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Abstract Radio-labelling of blood cells is an estab-
lished technique for evaluating in vivo migration of nor-
mal cells to sites of pathology such as infection and
haemorrhage. A limitation of cellular immunotherapies
to induce anti-tumour responses is in part due to the
uncertain ability of cellular eVectors to reach their
intended target. We extended the approach of cell radi-
olabelling to accurately examine the in vivo distribution
of cellular immunotherapy with ex-vivo macrophage
activated killer (MAK) cells. We describe the use of two
methods of cell labelling for tracking the destination
of autologous-derived macrophage activated killer
(MAK®) cells linked to the bi-speciWc antibody MDX-
H210 delivered either by intravenous (i.v.) or intraperi-
toneal (i.p.) injection in ten patients with peritoneal
relapse of epithelial ovarian carcinoma. Our results
demonstrate the feasibility of generating high numbers
and purity of GMP quality MAK cells, which can be
radiolabelled with 18F-FDG or 111In-oxime. MAK cell
administration produced minimal infusional toxicity
and demonstrated a reproducible pattern of in vivo

diNSstribution and active in vivo tracking to sites of
known tumour following 8 of 16 i.v. infusions or 4 of 6
i.p. infusions. However, the leakage of 18F-FDG limited
the ability to conWdently conWrm the tracking of MAK
cells to tumour in all cases and improved PET labels are
required. The addition of MDX-H210 bispeciWc anti-
body did not alter the distribution of cells to tumour sites,
but did accelerate the clearance of i.v. administered
MAK cells from the pulmonary circulation. This data
demonstrates that cellular cancer immunotherapies may
be successfully delivered to the sites of active tumour fol-
lowing either i.v. or i.p. injection in a proportion of
patients with metastatic cancer. Incorporation of tracking
studies in early cycles of cellular immunotherapy may
allow selection of patients who demonstrate successful
targeting of the immunotherapy for ongoing treatment.
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Introduction

Early phase clinical studies of adoptive cellular immu-
notherapy for cancer suggest that anti-tumour activity
can be induced in a range of malignancies [1]. In those
patients who fail to achieve an anti-tumour response,
there is uncertainty as to whether this is due to a failure
of migration of cellular therapies to the intended target,
or alternatively a resistance of the tumour to cytotoxic-
ity mechanisms. There have been few clinical studies
investigating the ability of cell-based therapies to reach
their tumour target in vivo, although the clinical feasi-
bility of in vivo tracking of stem cell populations has
been used in the cardiovascular disease clinical trials [2].
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Macrophages, activated by interferon-gamma (IFN-�),
attain an activated killer phenotype. These macro-
phage activated killer (MAK®) cells have been
demonstrated to have tumour killing capacity both
in vitro [3–7] and in animal tumour models and in
early phase human trials [8–13].

The half-humanized monoclonal anti-HER2/neu
bi-speciWc antibody MDX-H210 binds to both the high-
aYnity Fc receptor (Fc�RI; CD64) on macrophages,
and HER2/neu, which is over-expressed in 5–10% of
ovarian cancers [14]. Pre-clinical studies demonstrate
that MDX-H210 bound to macrophages enhances the
phagocytosis or lysis of tumour cells that over-express
HER2 [15]. A phase II trial of ovarian cancer patients
treated with MAK cells combined with MDX-H210,
demonstrated anti-tumour activity following intraperi-
toneal (i.p.) administration of these cells [16]. Tracking
of these i.p. administered cells to sites of tumour was,
however, not addressed.

In mice, SPECT tracking of i.v. injected indium-
oxine-labelled murine macrophages reveals the initial
margination of macrophages in the lungs, then eventual
migration to liver, spleen and kidneys before accumulat-
ing within sites of tumour. However, little is known about
the in vivo distribution of these cells in humans [17].

