lesions with a stromal or inflamed phenotype had a geometric
mean SUV,,,,, 0f 7.1(95% C15.4-9.4) (P= 0.018); when presented asa to
the physiological muscle background uptake, this difference was not
significant (Extended DataFig. Se). Localized CD8" T cell density by IHC
correlated with the autoradiography signal magnitude in tumor tissues
(t=0.45, P=0.015) (Fig. 3a and Extended Data Fig. 5Sb—d).

As of 13 October 2021, median patient follow-up was 5.6 months;
35 of 38 patients were evaluable for best overall response, 4 patients
experienced a complete response (CR), 8 a partial response (PR), 4
stable disease (SD) and 19 progressive disease (PD). Baseline tracer
tumor uptake showed a positive trend with best overall response
evaluation criteriain solid tumours (RECIST) response (Pynq = 0.064,

Extended Data Fig. 6a), and uptake was 40% (95% CI 0-94%) higher in
patients with SD/PR/CR as best overall response during ICI (P = 0.040;
Extended Data Fig. 6b,c). Patients with an above-median baseline
897ED88082A-uptake geometric mean SUV,,,, (that is, >5.2) showed a
trend towards superior progression-free survival (PFS) (median 1.5, 95%
Cl1.3 to not reached; versus 3.9, 95% CI 2.6 to not reached, P = 0.058)
and had superior overall survival (OS) to patients with an uptake below
the median (median 6.5, 95% CI 3.3 to not reached, versus 13.8, 95% Cl
11.3tonotreached, P=0.030) (Fig. 4). Analyzed continuously, baseline
89ZED88082A-uptake geometric mean SUV,,,, (per standard deviation
decrease) showed for PFS ahazard ratio (HR) of 1.60 (95% C11.03-2.78;
P=0.034) and for OS that of 1.59 (95% C11.04-2.72; P= 0.031).

Uptake in tumor lesions during treatment

During treatment, the average 3ZED88082A uptake in nonirradiated
lesions in all patients (lesion n = 111) was lower compared to baseline
(—4.6% change in geometric mean SUV,,,, per week of treatment, 95%
Cl-6.5%t0-2.6%), a change that depended on best overall response
with agreater decreasein patients with SD, PR or CR (P, ceraction = 0-018)
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(Extended DataFig. 6¢). Of the eight patients who showed PRor CRon
treatment, five already met criteria for PR at the time of the PET scan at
30 days. When takinginto account tumor volume change and resulting
tracer uptake underestimation due to partial volume effectsin respond-
ing lesions, the estimated average tracer uptake change was -2.7%
(95% Cl1-4.4%to—1.1%) per week treatment, which no longer depended
on best overall response (P;yceraction = 0-71) (Extended Data Fig. 6d). No
patientinthe repeatimaging cohort experienced pseudoprogression.

Within patients, lesions demonstrated diverse changes in
89ZED88082A uptake, with some decreasing and others increasing
compared tobaseline. Moreover, responding lesions displayed a vari-
ety of dynamics in ®ZED88082A-uptake change between the two PET
series (Fig. 4¢).

For ten patients, paired tumor tissues of the same lesion with cor-
responding tumor volumes of interest (VOIs) on PET were available
(Supplementary Information Fig. S1). Five of them reflected concord-
ant treatment-emergent changes by IHC and imaging (Fig. 3b). Inone
patient, alymph node metastasis witha SUV,,,, of 8.28 and stromal CD8
T cellinfiltration at baseline showed only normal lymph node tissuein
the second biopsy sample, with SUV,,,,, of 5.63 on the on-treatment PET.

Normal tissue biodistribution and pharmacokinetics
897ZED88082A showed a specific uptake per organ (Fig. 1). The highest
89ZED88082A uptake occurred in the spleenand was apparent withinan
hour of injection. From day 2 onwards, there was a clear *ZED88082A
uptake in normal lymphoid tissues, including the bone marrow, Wal-
deyer’sring, lymph nodes, the smallintestine (Extended DataFig.1) and
the appendix (Extended Data Fig. 7i). Sites with previous lymph node
dissection lacked uptake. Furthermore, tracer uptake was present in
the renal cortex and liver. Partial volume effects and spillover signal
precluded the quantification of small tumor lesions contained within
therenal cortex and the spleen. Tracer uptake was also observed at sites
of inflammation (Extended DataFig. 7). In two patients,*ZED88082A
uptake was lower in vertebrae irradiated <12 months earlier thanin
nonirradiated vertebrae (Extended Data Fig. 7g,h). During treatment,
theaverage tracer SUV,,.,,inblood pool at four weeks was13.3% lower
compared to pretreatment. Equally, uptake in spleen and lymphoid
tissues was limitedly decreased, the latter not being correlated to best
overall response (Extended Data Fig. 1b).

Several patients developed immune-related AEs (irAE) after ICI
initiation (Extended Data Table 1). One patient with Hashimoto’s thy-
roiditisonstable thyroid replacement therapy experienced aflare-up
requiring more replacement. Her elevated baseline thyroid SUV,,.,,
of 3.32 increased during treatment to 8.07 (Extended Data Fig. 7e,f).
In other patients experiencingirAE > grade 3 within the time frame of
PET scans or thereafter, no higher ¥ZED88082A uptake at baseline or
during treatment occurred in organs of interest. This included two
patients who developed diarrhea 4 and 14 days after the on-treatment
CD8PET. They were evaluated two days after the start of diarrhoea with
colonoscopy and a colonic biopsy, which showed minorinflammation
inboth patients. They were later treated with steroids because of clini-
cal suspicion of ICI-induced colitis.

In part A, serum *ZED88082A/CED88004S protein levels were
comparable withinthe same dose groups (Extended DataFig. 8a,b). The
estimated serum half-life of ¥ZED88082A/CED88004S was 1.19 + 0.33
days. Tracer pharmacokinetics were not influenced by ICI (Extended
DataFig. 8c).*ZED88082A was intactin serum, while only low molecu-
lar weight components, including free °Zr, were detectable in urine
(Extended Data Fig. 8d). ®ZED88082A administration did not affect
Tcell, Bcelland NK cell blood counts (Extended Data Fig. 3a).

No patient had endogenous antibody-drug antibodies (ADAs)
before tracer injection (n = 31),19% developed ADAs 28-50 days after
thefirst (n = 5outof26)and 8% 18-38 days after the second tracer injec-
tion (n=1out of 12). One out of the 22 patientsimaged twice (pre- and
on treatment) developed ADAs after the first tracer injection. There
was noapparent ADA effect on®°ZED88082A/CED8S8004S serum levels
and imaging results.

Discussion
Asystemic characterization of the tumor microenvironmentis critical
forunderstanding an effective anticancer immune response following
immunotherapies. Thisis afirst-in-human study with the CD8-targeting
antibody ®ZED88082A characterizing the CD8' T cell biodistribution
by PET imagingin patients with cancer at baseline and during ICl treat-
ment. We demonstrated that the tracer is safe. Tracer uptake in tumor
lesions correlated with CD8 IHC and autoradiography signal in those
lesions. %ZED88082A signal was conspicuous early on in the blood
pooland kidneys as clearance organs, and in the spleen with extensive
CDS8 expression on the red pulp reticuloendothelial cells'. However,
progressive uptake was evident only in CD8-rich tissues such as the
lymph nodes, further supporting the tracer’s CD8 specificity.
Overall, high ®ZEDS88082A tumor uptake at baseline was associ-
ated with a better OS, concordant with findings from CD8 IHC in tis-
sues from clinical ICI trials®”’. There was a major spatial heterogeneity
within and between patients in ¥ZED88082A uptake by their lesions.
We took two approachesto verify whether potential differencesin CD8
tracer uptake did reflect CD8-related tumor characteristics. First, we
showed higher tracer uptake in dAMMR than in pMMR tumors imaged
before treatment, reflecting the higher CD8* T cell infiltrate reported
in dMMR tumors**?*, Second, we showed that tumor lesions biopsied
and known by IHC to have a high T cell infiltrate (either ‘stromal’ or
‘inflamed’ phenotype) showed higher CD8 tracer uptake than the group
withalow-T cell‘desert’ phenotype. The ¥ZEDS88082A uptakeinarim
pattern in several tumors before and during treatment likely mirrors
CDS8'T cell tumor infiltration referred to as the invasive margin'>%,
Toimprove insightinto ICls, their biodistribution has been stud-
ied with #Zr-labeled anti-PD-1 and anti-PD-L1 antibodies™'***?, In
patients receiving atezolizumab, pretreatment %°Zr-atezolizumab
tumor uptake predicted tumor response, PFS and OS, while PD-L1
expression assessed by IHC did not"”. Similar observations were made
for #Zr-pembrolizumab imaging'. This demonstrates that T cells in
tumor lesions as key mediators of immunotherapy can be evaluated
by whole-body PET imaging. CD8 imaging was recently describedina
small phase 1 study involving CD8 PET imaging at a single time point

