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ABSTRACT



BCG treatment ﬁ;s beén shown tA a{£et the biodistribution of
-67Ga—cit§ate in mice through the develAywdnr of a systémic‘granuloi
matous reaction. At intervals of two Aa&&, and four weeks, after a
BCG ;reétment regiﬂen of an intérdermak injeetion every second day
for a total of .6 doses, 48 hour distrifytdoy srudies showed increased
uptake of the radiogallium in the 1ivef, Lyugs, spleen, and kidneys.
The effect was more pronounced four wepky gftey t?e BCG treatment
regimens. Good correlation was noted petwgen the agltered biodis-
tribution of radiégallium and the prés%néé of bistological
abnormalities in ghe same tissues. 'Rﬁiqtﬁdiograppic studies
confirmed th;t radiogallium accumuiation% wvere largely associated
with BCG induced lesions. - Whole body gounting did nor indicate

any étatiétically significantndifferevcﬁé in the rates of
elimination of radiogallium from BCG tzeﬂvéh and control mice.
13_21559_;ptake studies indicated that the RCG grganisms, when
viablei accumulateé radiogailium. Theye fyndings would indicate

the need for caution in iﬁterpreting didgovAarye radiogalljum

scintiscans in patients'receiving BCG. 1mfuhotherapy.

'
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I. INTRODUCTION



I. INTRODUCTION -

Gallium-67-citrate scintiédanning has become a widely
documented technique for the detection and staging of a wide group
of neoplastic diseases as well as for the detection éf various
abscesses and inflammatory lesions. One of the major limitations
of radiogallium as a tumour scanning agent is its nonspecificity
of uptake. Many studies appear on the elucidation of the.processes

67

by which tumours and inflammatory lesions accumulate Ga, but the

exact mechanism is étill unclear. Of great clinical importance is

LY

the understanding of factofs'Whiéh ﬁay influence and thus interfere
with ;he diagnostic utility of the 67Ga—citrate scintiscan. Immuno-
therapy with Bacillus Calmette-Guerin (BCG) is often used in tﬂe
treatment of selected cancers inéluding early or metaQthic melanoma.
Adverse effects, in:luding skin reactions, BCG induced pneumonitis
and granulomatousfhepatitis have béen reported follqwing the |
administration of BCG. It has been observed that Ga-67 scintigraphs
of patients with multisystem.mela?oma who had previously been treated
with BCG revealed unusually high blood concentrations of the radio-

trace:, abnormal diffuse pulmonary localizations and increased uptake

at sites not corresponding with clinical evidence of metastases.

67

In an effort to relate such abnormal biodistributions of Ga

in BCéAtreated éatients to a reaction from the immunotheraﬁy, this

research project reports on the use o1 a BCG treated ﬁgﬁsé animal

model for studies of altered radiogallium uptake in certain tissues.
Féllowing BCG treatment; the tissue distributioﬁ_of i.v.

injected gallium-67-citrate in mice was studied and changes in tissue



v

uptake were correlated to the'presence of micfoscopic lesioss vfsible

histopathologically and autoradidgréphftally.
Based on reports thaqlradiqgallium localization in iﬁflamma—

tory lesions may be due,bin part,,té uptake by micro-organisms at

the infection site, and prompted by the hisfopathological observations

of BCG accumulations ;ithiq‘the BCG induced lesions in thfg study, a

series of in vitro incubation experiments were undertaken to

investigate whether the BCG bacillus itself may bind radiogallium.
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\
A. GALLIUM

1. Introduction <

\

|
Gallium-67-citrate is currently one of the most widely used

i

tumour-seeking agenté. In 1969, while searching for a bone scanning
agent with a longer physical half-life than gallium-68, Hayes and
Edwards discovered that carrier free gailium was taken up by certain
soft tumoursz. Since that time, gallium-67-citrate scintiécanning

has become established as a sugglementary.diagnostic technique for

~16 , 3
a variety’of»neoplasms3‘l6, Scintiscanning with this radiopharmaceu-

tical also provides a baseline for periodic reevaluation of tumour

-~

location and spread that is not obtainable by other non-invasive

techniquesg. The non-specificity of 67Ga—citrate uptake at tumour

"and inflammatory sites and infections is a limitation to the
diaghostic accuracy obtained with this radiopharmaceutical. Since

the biodistribution of 67Ga—c_itrate may be influenced by many factors,

a good understandiﬁg of such parameters is important in interpretation

]

of'diagnostié scans.

°

2. Physical Characteristics of Ga-67

a) Production of Ga-67

) Ga-67 may be produced.by several reactionss including

67'Zn(p,2n)67Ga, 67Zn(d;n)67Ga, 65Cu(y,2u)67Ca, 75As(p,8n)67ca 17-19

Gallium-67 is usually produced in a cfclotron by bombardment of

66 17,18

enriched zinc-67-oxide with protons, or Zn with deuterons
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\6

\
; ’ b

1t is essentially carrier free because of this mode of production

followed by separation by a cation exchange procédurelB. Gallium-67

may also be produced by a spallation reaction induced by a medium

energy proton beam od)a thin target of arsenic. Using an 800 Mev
proton beam to an integrated intensity of 1 mA-hr, Ga-67 production
with a chemical yield of 12.37 % and a yield of 76 Ci have been

reportedlg.- Arsenic has a cross section of 28.4 mb but the problem

-~

with this mode of production is theg; radiochemical separation involyed.

The radionuclidic impurities present with this method are 61Cu, 64Cu,

6'7Cu, 66Ga and ?zGa.19 Gallium-67-citrate must be used in the

carrier free form for use as a radiodiagnostic scaqning agent™ .

“

4

b) Chemistry of Ga-67-citrate

o~

Gallium can form several chemical species at different’ pH
values. Gallium citrate is stable throughout a pH fange from about
2 to 7.5. 1If the'pH is raised above 7, gallium citrate dissociation

increases with the formation of increasing concentrations of gallium

hydroxide and gallate ionszo. Gallium exists in three valency

-states'(+i, +2 and +3) and only the +3 oxicarion state is stable

-in aqueous solutions. The following hydrolys - -eactions have been
shown to occur in solutionzo.
1. Ga™ + oi"— Ga(om 2 ®) = 2.5 x 10™ ’

2. Ga(om™ '+ o™ ca(om}l &, = 6.2 x 10

Using a 1:2:4 pyridine; ethanoi, water mixture and Whatman No. 1

chromatographic paper and dilute NaOH and HCl1l to adjust the pH,

B



\f21~/ | ‘ ‘l T |
A kg,/’/f

‘these three componentsAméy be separated. AAEGs pH of 9, most of.thé
gallium citrate hydrolyzes to gallate (Rf 0.65) and Ga(OH)3 (Rf 0.00)
with only a smaller peak of 67Ga—citratd'appearing at Rf 0, 92 The
molecular structure of donor—acceptor complexes of gsllium halides

with ammonia as studied by electron diffraction and mass spectrometry

“have just recently been solved21

<\_ c¢) Radionuclidic Properties of Ga-67

This radionuclide possesses many characteristics that are

considered ideal for scanning purposesz. 67Ga décays by electron
capture, with no bethtparticle emission, with a physical half-life
'of 78 hours, to stable zinczz. The main photopeak energies and

' corresponding percent. abundances are 93 KeV (37.8 %), 184.6 KeV

(23.7%), 300.2 KeV (16 %), and 393.5 KeV (4.8 7). In thegliterature,

here appears to be considerable variation in the, photon emission

probabilities pe} decéy of 6?Ga. The most rsgent values are listed

below22 23

- Table 1

Photon Emission Probabilities Per Decay of Ga-67

* Energy in KeV Probability
8.6 " 0.495000
9.6 ' . 0.069200

91.3 /. 0.031400

93.3 " 0.387000
184.6 - 0.209000
209.0 0.023700
300.2 .- 0.167000
'393.5 0.046000
494.2 0.000673 "
703.6 o 0.000125
794.5 0.000525

887.7 '0.001488



<

' Because of the absence of primary particle radiations, the
radiation dosage to the jtissues 1is relatively 10w24. In humans, the

total bodJedose is about 0.26 rads/mCi with the absorbed dose to the

various tissues being as follows:l’ZA

s
Table 2

" Radiation Absorbed Dose to Selected Tissues

[

From Ga-67-Citrate —

u-:\_’/ -
Tisgsue : ' : - rad/mCi
Bone - 1.30 ?

. A Bone marrow , 0.58
Liver o 0.46
Gonads 0.43
Lower large intestine ©0.90
Upper large intestine , ' 0.56
'~ Small intestine . , b.36

Although the physical half-life of Ga-67 is usually considered

to be 78 hours, there is also some variation in the half-life

estimatioﬁsls’zz’zs. . :
)
"Table 3
Half-Lives of 67Ga
Method _ ‘ _energy (KeV) T 1/2 (days)
Iohization chamber- - : . . 3.2595
Ge(Li) 1 . 184.6° 3.2617
Ge(Li) 1 ; ' 300.2 ' 3.2615
Ge(Li) 2 . 184.6 3.2538
Ge(Li) 2 300.2 . v : 3.2593



The first half value thickness of lead is 0.04 mm and in

-

water the first half value thickness is 5.0 cm. The specific gamma.

