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Fig. 1 The 6 hallmarks of cancer unifying common phenotypes that cancer cells take on to
survive and metastasize (Hannahan D and Weinberg A).
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Table 1

List of radioligands 1maging early apoptotic events: Caspase Activation

Radioligand Imaging Modality  Type of Study Reference
S (Z-VAD- fiuk) SPECT Invitro 9]
i pyrrolidinylsulfonyl 1satin PET Biodistribution in nude mice [10]
“F-WC-I-80 PET Biodistribution in fafs + [11,12]
Cycloheximide induced liver apoptosis
ewe-9 PET Cycloheximide induced iver apoptosis [13]
SEWC-IV3 PET Cycloheximide induced Liver apoptosis [13]
“'LDEVD peptides SPECT Invitro [14]
Recombinant [uciferase reporter molecule BLI Inwitro + D34-bearing nude mice [15]
treated with TRALL
ANLucBCLuc BLI Inwitro +D34-bearing nude mice [16]
treated with temozolomude, pertfosine
and trradiation

BLI = biolumimescence imaging; PET = positron emussion tomography; SPECT = single-photon emuission
computed tomography: TRAIL = tumor necrosts factor-related apoptosis-inducing ligand: Z-VAD-fmk =

benzyloxylcarbonyl-Val-Ala-DL-Asp (O-methyl)-fluoromethyl ketone
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Table 2

List of Radioligands imaging phospholipid reorganization: PS externalization

Radioligand Imaging Modality  Tvpe of Study Reference
#=Tc-HYNIC-annexin A5 SPECT Fas-mediated hepatocyte apoptosis in mice + 17
Lymphoma-bearing mice receiving cyclophosphamide
In vitro + Fas-mediated hepatocyte apoptosis in mice [18]
Biodistribution in rats + DEX induced thymic apoptosis in mice  [19]
Hepatoma-bearing rats recetving cyclophosphamide [21]
Biodistribution + dosimetry in human volunteers 22
Head and neck cancer patients [23,24]
Intra-and inter-observer and day-to-day reproducibility in patients  [25]
Influence of chemotherapy on biodistribution in patients [26]
Cancer patients recetving chemo- and/or radiotherapy [27]
Lung cancer patients recetving platinum-based chemotherapy [28]
Cancer patients receiving chemo- and/or radiotherapy [29]
Cancer patients receiving chemotherapy [30]
Lymphoma-and sarcoma-bearing mice receiving irradiation [31]
Lymphoma patients receiving irradiation [32]
Head and neck cancer patients receiving chemoradiation [33]
mTc—I»L‘-\G; -annexin AS SPECT Biodistribution in normal mice [34]
#2Tc-EC-annexin AS SPECT Breast tumour-bearing mice recetving paclitaxel [35]
Breast cancer patients receiving (chemo)therapy [36]
= Tc-BTAP-annexin A5 SPECT Biodistribution in healthy + patients with different malignacies [37. 38]
Lung, breast and lymphoma patients recetving chemotherapy [39, 40]
= Tc-annexin-128 SPECT Biodistribution in mice + cycloheximide induced liver apoptosis  [41]
=T HYNIC-B1 SPECT Biodistribution in mice + mice receiving [42]
DEX and anti-Fas antibody
= Te-HYNIC -cys-annexin AS SPECT Biodistribution in mice + mice receiving anti-Fas antibody [43]

Cycloheximide induced liver apoptosis + castration in rats

[44]




" annexin AS

!y DTPA-PEG-annexin A3

BF . annexin A3

*Cu-DOTA-biotin-Sav annexin A5

[““TJm-SIB + T annexin AS

"] annexin A

[*“TSIB annexin A5 + "I annexin A
[““I4IB annexin AS

"1 MBP-annexin AS

SPECT

SPECT

PET

PET

PET
PET
PET
PET
PET

Inwitro

Biodistribution and dosimetry in mice and humans
Invitro + colorectal tumour-bearing mice recetving
famesyltransferase inhibitor therapy

DEX induced thymic apoptosis in rafs

Biodistribution + breast tumor-bearing mice
recetving paclitaxel and/or C225

Invitro
Biodistribution + cycloheximide induced liver apoptosts in rats

Invitro + breast tumour-bearing mice receiving PDT

Invitro

Invitro + mice receiving anti-Fas antibody

Invitro + fibrosarcoma-bearing mice freated with 3-FU
Invitro + mice receiving anti-Fas antibody

Mice receiving anti-Fas antibody

[43]
[46]
[47]

[43]
[49]
[50-52]
[53]
[>4]
[55-56]
[57]
[58]

[59]
[60]
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Preclinical data

Authors

Journal

Chelator

Setting

RGRIER

Yang et al.

