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Immunotherapy is becoming the mainstay for treatment of a variety
of malignancies, but only a subset of patients responds to treatment. Tumor-infiltrating CD8-positive (CD81) T lymphocytes play a
central role in antitumor immune responses. Noninvasive imaging of
CD81 T cells may provide new insights into the mechanisms of
immunotherapy and potentially predict treatment response. We
are studying the safety and utility of 89Zr-IAB22M2C, a radiolabeled
minibody against CD81 T cells, for targeted imaging of CD81 T
cells in patients with cancer. Methods: The initial dose escalation
phase of this first-in-humans prospective study included 6 patients
(melanoma, 1; lung, 4; hepatocellular carcinoma, 1). Patients received approximately 111 MBq (3 mCi) of 89Zr-IAB22M2C (at minibody mass doses of 0.2, 0.5, 1.0, 1.5, 5, or 10 mg) as a single dose,
followed by PET/CT scans at approximately 1–2, 6–8, 24, 48, and
96–144 h after injection. Biodistribution in normal organs, lymph
nodes, and lesions was evaluated. In addition, serum samples were
obtained at approximately 5, 30, and 60 min and later at the times of
imaging. Patients were monitored for safety during infusion and up
to the last imaging time point. Results: 89Zr-IAB22M2C infusion was
well tolerated, with no immediate or delayed side effects observed
after injection. Serum clearance was typically biexponential and dependent on the mass of minibody administered. Areas under the
serum time–activity curve, normalized to administered activity,
ranged from 1.3 h/L for 0.2 mg to 8.9 h/L for 10 mg. Biodistribution
was dependent on the minibody mass administered. The highest
uptake was always in spleen, followed by bone marrow. Liver uptake was more pronounced with higher minibody masses. Kidney
uptake was typically low. Prominent uptake was seen in multiple
normal lymph nodes as early as 2 h after injection, peaking by 24–48 h
after injection. Uptake in tumor lesions was seen on imaging as early
as 2 h after injection, with most 89Zr-IAB22M2C–positive lesions
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detectable by 24 h. Lesions were visualized early in patients receiving treatment, with SUV ranging from 5.85 to 22.8 in 6 target lesions.
Conclusion: 89Zr-IAB22M2C imaging is safe and has favorable kinetics for early imaging. Biodistribution suggests successful targeting of CD81 T-cell–rich tissues. The observed targeting of tumor
lesions suggests this may be informative for CD81 T-cell accumulation within tumors. Further evaluation is under way.
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mmunotherapy with checkpoint inhibitors has recently emerged
as a useful treatment for a variety of solid tumors and select hematologic malignancies. The goals of immunotherapy include recruiting
or increasing the activation of immune cells to enhance tumor killing.
Tumor-infiltrating T cells play a central role in this process (1) and, in
particular, CD8-positive (CD81) T cells are important for initiating
and mediating a response to CTLA-4 and anti-PD-1/PD-L1 checkpoint inhibitors (2–5). Although treatment with checkpoint inhibitors
can be effective, responses are seen in only a subset of patients (6,7).
Therefore, effective methods to select effective therapies and predict
response would play a critical role in patient management. In particular, the ability to noninvasively visualize CD81 T cells in vivo
before and during treatment would represent a major advancement
in our understanding of local and systemic immune responses and
facilitate the development of more effective immune cell–targeted
single or combination therapies.
IAB22M2C is an 80-kDa minibody (engineered single-chain
variable-fragment–heavy-chain 3 antibody fragment) with high
affinity to human CD8. IAB22M2C is a bivalent homodimer—
with each monomer consisting of a single-chain variable fragment
linked to the human IgG1 heavy-chain 3 domain engineered from
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the humanized heavy- and light-chain sequences of murine antihuman OKT8 antibody—and targets human CD8 with high affinity
(binding half-maximal effective concentration, 0.4 nM). The minibody is fully humanized and lacks a heavy-chain 2 domain, resulting
in a protein that is biologically inert and therefore does not interact
with Fc-g-receptors or the neonatal Fc recycling receptor. Combined
with the reduced molecular weight of the minibody, these modifications produce an antibody fragment with accelerated serum clearance,
favorable for in vivo imaging (8,9).
Preclinical studies of IAB22M2C and desferrioxamine-conjugated IAB22M2C showed retention of high-affinity binding to
human T cells and HPBALL leukemia cells. Incubation with
peripheral blood mononuclear cells from healthy human donors
showed no measurable impact on proliferation or depletion of
CD81 T cells, nor was induction of cytokines shown when donor
cells were exposed to immobilized protein. In vivo studies on
humanized NSG mice (The Jackson Laboratory) engrafted with
CD341 stem cells showed no acute effects of Df-IAB22M2C on
CD81 T-cell populations, nor was cytokine release shown after
intravenous administration. For full-sized antibodies, optimal lesion
detection typically occurs 4–8 d after injection (10). Smaller minibodies have faster clearance, leading to high tumor-to-background
ratios at earlier times and the feasibility of early imaging (11–13).
Df-IAB22M2C was radiolabeled with 89Zr for immuno-PET
studies on a humanized mouse model of graft-versus-host disease,
demonstrating the ability to visualize infiltrating human CD81 T
cells in affected organs (14). These and other studies supported the
successful filing of an investigational new drug application for
current-good-manufacturing-practice production and 89Zr labeling
of Df-IAB22M2C for clinical evaluation.
Here, we provide a preliminary report on this evaluation of
89Zr-IAB22M2C imaging in the first 6 patients with solid tumors
who were either undergoing or likely to undergo immunotherapy.
MATERIALS AND METHODS