67Ga is 1.6 R/mCi at 1 cm.

ray constant for
The 184 and 300 KeV photons are of moderate energy and of
s;fficient abundance to be suitable for imaging with either recti—.
linear scanners or gamma cémerasz’lo. The 93 KeV photo-peak has
aiso been usedll. Scatter of photons from the higher energy emissions
falling around the 93 KeV peak decreases contrast and degrades the
quality of the image when scanning in the integral mode. For tﬁis
reason scanning is usually performed with multiple pulse height
analyzers11
Twenty-five percent of disintegrations fe§ult in the emission

of an 84 KeV conversion electron26. These low energy elﬁ%trons

" permit autoradiographic studies with this radionuclide26—3o, including
. W

magroautoradiograms with frozen section on X-ray film as well as

microautoradiographs yieiding a resolution of 2.6 u in deparaffinized

sections and 6,9 u using the Stumpf technique (dry autoradiograph)zs.

3. Pharmacology of Ga-67-citrate

o

Ga;67—citrate in a carrier f:ee form is non-toxic in the
usual administered dose. In mice the LD¢, for 1.v. 67Ga-citrgte
was reported to be 115 mg/kg3l. In the rat and the dog the LD,
values wére 220 mg/kg and 182 mg/kg reSpective1y32. Albuminuria

.and glycosuria, anorexia, nausea, vomiting and diarrhea or renal

damage have occurred with large doses (> 70 mg/kg) of i.v. gallium
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"~ citrate in humans32. Although adverse reactions to scanning doses

of .Ga-67-citrate in humans are very rare, severec itching, erythema

and rash have been observed in some patientsBz. However, gallium

nitrate, in present use as a cancer chemotherapeutic agent, results
in the formation of renal precipitates which occlude tubular lumina
31 67,
in rats™ . Carrier free Ga for diagnostic studies, however, requires

administration of less than 10—-7 mg/kg in man. Toxicity has not been

observed with current preparations33. A

<>

4.‘ Distribution of Gallium-67-citrate
b _

Gallium—67—citfate is usually'administered by the intravenous
route and occasioﬁally by the intraperitoneal route as it is poorly‘
absorbed after oral, subcutaneéus or intramusculér injection. About
30% of the radiwgallium, once in the biood, binds to piasma proteins
including transferrin and haptoélobin. It is loosely bound to
albumin and other serum proteins. The soluble remainder is diffused
thréugﬁout the extracellular space and is ‘excreted by the kidneys347

Normall&, following i.v; édministration, galliuﬁ‘concentra;es
most highly in the liver. épleen, bone; secretdry mucosa (very often,
the nasopharynx) and the large infestine-show high activity. T&o to
three days‘after administration,vthe highest concentrations, in
humans, are seen in the spleen (1%), kidney (2%), liver (5%) and

67 34

bone, including marrow (24% of the administered dose of Ga)

Bowels, adrenal and lungs also have a high concentration. Muscle,

skin, fat, blood and brain retain little of the activity33. Urinary

.

excretion is the major route of elimination in man. The effective
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half-life in man is two days. There 1s considerable variation in
the.fraction of the{dose eliminated in the urine and it would seeﬁ
from a prelimina;y study that like americium, plutonium and curium,
gallium is bound to citrate in urine35. The distribution of radio-
gallium in humans 4is affected by several parameters, including age,
sex, food intake, radiation exposure, and the presence or absence

of carrier gallium36. Addition of carrier causes an 1ncréésed uptake
4

~

in the bone and more excretion in the urine34. Breast uptake 1s not

uncommon and may be extensive duxing pregnancy or in postpartum

'womenll. The biological half-life of Ga-67-citrate is increased

in females possibly due to the distribution and quantity of adipose
) ¢

=y

tissue as well as uptake in the breastlz.

L

L

. In children the spleen, thymus, and epiphyseal plates show

12,15

increased uptake in most instances™. . Fasting affects the

distribution in normal animals, by increasing the uptake of radio-
gallium in the liver, spleen and bone, as well as increasing the

whole body retentiQn36. It has been suggested that fasting be imposed

Fl

in any gallium study where an alteration in food intake may occur™ .
In general, there is a decreased uptake in irradiated target organs
of radiogallium following therapeutic doses of radiation and i.v.

injection of Ga-67-citrate.

®
s

5. Ga-67-citrate Scintiscan Procedure - .

For whole body écanning, Ga-67-citrate is usually administered
intravenously in a dose of 0.05 mCi’/kg of body weightg. This amounts

to about 3.5 mCi‘for the average patient although dosés of up to 15 mCi

.



have been used. Interpretation of scans may be inconclusive if
complicated by the presence of the nuclide infaécal materia132.
Although recent investigatipns suggest the concentration of gallium
is higher in the walls of thé intestine than in the in° stinal
contents, laxatives are employed to cleanse the z?welg. Some

suitable regimens are listed below.

‘

Table 4

Alternate Bowel Preparations Prior to

Ga-67 Scintiscanniqg

1) 60 ml»castor oil p.o., Fleet R enema prior evening4.
2) 280 ml flavoured magnesium citrate two evenings prior and
a low residue dietg. ' o : N
3) 2 S&sacodyl tablets or magnesium citrate saiine enemd” .
4) 30 ml milk of magnefia and 5 ml éascara’daily for 3 days7.
S5) 2 Bisacodyl-tablets p.o. evening before; 1 Biéacodyl»supposi—
6

tory day of the scan, and a saline enema .

FScanning is usually delayed 24 to 72 hours after injéction

~ of gallium~6Y-citrate because of the initi;lly h?gh blood backgroundB’ll.
_ Commonly, three pulsé height gnalyzers are set to encompass

the 53, 184 and 300 KeV peaks. With two ;nalyzé}s the 93 and 184'

peaks are used. If only a single channel analyzer is available a

window is set to encompass both the 184 and 300 KeV peaksll.

Information density over the liver of from 100 to 500 c/cm2 1s used

1,11

with'a 2:1 or 5:1 minification . An anterior and posterior scan

e - | A l
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is‘performedlfrom the head to the knees taking about 30 minuteé to
two hoursll. In inflammatory and infectious disorders it is not
uncommon to use a computerized double-tracer subtraction technique
'emgloying, for instance, both Ga-67-citrate and Tc-99m-sulfur colloid.
Each image can separately be set to 1602 and varying amounts of ’
Tc-99m are subtracted from the Ga-67-citrate fhage using a dpuble
lracer subtraction technique. The advantage ofddubig\iz:fe{%%?b—
traction scanning is that it is highly successful in enha cin;gﬁot
spot visibilit& and prodv~ing information as to the anatomic location

of the lesion33.

. - .
h. Utility of 67Ga—citrate for Tumour Scanning

Gallium citrate Ga-67 is used most commonly to deteimipe the
- extent and presence of malignancies, primarily, Hodgkin's disease, other

lymphoma and ernch%genic carcinona.

a) Hodgkin's Disease

Hodgkin'svdisease was the first malignancy t;:&emo?%%ratevi
_uptake of radiogalliumz. In qne study, éallium ptanning was able to
determine the presence and extent of féi\of all clinically and- S
histOlogiC;II;QBTU;EH-EYTQQiOf involvement Qiﬁh a false positive

r#te’of 5%. Although a significantvébrrelation exists between

scanniﬁg accuracy and tumour histology, gallium scanning has not
replaced presentAmethqas established for clinical sf?éing, as it is -

‘not sufficiently reliable to be used alone. Of ‘all the types of

Hodgkin's disease, the overall true positive rate was reported to

2
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be higﬁest for noduiar scleroéﬁng Hodgkin's disease6. Thé majority -
of false negatives involve sites below the diaphragm, particularly
" the spleen, paraaort nodes and intestines. However, gallium
scanning 'is useful as a complementary procedure in the initial
staging of Hodgkin's disease as:it occasionally points out sites of
involvement, for instance iékraclavicular, pecforal and mediastinal

( 1esiohs, that other diagnostic maneuvers have missed6. Gallium
\scanning is considered to be essential when lymphanéiography is

contraindicated, as in chronic obstructive pulmonaryfdisqase, or
~ B .
5,6

in the detection of ciinically inaccessible sites . The overall

accuracies of lymphaagiography and gallium~-67-citrate scanning have

been reported to be comparable in the detection of iliac and para-

aoftic lymph node involvement38;

Y

The value of Ga-%67-citrate in the detection of Hodgkin's'
lymphoma above the diaph}agmfand at unsuspected sites of involvement,
particularly in ¢’ - bone is of established value. Inclusion of a

gallium scan ~uvring the iniﬁial staging of Hodgkin'svéllows detection

I3

of extranodal disease which may change the patient's stage and alter
therapy. A baseline is also provided to which future scans may be ,

feferted.ll‘Despite a detection rate of 70 to 807 of involved sites,
" patients may easily be rescanned at suspicion of relapse rather than
. | S . . .
starting reevaluation with a series of complex invasive techniques.

according to another studyll. Failure of chemotherapy or radiation
therdpy to convert a positive scan ‘to negative is considered to be

conclusive as to the presence of residual or recurrent disease .

c [
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b) Non—ﬂodgkin's Lymphoma

v
198—67 scanning is of practical value in the localization of
noanodgkin's lymphoma. The sensitivity in the detection of histo-
logicallylproven lesiors is reported by Bekerman and co-workers,

to be as high as 847 which is significantly befter than In-11l1-blecomycin.
As in Hodgkin's disease, the detectilon rate is dependent on the

location and the h%stblogy of the lymphoma. With an overall true
ﬁzsitive rate of 60%, as reported by Horn gg_g},6rgellium scanning

of patiente with non—Hodgkin's lymphoma islnotlsignificantly less
4acéurate ;han scanning ef patients with ﬁodgkiﬁ's disease6. The true
positive rate in_patients with lyﬁphocytic lymphoma was only 13Z'§n

the same study, however the true negative rate'for the same‘group

of patients was 100%. It is known thet histiocytes concentrate

gallium much better than lymphocytes ‘or granulocytesll.