In this present study we tracked the destination
of MAK cells combined with MDX-H210 in vivo in
women with recurrent ovarian epithelial cancer. In
addition, we wished to compare the anatomy and kinet-
ics of distribution of cells delivered by two diVerent
methods of cell labelling and two routes of administra-
tion. Firstly, we used positron emission tomography
(PET) to track 18

Xuorine Xuorodeoxyglucose (18F-
FDG)-labelled cells injected by either i.v. or i.p. routes.
This technique has been demonstrated with other cell-
based therapies in both in vitro and in vivo mouse
studies [18], and in the tracking of bone marrow cells to
infarcted human myocardium [19].

In the second method we tracked MAK cells
labelled with 111indium-oxime by whole body planar
gamma camera imaging.

Patients, materials and methods

Patients

Patients with recurrent epithelial ovarian carcinoma
with peritoneal disease that was measurable by
RECIST criteria or peritoneal disease that was non-
measurable on CT but PET positive in association with
an elevated CA-125 level were eligible for study enrol-
ment. The study protocol was approved by the Peter

MacCallum Cancer Centre Ethics Committee and all
patients gave informed written consent. All patients
underwent baseline imaging with combined PET/CT
scan (Discovery LS, GE Medical Systems, Milwaukee,
WI, USA) to detect the sites of recurrent disease for
later comparison to tracking images. As this was pri-
marily a study of in vivo cell tracking, disease responses
to MAK cell administration was not included in the for-
mal assessment. Ten patients were enroled and a total
of 22 MAK cell infusions delivered as described below.

Schedule of MAK cell administration

Patients were enroled onto the study in a series of
cohorts of up to three patients (Table 1). The initial
four cohorts received MAK cells conjugated with
MDX-H210 and were designed to compare the in vivo
patterns of distribution of MAK cells when adminis-
tered by either i.v. or i.p. route, labelled with either of
the two radiolabels (18F-FDG or 111In-oxime).
Patients could enter more than one cohort; however,
when patients were enroled into diVerent routes of
administration, the same radiolabel was used in each
instance but separated by at least 7 days after the
completion of the Wrst tracking study to allow clear-
ance of any visible radiolabel (in the case of In-111).
Cohorts 5, 6 and 7 were designed to compare the
eVect of the presence or absence of MDX-H210 on
MAK cell migration. Patients 7 to 10 inclusive each
received at least one MAK cell infusion in the pres-
ence of MDX-H210 and one MAK cell infusion in the
absence of MDX-H210.

MAK cell preparation and radio-isotope labelling

All cell processing was performed under Good Manu-
facturing Practice conditions according to Australian
legislation [20]. Autologous mononuclear cells were
collected via steady-state apheresis (COBE Spectra
Apheresis System, Gambro BCT, Lakewood, CO,

Table 1 Cohort design for the administration of MAK cells
radiolabelled with one of two radiotracers and co-administered
with MDX-H210 anti-Her2neu antibody

Cohort Route of 
injection

Radiolabel Addition of 
MDX-H210

Patients 
enroled

1 i.v. FDG Yes 1, 3, 5, 7, 8
2 i.v. 111In Yes 2, 4, 6, 10, 9
3 i.p. FDG Yes 1, 3, 7
4 i.p. 111In Yes 2, 4
5 i.v. FDG No 7, 8, 9
6 i.v. 111In No 10
7 i.p. 111In No 9
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USA). Cells subsequently underwent in vitro diVeren-
tiation using the MAK® Cell Processor (IDM, Paris,
France) for 6 days in the presence of 500 U/ml granulo-
cyte-macrophage colony stimulating factor (GM-CSF)
(Leucomax, Novartis, Basel, Switzerland). Resulting
macrophages were then stimulated for 24 h with 166 U/
ml IFN-� (Imukin, Boehringer Ingelheim GmbH,
Germany), and the cell product puriWed by counterXow
elutriation using the Beckman Avanti elutriator
(Beckman Coulter, Fullerton, Ca, USA) yielding a
median purity of >91% (Table 2).

