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INFRODUCTION |
The pnrpese‘ of shis study was to evalnefe the thexfapeutic efficncy of ‘Re—ISS-RC-
160 in experimental models of humank small cell lung carcinomas Wh‘ich minlic the clk'inical’ 7
presentation. In’ the experimentél 'm‘odel, ceils froin thefhurna‘n small celi lung carcinoma
cell line NCI-H69 cells wei‘e inoculated into fhe thor.ac‘ic‘cakvityf of athymie m’ice ann fats._

Subsequentiy, the biodistribution of Re-188-RC-160 after injection into the pleural‘ 'ca\)ity',

a radiolabeled somatostatin analot‘gue&, was monitored as was fhe effect on the subsequent

gronvth of tumors; The \réshlfs presented here, and which.are a pz’\r'tef’a larger series of
studies, suggest that .ke—lSS—RC—lﬁO can be effectivelji used in this animal niodel o

restrict the growth of small cell lnng carcinoma in the therac_ie. cavity.

- The cell line NC1-H69 wns derived from a human srnallr celi lung cafeinoma and

has been used in concert witn experim‘ental, therzipeutic radi'opnarmaceuticals '(radiolabeled ;

antibedies) [I,Sk]’.‘ Additionally, in nude mice NCI-H69 tumors exhibit redneed tumor

volumes when treated intra~lesiona,lvly with nniabeled sbxnatostatin anal'ogues, inclnding,

RC-160 1?7 111 The rell:line nradncee tnmare when imnlantad enhentaneanciv r




introdueed into the thoracic cavity or lung parenchyma [9].

RC-160 is a soma‘tostatin analogue Which has been extensively studied for its
ability to restrict the growth of a variety of tumors [’12]. RC(—16‘OF has been reported to be Iv
more potent than other analogues such as octreotide and BIM—23014 [4]. “RC-160 can be
| directly radiolabeled with Tc-99m and Re- 188 [3] Rhemum RC-160 has been reported to
maintain the “spatial topography of the side: chams essential for somatostatm—receptor-
bmdmg as determined by NMR and computer modelmg conformatlonal analysns [13].

Ina serres of foundatlon studies to be presented elsewhere the therapeutlc potentral
of the somatostatm analogue RC 160 radiolabeled wrth "*Re has been evaluated in nu/nu
_mu_:e ‘bearing xenografts of the human prostate adenocarcmo_ma PC-3',/ which is receptor—
positive butipoorl‘y responsive to unlabeled llC—lGO. | lggRe—RC-lGO was selectively
retained in the _tumor folldwi’ng ‘direct intra-tumor injection and resulted in protraeted'
reductions in tumor volume and an increase in survival time. .l3ased on these initial
successes the present studies were:initiate'd‘ to examine the feasibility of treating
somatostatin-receptor-positive tumors using regional administration.

| METHODS AND MATERIALS

Peptide ,l"abeling. - RC-160 was synthesized by classical synthesis and supplied by
DeBiopharm S.A. (Lausanne, Switzerland).” ""Re was obtained from a clihical,prbtotype
W/ ‘l*Re generator [6] fabricated at Oak Ridge National Lahoratory (Oak Ridge, TN, o
USA). The generator was eluted in 20 'lml of oxidant-free 0.9% saline and‘colleeted in 5 .’
ml aliquots. The second and third aliquots \uere used in experiments, and subseqUently

filtered through a 0.22 micron filter’ lnto.a st’erile evacuated vial. After use, the generator |
was flushed with approximately 20 ml of air and stored under a nitrogen atmosphere

- The RC-160 fﬁdlﬂlﬂh?llﬂ(? leite were prenarer in A oml ranacitu ambear viale and




- and the vial heated at 80°C - 90°C for 30 minutes wrth perlodlc mixing. - At the end of the -

contained a final. volume of 2 0 ml Each kit contamed 500 Ug pepttde in
tartrate/phthalate buffer pH 5.2, contammg stannous ta.rtrate to reduce the perrhenate plus -
: excrplen.ts All klts were prepared usmg mtrogen purged solutlons and the head space gas
was similarly purged with mtrogen gas. Vlals were stored frozen at -30°C For labelmg,