The accuracy of gallium—67-citrate SCintiseanning for the
detection of non-Hodgkin's Jymquma ‘below the diaphr.;.1 is low7.

As in Hodgkin's disease, gallium scanning is employed es a

. 5 . .
supplementary staging tool”, and as a noninvasive meéans of re--

[y
N

evaluation and detection of lymphomatous tumours in sites that are

clinically_inacceseibles.

" ¢) Bronchogenic Carcinoma
~

\Ga—67—scintiscanning of the chest is often performed in cases
of bronchogenic carcinoma to assess spread of a ﬁblignant

neoplasm or whether a ‘tumour has spread to hilar or/medlastlnal

——

1ymph nodes. There have been no explanations for‘éllateral hilar

g
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a
. 67 . ... 39 .
uptake of Ga after irradiation ~. Both surgery and radiotherapy

. (3000 rads) are coﬁmonly used to treat bronchogenic carcinoma and

follow up the disease. It has begn Suggésted'tpat scintiscanning
with this radiopharmaceutical should be. used with caution in the
evaluation of a radiotherapeutic response’to bronchogenic and

esophageal carcinoma as subjective improvement on the scan often

) . . - 39
- does not match with objective improvement "40.

Detection of primary lung cancer, particularly squamous cell

~

carcinoma has béep very successful. Eighty-one percent of histolo-

. . N v -
gically proven sites were positive . False positives have occurred

due to pneumonia and sarcoidosis. Of the primary lung carcinomas,

squamous cell carcinoma and undifferentiated carcinoma showed

<2 2,45

s g : 6 , . .
51gn1f1cantly'more ‘7Ga uptake than tumour cells in adenocarc1nqga .
’ : ' - -~

In a large series of 272 patients.for whom the cell type was

available, there. were no significant differences yeported in the

sensitivity of a gallium scan for squamous carcinoma, bronchoalveolar
3

and adenocarcinoma, small cell carcinoma and large cell undifferenti-

. 40 . . .
ated carcinoma ~. Grain counts of autoradiographs showed ?acrophages,

granulocytes, plasma cellé, and lymphocytes to have 1essji§dio;
. % Ad’

activity than tumour cellslz.

s [y s

d) Tumours of the Head and Neck

.In a study performed by Hiqasﬁil3, involving 25 patients,

gallium—ﬁ?—citratg;was‘found to accumulate densely in malignant

melanoma, squamous cell carcinoma, anaplastic carcinoma and. malignant

V.

lymphoma located in thqsgead and neck. ,Localization in adenocarcinoma
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and adenoid cystic carcinoma of the head and neck was poor;‘ Reduced‘
uptake was noted after irradiation (60Co 1500-6600 rads): or éhemo—

therapy if the thérapy was effective. Good correlatioh was reported
betwéén patiént improvement as indicated by'the Ga~67 scintiscan ;ﬁd

reflected by the clinical picturel3.

Maxillary sinus carcinoma has been differentiated from chronic

A ¢

ma;illary,sinusitis using 67Ga scingigraphy41. The latter weakly
 takes up the nuclide while the formef is strongly ppsitive.
Differential diagnoéis has been»@iffieult as the clinicél findings
afe identical (facial péin, swollen cheeks, nasal discharge, etc.).
These recent results'conflict with previous‘findings that-showed a
100% false negative rate'in patients who had been preoper&tiveiy

=] -

irradiated for squamous cell carcinoma of tﬂe heéd and neék . The
full_signific;nce of diﬁihiéhea tumour accumulation of 67Ga fo;lowiAg )
irradiétion orlchghotﬁerapy is not yet clear.
. Recent animal studies have shown high uptake of Ga-67—citratev
in ocular melanoma42. Forty—-eight hours after injection, theltumour—.
to-eye, tumour-to-choroid andltumburrto—biQDd ratios were high enouéh
.to perform scintigraphy. Human'ocular melénoma 5canning has been
réported to be unsuccéssful42. Scaﬁning of patients with a.variéty
of orbitai'diseases has been performed clinically with some sucCess75.
Differéﬁces between mal%gnant tumours, ‘benign tumours and inflammatory

diseases have been claimed to be iecognizable based on the kinetics

. . . 4
of radiogalllum appearance at the ocular disease process 3.
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e) Liver Scanning

- Both Ga-67-citrate and Tc-99m-colloid concentrate hiéhly in
the liver. Focal defect§ or "cold spots"” on Tc-99m-colloid scans
have beeﬁ&investigated‘using Ga—67—citratel. A positive gallium 5can
over the defect may indicate hepatic neoplasm and eliminate most.
non-malignant diseases (eg. fibrosis, cysts, benign tumours gnd

amyloidosis)l’3'44. Abscesses and inflammation of the liver will

accumulate radiogallium while hepatocellular disease is manifest as
decreased liver uptaEe and increaséd bone uptake of gallium-67-
. : : :

citraﬁe.

£f) Other

A variety of other tumours.have been evaluated using gallium-
67-citrate scintigraph&. Testicﬁlér tumours have been'evaiuated{with
a sensitivityiéf 93% and n§ false positivesliﬁ 46 patientsl. |

Gallium-67—scinti§canning proved to be unreliable in deter-
miningldisease sites‘in most sarcomata.but was quite accurate in
asséssing disease sites in patients with‘maiigﬁant schwanoma,
Ewingfs'sarcoma gnd rhabdomyosa;comaés. | | |

Tumours of .the digestive.fract, thyroid gland, bone, breast,
and brain, have béen evaluated with gallium scanning with moderate>
tq little success. >Pre§ominant1y oxyphilic parathyroid‘adenomas'can
be’visuali;ed with Ga—67—citraté Qpihtigraphy47- Gallium—-67-citrate

has also been used to.follow up focal involvement in acute leukemial'zsr
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-7. . Uptake of Radiqgallium in Inflammatory and Infectious Sites

Uptake of radiogallium by non-malignant disease was

o

considered a severe limitation of ‘this radiopharmaceutical for
. . \ )
tumour scanning. Ga-67 is a useful agent for the identification of

inflammatory processes. Some non-malignant, usually inflammatofy
diseases, in which gallium uptake -has been noted are listed belowés—go.
Table 5

_Non—-Tumour Conditions Leading to

Abnormal Radiogallium UptaKE

.pneumonia o lupus erythematous
abscesses . - pyelonephritis
silicosis - ‘osteomyelitis
sarcoidosis rheumatoid arthritis
Reiter's syndrome . ' paget's disease
fractures ' cystitis '
¢holecystitis . appendicitis

' pseudomembranous colitis colitis
acute bacterial infection surgical trauma
peritoenitis chronic bacterial infection
ureterosigmoidostomy ".nephrolithiasis
pneumocystis carcinoma " bleomycin toxicity
thyroiditis _ ' inflammatory bowel disease
tuberculosis (active) psittacosis
post pneumonectomy empyema - dermatomyositis
immunosﬁppressives . fibrosis

a) Kidneys

Gallium concentration in the kidneys  was shown to increase

during acute pyelonephritis; nephrolifhiasis, ureterosigmoidostomy

48,49,50,51. .67Gé localization only ogccurs

. & ‘ : ' '
during the acute stages of an infection in pyelonephritic animalssx.

and renal microabscesses
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67Ga locélization was not found to be useful in resolving lesions
with gross histopéthological and bacterial evidence of pyelonephritié,
in renal infection Qiéhout.aésociated pathological changes or in
renal lesions due to thgfmal injury48. Using Ga-67 tomographic
fadionuclidé imaging with multiplanes enables clinicians to locate
sites of foéal infectionso. Ga-67-citrate acéumulates in .the normal
functioning transplantea kidney due.cof ubclinical inflammétidn with

accumulation of lymphocytes and monocytes.’vThé activity can be seen

there as much as two months after transplant and must not be confused

with kidney infectionso.

b) Pulmonary Inflammations and Infections

Gallium—-67-citrate is considered tpkbe of great value in'the
diagnosis of pneumocystis carinii pneumonia'because of the difficulty.
in performing lung X—rayé‘of sufficieqt quality in these patientsl.
Increased lung uptake of theJradionuélide is also.;ssociated ﬁith
bleomycin toxicitySl. Accumulation of 67Ga—citrate_in the lungs
may indicate an inflammatory p:ocess; Géllium imaging can heip
select those patients with lung infiltrates who neéd'angiograph"y5 .

Diffuse inflammatory ﬁrocesges such as ﬁulmonary s%rcoidosis,
also produce positiﬁe géllium écan351.  In épme paéieﬁts, tﬁe'

symptoms will impfove and the scan return to normal upoh administra-

3

tion of ‘steroids, however gallium scanning}ggs reported to be less
accurate thaﬂ X~-rays in the diaghosis,of'thé sarcoid patients™ . \
Gallium-67-citrate has demonstrated a propensity to accumulate

in -inflammatory, neoplasticllesions and all culture proven pulmoﬁé;y

-
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infections except some phases of tuberculosisS3’54. Uptake in

granulomata and chronic infections such as tuberculosis is of great

«

intereét.
Some researchers believe that Ga—67~citrate scanning is an
impqrtant work-up for'tubercular-peritonitisSS. fn the case of
tubercular peritonitis these same authors believe fhat the éccumula—
tioﬁ seen 1s due to the presence of the isotope in lysosomé rich
histiocytes‘wi;hih the tubercular granulomaSSf .An aspergilioma, or
fungus bail cdntaining septated branéhing hyphae as h;s occufred in
the luggs of»patients treated for atypical pulmonary tuberculosis
caused by Mycobéc;erium Kénsasii have ﬂeen shown to aécumuiate.
gallium56. 'Gallium studies may be ﬁéeful in extrapulmonary 9spergillus

8

infections'és we1156. Whole body 67Ga scintimaging has led to the

‘diagnosis of dermatomyositis, an inflammatory disease of unknown

etiology57, sometimes occurring in the lungs. The use of Ga-67-

citrate séanning offers a reliéble means of screening patients with

b.and‘monitoring the response to therapy of extrapulmonary tuberculosis 8.