A prospective phase I open-label, nonrandomized dose-escalation
imaging study with 89Zr-IAB22M2C was performed on patients with
various malignancies. Eligible tumors included small cell or non–
small cell lung cancer, squamous cell carcinoma of the head and neck,
melanoma, Merkel cell carcinoma, renal cell carcinoma, bladder cancer,
hepatocellular carcinoma, triple-negative breast cancer, gastroesophageal cancers, and Hodgkin lymphoma. The protocol was Institutional
Review Board–approved, and all patients provided written informed
consent (ClinicalTrials.gov identifier NCT03107663).
All patients had histologically confirmed malignancies with at least
1 measurable lesion and were either on immunotherapy or were
eligible to receive immunotherapy. All underwent baseline imaging,
including CT or MRI performed as the standard of care within 4 wk of
89Zr-IAB22M2C administration. The total IAB22M2C mass dose was
escalated, starting with 0.2 mg and increasing to 0.5, 1.0, 1.5, 5.0, and
10 mg in 1 patient each consecutively for the first 6 patients. All patients underwent serial imaging for biodistribution and multiple blood
sampling for pharmacokinetic analysis.
89Zr-IAB22M2C

Minibody Formulation and Injection

IAB22M2C minibody, obtained from ImaginAb, Inc., was conjugated to good-manufacturing-practice–grade desferrioxamine B from
Macrocyclics in the Radiochemistry and Molecular Imaging Core
at Memorial Sloan Kettering Cancer Center (MSK). Sterile DfIAB22M2C was stored at 4C for up to 2 wk before radiolabeling.
89Zr production and subsequent radiolabeling of Df-IAB22M2C were
performed as previously described (15–17). Approximately 0.2–1 mg
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of Df-IAB22M2C was labeled with 89Zr and purified by a PD-10
column. The final product was supplemented with cold IAB22M2C
minibody and diluted with formulation buffer, as needed. Before release, the final radiolabeled product was tested for appearance, pH,
radiochemical identity, and purity by size-exclusion high-performance
liquid chromatography and instant thin-layer chromatography; for radionuclidic purity by g-spectroscopy; for endotoxin level by a portable test
system reader; and for immunoreactivity by the bead method. Sterility
testing was performed after release. The radiolabeling efficiency was
more than 80%, radiochemical purity was more than 95% as determined
by instant thin-layer chromatography, and minibody binding was more
than 90%.
89Zr-IAB22M2C

Administration

The radiolabeled minibody, in combination with cold Df-IAB22M2C
to make up the designated total mass balance, was administered intravenously over 5–10 min. No premedications were administered. Patients
were monitored up to the time of imaging (2–4 h or 6–8 h after injection)
for vital signs and any side effects and 24 h later for any reactions or
adverse events. Side effects and reactions were graded per the Common
Terminology Criteria for Adverse Events, version 4.0.
PET Imaging