2.0 ml ‘of a ‘SsRe—perrhenate solution (175-20 mCr) was added (ﬁnallabelmg volume 4 ml),

mcubatron perlod the solutlon was allowed to cool shghtly and an. ahquot removed for
~rad|ochemlcal analysis. ’Prtor to use m’ animals aquuots were mixed 1:1 with 20% human" |
~ serum alhumin (clinical-grade). X |
Radibchemical analysis ) Radiochemical analysis was performed-using thin layer
‘chromatography (TLC) and reverse phase (RP) HPLC TLC wrth a 0.9% saline moblle
; phase was used to measure the unreduced or unbound radlonucllde whrch mlgrated with '
' the solvent front. The amount of Re-188 at the solvent front was less than 3%7 TLC
| 'vvith a mobile phase consisbiting of 85% ethanolr15% aqueous aeetic acld pva3.5 was used
to d_etermine the amount of ’radiocolloid.' Under these chrornatographic conditions
radiocolloid was retained at the orlgin while the radiola_beled peptide migrated with the -
solvent front. ‘.RP—HPLC was perforrned using a C!8 column (250’ mmX 4 mm, 7 ©
' average partlcle size) in a Kontron chromatographtc system with the efﬂuent tublng
attached in-line to a Raytest radioactivity detector A lmear gradrent was used to elute the
peptlde, [100% A to 66% B in 3(’)‘ minutes using a flow rate of 1 ml/minute where A 4=
0. 05 M trlethyl ammonium’ phosphate (TEAP) pH 2. 5 and B = acetomtnle (2 3)] The
elution profile revealed a mam peak (approx1mately 90%) wh1ch eluted near 23 mmutes
and a smaller peak Wthh eluted‘ ata sllghtly earller time ) |

Biodistributon studies.  Biodistribution stndies were nerfarmed:in adnlt female -




nu/nu mice at selected times after injection into the pléuralk cavity. ‘Each experimental
group‘was composed of at least five animals, with each Vani'mval ’receiving 0.1 ml
containing appronimately 4 pCi. Animalé wéré sacfiﬁééd ny ether qverdpsé, ‘and selected
' .organs ddissected,jweighed, anddssbéiat\ed radibactivity,deterdmined.. The data' v\;as |
calculated as the perCentage dose, per gram of tissue; although in some 'casés the déta wns
~also calcnlyated as the percentage dose pef organ.
Effects on tumors. 7 The tnrnor rmodellns‘ing,l\dl.Cl’-H69 ’ce'l;ls ichnléted in the )
' thdracic cavity followed generally the model descfibed by 'McLenlore etal. [9]. ln these
studies animals were inocuiated with 5-7.5 X 106 NCI-H69 dells in0.1 Inl of serum-free
RPMI medium! Thé cells were introduced by injecﬁon 'with a}26' guage needle frorn a
n()sit‘ion véntral and midl'in'ev over the liver andunder the rib—cage. Proper positioning was -
nrewously conﬁrmed using dye ijCthﬂ | |

| The test materials (RC-160 and Re- 188 RC- 160) were 31m11ar1y mjected into the
‘pleural caVlty with a 26 guage needle from a posmon ventral and mldlme over the hver |
and under the rib-cage. Each injection contamed approx1mately 5pg Qf peptldc in a
yolume of 0.1 vml and a radinactive dose (Whnn }uséd)‘of 200 ;u.Ci.