Ga~67-citrate scanning, in the context of its pulmonary uptake, may

be'a,valuable method in the detection of late-onset postpneumoﬁectomy

59 o
empyema” . s

c¢) Gastrointestinal Disorders

A fréquent~pfoblem in Crohn's disease is the distinction

between exéqerbated inflammation which can beé treated with drugs and

an abscess which must be treated sufgica11y6o’61. In the search for

abdominal abscesses, using Ga-67-citrate scintiscanning, false o

@

14
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positives may result from patients with large (often palpable) masses
of short evolution and secondarily infected lesions such as hematomas

and pseudocystssz. A patient with pseudomembranous colitis may

67

accumulate Ga in the colon63. Radiogallium is widely recognized

as a valuable tool in the detection and localization of abscesseé,
as gallium can accumulate in metabolically active tissue including

infection64. Uptake occurs in acute cholecystitis but not chronic

cholecystitis or the chronically diseased fibrotic gall bladdérl.

Gallium scintiséanning of the gall bladder is an important_adjunccive

study in the evaluation of cholecystitis65; Localization of sub-

-

phrenic abécesseé by'gallium—67 scintigraphy can resulﬁ in positive
scans in'6 hours with no néed for delayed scanning66. Pérhaps the
most important use of Ga—67—ci£fate, in the context ofvinfection;'

is in postoperative patients where surgicaliy induced abscesses

are suspec;ed. _An iatrogenic falsé positive, in thi; iﬁstahqe,

ﬁquld be the'rarély occurring disease, sFarch granulomatous disease,
‘that is,\é gréﬁulomatous condition that sccurs postsﬁrgitally a;

the result of starcﬁ'froﬁ su?geons' g100e567.;.Ga—67~citratg'séanning

|

‘'has been used to-diagnose re;roperitoneal disorders and.the disease
included és a fac;or which may alter gallium scans. Ga-67-citrate
sciptiscanning ofxretroperi;on;éi_aisorders was reported to be
éignificéntl& better than comguferized tomography, sonogr;phy,
;édiography,.aoryography and‘barium s;udiesaof_the gas#rointestinal
tract in the diagnosis oﬁ”retropefitoneal‘Paraprosthetic infections

]

sometime after aortic recohsfrﬁctiye surgery 8.

.
~ o~
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67Ga bound to citrate and it has further been suggested that

d) Liver Abscesses

Ga-67-citrate has been shown to localize in liver abscesses
Using a double isotope study, the Ga-67 may be seen to fit the

colloid gap of Tc-99m-sulfur colloid, indicating a different
; \
metabolism of the isotope or selective fixation of 67Ga in an.

69’70. Focal sources of infection, in the liver, or septic

lesions are commonly localized with a high true positive ra£e70.

abscess

-
o

8. - Mechanisms of Localization of Gallium-67-citrate

Radiogallium scanning has been performed for about 11 years,'

yet researchers are still investigating why the radionuclide is
’ N 11,37,51

7
taken up by tumour andvinflammatory cells

It is believed that gallium citrate administration intra-

1

venously is bound almost immediately to transferr%pgo in a fashion

similar to that of indium chloride. From there, tumour uptake

somehow increases to a maximum between 48 and 72 hpursll.

o

In the presence of many dive:genﬁ_theories it appears that

ﬁhere is both an active and passive mechanism of uptake of gallium
by the cells, with_the active uptake being the greater one. 6185

bound to transferrin is taken up more quickly by tumour tissue than

67Ga

.énters‘the.cell after gallium transferrin combines with a cell

surface receptoial. After intravenous injection of Ga-67-citrate,

two chemical forms cad be found in the blood; that of Ga-67-

hydroxideé and Ga-67-transferrin in'percentages of 33% and 67%,
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O
respectively. 1In rats, the tumour uptake is identical for both

intravenous and intraperitoneal administration, yet if the transferrin
binding capacity is saturétéd, tumour uptakF decreases but the tumour-
to-blood ratio increasesll. The EMT-6 safcéma-like tumour of BALB+C
mice is one of the most avid tumours f9r~radi6gqllium, Loth in vivo
and iﬂ.XEEEBA providéd the amounts of citrate are kept'iowsz. When
mouse serum is prelabeled with Ga-67-citrate, then iﬂjected, the
uptake in EMT—6'tumours is greater than wheh Ga-b7-citrate is injected
directly, presumably due to transferrin-mediated uptakeSl.' Some
authofs believe that accumulation of Ga-67~citrate in certain

regions is(Eslated to the presence of dividing cells, EB.XEXS

labelling ofcéirculating leukocytes or the deposition of 67Ga_in\

areas of low pHBO; Endocytosis of protein bound 67Ga transfer of

67Ga from transferrin to lactoferrin,and diffusion into hyperpermeable
80,83, 84

tumour cells have been cited as reasons for entry into some cell

Lactoferrin has been detected by immunofluorescence, in tumour

tissues from patients with Hodgkin' s, disease and a.patient with

Burkitt's lymphoma and the spleen also has slight amounts of

lactoferrinss. All of these take up significant amounts of radio-

“galliuyss.

| Iﬂ!EEEEE labelling of blood leUkocyteé (both granuiocytes and
lympho;ytes) can occur b¥ incﬁbatiﬁg'anticoagulated whole blood with
Ga—-67—-citrate86 There is minimal uptake by red blood cel1s®.
Blood leukocyte labellea‘ggigigzg_with 67Ga offer a satisfactofy
gamm;~emit£ing radioaétive tracer tﬁat can be used to develop a’

technique for scintigraphic detection and localization of abscessesgs{
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" One study showed that polymorphonuclear leukocytes do not signifi-

including histiocytes™ .

25

Some in vivo and in vitro studies suggest that 67Ca concentrates

in macrophages that surround tumour cells and inflammatory lesions™.

67

cantly accumulate Ga-unless the plasma membrane permeability is

disrupted87. Analysis of abscess content shows that most of the
gallium is in the noncellular fraction and aa well, 67Ga accumulates
in inflammatory lesions of agranulocytic pétients87. Some reaearahers
believe-that’this’represents leakage of gallium through hyperpermeable )
membrane587. The gallium is assumed to be protein bound87. Human

granulocytes accumulate Ga-67-citrate when incubated under anoxic

conditions and exclude the isotope when oxygenated, offering a partial

" explanation for uptake in abscesses and some tumour masses’.

, Nortﬁallyl high physiological uptake in the liver, spleenpand

bone marfow has been related fo certain reticulo-endothélial cells,

11

Intracellularly, gallium bind; to particles known as gallium
binding granules (GBG)l, that appear, by electron microscopy to be
1ysosoma1 inenature, and located in the cytoplasm3. A statistically

significant correlation has been shown betheen the presence of

s

‘lysosomal enzymes of hepatoma cells and uptake of radngallium,

ihdicating that once inside the cell, gallium associates with -

lysosomessg. It is well known'that radiogallgum is avid for iﬁtra—

»

cellular components, particularly lysosome like organism588. I

the Morris 5123C rat hepatoma, gallium has been shown to associate

with a glycoprotein of a molecular weight of_45,000 daltonsgo.

:
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Gallium-67-citrate uptake studies with homogenized tumour
cells that have undergone gel filtration indicate that about 50%

of the gallium present is associated with a glycoprotein with a

5 80

molecular weight of 4.5 x 10~ daltons ~. Since lactoferrin has a

molecular weight of 9.0 x 105 daltons some researchers express
doubts that 67Ga uptake in tumour is due entirely ta lactoferrin

involvement8 .

- ' Y
Using both rate-zonal and isopycnic-zonal centrifugation,

it has been shown that both rat tumour and mouse lymphosarcoma

lysosomes accumnlate 67Ga. Particles can be identified enzymatically

by their acid phosphatase and N—acetyl~a—D—phosphatase and N-acetyl—
—D-glucosaminidase content. Autoradiography,of selected gallium-
binding granule fractions showed silver grains concentrated over:

.
electron dense single membrane organelles30, in the Cytoplasm. A

b d

high content of'cytoplasmic mitochondria in oxyphilic cells aay
_explain the’qptake of  gallium-67 in oxyphilic adénomas47.

A sacond class of GBG_has been found in ‘hepatoma homogenatesgl.
These smaller particles,.or microvesicles bind the largest portion

of gallium, whereas, in the liver, the GBG lysosomes are the major

y 67

binding component. Preferentlal associatlon of Ga with microvesicles

may be indicative of a basic difference between normal and malignant

tiSSUegl. B - . -

68 72

Ga and Ga have been investigated for use in diagnosis and

treatment of bone malignanc1e380. High resolution autoradiography

has shown intracellylar localizgtidn;in tumour tissue rather than

‘in the extracellular spaces and supporting connective ﬁissuezs.