PET/CT images were acquired at 2 centers using either a Discovery
710 or a Discovery STE scanner (GE Healthcare). Each patient
underwent 4–5 whole-body PET/CT scans from vertex of skull to feet
at 2–4 h, 24 6 4 h, 48 6 4 h, and 92–148 h after injection. Patients
had the option of undergoing an additional scan at 6–8 h after injection. Emission scans were acquired in 3-dimensional mode at variable times per field of view (3 min on the day of injection, extending
to 7 min at 92–148 h). PET/CT was performed using low-dose CT for
attenuation correction, with a single low-dose CT scan at 24 h being
obtained with a 80-mA tube current (120 kVp; estimated radiation
dose, 9.0 mGy). All other low-dose CT scans were done with 10-mA
current (120 kVp; estimated radiation dose, 1.1 mGy). Images were
reconstructed with a 70-cm field of view into a 128 · 128 matrix using
iterative ordered-subset expectation maximization (16 subsets; 2 iterations). All corrections recommended by the manufacturer were applied.
Uptake in Normal Tissues and Lesions

Images were viewed for sites of 89Zr-IAB22M2C uptake. Volumes
of interest were drawn within normal organs or tissues, including
heart, lung, liver, spleen, bone marrow, nodes, and kidney, as well
as tumor lesions, using dedicated software (Hermes Medical Solutions). A site of uptake that did not conform to normal expected
biodistribution and was clearly above the adjacent normal background
activity was considered positive for a tumor lesion. A subset of index
lesions (maximum of 2 lesions per patient) was analyzed for uptake
trends. SUV was quantified using either SUVmean (normal tissues) or
SUVmax (lesions) normalized to lean body mass (SUVLBM) (18).
Serum Clearance Measurements

Multiple blood samples were obtained for assessment, including a
baseline sample before 89Zr-IAB22M2C infusion, followed by sampling at 5, 30, 60, and 120–240 min after injection and subsequently at
the time of each PET scan, totaling 7–8 samples. Samples were measured in duplicate using a NaI(Tl) g-well-type detector (Wallac Wizard
1480 automatic g-counter; Perkin Elmer) together with appropriate
standards. The measured activity concentrations were converted to percentage injected activity per liter.
Derivation of Whole-Body and Serum Clearance

To visualize trends in biodistribution and pharmacokinetics, we
examined the time course of whole-body and serum activity clearance
together with SUV for normal tissues and lesions.
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RESULTS

In total, 6 patients were imaged in this initial dose escalation
phase (Table 1). Injections were tolerated well, with no infusion
reactions. No adverse events were observed over the study period.
The mean injected activity was 108 MBq (2.91 mCi), with a range
of 92–120 MBq (2.5–3.25 mCi). The radiolabeled antibody mass
was 0.12 mg for the 0.2-mg dose level; for other levels, the mean
(6SD) mass was 0.34 (60.02) mg.
Biodistribution

Prominent activity was seen in spleen, bone marrow, and liver
in all patients, with the highest uptake being seen in spleen,
followed by marrow. Blood-pool activity was negligible at the
lowest minibody mass and was more prominent at earlier and later
time points with higher minibody mass (Fig. 1). Uptake in liver
was noted in all patients, and gastrointestinal tract activity (on
average, 4.5% of injected activity) was seen up to 48 h after injection. The gallbladder was frequently visualized at the earliest
times, with peak activity on the first or second day. Renal uptake
varied among patients but was primarily cortical and tended to
plateau beyond 48 h. No significant bladder activity was seen
except in 1 patient (1.0 mg), in whom activity was clearly seen
in the urinary bladder in both of the early scans. The biodistribution of 89Zr-IAB22M2C was highly dependent on minibody mass
(Fig. 2). At the lowest mass dose (0.2–0.5 mg), uptake was almost
completely confined to the spleen and, to a lesser extent, bone
marrow and lymph nodes, with little or no apparent blood-pool
activity even at the earliest times after injection. As the mass dose
increased, blood-pool retention increased and the biodistribution
showed higher liver uptake at later times. However, spleen uptake
remained dominant at all times for all minibody masses examined.
Serum and Whole-Body Kinetics

Serum clearance was biexponential and dependent on the mass
of minibody administered. At lower masses (0.2–1.5 mg), activity
in the serum cleared rapidly (Fig. 3A). The effective half-times
were 0.3–10.6 h for the fast component and 26.4–102.7 h for the
slow component.