In treatment cohorts 1–4, MAK cells were then linked
with the half-humanized anti- HER2/neu antibody
MDX-H210 (1.5 mg; Medarex, Princeton, NJ, USA) and
suspended in 15 ml of 4% Human Albumin (Albumex®
4, CSL Limited, Parkville, Australia). For PET track-
ing, the suspended cells were labelled with 84.7 MBq
18F-FDG by incubating for 60 min at room temperature.
For gamma camera tracking, MAK cells + MDX-H210
were labelled with 39 MBq 111indium for 50 min at room
temperature. The cells were then washed, re-suspended
and injected into the patient within 20 min.

Tracking studies

For 18F-FDG-labelled MAK cell tracking, serial PET
scans were performed at 1, 2 and 4 h following injection
using a dedicated PET scanner based on sodium iodide

detectors (GE Quest, GE Medical Systems Inc, Milwau-
kee, WI, USA). The resulting images were processed with
and without attenuation correction, and the results com-
pared to known sites of recurrent carcinoma detected on
a baseline combined PET/CT scanner. Where 111indium-
labelled cells were being tracked, serial planar whole
body scans were performed after 4, 21, 45 and 70 h, and
the results compared to a baseline PET scan displayed
as a projection image as demonstrated in Fig. 1.

Quantitation of the biodistribution of 111In-labelled
MAK cells was performed using the region of interest
(ROI) method. In brief, regions were drawn around
individual organs (lungs or spleen or liver) on both
anterior and posterior whole body images. Total
counts within these regions were corrected for back-
ground, signal decay and image acquisition rates. The
geometric mean of the anterior and posterior images
signal contained within each organ is expressed as a
fraction of the whole body geometric mean.

Results

MAK cell generation and radiolabelling

MAK cells were puriWed by continuous counter-Xow
centrifugal elutriation yielding a median of 1.8£109

(range 0.63–3.58£109) MAK cells with >70% viability

Table 2 Details of starting mononuclear cells counts and the MAK cell dose, purity, viability and radiolabelling eYciency obtained for
each product

Patient 
number

Pre-culture 
mononuclear 
cells (£1010)

MAK cells 
elutriation 
(%)

Isotope 
added

Viability
(%)

Number of 
MAK cells 
injected (£109)

Cell labelling 
eYciency
(%)

Route of 
injection

1 6.58 96.5 18F-FDG 95.6 2.88 90.6 i.v.
3.44 96.2 18F-FDG 91.5 2.5 88 i.v.

2 4.69 93.7 111In 78.4 0.71 48 i.v.
6.1 82 111In 98.1 1.2 71 i.p.

3 8.42 90.2 18F-FDG 96.5 0.93 90 i.v.
2.72 75 18F-FDG 99 0.62 42 i.p.

4 7.96 86 111In 91.9 2.51 64 i.v.
1.26 90.4 111In 95 2.87 76 i.p.

5 1.43 85.3 18F-FDG 94.3 1.77 87.6 i.v.
6 1.2 84.3 111In 98 1.42 85 i.v.
7 0.78 92.1 18F-FDG 96.3 1.55 84.9 i.v.

0.75 91.9 18F-FDG 94.5 1.81 83 i.v.
0.92 91.2 18F-FDG 95.2 1.28 88 i.p.

8 1.17 93.1 18F-FDG 91.9 1.82 93 i.v.
1.26 93.6 18F-FDG 97.9 2.81 NR i.v.
1.23 93.9 18F-FDG 97 2.14 88 i.v.
0.51 91.2 18F-FDG 94.7 1.25 93.5 i.v.

9 0.79 94.5 111In 95 2.56 64 i.v.
0.63 85.5 18F-FDG 70.4 0.63 89 i.v.
1.07 91.9 111In 95.6 3.58 77.6 i.p.

10 0.59 98.3 111In 95.5 2.18 77 i.v.
0.39 94.7 111In 100 2.01 90.6 i.v.
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(Table 2). A labelling eYciency for each tracer was
calculated as the percentage of signal retained within a
spun pellet of cells relative to the signal obtained
within the unspun specimen. Co-culture of MAK cells
with 111indium or 18F-FDG results in a median cellular
labelling eYciency of 76% (range 48–91%) and 88%
(range 42–93%), respectively.