&
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The affinity of'malignant lymphoma Q%cluding Hodgkin's disease for

" the nuclide may be tentatively explained by the abundance of

[

reticuloendothelial cells, including macrophages, that are rich in -

cytoplasmi® lysosomes and lysosbme—like orgéﬁelleslo. Similarly:

in inflammatory disease may be secondary to binding of gallium
-y - . )

by lysosome ri granulocytes and macrophages.
Gallium-67\ is administered in the citrate form to prevent

colleid formation, But the level of .citrate has little effect on

‘the distributionl. n animal studies, 67Ga—nitrilotriacetate,.

salicylate and ethylepe diamine tetraacetic acid had either khe

» >

same distribution paffterns 8t tumour-to-tissue concentrations

suggesting an initia ;ionic localization92’93.

Scandium car compete for plasma protein binding sites with
. gallium. Using 0.5 mg of scamdium/kg of hody weight, causes a rapid

decrease fn,uptake of Ga in all tissues except bone, kidney and

92

tumbufs, producing high eariy tumour ¥o non-tumour ratiés’“. There
/ -
K

are presently no aggnts being used clinically that can increase

‘tumour uptake pf.67

o C. 92 e
a or decrease non-tumour background”“. Scandium

e been investigaied. Desfe;bgaﬁiﬁe (DEF), a
: biologically deriyed iron chelating agent, has been shown to produce

and iron dextran h

<

—-to-blood ratios when administered 3 hours after a-

injection in mice. The mpiety found in urine -after

the injection is a Ga-67-DEF cdmélex83’84’94. Human transferrin,
~ .. ," . - R 67 59 84 .
down to 2_ug/m1 can greatly stimulate uptake of both "'Ga and Fe .
retreatment with saturating amounts of nén—radiogctiv‘e_Fe”l .
i retea . 59: " 67 | -
celled i bility to t Fe take but not G take.
i canFe 1e ts abi y to promote e uptake bu A\Egi :  f\\\1}“\~
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This suggests different aspects of interaction of transferrin with

ce11584. ' : .

It has been éﬁégested that lactoferrin may be the basic

intracellular gallium binding material in normal tissues and

80,95

inflammatory lesions . This is supported by the ‘fact that '

B . < B N
granulocytes have a high concentration of lactoferrin, and the

protein is also found in bone marrow, spleen, colonic mucosa,

breast milk and tissues and lacrimal secretions, nasal secretions

x , g
67, 80,95

and séminal fluid, which normally accumulate - As well,

during gestation and lactati?n;_lysosomal enzymes in milk and bfeaét
tiss;e increase coiqciding with increased gallium ubtakeso..

- In addition to uptake by lactoferrin in ﬁolymorphonuclear
leuchytes, the localization of régiogalliym:at inflémﬁatory and
infectious sites ha%;also begn ascribed to biﬁdingv by bacterial

. : 95 : ‘ p
siderophores ™. Non~specific and facilitated;uptake of radiogallium

by bacteria,gﬁbtably staphyloﬁocdﬁs aureus, has been offered as an -

explanation for uptake in. some infectious processesggé Uptake by

polymorphonpclear leukocytes and@bécteria,'which are the ﬁain N
gt

components of inflammatory lesions, has been studied extensivelygs&gé.
<! . 1 L3 =

S

e o

‘Some microorganishé}which show sigr nﬁant uptake of gallium-67 are

S. aureus, E. coli, S. faecalis and Salmonella typhimurium>?. There

appears:to be a linear ‘relationship between the uptake of Ga-67-

citrate by the organism S. aureus and the concentration of Ga-67-

citrate96. About 217 of all enzymes that have been investigated
‘ o 93 "

, but galliuﬁ has never been_

shown to haﬁevany trace element func€i0n93. ‘ : : -

" are associated with a metal cofactor
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9. New Agents and Prospects

There are a number .of other compounds to which radlogallium

may be attached as a ligand. The porphyrins are potential ligands énd

have a metabolism similar to that of transferrin97. Ga—67—transférrin

and Fe-59-transferrin when incubated with human melanoma cells, are
taken up avidly and show some poteﬁtial for uptake by tumours in
humans76. By using the iodinated spécies of each of these it has

been shown that the rate of éomplexation to the cell is‘equél to or

59

 greater than the rate of uptake for the °“Fe compound but not for the

67

Ga compound76.r ¢

In vivo, using a canine ﬁransmissible venereal tumour (TVT)
as a model, the upfake pattern of Ga-67—citrat¢ is different from
that of Ga-67-transferrin despite the féct'that most authors believe
67Ga‘administefed ;;Mthe citrate binds to transferrin immediately

upon injection, so gallium transferrin may be of potential use for

early scintigraphy as the rate of binding is ﬁighergg. ’67GaCl3

administered in the presence of 1—hydroxy—ethylidene—l,l—&isodium

phbsphate (HEDSPA) disappears rapidly from blood circulation and

. accumulates répidly in the skeletongg. The most suitable time fpf .

bone-imaging is approximately 6 to 7 hours after the administration

of the radiopharmaceutical but, as yet, this‘ﬁas_only been.reported‘

in rat and mouse studiesgg.‘ ZiiifimercaptopropionyigIYCine (DMPG) -

and 2-mercaptopropionyl-l-cysteine (MPC) have'been labeled with

67Ga and the ‘distribution has been investigated in mice. These agents

.localize primarily in the liver and kidney respectively ‘and may have

&
some potential for use as scanning agents in humansloo.

i
A
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Although gallium citrate is not the ideal scanning agent,
it has found a definite role in the initial assessment and subsequent

follow-ups of many malignancies. Understanding the nature of false
Fl B ,—’-/.' v /
positives has led to better accuracy and also to an application in
the detection of inflammatory diseases. Therefore an understanding
of the mechanisms of localization should lead-to a further increase

. in the interpretation and possibly the clue to finding an agent ,

which will incfease the specificity of gallium for certain'Sifés.

, -
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1. " Introduction

BCG_(bacillus Calmette—Guerin) is a viable avirulen£ strain
.of bovine tubercle bacillus commonly used for vaccination of selected
tubefculin négative individualé against tuberculosilel.~ It was
isoiated in 1913 by Calmetté and Gueriﬁ and attenuated over 1l years
by 23l‘subcu1tures; Atspresent, ﬁCG is being used to a iimited
exteﬁt,'and being ipvesfigated'for use in the immﬁnoprevegtion and
immunotherapy of various fo:ms>of caﬁéerloz. 'Immunopreﬁention or
' immumoprophylaxis 1is the frocess of lowering the incidence of neo-
plasia by vaccination with immunomodulatoré such as BCG103.
Immunotherapy is thé use of agents to augment the immune respanse
against existing'tumour;, primarily by activation of the immune »

systemlOA. )

There‘are many different q;perimental and clinically used
strains of BCG, and these are outlined below where TMC denotes an
experimental strainlosz

" a. Glaxo
b.wlftce :
c. C nnaught ' i

d. ijks

Pasteur (Scarification)

! f. Pasteur (Immuno F)
g. TMC 1011 (Pasteur)
h. TMC 1012 (Montreal)
1. TMC 1029 (Phipps)
j. TMC 1032 (Tice)
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These lO strains were compared in a study to measure ability to
’suppress tumour growth of a rat sarcoma by regional appllcatlon
The Connaught strain was found superior to all the others when

compared for tumour suppression based on any parameter; (dry weight,

number of total units, number of viable units)lOSA K—Ray sterilized

vaccine was surprisingly as effective as the viable organismslosj'

There is no'signifiéant difference in the number of colony

>

forming units (CFU) when BCG is sealed undef vacuum or under
nitrogen. Four years storage at 4°C reducdes the colony forming units

to 817% of tue initial values. Four weeks at 37°C reduces the colony
forming units ‘to 6;% of the initial values;06. Freeze drying haé

‘resolved the stability problem of BCG vaccine even with the rather .
- ’

low survival percentage (about 50%) for the organism providing good

thermostability and assuring economical storage and transportlos.

In vitro, BCG organisms may be charactefized by their:
~a) opacity of spspensions ‘
b) oxygeh uptake

c) germination rate

d) culturable partlcles/uG107 ‘

e) ATP contgnt108

. v
}
For vaccination. purposes, BCG can be admlnlstered by
subcutaneous inJectlon, intracutaneous 1nJection, multiple skin
101-,
puncture and superf1c1a1 linear scariflcation .
BCG in investigation. as an aajunct‘in the therapeutic

' management of cancer, has been shown to have a negative, neutral

and occasionally positive effect on tumour growth under various



circumstancesloz.. There-are a nuﬁber of other relatedragente used
to modulate the immune system.. The agents 1nc1ude the follow1ng,

a) BCG-SE or soluble extract of BCG which has been test:J in
in vitro studies against acute lymphoblastic 1eukemia109. Mathe
and coworkers were the first to report the ‘successful treatment of
this disease by immunization with tumour vaccine'in l969}10.

b) MER, MER-BCG or Methanol extraction residue of BCG is a so
_called "non—specific" immunomodulator capable of activating sereral
immune functions. Its most important biological effects are: o

i) lncreasing the resistance against infection which

\ , .
reflects its antimicrobial activity.
ii) Antineoplastlc activ1ty whlch seems to correlate best
with the macrophage content of the tumour.
iii) Increase of the tolerance to chemotherapy and radiotherapy.
iv) General immunostlmulatory activity by way of
1) stimulatloa-of the macrophage'system
- ‘2) stimulation of lymphoid cellsland homoral im@une
responses
3) other-

v) Occasional'indoction‘of imhunological enhancement of'
tﬁmor growth. This may'be less likely with MER relative to whole
bBCG Vacéination.v

vi) Occasional induction of immunosuppreasioh'on prolonged
administration‘or with high doses. . | |
| vii) Anticarcinogenic properties whlch may be related to its

auto immunosuppressive activitleslllr
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‘MER has reached the stage of being used in clinical trials -

for a number ofvneobl‘asiall2

. MER is prepared by phenol killing and
acetone wasﬁing qf viable soiid BCG. The portion that is then
\methanol ipsoluble is referred tovas MER. Typically MER contains
40% proteins or peptidés, 3% soluble lipids, 17% bound lipids; 8%
elemental nitrogen and less than 2% mycolic acids. Glutam;c acid,
‘glycine énd alaﬁine are fhe major amino acids as shown by amino acid
»énalysié of the protein fraction113,.