FIGURE 1. Biodistribution: Whole-body images of 1 patient at various
times after injection of 89Zr-IAB22M2C (1.5-mg minibody dose). All images
show most intense activity within spleen, followed by marrow, liver, and
kidneys.

Whole-body clearance generally conformed to monoexponential
kinetics, with the exception of the 1.0-mg minibody mass, for which
clearance was distinctly biexponential (Fig. 3B). The median wholebody biologic half-life was 235 h (range, 123–288 h) and had no
obvious relationship to minibody mass, apart from the idiosyncratic
fast clearance in the patient receiving the 1.0-mg dose.
Uptake in Normal Tissues

The spleen showed the highest uptake in all patients at all
minibody dose levels, but with a consistent pattern of decreasing
uptake at higher cold minibody masses (Figs. 2 and 4A–4D). For
low minibody masses, spleen uptake was maximal in the earliest

TABLE 1
Patient Demographics
Demographic
Total patients (n)

Data
6

Age range (y)

38–81

Sex (n)
Male

3

Female

3

Primary malignancy (n)
Melanoma

1

Hepatocellular carcinoma

1

Lung

4

Treatment profile for current immunotherapy (n)

514

None

1

Current , 1 mo from imaging

1

Current . 6 mo from imaging

2

Prior . 6 mo from imaging

2
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FIGURE 2. Biodistribution and normal-organ uptake in 6 patients at
2–4 h (A), 24 h (B), and 92–148 h (C) after injection of 89Zr-IAB22M2C
(0.2- to 10.0-mg minibody dose).

NUCLEAR MEDICINE • Vol. 61 • No. 4 • April 2020

FIGURE 3. Serum (A) and whole-body clearance (B) of 89Zr-IAB22M2C at various mass levels, in aggregate mean values of decay-corrected
activity retention. %ID 5 percentage injected dose; WB 5 whole body.

images and subsequently decreased, whereas for the 2 highest masses
(5 and 10 mg), maximal uptake occurred at about 24 h. The range of
splenic SUVLBM (Fig. 4A) extended from 10.5 for the 10-mg dose to
50 for the 0.2-mg dose. Bone marrow showed the second highest
uptake, peaking in most patients by 6–24 h. Marrow uptake was also

highly dependent on minibody mass, with SUVLBM ranging from 1.8
to 8.6 for 10 mg to 0.2 mg, respectively (Fig. 4B). Liver uptake
was significantly lower than spleen uptake and was generally highest at the earlier times of imaging on day 1 or within 24 h. Liver
uptake generally either decreased mildly or plateaued over 48–120 h

FIGURE 4. Normal-organ uptake (mean SUVLBM) in spleen (A), marrow (B), liver (C), nodes (D), and muscle (background uptake) (E) vs. minibody
mass. BM 5 bone marrow.
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and showed higher uptake at larger masses (1.0 mg or above)
(Fig. 4C). Multiple normal nodes were seen in all patients at all
dose levels except 1 mg. The greatest number of nodes and the
highest nodal uptake were noted at 0.2 mg, subsequently decreasing as minibody mass increased (Fig. 4D). Nodal uptake increased
within the first 24–48 h in most patients, though it did not increase
substantially at higher masses. At both the 0.2- and the 0.5-mg
levels, multiple nodes were prominently seen even at the earliest
imaging times (2–6 h after injection). Normalized uptake in organs in relation to muscle uptake is separately provided in Supplemental Figure 1 (supplemental materials are available at http://
jnm.snmjournals.org).
Uptake in Metastatic Lesions

Metastatic lesion uptake was prominent in 2 patients (1 melanoma
and 1 hepatocellular carcinoma) imaged at the 0.2- and 0.5-mg dose
levels, respectively. Both patients were receiving immunotherapy.
Lesion uptake was seen as early as 2 h after injection and gradually
increased with delayed imaging; the highest uptake in most lesions
was seen at 24 or 48 h. One hepatic metastasis showed the highest
uptake at the 2- to 4-h imaging. The patient with melanoma showed
uptake in a deltoid muscle metastasis with an SUV of 1.4 that was
also 18F-FDG–avid and found to have peritumoral and intratumoral
CD8 T-cell infiltration after surgical excision of the lesion for clinical reasons (Fig. 5). The hepatocellular carcinoma patient had uptake in 2 liver metastases (SUVmax, 14.6 and 22.85) and additional
uptake in 3 abdominal lymph node metastases (SUVmax, 5.85–10.9)
(Fig. 6). No significant uptake of 89Zr-IAB22M2C was seen in
4 patients with lung metastases (SUV, 0.3–1.2).