CBR 2001

Breast
Paclitaxel

Delta T/N

T/N increase from 2
to 4 h.

Blankenberg et al.

PNAS 1998

Lymphoma
Cyclo*
Delta uptake

u increase of 78% in
uptake

Related to apoptosis

Mochizuki et al.

JNM 2003

Hepatoma
Cyclo*
Delta uptake

uincrease of 507%
in uptake

r: 0.7 (vs TUNEL)




Annexin Imaging of Treated
Murine Lymphoma

CH3.HeN mice implanted with
38C13 murine B cell lymphoma
into left flank treated with
cyclophosphamide (100mg/kg)
14 days post implantation,
injected with Tc-99m annexin
20 hours following treatment,
and 1maged 1 hour later. Treated
tumor (arrowhead) showed
363% increased uptake over
control (arrow) by ROI analysis.

Blankenberg et. al., Proc. Natl. Acad. Sci. USA, 95:6349 (May 1998)




Left

Fig. 3 MicroSPECT images of Colo205-tumors 3.5 hours after injection of 18.5 MBq PoTe
His-anxAS 1n the tail vein. Mice received (A) 0.9% NaCl (=control) 4h before administration
of the radiotracer. (B) 5-FU 4h before administration of the radiotracer, (C) oxaliplatin 12h
before administration of the radiotracer and (D) irmnotecan 24h before administration of the
radiotracer. Representative sagittal slices demonstrates accumulation of *™Tc His-anxAS5 in
the tumors of untreated (=control) and treated mice.
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Fig. 7 A) [*°®™Tc]-(CO)3 His-annexinAS tumor uptake in all 12 mice is demonstrated, together
with percentage of caspase-3 positive cells. [gngc]-(CO)3 His-annexinAS uptake is expressed
as %ID/tumor volume.

B) Correlation of [®™Tc]-(CO)s His-annexinAS5 uptake and caspase-3 positive cells in
Colo205 tumors. Tumor uptake of [*°™Tc]-(CO)s His-annexinAS significantly correlated with
percentage of caspase-3 positive cells in tumor (R =0.867, P < 0.01).
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Fig. 2 Time course of *®Tc¢ His-anxAS5 uptake (%ID/g/kg) and caspase-3 positive cells (%),
in tumors of Colo205-bearing mice, normalized to controls.

(A) Colo205-bearing mice received single-dose (ip) of 5-FU or, (B) irinotecan or (C)
oxaliplatin or (D) bevacizumab or (E) panitumumab (n=3 in each time group)

* p< 0.05, ** p < 0.01; error bars represent SD
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Fig. 2 Time course of *™Tc¢ His-anxA5 uptake (%ID/g/kg) and caspase-3 positive cells (%),
in tumors of Colo205-bearing mice, normalized to controls.

(A) Colo205-bearing mice received single-dose (ip) of 5-FU or, (B) irinotecan or (C)
oxaliplatin or (D) bevacizumab or (E) panitumumab (n=3 in each time group)

* p<0.05, ** p < 0.01; error bars represent SD
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99mTc-Hynic-rh-Annexin V

Healthy volunteer




Body clearances in Human volunteers

Urine clearance Blood clearance

t,=23.5 £ 2.9 min

10 20
time p.i. (h)

« cumulative urinary excretion after 24 h: 22.5 * 3.5% of I.D.

 activity in stool after 24 h: 0.1 £0.2%
of I.D.

* 0.8 rem/mCi to the kidneys
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Sequential *”™Tc-Hydrazinonicotinamide-Annexin
V Imaging for Predicting Response to
Chemotherapy

Sylvie Rottey!, Guido Slegers®, Simon Van Belle!, Ingeborg Goethals®, and Christophe Van de Wiele®

!Division of Medical Oncology, Department of Intermal Medicine, University Hospital Ghent, Ghent, Belgium; >Department of
Radiopharmacy, University of Ghent, Ghent, Belgium; and *Department of Nuclear Medicine, University Hospital Ghent, Ghent,
Belgium