Fig.2|%°ZED88082A uptake in nonirradiated tumor lesions. a, Pretreatment
uptakein 266 lesions day 2 after tracer injection, ordered by increasing
geometric mean SUV,,,, per patient, visualizing lesion size and site, and aorta
background uptake. &, diameter. #, mean. b, Axial views PET/CT scans, arrows
indicate lesions. (i) High, heterogeneous uptake in dAMMR duodenal tumor. (ii)
Uptakein atriple-negative right breast cancer lesion, moderate uptake in pleural
and no to minor uptake in lung lesions. (iii) Minor uptake in perivesical A(MMR
urothelial cell cancer lesion pretreatment increased with rim pattern during
treatment (iv). ¢, Violin plot SUV,,,, in lesions (n = 212) per site (lymph nodes
n=99,livern=35bonen=17lungn=42,skinn =19).d, Violin plot of SUV,,,, in
patients with pMMR (n =25) and dMMR tumors (n =9). e, Violin plot of SUV,,,,,

inlesions with desert (n =15) and nondesert (n =19) immune phenotype before
and during treatment in 24 patients. c-e, Violin plots with bottom and top 1%
of SUV,,,, values truncated (c and d, not for e); colored dots are the geometric
means per patient (d) or lesion (e); black vertical lines are geometric mean
SUV,...« 95% CI; white dots within black lines and values below the violin plot the
actual geometric means. Two-sided nominal Pvalues were derived from linear
mixed models taking clustering within patients (and, if applicable, lesions) into
account, using a Wald test under restricted maximum likelihood for three of
higher-level factors (c) or alikelihood ratio test under maximum likelihood for
two-level factors (d,e). SqQCC, squamous cell carcinoma; OCCC, ovarian clear cell
carcinoma; HCC, hepatocellular carcinoma; UP, unknown primary.
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either before, during or after ICI or targeted therapy in 15 patients
using different protein doses of the minibody *Zr-Df-IAB22M2C?*. The
89Zr-minibody was safe and accumulated in CD8" rich tissues and tumor
lesions of ten patients, supporting the CD8 PET approach.

Although we observed increasing signal in individual cases pre-
ceding aresponse, as also shown in some biopsy studies’"*°, overall
SUV,.., changes on ®ZED88082A PET at 30 days after initiation of ICI
did not correlate with best overall response when adjusted for volume
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Fig.3|%°ZED88082A in tumor tissues related to CDS by IHC.

a, Autoradiography image of ZED88082A uptake in adMMR colorectal
cancer liver metastasis and accompanying CD8 IHC staining. Areas1,3and 5
with moderate to high CD8 expression; 2 and 4 without CD8 expression. The
representative image is shown with evident correlation between IHC CD8
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indicates the radiographic response of the lesion at six weeks. LN, lymph node.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-022-02084-8

a
100 HR 2.4 (95% CI 1.1-5.4)
9 log-rank P = 0.030
> 80
£
=
> 604
3
(2]
§ 40+
H
5 20
a
0 B T T T T 1
0 6 12 18 24
Number at risk Follow-up (months)
- Geometric mean SUV,, <52 17 9 4 2 2
Geometric mean SUV,__ >52 17 15 9 4 2

max =

(]

75 4

b
100 HR 2.1 (95% CI 1.0-4.9)
< log-rank P =0.058
o
£¢ 801
2.9
E [73
28 607
§8
B a 40 A
S =
o =)
92 10
a
2
o
T T T T 1
0 6 12 18 24
Number at risk Follow-up (months)
- Geometric mean SUV,, <5.2 17 4 0 0 0
Geometric mean SUV . 252 17 7 4 2 0

max =

Color legend
Per lesion (circles):
per-treatment

< values
< RECIST
@ @ (mm)
3 %01 100
o
2
> 10
£ 5
% 25 b SUVmax
% 30
(X . 10
z » r 5
g J ° ] 1]
: odeny empes o mamtn 1
2 ] > $° s & E o |18 Per patient:
s 8%y s
S ole m
[} Average
725 ) T T T T SUVmaX
PD SD PR CR

Best RECIST response

Fig. 4 |*ZED88082A uptake related to tumor response. a,b, PFS (a) and OS
(b), according to baseline geometric mean SUV,,,, below and above median,

and with two-sided nominal Pvalues derived froma log-rank test. ¢, Changes
during repeated imaging in tumor uptake and anatomic size, expressed as
estimated changes per week treatment to account for variation between patients
inthe timing of the PET scan/CT response evaluation. Patients (n =19) are
represented by two bars (blue and pink) and grouped per best overall treatment

response. Blue bars, change in sum target lesions according to RECIST between
pretreatment and first response evaluation. Pink bars, average SUV,,, change.
Dots are individual lesions (n =111). Individual lesion datapoints for size (blue)
and uptake (red) are connected by gray lines. Blue dots, lesion blueness, RECIST
diameter pretreatment. Dot location, change in size versus baseline. Red dots,
lesion redness, SUV,,,, pretreatment. Dot location, SUV,,,, change.

changes. Intriguingly, weidentified an enormousinterlesional hetero-
geneityin tracer uptake on PET at 30 days in patients who responded.
These findings indicate a remarkable spatio-temporal variability in
systemic T cell dynamics as an antitumor immune response unfolds.
Interestingly, similar results have been seenin a well-controlled mouse
model using in situ fluorescent imaging of tumor cells and immune
cells. Thus, a large variety in immunophenotype evolution was visu-
alized even within individual mice of one model of the same seeded
tumor cell line*°. Moreover, in a human tumor fragment platform
assay, PD-1 blockade resulted in different immune activation pro-
files among small tumor fragments derived from individual patient
tumor lesions™. Together, our results underscore the importance of
timing and characterization of all tumor lesions in comprehensively
evaluating the tumor-immune status and therapy-induced pharma-
codynamic effects.

Some tumor types display faster response kinetics to ICIs than
others®>®, At 30 days, we captured a snapshot of patients and their
lesions at different stages of their immune response, or lack thereof.
Our results indicate that earlier imaging time points are warranted to
capture CD8" T cell dynamics that may be preceding the antitumor
activity resulting in lesion shrinkage in these patients. Since various
tumor types were included in our study, the numbers of individual

tumor types enrolled were too small to define patient subset-specific
CD8'T cellkinetics. To fully understand and assess antitumor immunity
induced by ICIs beyond what is feasible with localized tumor biopsies,
itis essential to image T cell dynamics across lesions by whole-body
evaluation over time. Because *Zr has arelatively long half-life of 78.4 h,
repeated PET imaging with %°Zr tracers ideally requires an interval of
two weeks to avoid residual radioactivity and allow full clearance of the
antibody. New small molecule tracers targeting CD8 and labeled with
fluorine-18 may more readily allow sequential imaging time points,
increasing the chance of capturing a more complete time course, to
elucidate spatio-temporal changesin CD8' T cells following initiation
of immunotherapy*. For future studies, we envision also an earlier
second imaging time point, namely within two weeks after starting
ICItherapy, to capture pharmacodynamic changes before substantial
tumor shrinkage.