The uptake in tumors by directed imaging of CD81 T cells with
PET was both concordant and discordant with
18F-FDG PET. In the melanoma patient, the lesions were positive
on both 89Zr-IAB22M2C and 18F-FDG PET (Fig. 5). Among the
4 patients negative for 89Zr-IAB22M2C uptake in lesions, a lung
metastasis in 1 patient demonstrated 18F-FDG avidity (Fig. 7),
whereas the other 3 patients had no 18F-FDG uptake in any lesions.
All 4 patients either had not initiated immunotherapy (n 5 1), had
received immunotherapy in the past more than 6 mo before imaging
(n 5 2), or had been receiving immunotherapy (nivolumab) for about
2 y (n 5 1). The 89Zr-IAB22M2C–negative lesions included nodes
(1.7–4.0 cm), a soft-tissue lesion (3.3 cm), a liver lesion (3.7 cm), and
lung nodules (0.5–4.7 cm) (Fig. 7).
89Zr-IAB22M2C

DISCUSSION

Immune-modulating checkpoint blockade therapies are increasingly playing a critical role in the treatment of several cancers.
Although they are being used in the treatment of several cancers
and across specific patient populations, response is seen in only a
subset of patients. A key determinant of successful therapy is the
presence of CD81 T cells that modulate the immune response.
Current methods of assessing CD81 T-cell infiltration by tumor
biopsy are invasive and may not always be practical or available.
Additionally, tumor biopsies assess only the single site of sampled
disease, which may be problematic given immunologic heterogeneity
among multiple tumors within an individual patient (19). A noninvasive method of imaging that can accurately allow for assessment of
CD81 T cells in tumors would be extremely useful in clinical research and patient management to better determine the effectiveness of therapy.
This was a first-in-humans study using
89Zr-IAB22M2C, a novel and unique minibody that is highly specific for targeting
CD81 T cells and shows clinical feasibility in PET/CT imaging. We evaluated 89ZrIAB22M2C PET imaging as a means to
assess CD81 T-cell distribution in normal
and malignant tissues and studied its distribution and kinetics in patients with a variety
of malignancies. In this unique, noninvasive
whole-body PET study, 89Zr-IAB22M2C
was found to be easy to administer and well
tolerated, with no observed infusion-related
side effects for any minibody mass level up
to 10 mg.
The biodistribution of 89Zr-IAB22M2C
strongly suggests that it targets CD81 Tcell–enriched tissues; notably high uptake
was seen in spleen, bone marrow, and lymph
nodes. The time course of activity in gallbladder and gastrointestinal tract was consistent
with metabolic excretion via the hepatobiliary pathway, as noted for other 89Zrlabeled minibodies (13). Liver and kidneys
were other tissues with notable uptake, with
accumulation in kidney primarily confined
FIGURE 5. A 24-h whole-body (maximum-intensity projection) image in patient imaged with 0.2
to the renal cortex. However, in 1 patient
mg of 89Zr-IAB22M2C. (A) Intense uptake is noted in lymph nodes. (B and C) Fusion image at 24 h
who received a 1.0-mg minibody mass,
89
18
shows Zr-IAB22M2C uptake in lesion in deltoid (B), which was also F-FDG–positive (C). (D) Hemathere was early urinary clearance with sigtoxylin- and eosin-stained section shows melanoma tumor nodules on right within skeletal muscle. (E)
Immunohistochemistry highlights presence of CD81 T cells at periphery and infiltrating tumor.
nificant activity in the urinary bladder at
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FIGURE 6. Whole-body (maximum-intensity projection) image (left)
and 89Zr-IAB22M2C (0.5 mg) images (right) of patient with hepatocellular
carcinoma. 89Zr-IAB22M2C–positive lesions are seen in 2 liver metastases (SUVmax, 14.6 and 22.85), and additional uptake is seen in 3 abdominal lymph node metastases (SUVmax, 5.85–10.9).