Clinical administration

The details of the ten enroled patients are outlined in
Table 3. A total of 22 MAK cell infusions were com-
pleted. The distribution of injection by route, tracer
and tumour localization is also given in Table 3.

All infusions were well tolerated and could be com-
pleted without acute toxicity. Three episodes of grade I

toxicity (transient lymphadenopathy and two episodes
of fever/chills) were thought to be directly related to
MAK cell infusion. In addition, three patients experi-
enced grade II nausea and grade I abdominal cramps
due to peritoneal disease. One of these patients subse-
quently developed a small bowel obstruction. No grade
3 toxicity was observed due to the administration of
MAK cells.

Distribution of MAK cells following intravenous
injection

A typical pattern of distribution for i.v. administered
cells was observed in all patients independent of the
radiolabel used and is shown for patient 7 in Fig. 1.
18F-FDG-labelled MAK cells were initially observed to

Fig. 1 Baseline and serial PET images in patient 7 after i.v. injec-
tion of MAK cells labelled with18F-FDG+ MDX-H210 antibody.
a Baseline PET images obtained on a combined PET/CT scanner
2 weeks prior to MAK cell injection following direct intravenous
administration of 111MBq 18F-FDG demonstrating multi-focal
peritoneal metastases predominantly in the pelvis and additional
lesions in the serosal peritoneum over the liver and anterior supe-
rior tip of the spleen. b Scans 1 h after injection: whole body pro-

jection image (left), and orthogonal axial through pelvis (second
from left), sagittal (second from right) and coronal (right) planes
demonstrate MAK cells predominantly within the lungs with ear-
ly uptake in liver, spleen and pelvic tumor. c Scans 4 h after injec-
tion: whole body images (left), axial through pelvis (second from
left), sagittal (second from right) and coronal (right) demonstrate
activity predominantly within the liver, spleen and localized to
sites of pelvic peritoneal tumor deposits
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accumulate within the lungs, with lung clearance com-
mencing within 4 h and as early as 1 h after injection;
signal was also seen to accumulate within the liver and
spleen.

The distribution pattern of i.v. injected 111In-labelled
MAK cells was similar to that observed with18F-FDG-
labelled MAK cells. By 4 h after i.v. injection, residual
activity was seen throughout both lung Welds, consis-
tent with white cell margination with a progressive
increase in activity seen in the liver, spleen and bone
marrow over the next 24 h, which remained visible for
more than 72 h. The time course for patient four is
shown in Fig. 2.

We then studied if the presence of the HER2/neu-
targeting antibody, MDX-H210, aVected MAK cell
biodistribution. In those patients who received both
MDX-H210-labelled and naked MAK cells (patients
7–10) clearance of signal from the lungs was consider-
ably slowed, and liver and spleen distribution was simi-
larly delayed in the absence of MDX-H210 (Fig. 3).

MAK cell tracking to tumour following i.v. injection

Overall, tracking of intravenously injected MAK cells
to areas of known disease was seen following eight of
the 16 i.v. infusions (four each of 18F-FDG and 111In).
Following administration of 18F-FDG-labelled MAK
cells, tracking to the tumour was observed as early as
4 h, as illustrated in patient 7, with increasing activity in
the right iliac fossa (Fig. 1b), corresponding to the site
of known disease on the baseline PET scan (Fig. 1a).

In three cases (patients 2, 4 and 10) who received
i.v. 111In-labelled MAK cells, a pattern of faint visuali-
zation of the peritoneal space was observed at 24 h,
which became progressively more intense over the
next 48 h so that by 70 h, diVuse uptake in the abdo-
men was seen with most marked uptake in the known
sites of peritoneal disease. This is demonstrated in
patient 4 in the left mid-abdomen and left upper quad-
rant consistent with quantiWed tracking of the labelled
MAK cells to the peritoneum (Fig. 2). In the only

Table 3 Demographic, toxicity and tracking data in all ten enroled patients

Patient Age Tumor 
histology 
and stage

Number of 
previous 
chemotherapy 
treatments

Cohort MAK 
cell dose 
(£109)

Infusional 
toxicity

18FDG PET 111In SPECT Tracking 
to sites 
of tumori.v. i.p. i.v. i.p.