RESULTS
| Animal model. Cells from the cell line N‘CI;—H69 Wene'injected into the thoracic

cnvity of athymic mice and athymic rats. Tumor dé;Velopment was m‘dre consistent in
athymic mice-as covmpyared to athym‘icvr_ats, and tumor growth appearéd to \Be slowé'r;than
- that described in the literature [9]. “In both mice and rats tumors could be fdnnd on
) diapnragm,‘ heart, \ve‘na ca'va; nlenral surface, nIE:ural and ,peiricardial 'm,embranes, dnd on
the rib cage wajl. The s’urfacés of the lungs frequently evidenced ﬂythemﬁ and bldod

veserls on the heart curfare were freanantly nronnnnecadlv laraa A nlanral affuacinn vone




found in one r;1t and a volume of 8 m‘l of éffuéion was recovered (5% of total body
weight). “ | o |

Biodistribution. ,Bio‘distributions_: Were conductéd in atﬁymic mice inoculated into
the théraéic cavity 24 hoﬁrs préviously w1th 7.5 X 10° fum‘or cells. ’Aftevr 4’hour's‘/ ,
significant accumulations of radioacti?itywer_e found"'asysbociat'ed with the lungs, heért, ,

‘ intestineé, and chest Wall‘ (Figure 1, panél a). ’A 1 ml/iw_ash of the thoracic cavify (priér
to organ removal) recovéred nearly 5% of the total injected dose. “Lesser amounté of _.
"rad-ioarctivitby were assOciatcd ‘with the livé‘r abn'd’ kidneys. After 24 h‘oﬁirs,‘thei‘ lung r‘etai%l’ed -
the highest perce‘:ntage’ of the linjeéted doée/gram, aithoixgh significant accumu'latfionsﬁ Wé;¢ _
found assog:iated with the chesf Wa’ll, heart:,— 'and ina w’ash of ‘the thoracic cavity.

A comparison was rhéde of the amkount bf Re—‘188—RC-160 associated with the -
thoracic cavity in animals which had been inoculated with NCI—H69 celis in the thor}avcirc
cavity ;:ompared to that foundl in animals y\z’/'hich recéived no tumor cells ‘(Fi‘gurelZ).
Tumored animafs had a markcd_lsl higher ;étent{oﬁ, especially after 24‘lh6urs. ,

N Effects on tumors. In a/n‘initi;al study, ‘a‘thym/ic' mice were injected with 7.5 X
10° tumor cells into the thoracic cavity. Thé anirﬁals were a)'freated ;)n -1 ‘day and 5 'da\ys
with 200 Ci doses of Re~\1\8‘8-RYC—160 or b) received no treatment. After 28 days the
animals wére euthanized and the thoracic cavity examvined. Ik In the grokuprtreated with Re-
188—RC—160, n‘o evidénb,e of tumors was fbun’dl in 8/10 anirﬁais, ‘while 2/ 1()/,'animals had
fmil.lim/al disease. In the groﬁp with no treatment, 7/7 exhibited locél (disease restricted to
th‘e‘ tﬁpracic cavity: In all qasés the v‘isyible tﬁmor burdens were low. Nb aiteratio’ns in
overall lung 1nofp|1ol'ogy were“observed’ in "n‘orrvnél"" animals adrﬁi~nistered similar dose
regimens of R§—188-RC-160.

In a cecand endv athumic mire ware iniected with' § 0¥ 105 fiimnr Aalle Snee the




" thoracxc cavity. The ammals were then a) treated with Re-188 RC- 160 on days 14,17, :
-and 25, b) treated W1th RC 160 alone (on the same days and w1th the same amount of |
K peptlde) or c) left with no treatment. Results are found in Frgure 3 and Table 1 Figure
3 lllustrates the average body weight followmg the treatments while Table 1§ 1llustrates the
effect of the mtra—thoracrc treatment on the. tumor occurrence. Ammals treated with RC-
160 and Re-183-RC-160 exhibited an ml_tlal loss of weight fdllowmg treatments. ThlS loss Vg |
- of weight appears; to resolve withx time In the animal group treated with Re- 188-RC- 160
elther no ev1dence of tumor or minimal tumor burdens were found i in 5/5 ammals at 48
days after initial moculation w1th tumor cells. On the other hand, 3/3 of the animals |
: treated with only RC-160 had tumors a:nd,5/5-.of the animals which jreceived no treatment
had tumors. | |
DISCUSSION
In the prese'nt‘ interim report, data are prese‘nted 'on the.experimental evaluation of
Re-188-RC-160, a ’radiolabeled somatostatin analogue, for treatmentof small/ce‘ll lung -
‘carcinoma using an animal ‘model with direct relevence to clinical settings. The results ‘
pres’ented here are a part of a larger study and are consi'stentwith tumor targeting,and
E consequent therapeutic effect of the radiolabel. | | |
Small-cell lung cancer represents 20-25% of all lung cancers and hasa tendency
for metastasing [10]. In terms of local' disease, approximately‘33% of all small lung cell'
: carcinomas exhibit metastasis to the pleura; 13% to the chest 4\yall ‘and diaphragm; 18% to
‘ . the pericardium;' and‘nearly 95% have lymph node invOlvement. Small—cell lung - |
carcmomas are inltlally radlatlon- and chemo sensmve however, post—therapy patients