both the 2- to 4-h and the 6- to 8-h time points. This observation,
coupled with an unusual whole-body clearance curve that was distinctly
biphasic, is considered to be idiosyncratic. The exact reason for this
observation is unknown, and uptake patterns in normal tissues such as
bone marrow and spleen in this patient exhibited a pattern similar to
that in other patients, with good uptake in the CD81 T-cell–rich tissue.
These initial data indicate that the minibody mass influences
biodistribution and that targeting of CD81 T-cell–rich tissues such
as spleen, bone marrow, and nodes was affected by the minibody
mass dose, being highest at the lowest mass (0.2 mg) and lowest at
the highest mass (10 mg). This finding suggests a saturation effect

FIGURE 7. Whole-body (maximum-intensity projection) image (A),
89Zr-IAB22M2C (1.0 mg) images (B), and 18F-FDG images (C) of patient
with lung cancer not initiated on immunotherapy. Lesions that are 18FFDG–positive in left neck (SUVmax, 17.8; 3.2 cm), mediastinum (SUVmax,
11.1; 2.2 cm), left upper lobe (SUVmax, 20.4; 4.7 cm), and liver (SUVmax,
11.6; 3.7 cm) show no uptake of 89Zr-IAB22M2C.

89ZR-DF-IAB22M2C

due to competitive binding between the increasing amount of cold
minibody and the radiolabeled 89Zr-IAB22M2C. This suggestion is
supported by the serum clearance data, which show rapid extraction
of lower minibody masses from the circulation, whereas slower clearance and higher retention were seen for higher minibody masses (5–
10 mg). As the minibody mass increases, accessible antigen sites are
saturated, more minibody remains in the circulation, and accumulation in the liver gradually increases.
Most radiolabeled minibody appeared to be stably bound to
CD81 T-cell–rich tissues over the duration of measurements, as
indicated by the lack of any effect of increasing minibody mass on
whole-body clearance of activity. The inverse relationship between
liver uptake and minibody mass is unclear but may be affected by
longer clearance times. The overall serum clearance was rapid for
89Zr-IAB22M2C, as noted for other minibodies (Fig. 3) (13), allowing for earlier optimal localization in normal tissues as well as prominent lesion detection within 6–24 h after injection (Figs. 5 and 6).
Multiple-time-point imaging showed variable trends in uptake
and retention pattern in different tissues, with stable uptake in
CD81 tissues and clearance of blood-pool and background activity over time. CD81 T-cell–rich tissues (spleen and marrow)
showed the most prominent and stable uptake with time, with high
uptake at early times at low minibody masses that tended to plateau beyond 24-h imaging and high retention even at later time
points, suggesting minimal recirculation or excretion. Nodal uptake and visualization varied in time with minibody mass change,
with more nodes seen at early time points (6–24 h after injection)
at lower masses than at higher masses (5 or 10 mg), suggesting a
strong effect of competitive binding of the cold minibody. However, there was an exception seen at the 1-mg level, at which
lymph nodes did not show significant uptake, possibly related to
lower binding due to faster clearance seen in this particular patient. Increased minibody binding to cells, along with greater
clearance of activity from blood and background tissues at later
time points, allows for better detection of nodes. The assessment
of optimal mass and time for imaging based on the initial results
of visual assessment and uptake patterns in tissues and lesions
shows that imaging at 24 h after injection provides good visualization of both normal and tumor tissues that may be rich in CD81
T cells. In this report on Tumor lesions showed variable uptake of
89Zr-IAB22M2C in patients, possibly related to the treatment profile or the variable presence of CD81 T cells. High and early 89ZrIAB22M2C uptake was noted in lesions in 2 patients imaged at
lower masses (0.2 and 0.5 mg). These patients were receiving
immunotherapy with pembrolizumab and nivolumab (0.2 and
0.5 mg, respectively), suggesting possible modulation of tumorinfiltrating T cells, leading to a higher concentration of CD81
T cells and therefore prominent visualization by 89Zr-IAB22M2C
PET/CT imaging. In 1 patient, histology and immunohistochemistry confirmed suspected CD81 T-cell infiltration in a lesion that
had uptake of 89Zr-IAB22M2C. Three patients with metastatic
lung cancer did not show prominent uptake. Although the exact
status of tumor-infiltrating T cells is not known because of the
absence of parallel biopsy data, we postulate that the lack of prominent uptake in these patients may be related to a lack of ongoing
treatment with immunotherapy and therefore low tumor-infiltrating
T cells. It is also possible that the tumors did not have active
disease, as all tumors were also not avid on 18F-FDG scan.
89Zr-IAB22M2C PET and 18F-FDG PET were concordant in the
patient with melanoma (both positive; Fig. 5) and in 3 patients with
lung cancer (both negative). In 1 patient, for whom immunotherapy
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was not initiated, 18F-FDG was positive whereas 89Zr-IAB22M2C
was negative, possibly because tumor-infiltrating T cells had not
been stimulated at the time of 89Zr-IAB22M2C imaging (Fig. 6).
This finding suggests that 89Zr-IAB22M2C uptake is independent of
other processes such as enhanced permeability and vascular flow,
potentially leading to nonspecific uptake in viable tumors.
Because of the small number of patients and variability in tumor
types and treatment profiles, differences in lesion uptake among
minibody mass doses cannot be established at this time. Our limited
assessment suggests a more favorable balance of normal tissue and
lesion visualization at lower minibody masses (less than 5 mg). Further
analysis is ongoing in additional patients at different mass levels to
further establish the role of minibody mass in imaging and dosimetry.
CONCLUSION