1 61 Serous
IIIC
Relapse

3 1 2.88 II X Yes
3 2.5 II X Yes

2 52 Serous/clear
IIIC
Ref

2 2 0.71 0 X Yes
4 1.2 0 X Cells trapped 

in peritoneal 
adhesions

3 51 Serous
IIIC
Relapse

2 1 0.93 0 X No
3 0.62 0 X No

4 39 Serous
IIIC
Relapse

2 2 2.51 II X Yes (Fig. 2)
4 2.87 II X Yes (Fig. 4)

5 50 Serous
IIIC
Relapse

2 1 1.77 I X No

6 52 Serous
IIIC
Refractory

2 2 1.42 I X No

7 24 Serous
IIIC
Relapse

2 1 1.55 0 X Yes (Fig. 1)
5 1.81 0 X Yes (Fig. 3)
3 1.28 0 X Yes

8 43 Serous
IIIC
Refractory

2 1 1.82 I X No
1 2.81 I X No
1 2.14 I X No
5 1.25 0 X Yes

9 48 Endometrial
IIIC
Relapse

1 2 2.56 0 X No
5 0.63 0 X No
7 3.58 0 X Yes

10 53 Serous
IIIC
Relapse

1 6 2.18 I X Yes
2 2.01 0 X Yes
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patient (patient 10) who received separate i.v. infu-
sions of MDX-H210-labelled and naked MAK cells,
localization to tumour sites was seen with each infu-
sion, irrespective of the addition of the antibody.

Intraperitoneal injection

A total of six i.p. infusions were performed; three of
either 18F-FDG-labelled MAK cells or 111In-labelled
MAK cells. Evidence for active MAK cell tracking to
sites of known disease was seen on four occasions in

three patients. A representative example of 111In-
labelled MAK cell tracking is shown in Fig. 4.

No appreciable diVerence in tracking was seen
between the two diVerent radiotracers used. Patient 2
demonstrated intense localization in the right iliac
fossa and less intense activity extending along the para-
colic gutter on whole body 111In- gamma camera imag-
ing. This biodistribution remained largely unchanged
at 48 and 72 h after radiotracer administration consis-
tent with poor peritoneal space diVusion of cells
reXecting peritoneal adhesions. By 48 and 72 h there
was some visualization of bone marrow, liver and
spleen suggesting some margination of radiolabelled
white cells into the systemic circulation, but no deWnite
localization of peritoneal deposits was identiWed. No
comparison was possible between the eVect of linking
i.p. administered MAK cells to MDX-H210.

Discussion

The in vivo fate, anatomical distribution and biological
activity of cellular therapies in vivo following injection
into human subjects has to date remained largely
unknown. We demonstrate that radio-labelling and
serial tracking studies provide a means of elucidating
these issues. Here we successfully generated, labelled
and tracked autologous MAK cells.