J. NucL Med 2006



Ratio of tumor

activity to
background
Age TNM Localizationof  Largast diamater (cm) of activity Trastmant RESpOnse
Patient Sex (y) Tumor type classification metastasas maost prominant lasion  Chamotherapy Baseline 57 h 40—44 h modaities 3mo 6 mo
1 M 40 Malanoma Staga V Liver 2.0, no nacrosis Dacarbazina 1 1 1 1 PD
2 M 60 Bladder cancer Staga V Bong, abdominal mass 3.5, no nacrosis Carboplatin and 1 1 1 1 PD
gemcitabing
3 F 48 Braast cancer Staga V Liver 104, no nacrosis Carboplatin 1 1 1 6 PD
4 M 65 Msalanoma Staga V Cutansous =1, multiple lesions  Cisplatin and 141 183 132 2 PD
carmustine
5 F 50 Unknown primary Staga V Liver 4.5, no nacrosis CEF 1.88 191 257 1 PR PR
cancer
6 F 52 Malanoma Staga NV Liver 1.0, no necrosis Dacarbazina 1 1 1 1 CR CR
7 F 75 Braastcancer Staga NV Liver 0.5, no nacrosis Vinoralbina 1 1 1 3 PD
8 M 66 Esophageal cancer Stage V Lungs 2.0, no nacrosis 5-Fluorouraciland 339 474 25 2 PR PR
cisplatin
9 F 61 Braastcancer T3N1 MO 7.8, no nacrosis CEF neoadjuvant  1.77 535 298 1 PR PR
10 M 50 Head and nack cancar Stage V Mass in 6.5, no nacrosis 5-Flworouraciland 013 011 01 1 PD
madiastinum cisplatin
1" M 55 Hypernephroma Staga NV Bone Multiple lasions Bisphosphonate 1 1 1 1 SD SD
found on bone
scintigraphy
12 F 52 Braast cancear Staga V Supraclavicular 4.0, no nacrosis Vinoralbina 1 1 1 3 PD
lymph nodes
13 F 52 Small call lungcancer Limted disease’ Massas in left lung 8.2, nacrosis Carboplatin and 33 474 3N 1 PR CR
and madiastinum etoposide
14 F 52 Braast cancear Staga V Liver, mass in 103, nacrosis Doxorubicin 1 1 1 2 PD
braast
15 M 43 Head and nack cancer Stage N Mass in tongue 2.0, no nacrosis 5-Fluorouraciland 1 1 1 1 PD
cisplatin
16 M 22 Teratocarcinoma NA Mass in madiastinum 9.7, no nacrasis BEP 1.3 371 525 1 PR CR
17 M 27 Yok sactumor T2NX M1aS1 Aortocaval ymph node 2.8, no nacrosis BEP 1 1.3 1 1 CR CR

*Not TNM classification but 2-stage system for small call lung cancer used by Vatarans Affairs Lung Study Group.
PD = prograssive disaase; CEF = cyclophosphamide, epirubicin, and 5-fluorouracil; PR = partial remission; CR = complete ramission; SD = stable disaase; NA = not available; BEP =
blaomycin, apirubicin, and cisplatin.




Scan | Scan 2 Scan 3

FIGURE 1. Signfficant increase in uptake of ®"T¢-HYNIC-
annexin Vover time in primary breast tumor (arrows) in patient 9.



Scan |

Scan 2

Scan 3

FIGURE 3. Absence of changes in up-
take of P Te-HYNIC-annexin V over time
n stemoclavicular bone melastasis rela-
tive to baseline bone scan (leftmost
image) in patient 11.



Prognostic Significance of **™Tc Hynic-rh-Annexin V
Scintigraphy During Platinum-Based Chemotherapy in

Advanced Lung Cancer

Marina Kartachova, Nico van Zandwipk, Spaak Burgers, Harm van Titeren, Marcel Verhe, and
Renato Alfredo Vaidés Olmos

J Clin Oncol 2007



Table 1. Patient Characterstics, Changes in the Arnesin V Tumor Uptake, and Therspy Outcome