Several issues challenged the interpretation of CD8 imaging
changes following treatment. The uptake pattern changed rather than
the magnitude of uptake in some tumor lesions, probably reflecting
enhanced infiltrationinalarger tumor volume. We expressed specific
tumor uptake as SUV,,,,, commonly used to measure specific uptake.
However, this may not properly reflect heterogeneous uptake or a
changein distribution pattern.
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In addition, we detected CD8" T cells in areas of nonmalignant
inflammation, supporting the tracer’s ability to visualize inflammatory
processesinany setting including ®*ZED8S082A PET changes duringICI
treatmentin a patient with Hashimoto’s thyroiditis, a disease with high
lymphocyte involvement®. Therefore, CD8 PET may identify potential
irAEs if patients are scanned in the relevant time frame. However, it
should be noted that not allirAEs are drivenby CD8 T cells, and instead
may involve multifactorial aetiologies including B cell, complement or
auto-antibody driven mechanisms*. Thus, the potential relevance of
CD8PET inthe characterization, identification and monitoring of irAEs
will require further study andis currently limited to a single anecdote.

Thetracer showed an organ-specific biodistributionin normal tis-
sues withoutin vitrosigns of cellular tracer internalization by immune
cells. We cannot exclude that we also visualized CD8* NK cells, but they
arerelatively rare and notlikely to be confounding. Uptake in the spleen
was conspicuous within the first hour postinjection, likely due to high
perfusion and facile access of the tracer to high CD8 levels by littoral
cellslining the red pulp sinusoids'>'®. The higher spleen®ZED88082A
SUV,ean at 4 mg than at 10 mg likely reflects partial CD8 saturation at
the 10 mg dose, due to containing more unlabeled CED88004S.

Highbone marrow uptake early after injection, followed by agrad-
ualdeclineinthis densely vascularized space, is likely related to perfu-
sion, whileimaging at later time points likely reflects target-mediated
89ZED88082A binding to CD8' T cells, which would be expected based
onitsrole as a primary and secondary lymphoid organ and memory
CD8' T celllocalization®”**, Moreover, we saw tracer uptake in the small
intestine, likely showing CD8" T cells in the gut-associated lymphoid
tissue, such as the Peyer’s patches within the gut mucosa®*°. High
tracer uptakein these tissues matched sites of CD8 protein expression
reported in the Protein Atlas*, although these comparisons cannot
be exact due to the relatively young and healthy sources of tissues in
the atlas, and the relative complexity of delivering antibody tracer to
the CD8 target in living subjects. Tracer signals in liver, renal cortex,
urine and large bowel probably reflected tracer clearance and metabo-
lism rather than target-mediated binding. The renal cortex showed a
persistent high radioactive signal irrespective of decreasing blood
poollevels. This is presumably due to renal tracer clearance followed
by resorption and catabolism with residualization of intracellular
charged metal chelate catabolites such aslysine-DFO-Zr-binding pro-
teins. This is aknown phenomenon for small molecules and antibody
fragments*>*,

Serial, whole-body characterization of CD8" T cells has several
potential applications in clinical research. One application is to more
fully characterize the pretreatment CD8" T cell tumor infiltration,
which may function as a predictive biomarker for subsequent response
toaparticularimmunotherapy (forexample, ICIs). Furthermore, serial
CD8PETimaginghasthe potential to characterize treatment-emergent
pharmacodynamic changes following new immunotherapies or com-
binations of agents, and may therefore prove useful in guiding their
clinical development. % ZED88082A PET may also be helpful to guide
tumor biopsies to improve the chance of obtaining a tumor sample
withhigh CD8' T cellinfiltration. Ultimately, CD8 PET has the potential
to become a clinical decision support tool to individualize immuno-
therapeuticapproachesin patients. Describing and accepting the huge
spatial and temporal heterogeneity of CD8" T cellsis critical towards a
more individualized treatment approach in the future. However, the
generation of much larger CD8 PET imaging data sets and correlation
with clinical outcomes will be needed to assess whether CD8 PET can
guide treatment decisions.

In conclusion, %ZED88082A PET specifically visualizes CD8in vivo,
offering the opportunity to assess whole-body CD8" T cell distribution,
not obtainable with a single-lesion biopsy. We demonstrated that CD8*
T cell presence in tumor lesions imaged before ICI could be predic-
tive for OS, highlighting the potential of CD8 imaging as a predictive
biomarker to personalize treatment for patients. The dynamics of

intratumoral CD8 expression during ICl exposure ismore complexand
nuanced than previously reported and differs between patients and
lesions inthe same patient. To properly evaluate tumor-immune status,
timing and evaluation across lesions are crucial. Our results provide a
strongrationale to characterize the tumor-immune microenvironment
using new imaging technologies.
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Methods

Study design

This single-center imaging study comprised parts A and B. Eligi-
ble patients for part A or B1 had a histologically confirmed locally
advanced or metastatic cancer, whom, in the investigator’s opinion,
based onavailable clinical data, may benefit from anti-PD-L1 antibody
treatment, and had disease progression during or following first-line
standard-of-care therapy. In part B2, patients with melanoma eligi-
ble for standard-of-care ICIs could participate. Eligible patients had
measurable disease according to RECIST1.1, were amenable to atumor
biopsy, were >18 years of age and had an Eastern Cooperative Oncol-
ogy Group performance status of 0-1, life expectancy >12 weeks, and
adequate hematologic and end-organ function. Patients with concomi-
tantor historical conditions or medication use that could compromise
their safety or interpretation of study results were excluded.

The study was performed with acompanion treatment study with
atezolizumab for parts A and Bl at the University Medical Center Gron-
ingen (NCT02478099). All patients provided written informed consent
fortheimagingand, ifapplicable, the treatment study. The studies were
approved by the Medical Ethical Committee of the University Medical
Center Groningen and the Central Committee on Research Involving
Human Subjects.

Patientsreceived zirconium-89-labeled CED88004S (**ZED88082A)
withunlabeled DFO-conjugated one-armed antibody CED88004S intra-
venously as two consecutive boluses. In dose-finding part A, patients
received tracer injection before atezolizumab treatment, consisting of
37 MBq (1.2-1.5 mg) ¥ZED88082A with additional unlabeled CED88004S
until a total protein dose of 4 mg (n=3) or 10 mg (n = 6). The unlabeled
dose was varied to allow for adequate tracer blood pool availability,
comparablewith earlier studies**. The first two patients at each dose level
during dose-finding were hospitalized overnight for safety monitoring.
Aftertracerinjection, PET scans were performedat1h,and days2,4and
7,followed by abiopsy of atumor lesion identified before the PET scan.
InpartB, patients received tracer and PET scans before and early during
ICIcycle 2 (-30 days), with optimal protein dose and PET scan schedule
based on part A. After baseline PET scans and tumor biopsy, patients
from parts A and Bl received 1,200 mg atezolizumab intravenously
every three weeks. Patients with melanoma received standard-of-care
immunotherapy. After part A was closed, part B was opened. Cohort
assignment was in the order of enrollment.

89ZED88082A tracer and PET procedures
Unlabeled, DFO-conjugated one-armed antibody CED88004S,
provided by Genentech Inc., was radiolabelled with 3Zr-oxalate
(¥ZED88082A) according to good manufacturing practice guide-
lines”. Based on stability testing, ¥ZED8S082A shelf-life was defined
as96 hat2-8 °Cinthe vial and an additional 4 h at room temperature
inthe syringe. See Supplementary Table 1 for release specifications.
PET scans were acquired with low-dose CT for attenuation cor-
rectionand anatomic localization, with a Biograph mCT 64-slice, Bio-
graph mCT 40-slice or Biograph Vision (128-slice) PET/CT camera (all
Siemens, software versions VG70B/VG70C/VG60C/CG70C/VG76A/
VG80A). PET scan acquisition consisted of total body mode (skull to
feet) up to 15 bed positions depending on the patient’s length (Bio-
graph mCTs) or total four passes (Vision). Baseline and repeated PET
scansin cohort Bwere performed on the same machine. Accordingto
harmonization procedures, PET reconstruction was compatible with
the EARL1PET/CT accreditation and European Association of Nuclear
Medicine guidelines*. PET images were visually evaluated (Syngo.via,
version VB_40.02), and analyzed using the Accurate tool*¢ (versions
.08072019, .22042020 and .14082020). Spherical VOIs were drawn
around tumor lesions >1 cm and in organs of interest to assess the
tracer biodistribution. Tumor lesions >1 cmin diameter were identified
at baseline on diagnostic CT or MRI or via clinical evaluation for (sub)
cutaneous lesions, and VOIs were delineated manually for PET images

analysis on tracer uptake. Tracer uptake in nonmalignant lymph nodes
was qualitatively assessed and quantified on the PET scan images in
thecervical, axillary and inguinal regions. Tracer uptake in Waldeyer’s
ring was omitted after previous tonsillectomy and/or adenoidectomy,
and no visual uptake on PET. All PET scans were visually evaluated for
unexpected tracer uptake.