c) PPD or_purif;ed/protein'derivaFiGe of tuberculosis and DNCP
or diﬁitrochiorobenzene.ﬁave Béen'used in the skin testing of a
number of canceré treated Qith immunbmodulators. _fPD and DNCB are
alsd used to tréat some skin cancers.

d) Emulsified cell walls df BCG, another fraction'of the
organism, was found_ﬁd be at least as effective as .BCG itself in
treating established’dermal.tumours,;nd-midroscopic‘lympﬁ;node and
visceralAmetaétéses‘of guinealpig3114—117;

e) Protein bound ﬁqiysaccharide kureha (PS-RK) has Ln immuno-
stimulént qction'similar-fo that of BCG and is isolated from

basidio mycétes. ‘Thus far it has been shown to cause rejection of

-male Skin'grafts by female mice and to have some antineoplastic

118,119

activity
f) Coenzyme QiO administered b& intramuscular injection can

increase the bioenergetics of lymphocytes as measured by an increase

in'oligomycin sensitive ATPase activitylzo.‘ Most of the alternatives

- to BCG were desighéd to avoid the tokxicity associated with its

infectious bropertieslls’ll6.

.l
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g) Corynebacterium parvum, a formalin killed microbe, has some

use in the<treatment.of neoplasias and it was found that C. parvum
was able to eradicate certain 7,12-dimethyl benzanthracene induced
tumonrs in the rat when given intralesionally._ A moderate dosage
of Corynebacterium parvum was found to be effective -in treating
'post—surgical metasta31s of a 13762 rat mammary adenocarcinoma where
all doses of BCG tested were less effectinelzl’lzz.. This microbe
has alsc been used in man.’ ] | |
h) Killed BCG in 1.57 carboxymethyl‘cellulose; which‘cnred
guinea pigs with established hepatoma. The process of healing was
accelerated when endotoxin from salmonella typhlmurium was added
to the BCG bi¢illit?3,

i) BCG mixed with Pseudomonas aeruginosa, which can,kill S

. tumours by the process’of innocent bystander necrosis better than

BCG alone124.‘ On the subject of microbial organisms, BCG has a

= | o o,
suppressive effect on the development of syphilitic.lesibns and
growth of Ireponema pallidum in tuberculin—positive rabbits. It

does this by stimulating macrophageslzs. BCG cell walls can, protect

cotton rats against experimental echinococcus multilocularis

.'infection3126..“' ‘ f , “‘.>

-3) A recent addition to the L&st of antitumour products derived

- from BCG is delipidated hot water extract from Mycobactérium bovis
N

. strain BCG. This is also called HSA standing for hot—water soluble

adjuvant / It has no observable side effects in mice but has yet to

be tried in human3127.
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k) A vaccine composed of BCG'cell wall skeleton and ?3 (6,6-
'trehalose‘dimycoléte) whiéhbwas attached to mineral oil drOpléts was

evaluated for activity and toxicity when injected into tumour nodules

of humaqé. About 487 of injected nddqles resolved while the side

effects/noted were pain (26%7), fever. (52%7) and ulceration (612)128.

)

Micrococcus lzgodeikticds and a sériés qf related polysaccharides have
'a negative -effect on the proliferation of 21210 1eukaémia129: There
;sasoﬁe évidence, althdugh retréspective,'that BCG affords protection
égainsf‘mpnonucleosié in humans, buf this must be éonfirmedvby Barr-

Eﬁstein~virus serologyl30. In Burkitts L&mphoma after chemotherapy.

and. BCG tﬁe‘induéed remissions are muchrlonger with a higher Barr-

Epstein Vifus‘titrél31.

1) A Japanese substance referred to as wax D has some immuno-

‘vpoténtiatiﬁg éction as weilg ‘Thus‘far‘it‘has been shown to cause a
 stfong increasé ig éntiﬂodies to sheép red bloéd cellS'in‘CFl piée.
Wax D also works,hy‘a huméfal énd cell media;ed immunity with methyiv‘f
'cholanfhrene'induéed barcinogenesis in C3H/ﬁg mice. <_I'Jax D is ap |

extract of M. tuberculosiS‘H37Ra 132.

m) Peritoneal exudate cells wh}ch have a cytostatic effect

whéthgséd with BCG-CWS (ééll wall skeleﬁoh) as‘measured by

. thymidige incorporation into rat fibrosarcoma gells;33.

,; « ) A nonliving soluble BCG fraction, isolated in Bulgaria and

referred to as F-70 has met with modest success in the treatment
R . - B ‘i M .

of Tung cahc‘erm4

. There is some evidence that more than one
immunostimﬁlént‘or adjuvant used in combination may act ié an
interacting‘fashion,by:having a positive stimulating effect on more

[
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than one element of the immune system as is the case with BCG and
LPS (lipopoly saccharide) in R595.

~ 0) BCG and LPS in R595 used in conjunction with a formula

defined diet in rats has been repotted to be effectivel35.

P) NED 137, a functional biopolymer has’ found limited use in

humans for adjuvant therapy of post surgical clonesl36.

Some of the factors that contribute to success of immuno-
therapy have been identified, yet this remains a very active area

of research. Much of the research in tﬁis fieid has been conducted _

on animal models which do not necessarily correlate with human
studles where the data is often controversial Extensive klinical

trials,tbased on the immuno potentiating and macrophage activating

properties of BCG are expected to continue137. Usir.  ~he excellent

&
review article of Bast et al.103 as a basis, an attemnt .ill be

made to review recent findings relating to "BCG and Cancer".

-

T ‘ . i /

2. ~ Animal Tnvestigations

L

a) - Immunoprophylaxis

nInfection of animals with viable BCG organisms or non-viable
mycobacterial products can inhibit subseqdent tumour growth. The
immunoprophylaxis of tumour transplant is possible if a systemic BCG
infection.has taken place at least one week before injection of

tumour cells138 139. Pretreatment with the vaccine may facilitdte ,

o

tumour growth in some lines of neoplasia by unknown mechanisms.

Guinea-pigs tteated immunoprophylactically with the methanol
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of'viable organisms that can be recovered as well -as the rate of

38

9

extracted residue (MER) of BCG also protected 407 of the animals from
140

~ neoplasia . MER treated animals developed specific cell-mediated

anti-tumour immunity more rapidly than did controlslAl.

BCG may also prevent formation of sclinically detectable

metastases in some modelslaz, but tumour grafts in animals have

commonly not responded to systemic BCG immunotherapy103?138.

b) © . Immunotherapy

-

Tumour érafts in animals have commonly not responded to

systemic BCG immunotherapy103’138. An exception to this is bladder

carcinoma, melanoma, colon cancer and xenografts in athymic nude

mice treated by local application of BCC, Afhymic mouse xenografts

may be useful for testing the response of human tumours to immund=
139 A o

modulators . Stimulation of existing tumour growth has been

observed in some instances following BCG ihjection, and in one case

was attrlbuted "to, the qytrient medium in whlch BCG was suspended"143'

_Stlmulation may.also occur when BCG is admlnlstered 1ntradermally at

»

a‘site‘disfant from‘tﬁe nqdule. BCG administered intradermally by

scarification spreads to draining lymph noﬂes and on to the épleen

°©

and caﬁ be foliowed quantitativéiy. Increasing the size of the

innoculation or'p}etreatment with cortisone increases the number

°

spread to thévspleen;44. Previous vaccination reduces the rate of

©

spréad. Large doses of BCG induce an earlier but not'én ultimately

stronger immunity than does even a reharkably small'dosé107.
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Complete tumour suppression has been obtained when BCQ/GEQ///
o : , : . : Y

injected within 24 hours of challenge with tumour cells, when mixed

with tumour cells before injection; or when injected intralesionally

into small established tumourle3. The following are considered

important factors governing the failure or success of BCG immuno-
therapy trials in animals: N o

1) Tumour Size

Firstly, the success of BCG is inversely reietEtho the size

of the tumour. Effective treatment can be expected if the tumour

3 cells to 100'mg;142 vunless the growth\réte

or rate of metastasis adversely affects the number of amenable cells.

1

" The cure rate of guinea pigs with growing intradermal transplanté\?f

load is lese than 10

a syngeneic hepatoma at a time when lymph node metastases were
detectable by palpation was not demonstratably greater in animais
receiving.surge;y'and BCG, wben compated to sutgery alonelgg. BCG.
was ineffectiue in tumours over 2 cm in diameter when given pre-
operatively to Fischer rats implanted with i3762lmammary adenocar-

cinoma145 An optimalitime interval for administration of BCG before

-surgery‘significantly improved the ‘survival time.

ii) I munocompetenée14§ : .

The development of an immune response to mycobacterial

-

antigens is required. Inability to become positive to purified
o N

protein derivative of tuberculin (PPD) aftervtreatment with BCG

has_been’associated with non—regression of tumour transplants.