Fig. 2 a Baseline PET images and serial planar whole body imag-
ing in patient 4 after i.v. injection of 111indium labelled MAK
cells + MDX-H210 antibody. Far left panel: baseline PET images
demonstrating mildly increased radiotracer uptake through out
the peritoneal cavity with nodular areas of moderately increased
radiotracer uptake in the left upper quadrant, right iliac fossa and
the presacral space consistent with peritoneal deposits. Other up-
per panels: serial whole body images of 111indium labelled MAK
cells at 4, 21, 45 and 70 h post-injection. At 4 h, diVuse activity was
seen throughout both lung Welds, consistent with normal white
cell margination. Three foci of moderately intense activity in the
left lung were consistent with micro-emboli of radiolabelled cells
to this lung. At 21 h there was progressive clearance of activity
from the lungs and increasing activity in the liver, spleen and bone
marrow. At 21 h there was faint visualization of the peritoneal
space. This became more obvious by 70 h where there was clearly
a diVuse pattern of uptake in the abdomen with most marked up-
take in the left mid abdomen corresponding to the area of most
marked abnormality on the baseline 18F-FDG scan. b Distribu-
tion of injected MAK cells by organ of interest in patient 4. Sig-
nals present in each organ at each time point are expressed as a
percentage of the whole body signal at that time. Data presented
are typical for that obtained in six separate administrations
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Fig. 3 Comparison of 18F-FDG-labelled MAK cell biodistribu-
tion with (a) and without (b) antibody. Images obtained at 1 h
after reinfusion of radiolabelled cells (left panels) demonstrates
signiWcantly greater liver, splenic and renal activity when anti-
body is attached to the cell. This likely reXects more rapid
demargination of cells from the pulmonary vasculature. By 3 h
the antibody-labelled cells had almost completely cleared from
the lungs whereas the cells without antibody remained to a great-
er extent marginated in the lungs with relatively less liver and
particularly splenic localization.There is a reciprocal earlier
appearance of antibody labelled MAK cells within the liver and
spleen and in the areas of known metastatic tumor in the right
iliac fossa
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In this study we were able to generate cytokine-acti-
vated MAK cells in adequate numbers and with excel-
lent purity and viability to allow clinical administration
with minimal toxicity. Further, the in vitro radiotracer
labelling had no substantive eVect on cell viability and
was suYciently stable to allow sequential images to be
obtained for cell tracking purposes. The patterns of
tracking observed after i.v. cell administration were
similar with both 111In and 18F-FDG labelled cells.
Importantly, although cells were initially observed to
pool within the pulmonary vasculature, the vast major-
ity of cells had migrated out of the lungs by 4 h (and
faster when cells were labelled with MDX-H210), sug-
gesting that despite the normally adherent nature of
monocyte/macrophages, these cells are capable of sur-
viving passage through the lungs and subsequently
migrate to the liver, spleen and distant tumour sites.
Early (<4 h) diVerences in MAK cell distribution
between 18F-FDG labelled cells and 111In labelled cells
cannot be fully discounted as the Wrst scanning time
point during 111In studies was at 4 h, in order to allow
later time points to be included.

Tracking of MAK cells to known tumour sites was
also observed in four patients following i.p. administra-
tion. This may be a consequence of peritoneal inXam-
mation at sites of tumour involvement or active
migration of cells to tumour sites. In either case, this
data supports the notion that cellular immunotherapies
may successfully track to sites of tumour via either i.v.
or i.p. routes. Furthermore, slow clearance of the
radiolabelled cell into the general circulation following
i.p. administration may be of beneWt for patients with
primarily small volume peritoneal deposits in whom
high concentration of cellular therapies are required.

Radio-labelling has, however, a number of potential
limitations including anatomical resolution of the
images obtained. PET scanning using 18F isotope can

provide high-resolution three-dimensional anatomical
imaging with the potential for quantiWcation of labelled
cell migration to anatomical sites within 10 cm of sub-
cutaneous or intradermal administration (manuscript
in preparation). Whilst 18F-FDG can provide excellent
spatial resolution, its relatively short half-life of
109.7 min provides a limited window of only 4–6 h for
obtaining images following injection. This timeframe
may be insuYcient to fully appreciate the migration of
labelled cells in vivo particularly when tracking small
numbers of cells. An alternative (and complementary)
strategy of using a radiotracer such as 111indium-oxime
detected by planar imaging allows cell tracking to be
followed over a more extended period (up to 96 h), but
at the cost of lower resolution images. The beneWts of
sustained signal without loss of resolution may poten-
tially be obtained by the use of alternative radiolabels
such as 64Cu, studies of which are on going in our labo-
ratory [21]. Others have reported inconclusive data for
successful tracking of radiolabelled macrophage cellu-
lar therapies to sites of metastatic renal cell carcinoma
[22] and melanoma [23]. Our reproducible tracking
Wndings in patients with metastatic ovarian cancer may
represent the ready access of circulating cells to
tumour beds via the inXamed peritoneum.