SUV was calculated using bodyweight, net injected radioactivity
dose and radioactivity withina VOI. All SUVs reported are at 10 mg on
day 2 postinjection unless specified otherwise.

Tumor tissue analyses

Tumor biopsies were performed within ten days after tracer injection
and within four days after the last PET scan. Whole tissue blocks of
formalin-fixed, paraffin-embedded (FFPE) biopsy samples were ana-
lyzed with autoradiography. Thereafter, 4 um sections were stained
with haematoxylinand eosin, and CD8 was IHC stained with the mouse
CD8 monoclonal antibody C4/144B (DAKO/Agilent). IHC images were
captured with Philips Intellisite Pathology solution v.3.2. If baseline
biopsy lacked, archival tumor tissue was studied. Tissue sections that
did not contain tumor were excluded from IHC/PET analyses.

CD8expressionwas determined by a pathologist (H.K.) blinded for
treatment outcome, and CD8" T cellinfiltration was described as desert,
stromal or inflamed phenotype*”*. For stromal or inflamed tumor
tissues, CD8" T cell density was assessed as 1(minor), 2 (intermediate)
or 3 (high) asasubjective estimate of average density considering the
entire tumor areato address intratumoral heterogeneity. Representa-
tive examples in Extended DataFig. 4a.

Whole FFPE tumor tissue blocks were exposed for six to eight
days to a multipurpose or multisensitive phosphor storage plate
(PerkinElmer). Exposures were captured using a Cyclone phosphor
imager. To correlate ¥ZED88082A uptake with the spatial patterning
andintensity of CD8 expression, autoradiography images were scaled
and registered to IHC images using manually selected control points
and an affine transformation for 16 tumor slides. IHC CD8 expression
was expressed as the percentage of CD8" positive pixels across the
manually defined region of interest (ROI) specific to tumor including
tumor-associated stroma per slide (excluding normal stromaand back-
ground tissue), thus CD8 IHC positive pixels/all pixels of the tumor area.
897ZED88082A tissue uptake was measured as digital autoradiograph
signal for the ROl corrected by background subtraction on a per slide
basis. Decay correction was applied to adjust for differences in the
timing of sample scanning after injection. Slide-level analyses served
to evaluate the tracer’s ability to distinguish specimens of relatively
high and low CD8 expression (pixel-based). For each slide, average
IHC percent positivity and autoradiographic tracer intensity were
computed globally and locally using overlapping square tiles of vary-
ing sizes (100 x 100 pixels, 400 x 400 pixels, 1,000 x 1,000 pixels to
8,000 x 8,000 pixels). Only tiles with >25% overlap with tumor ROI
were included. Image scaling, registration and summarization were
executed using MATLAB (Mathworks). Decay correction was applied
to autoradiography tracer intensities to adjust for differences in the
timing of sample collection after injection.

Tumors were considered dMMR if at least one of the following
criteriawas applicable®: tumor showed loss of X1 MMR proteins MLHI,
MSH2, MSH6 or PMS2, assessed by IHC; DNA analysis showed high
microsatellite instability; patients with known germline mutation
in MMR genes in the context of hereditary nonpolyposis colorectal
cancer syndrome. If unavailable at study entry, MMR protein status
was assessed immunohistochemically on (archival) tumor tissue. If
the result was equivocal, DNA analysis for microsatellite instability
was performed.

Laboratory analyses
In part A, blood samples for pharmacokinetics were collected before
injection and at 30 min, 3 h, one or two days, four days and seven
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days postinjection; in part B, before and 30 min postinjection and at
day of PET scan, for pretreatment as well as on-treatment PET series.
Tracer levels were analyzed with an ELISA of serum 8ZEDS8S082A/
CED88004S and with serum %°Zr-radioactivity measurements.
Clinical samples, assay calibrators and controls were captured on a
microtiter plate using a rabbit monoclonal antibody to CED88004S.
For detection, a biotin-conjugated anti-human IgG followed by a
streptavidin-horseradish peroxidase incubation and a colorimetric
reaction were used. The calibration curve range is 149 t0 2,500 ng ml™.
Half-life of ZED88082A/CED88004S was estimated by standard non-
compartmental analysis using Phoenix WinNonlin (CertaraInc.,v.6.4)
andis presented as (average + standard deviation).

Serum samples, drawn before the first and second tracer injec-
tion and 30 days after the last injection, were analyzed for ADAs
using a bridging ELISA assay with a relative sensitivity of 22 ng ml™.
ADA-positive subjects were defined as those who screened negative for
ADAs at baseline and had ADAs following ¥ZED88082A/CED88004S
administration (positive in the ADA confirmatory assay).

Blood was collected in sodium heparin tubes before and two to
sevendaysafter thefirst tracerinjectionfor peripheral blood lymphocyte
analyses. Peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll gradient centrifugation in LeucoSep-tubes (Greiner Bio-One)
andresuspended in freeze medium using CTL-Cryo ABC MediaKit (CTL
Europe GmbH). Cryovials were stored in liquid nitrogen until analysis. T,
B and NK cell enumeration was determined flow cytometrically.

89ZED88082A stability was studied in serum and urine collected
at days 0, 4 and 7, with sodium dodecyl sulfate-polyacrylamide gel
electrophoresis®. Intact ZED88082A and radioactive degradation
products were detected autoradiographically by exposing gels to
amultipurpose phosphor plate (PerkinElmer) overnight at -20 °C.
Exposures were captured using a Cyclone phosphor imager. Images
were analyzed using Image] (v.1.52p).

For tracer CD8-receptor mediated binding and internalization
analysis, PBMCs were prepared from healthy blood donor buffy
coats (Sanquin) with appropriate informed consent, by centrifuga-
tionin LeucoSep-tubes (Greiner Bio-One). Unstimulated PBMCs were
diluted to 1 million cells mI™ in phosphate-buffered saline containing
2% fetal calf serum (FACS buffer). CED88004S was diluted in FACS
buffer to 20 pg mi?and incubated with the PBMCs for 1or2 hat37 °C.
CED88004S binding to CD8 and subsequent cellular internalization
in PBMCs was determined flow cytometrically®.. For characteriza-
tion of CD3-positive cell populations, peridinin chlorophyll protein
complex-cyanine5.5 (PerCP/Cy5.5)-conjugated mouse anti-human
CD3 monoclonal antibody clone OKT3 (Thermofisher Scientific;
45-0037-42) was used. Membrane-bound CED88004S was detected
using allophycocyanin-conjugated donkey anti-human IgG F(ab’)2
fragment (Jackson ImmunoResearch Laboratories; 709-136-149) within
the total PBMC population (Extended DataFig. 7, blue) or CD3-positive
cell population (Extended Data Fig. 7, red). Samples were analyzed
on a BD FACS Verse flow cytometer (BD Biosciences, Supplementary
Fig.2).Samples were measured in duplicate, corrected for background
fluorescence and nonspecific antibody binding. Data analysis was per-
formed with FlowJo v.10 (Tree Star). The presence of surface receptors
was expressed as mean fluorescent intensity.

Clinical outcomes and CT analysis
Safety was assessed according to the common terminology criteria
for AEs of the National Cancer Institute, v.4.0. Tracer-related AEs were
collected from the first tracer injection until 30 days after the last
tracer injection. For analyses of tracer uptake and immune-related
ICI-induced toxicity, PET scans were evaluated for organs of interest
in patients who experienced irAEs grade >3.