A . . - .
Immunosuppressive agents can delay tuberculin senéitivitleB. -
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- BCG, hov?ever, may reconstitute a depresse" immune system as has been
observed with cyclophosphamide induced granulocytopenia in the mouse.
ProIbnged treatment with BCG initially impreves immuno-
Lcompetence, as measured by lymphocyte transformation by mitogens and
skin reactivity to sensitizing agen;s, but in the case of malignant
melanoma immunologica} parameters may rescind to-pretreatment levels

with certain overl& long protoc015147.‘

iii) Number and Viabillty of Organlsms Injected
Less than 5% of pellicle grown mycobacteria are viable. When
dispersed in a liquid culture media greater viability is obtained.
When equal numbers of viable organisms from each method of cultu;ing
- were tested, the dispersed.culture proved more efficacious in
.;egreSsing_guinea—pig tumour5103. However” ao significant differences
. csuld be determined in the mean survival fime of the guinea pigs‘with
metastatic hepatocarcinoma when treated wi- : Jarlous strains of BCG
by scarification (fresh Phipps, Phioas Pasteur and Tice; lyophilized
Pasteur, Tice and Connaught)lAsr There is some difference in the '
adjuvant effect of the BCG preparations as measured by a lymphocyee'
trapplng assay. Pasteur is a stronger adjuvant than eithgr Tice or.
. .
Glaxol49.ﬁ Viability determlnations are somewhat dependent on the
media the bacteria’ were.grown on. In a study of Connaught;,G}axg
-and Tice straias were grown on Middlebrook 7H—ll.mediuh or Duﬁos oleic
‘agar v&ability counts iacreased as mueh as 30 fold with tﬁe lateer
menriched media. These findings show a need to starddardize the
growing media on which BCé is grown for proper application in tumaur'

immunotheraPY'PrOtocolsliO. ‘ e
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'The number of injected organisms is critical. The immuno-

stimulatory effects of‘BCG reach a peak at a moderate dosage levek,

and decline or may become immunosuppressive at large ddsage 1evé13154.

Facilitation of, or suppression of metastatic spread is dose dependent

and dependent on the time of administration103.

-

iv) Proximity of BCG and Tumour Cells

Intralesional injection of BCG promotes tumour.regression in

0

many instances where systemic or contralateral injection has no

t103,104,151,152,153,142 : Py
In mice, the oral route of administra-

tion is not effective for B16 melanoma or 1eukem£a139’155. When given
. ; A

effec

ofally in the guinea pig, orally administered BCG organisms were

recovered largely from Peyer's patches, a little from the mesenteric
. . " 2 :

iymp@ node and a small amount from the liver and the spleen. The

order is reversed when BCG is given,subcutaneously156. There was,

¢

however, no evidence that intraumour injection of MER was more

effective in prolongingrthe survival time of BALB/C female mice with

adenocarcinomata than was appliqation of MER at a distal sife157.'

3

For indeterminant reasons, natu?gily arising tumours' were less

.susceptible to BCG immunotherapy than were tumours’ of spontaneous

o

origiﬁ-but in the same study in rate local application of BCG seemed

to give the best therapeutic respbnselSB. B

!

i

159

v) . Immunogenicity of the Tumour
BCG can enhance the‘growth of weakly antigenic neoplasms;
Lines of tumour cells with'a large amount of immunogenicity and/a

) : ' v it 103
low potential for metastasis 'are more hkely to respond to BCG

1
.
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Tumour cells may be treated in vitro with hydrolytic enéymes (e.g.

Vibrio cholerae neuraminidase) or Mitomycin C to increase their

immunogenicity160—162.

.

Tumour producing oapacity, as opposed to the immungiinicity

-

'.of the tumour, is referred to as oncogenici;yf Ehrlich ascites

tumour cells loose oncogenicity dbr become attenuated when propagated

in tissue cultures and subsequent treatment with gamma-irradiation
",‘ . . ) . ’

ébolishes the immunogenicity. Admixtures of the attenuated tumour

cells with BCG seems to restore the immunoprophylactic effeét158.

c> Effect of BCG on Carcinogenesis

)

. "BCG can delay the appearance of or reduce the incidence of

tumours indu;éd7by'chemicals&ivirgs; or radiation"lo3 and also inhibit

P

"the development of adepomas, sarcomas, carcinomas and leukemias in

" animals. This protective effect is”femporary and dependent on" the

4 .

v

time of administration and the dosage103’154. Mixing the carcinogen

with BCG more effectively prevents carcinogenesis. Tumour formation

can also be delayed by cord factor (trehalose’ 6,6 dimycolate), and
MEB'whichVQO not cause PPD sensitivity to the same éxtéhtlaé-BCG103.

Studies have shown the methanol extraction residue of - BCG"
is effective in delaying cafcindgenesislffom a number of compounds

notably 7,12-dimethylbenz (a) anthracene-induced rat mammary

“163
qarcinoma . : -

BCG's ability to prevent carcinogenesis is thought to be

related to its abili;y'to stimulate immune éurveillance103.l

v

'K

O
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b

- 3. Human Investigation and the Use of BCG ’ X

a) Immunoprophylaxis

The discovery of the inhibitory effects of BCG bi & carcinogenesis
in animals has prompted investigators to determine whether childhood
vaccination has had any effect on the incidence of leukemia.
iUnfortunately, all the studies have been retrospective and some'of
the protocols lacked,adequate contr013103. ,fhefe is little evidence
that vaccination with BCG at an age greaterpthan one year preventa
cancer103; Davignon ‘and Rosenthal Suggest that BCG vaccination
reduces" death from acute childhood leukemia by 50 to 857 . Long - .

%
term prospective evaluations are needed.

b) Immunotherapy .
P B “ .
BCG has been investigated for use in human cancer in two ,,:?

: 103 - ' o : ’
general ways s : ) ° .

i) 1Intralesional injection into clinically apparent cntaneons
Sk
. tumours.

P

ii) Systemic administration for cllnically inapparent tumour

deposits following, or in conjunction with, cyto reduction (surgery,

radiotherapy or chemothegf:y)l37 .

More specifically, a wumber of routes of administration have

-

‘been used and will'be.describedsoriefly1€4:
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1) Scarification:
BCG vaccine is'instilled into a grid 5 e¢m by 5 em sgratched
on the surface of the skin and the area is kept dry for 24 hours.

The area is then washed cafefuily with soap and water,
-~

\

2) Intralesional:

ABCG is injeﬁted into a superficial tumour nodule which is

aspirated several days later yielding fluid with necrotic tumour

" cells and purulent materiéls. Vital signs must be monitored closely

for‘lZ hours after injection. Tumour death'at the site of intra-

lesional injection occurs by the process of innocent bystander

necrosis but regression of contralateral tumours.occurs indiéating

©

a systemic mechanism of action.

3) Intracavitary instillation:

Dilute sﬁspensions of 1 mg/ml of BCG are instilled into the -
pleural or hﬁdominélicavity after the intracavitary fluid is removed.

T

The patient is rotated from side to side to disperse the liquefied

BCG over thé 1inihg of the cavity.

4) Iﬁtravesical instillation:.
. This mode of administration is used in carcinoma or sarcoma

of the bladder. A dilute suspension of BCG is introduced by catheter

and thé patient then retains the solution for 3 ho@rs before voiding.

5) Intrapulmonary:

- BCG suspension is placed in a glass nebulizer andudglivered

° y

das an aerosol into the ldngs thus placing it as close as possible to



pulmonary lesions. The dosage is repeated once a week for a 3 month

treatment regimen.

6) Intradermal:

BCG is administered in the deltoid surface of the. arm ‘to

convert a tuberculin negative persoﬁ to a tuberculin positive person.

7) Oral:

BCG is mixed with a fruit juice and the patient drinks the

mixture. Dentures are removed to prevent entrapment of the bacilli
. \ . .

in the mouth: This is the most commonly used and convenient mode

~of administration fut »ancreatic, hepatic and gastric tuﬁours .
Efficacy of BCG has been.repofted in acute myelogenous
leukemia, malignant ﬁelanoma, colon cancer; lymphoma, head and néck

cancer and others;37.

- ° > . a

4. Immunotherapy of Cutaneous Tumours

a) Melanoma

Intralesional.injection of BCG has resulted in dtamatlc
fkg§§~ssion of multiple intradermal metastases of mallgnant melanoma103.
vThis method of administration involves great risks of severe side
effects and is not routinely‘employed16q _In a study ofveighteen
ﬁatients previogslyatreatedeith oral ﬁQG, then by intradermal BCG
in a petinodularAfashios for malignant melanoma only in 9 cases was
treatment‘hnsuécessful. ‘The;pstiehts on such aﬁ'immuﬁdtherapy treat-

., ment had longer,remisSions'and survived longer when compéred to those
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- -

Sy

treated with chemotherapy alone145. Dystrophy and necrosis of the

tumour occur after intralesional injection. By 15 days after

‘

intralesional injection'the necrotic foci with apcumulatioﬁ of

histiocytes and lymphbid cells has converted to granular tissqe 4

. 166 .- ‘ :
that replaces the tumour . In a prospective comparison of intra-

lesional and multipuﬁcture BCG in recurrent intradermal, melanoma,

only the former resulted in complete regression of the tumours, and

had a much higher success rate than the latter 16Z As 1in animals,

the tumours must be small and the patients must be immunologically

, ;/éompetent. A two year study has shown that the incidence of

métggfagjs in patients freated_with BCG_was half that of the control‘
-‘Patientsl68. In- those patients on immunotherapy who relapsed, there
was a six month delay before'redccurrence. Intraiymphatic adminis;ra_
tion of BCG as a single dose of 0.2-80 mg hés;been as§esséd in .