Patont Age Locakzmtion of the Tumaur Az Detominad by
MNa. Sex  (yeardd  Stadium Histobogy CT and Annsxn V SPECT als ATS km)  RECIST
1 M 5 B Squamous cell cardnoma Right upper lobe, mediastinal kmph nodes 15 -20 sD
2 M 72 N Adenocaranoma Loft upper lcbe, medizstiral lymph nodes, 0 0 sD
plountis carcinomatosa
3 M 58 N Adonocardnoma Right upper lobe, pkuntis carcnomatosa Bl 0 sD
4 F 56 e Largecell carainoma Lett upper lcbe, medizstral kmph nedes 16 -3 FR
3 M 52 N Adonocardnoma Right upper lobo, mediastinal kmph nodas, 19 -22 sD
intrapulmonary metastases
5 M 55 N Adenocaranoma Right upper lobe, Nispumonary metastases 23 -39 R
7 M 49 N Squamous cell cardnoma Right upper lobe and kft uppar ldbe Patant disd bafore blowap
8 M 58 e Adonocaranoma Bronchogeric caranoma (br. intemmediuzl 24 -21 sD
with invasion of ossophagus
8 M 51 B Largecell carcinoma Right upper lobe =30 3 PD
10 M 68 e Adonocaranoma Right upper lobe, medustral and -29 0 PD
supraclavicular rrph nodes kit
n M 52 N Largecell carcinoma Right upper loba, medistral kmph nodes, 25 -51 FR
Intrapulmonary metastases
12 M 63 N Adonocaranoma Right upper lobe, mediustral kmph nodes, 22 -3 R
soltary nb metastass
13 F 66 N Squamous cell caranoma Loft lower kbs, mediasting and aubokiviodar Patiert refused followsup scan
metastases
14 M 60 e Pocely differentiated lirgecall  Right upper loba, medustral kmph nodes 123 =100 CR
caHCINMa
15 F 73 N Largecell carcinoma Loft upper lcbe, plurtis carcnomatesa lnks -6 0 sD
and contralateral ntrapulmonary metsitasis
18 M 59 N Squamous cell caranoma Lot head brondhws with rasin of the -1 -8 sD
madaztinum
Abbroviatons: CT, tomographry; SPECT, sindephoton emiszion tomegraphy; AU, dhanges in the Annsxin V turmore uptake as percentags to

bazelne walue; AT, cha N the tumer zize a5 percontage to base Ine value: RECIST, Regponse Evabuaton Criena in Scld Tumors Groups M, mak; F, fomale;
5D, stable dizeaso; PR,?:&:J responss; PD, ptogreszis‘:?:mw:CR. compkts responsa




| - . e : Fig 3. " TeHymcshannan \ snglphoton emiszion formogrphy Wbsfors and
oy w:' B“°::;"“dd & '°"°'"‘""; m"”.‘n’;‘“":“." v “"5’;":":"’_" B1 48 hours after the first adminitrtion of ceplatin domaretrate nearsaze of the
emizion tomography demenstrate chom yinduced incresse of . o - " .
tracer uptake arrowsl. 1) Basolne computed b':i\ogl.ﬂw demeretrates sold turnax tracee uptake i the medestind k"ph s lamrowsl, (0 B.uimo:ﬂ'putod
mass in the right wpsr kbe enlirged mediastingd kmph nodes Gamows). 100 lormography scan demcnstrates 2 brge nht partrachial mazs with partial rezponse
Fellow-up cormputed tomography scan 8 wasks afor the start of chemotherspy on (D fedowup computed tormegraphy scan, cbtanad 4 woeks later,
shows complate regponse (amows),
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Changes in 99mTcHYNIC Annexin V tumor
uptake versus respons to radiotherapy

o Kartachova et al. (Radiotherapy and Oncology 2004, 72: 333-339)

— 29 evaluable patients
« Lymphoma n=26
* Leukaemia n=1
« NSCLC n=5
« SCCHN n=1
— Therapy
« RT n=23
¢ Chemo n=>5
* RT+chemo n=1

— Annexin V scintigraphy before and within 72 hours following
treatment instigation= results related to therapy outcome




L

Fig. 1. Four-step grading scale of "™ Tc-Annexin V tumour uptake on
SPECT images of patients with malignancies localized in the neck
(arrows): A, absent (grade 0); B, weak (grade 1); C, moderate (grade 2); D,
intense (grade 3). Note: moderate to intense uptake is also observed in the
cervical bone marrow (e.g. A and D).
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Fig. 5. Schematic correlation between changes in P®Te-Annexin V tumour
uptake (AL) and clinical response. PD, progressive disease: SD, stable
disease; PR, partial response; CR, complete response.
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From SPECT towards PET

18 68
o I°F 05(3a

— Better characterization apoptosis profile
— Better resolution

— Better quantification

— CT map




CONCLUSIONS

 Limited available data on PET-labelled
Annexin-V

« Revival foreseen for PET?