One important Wnding from our study was a major
limitation with the use of 18F-FDG, namely the demon-
stration of free 18F-FDG ‘leakage’ out of the MAK
cells. This is demonstrated by renal and bladder activ-
ity observed even as early as 1 h post-infusion (Figs. 1
and 3). This implies in vivo dephosphorylation of 18F-
FDG, leading to ‘back diVusion’ into serum and subse-
quent uptake in kidneys, heart and possibly tumour.
However, this phenomenon does not occur with 111In-
oxime. Although there appears to be free 18F-FDG
appearing within a short time after MAK cell adminis-
tration, we believe there is suYcient retained label in

Fig. 4 Progressive accumula-
tion of 111In-labelled MAK 
cells + MDX-H210 antibody 
in the left upper quadrant area 
of known metastatic tumor in 
patient 4. a A pre-MAK cell 
administration PET scan 
reveals radiotracer uptake in 
the left upper quadrant of the 
abdomen. b Following i.p. 
administration of In-labelled 
MAK cells intraperitoneal 
distribution throughout the 
peritoneum is seen with early 
and then progressive tracking 
of MAK cells to the known tu-
mor site at 3.5 h. c Progressive 
tracking observed at 18 h
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the cells to provide useful information of MAK cell
tracking. Firstly, 18F-FDG does not normally appear in
the lungs and so the early images must indicate reten-
tion in cells, with subsequent cell clearance from the
lungs. Similarly, the intensity of 18F-FDG in the liver
and spleen is above normally observed values and so in
the absence of tumour at these sites the high levels
indicate subsequent ‘tracking’ to the reticuloendothe-
lial system. Secondly, the similarity of tracking patterns
achieved with both PET and SPECT strongly suggest
that cell tracking to tumour, and not free radiotracer,
was the main mechanism of enhancement of signal
from sites of known disease and lastly, when the pre-
tracking PET scans using free 18F-FDG are compared
to those following labelled MAK cells the liver and
tumour images are not identical suggesting that tissue
distribution after MAK cell administration is depen-
dent on label retained within administered cells rather
than by free FDG. Of note, we have found that the
phenomenon of rapid 18F-FDG eZux occurs to a much
greater extent in other cell types such as monocyte-
derived dendritic cells (manuscript in preparation) and
it can therefore not be extrapolated that labelling with
18F-FDG will be suitable for all cell types, and
improved labels are required. It is of interest that oth-
ers have suggested that 18F-FDG is a useful marker for
labelling immature hematopoietic cells but it seems
possible that ‘leakage’ may also occur in that setting
[19].

Our Wndings also show that ex vivo modiWcations of
cells, such as the addition of monoclonal antibodies,
can signiWcantly alter their in vivo kinetics as observed
by the faster clearance of cells from the lungs in the
presence of MDX-H210. The mechanism for this
observed eVect is not clear. The bispeciWc antibody
may potentially alter the adhesion molecule expression
of the local pulmonary vasculature, or alternatively,
adhesion molecules expressed by the MAK cells them
selves may be blocked in the presence of MDX-H210.

Of interest, we observed that the addition of the
HER2 speciWc monoclonal antibody was not an abso-
lute requirement for the migration of MAK cells to
sites of disease, but we cannot discount the possibility
that over expression of HER2 may lead to improved
cell migration as none of the enroled patients had over-
expression of HER2 by immunohistochemistry on
their original histology specimens.

Also, in Wve of six patients in whom both i.v. and i.p.
routes of administration were comparable, either route
gave concordant results (failure of tracking, or evi-
dence of tracking), indicating that direct i.p. adminis-
tration was not necessary for delivery of this form of
cellular immunotherapy.

In summary, we demonstrate that use of the imaging
techniques displayed here provide valuable insight into
the fate of infused ex vivo manipulated cells in addition
to a means by which patients can be pre-selected for
immunotherapies depending on the demonstration of
successful tracking and determination of the optimal
route of injection to obtain tumour targeting.
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