trequently undergo recurrence and the tumors become refractory to repeated therapy.

Salvaoce rml'vnthPrnnv f{\l’ intratharaciccmall call Tina ,(\qrninnnmc that hne mraceaceard o




combmation chemotherapy is not very effective Short-term palliation and occasional
long-term survivors have been reported but most patlents die w1thm a few months
| Generally, the long-term survrval of patients with ‘small. cell lung carcinoma is bleak; and
until recently it was unusual for a patient to survive for 5 years regardleSs of the ‘treatment
modality. The improvements in the therapy of small cell lung carcinoma have come with-
high-dose, combination-chemotherapy and 'combi’ned-modality-chemother'apy plus
radiotherapy; however these regimens ‘result in significant toxicity. Third line therapeuticv_ R
~options would be of substantial henefit; in‘improying the life expectancy and quality of life
- of .patients with_ small celi lung carcinoma;

Radiolabeled 'somatostatin analogues appear to bind in vivo to the majority of small
celi lung carcinomas examined and in vitro these tumors generally express somatostatin
receptors [7] Such studies indicate that small cell lung carcinoma may be an excellent
target for somatostatin mediated therapy. HoWever,‘unlabel‘ed’ soma_tostatin.appears to
‘\ have a limited ability to restrict the growth of small cell lung oarcinoma in experimental
or clinical settings [8] when delivered systemieaily. Additionally, the tu‘mor uptai(e of
/somatostatin anal.ogueswhen delivered systemicaliy ’is,quite low, due_at least in part to the
rapid clearenoe rate. o

The low‘abs‘olute tumor’uptake of somatostatin analogues when\ delivered
systemically clearly suggests that alterative administration strategies are needed for
effective therapeutic use. Thus, we have focused on the local and regionai administration
of Re-188-RC- 160 In this report an anti—tumor response \i\/as observed using Re-188-
RC 160 administered into the pleural cavnty Companson w1th results usmg RC- 160

demonstrates that the therapeutic response is. due to the Re- 188 RC 160, and not to just

th‘ nr\ntirle alone  Trancient waiocht ‘(\_c’c wae the anlie victhla avridenes af (enntnane




1t is interesting to consider the implications of Re-188 cnergy:deposition (ty = 3.3
mm) when Re-‘188-RC—16O is administered in the thoracjc cavi£y. The energy depositibn '_
s locall); restricted. Upon initial ad‘minis_trati_on‘, thejen’ergy‘would be expected to be
dispersed acrOSs the pleuréi and viceral gurféces. “Any rad;iolabe;led peptide ’which' clears
in the blbod pébl‘ could re-access the ‘tu’morv Qia t'he vascular supply. With‘ log:al ization, the
energy would be debosisied_ in- tumor zones,aééessed by the radiolébe]ed .i)éptide.’ .
‘Unbound peptid;: in the blood pool is cleared 'rapidly,_thereby“minirrv\iizin"g"the rag\iiatioﬁ f
dose to the normal lung and other normal orgéns. |

|  CONCLUSIONS B

Cells from ;he ‘hbuman small cell lung carcinoﬁ]a celi line NCI—:H69 ,éells we'rev',
| inoculated inté th’e‘thoracic cavi.ty‘of atliymic niice}‘aﬁd rats Subsequéntl'y; fhe .
' biqdistribution of Re—lSS—RC—l60, a radidlabeled somatdsﬁtatinr aﬁélogue, Wa's m'o‘f,litored,
as was the effeét on the subsequent growth .of tumors. 'i‘he results suggest that R'é—/’l 88-