Before therapy, patients had a contrast-enhanced diagnostic
CT-chest-abdomen and brain CT or MRI. According to RECIST1.1 or
iRECIST if applicable®*, response evaluation was performed every

sixweeks during atezolizumab treatment or 12 weeks in patients with
melanoma. The sum of longest diameter (SLD) according to RECIST is
the sum of the maximal diameter of target lesions, with short axis in
the case of lymph nodes; best overall response is the most favorable
response confirmed by a consecutive assessment. PFS and OS were
determined from the first treatment dose until disease progression, or
death from any cause, for PFS, whichever occurred first. For PFS, data
from subjects without disease progression and death were censored
atthe date of last tumor assessment, or, if no tumor assessments were
made after the baseline visit, at the date of first treatment plus one day.
To interpret tumor-rim uptake, tumor necrosis was defined as 10-30
Hounsfield Units in portal venous phase on CT.

Statistical analysis
We used standard descriptive statistics to describe the distribution of
various characteristics, including ®ZEDS8082A uptake.

Asageneral approach, the relation between**ZED88082A uptake
intumor lesions and in normal tissues with various determinants (time
sincetracer injection, protein dose level, tumor lesion organlocation,
MMR status, immune phenotype, best overall response and ICI treat-
ment status) were assessed using linear mixed models to account for
repeated measurements within patients usingrandom interceptsand,
ifapplicable, within tumor lesions using additional randomintercepts
nested within patients. For tumor lesions and normal lymph nodes and
tonsils, we used SUV,,,, as the ¥ZED88082A-uptake measure, which was
log-transformedinthe analyses to account for its right-skewed distribu-
tion, and results were subsequently back-transformed to obtain esti-
mates of geometric means and percent differences. The ¥ZED8S082A
uptake in other normal tissues was expressed as SUV,,.,., Wwhich was
analyzed without transformation, yielding estimates of means and
mean differences. To obtain 3ZED88082A-uptake estimates, we fitted
the linear mixed models under restricted maximum likelihood and
used Satterthwaite degrees of freedom to obtain 95% Cls and Wald P
values. In addition, we obtained likelihood ratio Pvalues from models
fitted under maximum likelihood. A trend test for the relation between
best overall response and tumor ZED88082A uptake was obtained by
analyzing best overall response categories as anumerical variable (with
PD,SD, PRand CRexpressed as 0,1, 2 and 3, respectively).

Using data from study part A, postinjection time-uptake curves
were fitted using postinjection imaging time point both categorically
and continuously, selecting the best curve-fit for the latter fromalinear,
alog-linear or a quadratic fit using the Akaike’s Information Criterion
(under maximum likelihood). Protein dose level varied in part A and
wasincluded in these models as amain effect and using aninteraction
term with postinjection time. As the shape of the time-uptake curves
did not substantially depend on protein dose level, the main results of
these analyses included protein dose level as a main effect only, and
theresulting estimates from these models were projected at the 10 mg
proteindose level. This was the protein dose taken forward towards part
B of the study. All other analyses were performed in patients receiving
a10 mg protein dose level.

Regarding *ZEDS88082A-uptake change during ICI therapy, we
defined the on-treatment measurement as the actual time between
start of ICI therapy and the on-treatment ¥ZED88082A PET assess-
ment to account for variation between patients in the timing of the
PET scan (pretreatment assessment assumed to represent the situa-
tion before start of ICI and therefore the time between pretreatment
assessment and start of ICI was set at zero days for this analysis). The
results are expressed as changes in ®ZED88082A uptake per week of ICI
therapy, also summarized as expected values at 30 days of ICI therapy
which was the median time point across patients. To assess whether
the*¥ZED88082A-uptake change depended onICl treatmentresponse,
we used interaction terms between treatment status and best overall
response, separating patientsintoaPD and anon-PD group dueto the
limited number of patients prohibiting more detail.
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For tumor uptake change during ICI therapy, we attempted to
account for possible shrinkage of individual tumor lesions leading
to an underestimation of actual uptake due to partial volume effects
in a data-driven way. For this, we first assessed the relation between
CT-measured tumor lesion volume (based on two orthogonal meas-
urements assuming an oblate spheroid shape) and geometric mean
89ZED88082A uptake in 238 lesions from 34 patients (all with 10 mg
protein dose) only using the treatment-naive measurements and using
a5-knot restricted cubic spline. This showed that lesions <2 cm? exhib-
ited a decrease in the measured geometric mean %ZED8S082A uptake
with decreasing volume (as expected), while for lesions between 2 and
65 cm® (the 95th percentile), there was no relation between volume and
89ZED88082A uptake. Using this observed relation between volume and
geometric mean®ZED88082A uptake in the pretreatment data, we next
expressed the observed ¥ZED88082A uptake of individual lesions as the
absolute difference compared to the expected geometric mean uptake
oflesions ofidentical volume based on therestricted cubicspline curve,
forthe pretreatment and on-treatment measurements, and then added
tothis difference between observed and expected ¥ZED88082A uptake
the expected geometric mean pretreatment uptake of lesions of 5 cm?
(quite arbitrarily chosen within the volume range without an observed
relation with pretreatment 3ZED88082A uptake). To account for the
time period between on-treatment 3°ZED88082A PET scan and first CT
for response evaluation, we linearly interpolated the volume change
between baseline and the first on-treatment response CT to obtain
an expected lesion volume at the timing of the °ZED88082A PET. The
resulting tumor-volume-adjusted 8°ZED88082A-uptake values can be
interpreted as the absolute difference in¥ZED88082A uptake compared
to treatment-naive lesions of the same size, projected for all lesions
towards a lesion volume of 5 cm? (that is, resulting in an estimation of
the amount of increased or decreased ¥ZED88082A uptake compared
to an average lesion of 5 cm?). Finally, the resulting volume-adjusted
89ZED88082A-uptake variable was analyzed for its relationship with
uptake change during treatment and treatment response status similarly
astheactual measured ¥ZED88082A uptake. Anunderlying assumption
ofthe above approachis that the empirically observed relation between
volume and #ZED88082A uptake in the pretreatment data accurately
captures the true partial volume effect phenomenon. We specifically
chose this approachbeyond merely adjusting the analyses for estimated
tumor volume directly, because of the potential mixing of on-treatment
effects between volume and ¥ZED88082A uptake.

To investigate the relation between pretreatment ¥ZEDS8S082A
uptake and PFS and OS, #ZED88082A uptake was expressed as geo-
metric mean SUV,,,, per patient and then analyzed both categorically
(based onamedian-split across patients) and continuously (expressed
per population standard deviation—the entire per patient geometric
mean SUV,,,, distribution encompasses approximately six times this
populationstandard deviation). Given the small dataset, we specifically
refrained from exploring potentially more optimal cut-off levels than
the predefined median split to avoid overoptimistic results. Similarly,
for the continuous analyses, we assumed (log)linearity and refrained
fromexploring other functional forms. We used Kaplan-Meier curves
and log-rank tests and obtained hazard ratios using Cox regression
models with Firth’s penalization to account for small sample bias. The
above statistical analyses were performed using R v.4.1.1for macOS, par-
ticularly using the Imer functionfor linear mixed models (Ime4 v.1.1-27.1,
ImerTest v.3.1-3), coxphf for Cox models (coxphfv.1.13.1) and rcspline.
eval for restricted cubic splines (rms v.6.2-0). All P values are based
ontwo-sided statistical tests without correction for multiple testing.

Slide-level correlation between autoradiography and IHC was
assessed by Kendall’s rank-based correlation. Subslide (tile) level
analyses were also performed to evaluate the ability of the tracer to
identify localized regions of CD8 positivity within individual biopsy
samples. For tile-level analyses, autoradiography images were scaled
and aligned to CD8 IHC images using manually selected control points

and an affine transformation. Local average autoradiography and
IHC measurements for each slide were computed in overlapping tiles
of varying sizes. Association between autoradiography and IHC was
assessed using Kendall’s rank-based correlation within samples and
after pooling across samples. Within the sample, tile-level correla-
tions were calculated at each tile size only for samples with >6 tiles as
the variance of estimated correlations is high at smaller sample sizes.