This first-in-humans study showed that PET imaging with 89ZrDf-IAB22M2C is safe, feasible, and well tolerated. The data support the ability of 89Zr-IAB22M2C minibody to successfully target
CD81 T-cell–rich tissues. 89Zr-IAB22M2C imaging has favorable
kinetics for early imaging within 6–24 h after injection. Further evaluation is under way in more patients, and a study incorporating parallel
biopsies is accruing patients.
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KEY POINTS
QUESTION: Is it feasible to noninvasively visualize CD8 T cells
with 89Zr-IAB22M2C?
PERTINENT FINDINGS: This phase I study evaluated the safety,
feasibility, and optimal mass dose of imaging with a novel antiCD8 minibody (89Zr-IAB22M2C) and performed a preliminary
evaluation of the ability of 89Zr-IAB22M2C to target CD81 T-cell–
rich tissues in patients with a variety of solid tumors. Preliminary
data are encouraging, as 89Zr-IAB22M2C was safe and allowed
early imaging of CD81 T-cell–rich tissues at 24 h after injection.
A phase II study to evaluate the concordance of 89Zr-IAB22M2C
imaging with CD81 T-cell presence by standard histologic assessment in patients receiving immunotherapy is under way.
IMPLICATIONS FOR PATIENT CARE: If proven in subsequent
studies, 89Zr-IAB22M2C imaging has the potential to noninvasively assess the presence of CD81 T cells in patients’ tumors,
which may ultimately serve as a biomarker of immunotherapy outcome
and inform clinical trials of novel immunotherapies that act mechanistically through the presence of CD81 T cells.

REFERENCES
1. Gooden MJ, de Bock GH, Leffers N, Daemen T, Nijman HW. The prognostic
influence of tumour-infiltrating lymphocytes in cancer: a systematic review with
meta-analysis. Br J Cancer. 2011;105:93–103.

NUCLEAR MEDICINE • Vol. 61 • No. 4 • April 2020

2. Azimi F, Scolyer RA, Rumcheva P, et al. Tumor-infiltrating lymphocyte grade is
an independent predictor of sentinel lymph node status and survival in patients
with cutaneous melanoma. J Clin Oncol. 2012;30:2678–2683.
3. Brahmer JR. PD-1-targeted immunotherapy: recent clinical findings. Clin Adv
Hematol Oncol. 2012;10:674–675.
4. Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces responses by
inhibiting adaptive immune resistance. Nature. 2014;515:568–571.
5. Ribas A, Dummer R, Puzanov I, et al. Oncolytic virotherapy promotes intratumoral T cell infiltration and improves anti-PD-1 immunotherapy. Cell. 2018;174:
1031–1032.
6. Brahmer JR, Tykodi SS, Chow LQ, et al. Safety and activity of anti-PD-L1
antibody in patients with advanced cancer. N Engl J Med. 2012;366:2455–
2465.
7. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune correlates
of anti-PD-1 antibody in cancer. N Engl J Med. 2012;366:2443–2454.
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