'_ivRC—160 can be effect)ively' used in this ahimal‘ kmodel to re;strict the gr‘owth‘iof small cell

~ lung vcarc':inoma in the thoracic cévity. ’Thc results are consiétént w1th tumor targeting and -
a geﬁera] lack of retention ‘of"Re—YISS—RC-Vl 6Q‘ir'1’n0rmal (;rgans such as livef-,‘ Spleexl, and
kidney. Ongoing studieé c;oﬁtinue to focus on this ahimal médel vsyst,em ‘and‘ t‘)ev'extende,d

to include histology,‘autofadiog'raphy, and additional biodistribution studies.
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- FIGURE 1.

Figu4re‘ 2.

“Figure 3.
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Biodistribution of Re-ISS-RC'-lGO following injection into the plveu_ral cavity =

~of nu/nu mice xenograftéd with NCI-H69 small cell luhg carcinomd cells. .

Inocula of 7.5 X 10° NCI-69 small cell lung carcinoma cells in 0.1 ml were

"injected into the pleural cavity. After 24 hours, app’roxixﬁately 4 ptCikOf ’

Re-188-RC-160 was similarly injected. The top panel shows the average % -

injected dose/gram of specimen at 4 hours with the bottom panel showing

results at 24 hours. The thorax was washed with 1 m‘li of 0.9% saline prior

~ to removal of the organs. (n = 3).

: Compariso,'n of the retention of Re-188-RC-160 adminstered in the thoracic o

cavity in tumored and normal animals after either 4 hours or 24 hours. The

data was calculated from the %kinjected dose/gram with 5 animals used in .

~each experimental group at each time point.

'Comparésion of the total body weights of nu/nu mice inoculated/inthe

thoracic cavity with 5.0 X 10° NCI-H69 cells and subsequently either not

~treated'(control); treated with Re—188fRC-160;~ or tfeated with Re-160. Re-

188-RC-160 was used at a radioactive dose of 200 uCi. \RC-16OV was used
at 2 comparable dose of peptide as with Re-188-RC-160 and in a similar
formulation, ll'o'\;/&leve\r'; no r‘a’dioactivity was used.. Tﬁe arrows ihdicate the.
;iayso_f treatment (days 14, 17,~25).‘ The'data points are the average from

10 animals in each group.
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"TABLE 1 Effect of intra—tho;acic treatment of athymic mice iniiiated two weeks after
. inoculation in the "thbracic cavfty- ;)f 5.0 X 10° NCI-H69 small cell lung
cﬁrcinpma éells. Each X marks the response from an iﬁdividual qnimc;l anq’

- indicates that no animal was observed to exhibit this response.

TYPE OF TREATMENT

Re-188-RC-160 ~ RC-160 ~  NONE
’ Aﬁ'o evidence of tumor: . OXXXXXX | o R
minimal tumor burden XXX ,’ X B - X
confined 'tumor burden X o XXXX XXXXXX -
extended tumor burden , - R XXX‘, o . XXX

* death from tumor ‘ - - R

day 0 -- 5 x 10° cells injected in 0. 1 ml serum-free medium
day 14, 117, 25 -- animals injected with 0.1 ‘ml Re—lS&-RC"—lﬁO or RC-160

‘daykS 8 - experimentv ended

Minimal tumor burden -- local tumor with no evidence of invasion; confined tumor
burden -- tumor confined to thorax and present in multiple sites; extended tumor burden --

tumor in thorax with invasion or metastasis to sites outside of the thorax
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, .or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom:

mendation, or favoring by the United States Government or ‘any agency thereof. The views
and opinions of authors expressed herein ,do not necessarily state or reflect - those ‘of the
United States Government or any agency thereof. ‘ ‘