Reporting summary
Furtherinformationonresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The study protocol and clinical details of the cases and laboratory
data, restricted to nonidentifying data owing to privacy concerns,
can be requested from the corresponding author, who will handle all
requests. Genentech developed and owns the intellectual property
rights pertaining to CED88004S. Source data are provided with this
paper. All other materials are readily available from the authors or
commercial sources.
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Extended DataFig. 1| Biodistribution of ®ZED88082A in normal tissues.

a, Biodistribution per protein dose cohort pretreatment. Graphs show the average
SUV,ean With 95% confidence bands of #ZED88082A in the blood pool and normal
tissues atdays 0 (1 h), 2,4,and 7. Colours reflect the dose cohorts with4 mgin

blue (n=3)and10 mginred (n=6). Note the different scales of the y-axis. b, Table
showing average changes in tracer uptake values between pre- and ontreatment
PET scans, projected at 4 weeks. P, eraction IS Shown for the correlation between
change and best overall response (PD vs. SD/PR/CR). ND = not determined.
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show biodistribution of ZED88082A over time at 10 mg tracer dose. Orange nine patientsin part A (lesions n=70).

arrows indicated lung metastases; blue arrows indicate uptake in hilar lymph
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Extended Data Fig. 3| °ZEDSS082A/CEDS8004S effectsin PBMCs. a, Table buffy coat. Membrane-bound CED88004S was detected using an anti-human
shows no difference in mean + SD for T cell, B cell, and NK cell counts in blood allophycocyanin-IgG F(ab’)2 fragment. CD8 membrane levels before incubation
samples from patients before (day 0) and post-tracer injection (day 2), at baseline (T =0 h) were set at 100%. Blue: Internalization in total PBMC population,
before the start of ICI. b, CED88004S internalization experiments in PBMCs of Red: Internalization in CD3 positive cells. CD8-bound CED88004S on the cell

healthy donors. CED88004S binding to CD8 and subsequent internalization was surface decreased during incubation at 37 °C (solid line), while membrane levels
determined by flow cytometry in unstimulated PBMCs from healthy blood donor remained stable (dashed line).
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Extended Data Fig. 4 | PET image examples of uptake in tumor lesions. a, Bone  with ovarian clear cell carcinoma without ®ZED88082A uptake. e, Uptakeina

metastasis with high tracer uptake (SUV,,,, 18.9) in a patient with melanoma. liver metastasis in a patient with squamous cell oesophageal cancer. f-h, Several
b, Uptake in a brain metastasis (SUV,,,, 1.6) of a patient with melanoma with metastases with high rim uptake: f, Liver metastases in a patient withdMMR
corresponding MRI, whereas healthy brain showed low uptake with SUV,,.,, colorectal cancer. g, Bone lesion in a patient with squamous cell vulvar cancer.
0.1. ¢, High uptake in multiple cervical lymph node metastases in a patient with h, Lung metastasis in a patient with cervical cancer.

cutaneous squamous cell carcinoma. d, Multiple liver metastases in a patient
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Extended Data Fig. 5| Tumor tissue IHC analyses and correlation with tracer
signal. a, Representative examples of IHC CD8 expression phenotypes (n =34):
i, Liver biopsy of a cholangiocarcinoma metastasis with a desert phenotype.

i, Abiopsy of a perivesical tumor mass of dMMR urothelial cell cancer with
stromal CD8 expression phenotype [density 2].iii, A liver biopsy of dAMMR colon
carcinoma shows aninflamed phenotype [density 3]. b, Correlation of mean
CD8 staining pixel positivity and autoradiography signal across 16 samples

with weighted quantile regression fit. Point sizes and regression weights are
proportional to the size of each sample biopsy. ¢, Using tile-based analysis, the
correlation across and within samples of mean CD8 staining pixel positivity

and autoradiography signal at subsample level. Cross-sample correlations and
corresponding 95% confidence intervals are displayed with horizontal and
vertical lines at each tile size. Within-sample correlations are presented at each
tile size for each sample as circles. At each tile size, only samples with > 6 tiles are

shown. Tiles containing less than < 25% tissue were excluded. Only cross-sample
correlations are shown at tiles sizes higher than 5000px2 as no single sample

had >5tiles. d, Tiles of varying sizes are shown for asingle representative clear
cell ovarian cancer sample. e, Violin plot of tumor SUV,,,,-to-muscle SUV, .,

ratio with desert (n =15) and non-desert (n =19) immune phenotype before and
during treatment in 24 patients. f, Violin plot of SUV,,, in lesions with desert
(n=15), stromal (n=15) and inflamed (n = 4) immune phenotype before and
during treatment in 24 patients. e-f, Coloured dots show individual lesions; black
vertical lines show 95% Cl of the geometric mean; white dots within black lines
and values below the violin plot the actual geometric means. Two-sided nominal
P-values were derived from linear mixed models taking clustering within patients
into account, either using a likelihood ratio test under maximum likelihood (e;
Penq in f) or using a Wald test under restricted maximum likelihood (P-values for
factorlevelsinf).
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Extended DataFig. 6 | ZED88082A tumor uptake in relation to response.

a, Relationship between pretreatment ®ZED88082A uptake and best overall
response; red dots show geometric mean SUV,,, per patient. Violin plot areas
show actual distribution of SUV,,,, at the metastasis level per category, white dots
and values below the violin plot show geometric means, black vertical lines show
95% Cls of geometric mean SUV,,,, (PD: 149 lesions in 19 patients; SD: 6 lesions
intwo patients, PR: 41lesions in eight patients; CR: 36 lesions in four patients).

b, Relationship between pretreatment ®ZED88082A uptake in patients with
progressive disease and those that did not progress. ¢, Relationship between
pretreatment ¥ZED88082A uptake in patients with progressive disease and
those with PR or CR, excluding SD. a-¢, Two-sided nominal P-values were derived
from linear mixed models taking clustering within patientsinto account, using a
Wald test under restricted maximum likelihood for three or higher-level factors
oralikelihood ratio test under maximum likelihood for two-level factors and
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for the trend test. d-e, Changes in tumor lesion SUV,,,,, between the pre- and on-
treatment PET scans. Patients are grouped per best overall response (PD, or no-
PD). Violin plots show actual distribution of individual lesions. Baseline (BL) to
response scan1(RS1, on-treatment) trajectories of individual lesions are shown
withgrey lines, projected at 30 days, when PET scan was regularly performed;

red lines and dots (geometric means) present per-patient aggregated data; white
dots are the overall geometric means with black 95% Cl bars. Two-sided nominal
P-values were derived from linear mixed models taking clustering within patients
and lesions into account, using a Wald test under restricted maximum likelihood.
d, Compared to pre-treatment, patients with SD, PR, or CR show alowered uptake
onthe on-treatment PET scan than those with PD (P, eraction = 0-018). €, Same
change inSUV,,,,, projected at 5 cm?®tumour volume to adjust for volume changes
(Pinceraction = 0-71).
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Extended Data Fig. 7 | PET image examples of uptake in non-malignant sites.
Axial (a-d, i), coronal (e, f), and sagittal (g, h) views of ®ZED88082A PET scans
withlow dose CT. a, High uptake in urinary bladder diverticulum with urolithiasis
and accompanying inflammation. b, Uptake in an aortic atherosclerotic plaque,
also detectable on non-attenuated corrected images (data not shown). ¢, Uptake
post-surgery in a patient after inguinal lymph node dissection with a seroma.

d, Bilateral uptake in subcutaneous inflammation reaction on heparin injections.
e, Hashimoto’s thyroiditis with high uptake before treatment and f, Increased
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uptake during treatment experiencing a flare-up. g-h, Two patients who received
radiotherapy to the spine; arrows indicate the border of the radiation field; the
insert shows the radiation field. The irradiated bone marrow in the spine, shows
less uptake than non-irradiated bone marrow. g, Patient who received 5x4 Gy to
the spine for painful bone metastases 3 months before ®ZED88082A PET scan.
h, Patient who received 25x1.8 Gy on para-aortal lymph nodes alongside the
spine 12 months before the ¥ZED88082A PET scan. i, Uptake of tracer in normal
appendix on PET (right), with corresponding diagnostic CT (left).
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(mean + standard deviation) of ®ZED88082A/CED88004S pretreatment and

Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-022-02084-8

Extended Data Table 1| Summary of immune-related serious adverse events (irSAEs) grade > 3 or leading to treatment
discontinuation

Total number of patients 89ZED88082A PET study n=39
Total number of patients treated with ICI n=37

Treatment regimen

Atezolizumab n=234

Nivolumab n=1

Nivolumab and ipilimumab n=2
Total number of patients with irSAE
grade 23 or leading to treatment discontinuation n=11
Treatment-related grade 23 AE Number of patients with events (%) Grade Treatment regimen Time of occurrence (days)
Guillain-Barré 1(2.6) 4 atezolizumab 15
Cholangitis 1(2.6) 3 atezolizumab 95
Pericarditis 1(2.6) 3 atezolizumab 84
Flu-like symptoms? 1(2.6) 3 atezolizumab 15
Tubulointerstitial nephritis 1(2.6) 3 atezolizumab 84
Infusion-related reaction® 3(7.9) 3 atezolizumab (n = 2) 21,22 and 49

nivolumab + ipilimumab (n=1)
Colitis 3(7.9) 3 atezolizumab 36, 38, and 335

Increased troponin T 2(5.2) 1 nivolumab (n= 1) 22 and 73

nivolumab + ipilimumab (n=1)
Polymyalgia rheumatica 1(2.6) 3 atezolizumab 161

Pneumonitis 1°(2.6) 5 atezolizumab 67

All adverse events were scored according to CTCAE v4.0. Only treatment-related serious adverse events are listed here. Time of occurrence after initiation of ICI therapy is provided in days.
*Characterized by fever, headache and/or myalgia, which did not occur during infusion, and infection-related causes were excluded by diagnostics. *Characterized by fever or chills during
infusion. °This patient experienced a grade 3 colitis after 2 cycles atezolizumab, followed by a pneumonitis after 24 days atezolizumab postponement, and died due to respiratory insufficiency.

Nature Medicine


http://www.nature.com/naturemedicine

nature portfolio

Corresponding author(s):  E.G.E. de Vries

Last updated by author(s): 9/29/2022

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
A

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
X] A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

XX X

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Siemens Biograph Vision PET/CT software versions CG70C/VG76A/VG80A, mCT PET/CT camera software versions VG70B/VG70C/VG60C, and
Syngo.via version VB_40.02 (Imaging software). Image J version 1.52p (SDS-PAGE/autoradiography). Philips Intellisite Pathology solution v3.2
(IHC). OpenClinica version 3.14 (case record form)

Data analysis R software version 4.1.1 for macOS, particularly using the Imer function for linear mixed models (Ime4 1.1-27.1, ImerTest 3.1-3), coxphf for
Cox models (coxphf 1.13.1), and rcspline.eval for restricted cubic splines (rms 6.2-0). Accurate tool for PET data analysis
(versions .08072019, .22042020, and .14082020, RRID: SCR_020955). MATLAB version 2020b (Mathworks, Natick, MA, USA) for
autoradiography and IHC analyses. Phoenix WinNonlin (Certara Inc., version 6.4) for pharmakinetic analyses. FlowJo v10 (Tree Star) for
internalization analyses. Graphpad Prism v8.4.2.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Lc0c Y21o




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Clinical details of the cases and laboratory data, restricted to non-identifying data owing to privacy concerns, can be requested by e-mail from the corresponding
author, who will handle all requests.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences [ ] Behavioural & social sciences | | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Exploratory first-in human, feasibility study with no pre-defined sample size, therefore no sample size calculations were performed.
In total 39 patients were included: 10 in part A, 29 in part B.
In part A, a minimum of two patients was required per dose cohort to determine the appropriate imaging dose and scanning time. Depending
on the tumour saturation and scanning results, additional patients could be included. At least six patients would be enrolled at the dose level
considered appropriate for further testing in part B.
In part B, inclusion of 30 patients was anticipated, with around 15-20 patients in part B1 who would be enrolled and treated with
atezolizumab in the treatment trial, and approximately 10 patients with melanoma in part B2 who will be treated with standard of care PD-1
antibody therapy plus or minus ipilimumab. If a subject in cohort B was withdrawn from the study prior to accomplishment of the second
ontreatment PET scan(s), an extra subject could be enrolled to generate sufficient data on ontreatment PET imaging, with a maximum total of
50 subjects for the whole study.

Data exclusions  One patient was excluded from PET and further analyses due to tracer extravasation.
Three patients were not evaluable for response: two because of early treatment termination for severe toxicity requiring high dose
immunosuppressants, and one withdrew before starting treatment due to disease progression.
In seven out of 29 patients enrolled in part B, repeated PET imaging was not performed due to: withdrawal before (n = 1) and during
treatment (n = 4) given disease progression, patient anxiety (n = 1), and COVID-19 restrictions (n = 1)
For tissue analyses, six out of 38 patients were excluded for baseline tumour tissue analyses due to: the planned biopsy not being performed
for safety measures (n = 1), patient refused (n = 1), archival tissue was excluded due to intercurrent radiotherapy (n = 2), archival tissue was
not retrievable anymore (n = 2). During treatment, 12 out of 29 patients were excluded for ontreatment tumour tissue analyses due to: biopsy
not being performed because no participation in repeated PET procedures (n = 5), the biopsy not being performed for safety measures (n = 4),
patient refused (n = 1), no suitable lesions due to intercurrent local radiotherapy (n = 2).

Replication In cohort A, patients received 89ZED88082A/CED88004S once and underwent a PET scan on days 0, 2, 4 and 7. In cohort B, patients received
89ZED88082A/CED88004S twice, with a 30 days interval, followed by one to two PET scans on a different day. PET scans could not be
repeated at the same time point at the same day in the same patient to avoid a too high patient burden given long scanning time.

All IHC was performed once per sample per staining, which was considered sufficient as IHC assays are validated assays which have been
performed together with positive and negative controles. Autoradiography was performed only once per sample as patients were injected
with 89ZED88082A and biopsied once, not allowing for replication due to decay of 89Zr. Radioactivity measurements and SDS-PAGE on blood
samples were performed once per sample, as patients were injected with 89ZED88082A once and blood was collected once per time point
and used for several analysis. 89ZED88082A internalization in healthy donor PBMCs was assessed once in 2 technical replicates. Analyses on
presences of ADAs was assessed once per sample. ADAs were examined before tracer injection (n = 31), 28-50 days after the first injection (n
=26) and 18-38 days after the second injection (n = 12). TBNK enumeration was performed once per sample per timepoint.

Randomization  Randomization was not performed in this trial as it was a first-in-human feasibility trial and all patients received treatment with immune
checkpoint inhibitors after molecular PET imaging. Cohort allocation was performed based on order of enroliment.

Blinding Blinding for treatment was not necessary in this trial, as all patients received treatment with immune checkpoints inhibitors after molecular
PET imaging in the companion treatment study, or as standard of care if applicable. CD8 expression profile based on IHC was performed by a
pathologist blinded for treatment outcome. Three of six investigators doing PET quantification were not blinded to dose cohort allocation or
clinical outcomes, as they were simultaneously clinically involved in patient care. However supervisors of quantification results were blinded.
The study personal who performed the laboratory assessments were blinded for dose cohort allocation and clinical outcomes.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
X Antibodies XI|[] chip-seq
Eukaryotic cell lines D IZ Flow cytometry
Palaeontology and archaeology IZI |:| MRI-based neuroimaging

Animals and other organisms
Human research participants
Clinical data

Dual use research of concern

XOOXXNXO &
OXX OO0

Antibodies

Antibodies used Study drug; CED88004S (Genentech developed and owns the intellectual property rights pertaining to CED88004S).
Mouse anti-CD8 monoclonal antibody clone C8/144B (DAKO/Agilent; M7103) was used for IHC. For immune cell characterization
using flow cytometry, peridinin chlorophyll protein complex-cyanine5.5 (PerCP/Cy5.5)-conjugated mouse anti-human CD3
monoclonal antibody clone OKT3 (Thermofisher Scientific; 45-0037-42) and allophycocyanin (APC)-conjugated donkey anti-human
1gG F(ab')2 fragment (Jackson ImmunoResearch Laboratories; 709-136-149) were used.

Validation CED88004S: An enzyme linked immunosorbent assay (ELISA) was used to examine the binding of CED88004S to recombinant human
CDS8 Fc fusion protein. ELISA results demonstrated that CED88004S (DFAR ranging from 1.0-1.5) binds with mean (+SD) EC50 (ng/mL)
of 47.7 (£5.5) - 49.1 (+2.1) to CD8. SD = standard deviation; DFAR = DFO to antibody ratio, 1.0-1.5 is within acceptance criteria. For
extended non-clinical pharmacology related to CED88004S, please refer to Gill et al., AAPS J 2020 (PMID: 31900688).

Anti-CD8 mAb DAKO/Agilent; Optimized for IHC with validated protocols (Ref. statement on website: https://www.agilent.com/en/
product/immunohistochemistry/antibodies-controls/primary-antibodies/cd8-(concentrate)-76631#productdetails).

Anti-CD3 mAb Thermofisher Scientific; The OKT3 clone is commonly reported for use in flow cytometric analysis (HCDM database:
https://hcdm.org/index.php/molecule-information ?view=molecule&task=viewmolecule&moleculeid=227&search=cd3).

Anti-IgG F(ab')2 fragment Jackson ImmunoResearch Laboratories; According to product specifications, the antibody reacts with
whole molecule human IgG based on immunoelectrophoresis and/or ELISA. It also reacts with the light chains of other human
immunoglobulins. No antibody was detected against non-immunoglobulin serum proteins. The antibody has been tested by ELISA
and/or solid-phase adsorbed to ensure minimal cross-reaction with bovine, chicken, goat, guinea pig, Syrian hamster, horse, mouse,
rabbit, rat, and sheep serum proteins, but it may cross-react with immunoglobulins from other species.

Human research participants

Policy information about studies involving human research participants

Population characteristics Eligible patients for part A or B1 had a histologically confirmed locally advanced or metastatic cancer, whom, in the
investigator's opinion, based on available clinical data, may benefit from anti-PD-L1 antibody treatment. They were required
to have disease progression during or following first-line standard-of-care therapy. In part B2, patients with melanoma
eligible for standard-of-care anti-PD-1 antibody with or without ipilimumab, could participate. Eligible patients had
measurable disease according to RECIST1.1, and were amenable to a tumour biopsy. All patients were > 18 years of age and
had an Eastern Cooperative Oncology Group performance status of 0-1, life expectancy > 12 weeks, and adequate
hematologic and end-organ function. Patients with concomitant or historical conditions or medication use that could
compromise their safety with 89ZED88082A/CED88004S or atezolizumab treatment, or interpretation of study results, were
excluded. Characteristics of evaluable patients (n = 38): median age 62 years (ranging 32-80), 53% female (n = 20). Tumour
types included: 9 mismatch repair protein deficient (5 colorectal, 2 urothelialcell, 1 duodenal, 1 pancreatic), 5 cervical
carcinoma, 4 cutaneous squamous cell carcinoma, 3 triple negative breast cancer, 3 cholangiocarcinoma, 3 melanoma, 2
anorectal squamous cell carcinoma, 2 vulvar squamous cell carcinoma, 2 neuroendocrine carcinoma (cervical, gastric-
oesophageal), 1 oesophageal squamous cell carcinoma, 1 non-small cell lung cancer, 1 hepatocellular carcinoma, 1 ovarian
clear cell carcinoma, 1 squamous cell carcinoma of unknown primary.

Recruitment Potential participants were suggested to the study team by the threating physician. Before agreement to participation in this
trial, all patients had been provided with written information in the form of a Patient Information Sheet, which was approved
by the Medical Ethical Committe. Potential participants were orally informed about the study (including the aim of the study,
possible AEs and the procedure) and asked for their consent by a medical doctor after max. 1 week of consideration. Each
patient was given the opportunity to ask questions and was informed about the right to withdraw from the study at any time.
Healthy blood donors were xxxx

Ethics oversight Medical Ethical Committee of the University Medical Center Groningen. Central Committee on Research Involving Human
Subjects of the Netherlands.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration = NCT04029181. Companion atezolizumab treatment study: NCT02478099.
Study protocol The complete study protocol can be requested by e-mail from the corresponding author, who will handle all requests.

Data collection The study was performed at the University Medical Center Groningen, the Netherlands. Patients were enrolled between February
2019 and November 2020.

Outcomes 1. Primary outcomes. [a]. Safety assessment through summaries of adverse events, changes in laboratory test results (if evaluation is
indicated), changes in vital signs, and exposure to ZED88082A/CED88004S. Adverse event data will be recorded and summarized
according to NCI CTCAE v4.0. [b]. Appropriate dosing and imaging time points of the anti-CD8 imaging agent will be determined
based on measurements of standardised uptake value (SUV) of defined volumes of interest (VOIs) on the immunoPET scan images.
[c]. Description of PK of the anti-CD8 imaging agent by measuring standardised uptake value (SUV) on PET scans performed O, 2, 4
and/or 7 days after tracer injection before and during atezolizumab or PD-1 antibody immune checkpoint inhibitor plus or minus
ipilimumab treatment. [d]. Assessment of the immunogenic potential of the anti-CD8 imaging agent by measuring incidence of anti-
drug antibodies during the study relative to the prevalence of ADAs at baseline and assessing their relationship to other outcomes
measured.

2. Seconday outcomes: [a]. Heterogeneity of imaging tracer uptake will be evaluated by measuring standardised uptake value (SUV)
in defined volumes of interest (VOIs) of tumour lesions on the immunoPETscan images. [b]. Normal organ uptake of the anti-CD8
imaging agent as measured by SUVs on PET scan images will be analyzed on correlation to (serious) adverse events (possibly) related
to ICl treatment, defined as all (S)AEs which are assessed as "possibly", "probably" or "definitely" related to ICl treatment. [c]. Results
of immunohistochemical scoring of tumour and immune cell CD8 and other markers of lymphocytic infiltration in fresh biopsies will
be described as a semi-quantitative score using the percentage of positive cells (continuous variable), intensity and pattern of
staining (discrete variable). These IHC results will be compared with imaging tracer standardised uptake value (SUV) in defined
volumes of interest (VOIs) of tumour lesions on the immunoPETscan images. Results of autoradiography will be described by
measuring standardised uptake value (SUV) on the biopsy slides.

Flow Cytometry

Plots

Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

X, A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation PBMCs were prepared from healthy blood donor buffy coats (Sanquin) with appropriate informed consent by Ficoll gradient
centrifugation in Leucosep tubes (Greiner Bio-One).

Instrument Samples were analyzed on a BD FACS Verse flow cytometer (BD Biosciences).

Software Data analysis was performed with FlowJo v10 (Tree Star).

Cell population abundance At least 10,000 events were measured within the CD3+ cell population. CED88004S membrane binding is expressed as mean
fluorescent intensity (MFI), and no cell sorting was applied.

Gating strategy PBMCs were gated in a forward scatter (FSC) versus side scatter (SSC) dot plot. Lymphocytes were gated in an FSC versus SSC

dot plot, doublets were excluded by plotting FSC height (FSC-H) versus area (FSC-A). CD3 positive T cells were gated on the
anti-human peridinin chlorophyll protein complex-cyanineS5.5 (PerCP/Cy5.5)-CD3 staining. Binding/internalization of
CED88004S was detected using an anti-human allophycocyanin-IgG F(ab')2 fragment within the total PBMC population or
CD3-positive cell population. Samples were measured in duplicate and corrected for background fluorescence and non-
specific antibody binding.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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