patients with advanced maiignant‘méianoma16q - This mode. of admini-

<

tration is relatively risk free,. yet ineffective due to the spread

va the diseasel?q 3

Both MER and PPD have been tried in the«treatmént-og
malignant melanoma using intralesional ;mmuﬁe thefapy. Both agents
may work by,theimechanism of innocent bystander necrosis secondary ,-

to nonspecific inflammatian'rafher than immunologiéal_mechanisms

since uninjected tumours did not fegress»17{ Malignant melénoma

of the mucous membranes is a rare disease and’is fatal. 1In ome

o

case report treatment with BCG, autologous ‘tumour cells and cytabrine

produced a positive delayed hYpersensitivity to- PPD. ?ﬁere was

difficulty in interpreting the immqhological findings according to

- -

C- » ‘ x
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‘the clinical conditions and in the final stages of the disease the.

number of T-cells decreased 17%

5. Immunotherapy of Residual Cancer Foilowing Cytoreduction
a) *cute Lymphocytic ieukemia

N

Immunotherapy has resolved experimental murine leukemia if

the number of leukemic cells is less than 105.103. Acute leukemia

. o
involves about 1012 leykemic cells at diagnosileB, so cytoreductive
CHemotherapy must be employed first. Residual acute lymphocytic

leukemia may be treéted with BCG provided the patient's immuno-
. - ) . . 'Y

competence has not been altered by the cheméfherépy'orlby the disease
itselflq3. For instance, palliativé radiothéfépy‘qr cyclqﬁhoSphamide”

has shown to render somgjpatients unreéponsiﬁe'to=BCG_;7%A Vincristine'

or Adamantidene in combination with BCG.gave worse_fesultSnthan BCG

alone 17€ BCG used alone during remission of acute iyﬁphocitié -
leukemia induced with intensive chemotherapy has-meﬁ with some .
succeSSIOB.' Use of BCG with allogenic tumour cells or maintenance.

chemotherapy requires furtHer investigation.
v o

v . Acute MYelogenous Leukemia

b)

Immungthefapy\éombined with intermittent chemotherapy
(quidomycin,'cytosine arabinoside, and 6-thioquanine) prolonged
remission of acute myelogenous leukemia when compared to f}l.

maintenance éhemotherapy aloneIOB. An annual vabgination has
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proven successful in prolonging'the,diseése.free-period of sgage IA
aﬁd IIA malignant lymphoma that hadvbeén irradiated loéally103.

| Squamous cell carcinoma.ofvthe head_and neck may be treated B
by combined éhemétherapy and imﬂhnbtheraﬁ& in the form 6% met£o~
trexate (MTX), Bacillus calmette—guerin (BCG), and Isonlazid (INH),
with addition of cyclophpsphamide (Cytoxan) in refractory cases, yet
this may.produce no better results than MTX alonelév.

Surgery and ﬁCG immunotherapy have been combinedkto treat

primary or recurrent melanoma with promising results. Malignant

. melanoma metastasis of the bladder in one patient wasieradicated

by transurethral interlesional BCG‘17€
c) Lung Cancer R . ; :

' .Radical surgery remains the only choice in advanced squamous
cell lung canéer_while systemic BCG therapy may be of some use in the
initial stages of the disease. Again, there is the advantage of

delayed hypersensitivity to recall antigens being a prognostic

indicator'lyq

Local administratiqniof BCG after radiotherapy can overcome

°

both radiation damaged and_overloaded host defense mechanisms through

_stimulation to the extent that they become capablé of eliminéting ‘

tﬁose malignant stem cells which'sﬁrvive irradiation177. Intrapléurgl

-

administration of BCG after'surgicél resectiqn_of lung tumours -

increased survival in patients with limited tumour burden but was

not beneficial in patients with more advanced tumoursl785179. No
. _ ‘ _ A
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effect on survival of patients with_nonresectable lung cancer has been

180

noted . BCG immunotherapy was reported to increase the ﬂopé of

survival for patients with resectable squamous cell carcinoma of the

'S

bronchi'(stages I and II) to 667 over two years, whereas the survival

rate of controls was énly 38%181.'

d) Breast Cancer ' L

E BCG‘has been.e§a1uated as a éotential tréatmént-ﬁodality for
stage II and III Bréast cancer since 1974. It is administered by
séarification, following'regionalyradia;ion therapy in combinafion
" with S—Fluoréuracil,badriamycin andﬁcyqlophosphamide. This "

4 .
" particular prqtocbl of chemoimmunotherapy was reported-to be

effec;ive in prolbﬁging tﬁe disease £ree interval and survival ‘
statﬁs of breast cgncér pétienfs despite the menopausalzstatus
(For postmenopausal pafients Withlbrgasticancei, adriamycin combina-
tiqps remain an effective treatment in_sg}te of potential cardip;

téxicitylgﬁ) o e : ’

e) Ovarian Carcinoma

e agmotheyapy ofbovérién éahcér't&pically inﬁolves use of

. ~combinations of'drués; yet on1y a few trials hévebused non-specific
:immunostimulants. BCG by écarification'appérepfly enhances the

antitumour activity of adriamycin—cycloﬁﬁbsphamidé combiﬁations‘and,

again skin testing is a useful prognostic iﬁdicatorlss.

N

182,183



B showed a slight advantage after that time but - the results are.

- £) . Colorectal Cancer

3 After resection of all:knowh'tumour deposits the prognosis
for -Duke B-2 or C—carcinoma of the bowel was“reported”to be very
poor, with 2/3 ‘of all patients treated surgically and followed
through with- adJuvant chemotherapy or immunotherapy dying of the

tcancerlas; Adjuvant.therapy, postoperatively, with methyl CCNU

vplus S—FU in an attempt to prevent recurrence of disease showed no
difference in. the first 18 months. The BCG and chemotherapy protocol
preIlminary and may not be real "The theoretical advantage of

oral BGG in this instance is thought to be stimulatlon of lymphatic

S
drainage from the G.I. tract 186, . " oo

g) Bronchial Cancer

In a Canadian study of carcinoma of .the hronchus treated
.with BCG orally, it was found that immunotherapy had no favourable
effect187. The dosage was ‘considerable (80 mg), but when the BCG
group was compared to the control there was no difference in the B
1ength of time after treatment when clinical metastasis were

3 ’ : e

.detectable 187

h) _ Advanced Cancer v .gi:j
. X

Treatment'of.advanced cancer with immunomodulators or chemo~
. . - '

therapy is still'in its relative infancy. In a double blind study

of eighty—four patients with advanced cancer refractory to conventlonal
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modes of therapy two oosage regimens of intradermal MER wera compared
to a saline placeb0188. There was no apparent clinical advantage or
immunological benefit over the placebo. This was, however, a’good
study as it emphasized the geed of appropriate'controls in studies
of clinlcal immunostimulants in numans."lhe parameters measured
lp/ﬁunans before and_afte;'treatnent weta henoglobin, leukocyte éount,
differential blood, a serum chemistry profile and.a_cnest_X—rayllz.
fﬁThe lnmunological paraneters measured were recall'skin_tests with
mumps, streptdéiqase,‘punlfied'protein derivative of tuberculin (PPD),
iCandida deruatophytln'and diluent;blymphocyte blascogenesls with
chfee mitogens (Phytohemaglutcinin concanavlin A and PWM)} aSSays_of‘
periphéral T and B cells; serum immunoglobulins‘IgA, IgG and IgM;

and dinitrochlorobenzene (DNCB) sensitization or challenge if the

:patient had previously been sensitiaedllz. In advanced or metastatic

g breast cancer a trial of 5~FU, adriamycin and cyclophosphamide was

. attempted with BCG or with the nonsoecific immune-reconstituting

v

. agent levamisole. Overall,vlevamisole was better tolerated than

¢

BCG and easler to adminiater. Since the results indicated chemo-
&

vbtherapy to be superior to immunotherapy, the results suggested that
levamisole albne may be of benefit and that the therapeutic ratio
favours the use of levamisole instead of BCG in combination with the
cnemotherapeutic agentslas. In ﬁetaétaﬁic adenOCarcinbma of the
kidney thcre was no prolongation with nespect co historical controls
(5%11 months survival after single organ'metastasis), but these

' 190
- results may be considered tentative . In advanced head and neck .

malignancy there was no difference in survival to a particular therapy

3
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of high aose.methotrexate whether or not BCG was addedlgo" In advanced
or metastatlc breast cancer BCG plus 5 fluorouracil, adriamycin and
cyclophosphamide had a slight advantage over chemotherapy alone (76

vs. 73Z responders)lgl. Fortafur, an analogue of 5-fluorouracil has

been used as a substitute for S—FU but th-'ffﬁﬁ . '}rtieular
' 192 [ K,
advantage over the FAC~BCG regimen ,
‘(*A,- . ¢
i) . Prostate Carcinoma S c 0 ‘£l§ *

Trials of BCG therapy have been conducted in prostate
ce{cinoma,where there has been extensive effort to immunostage, i.c.

measgge the patlent's immunocompetence and cortrelate this to the

’ clinical ‘stage. Both humoral and cell mediated immunity is measured

-

and the composite of these measures is referred to as the immund stege.

o

The prognostic parameters measured for-humoral immunocompetence are

total and individual levels of deflned serum proteins as well as

electrophoretic and immuno diffuse properties of immunoglobulins

i and complement. BCG immunotherapy of prostate cancer resulted’ in

no mortalities and minimal morbidity193

6. . ‘Adverse Reactions and Side Effects of BCG Immunotherapy

: | L ; ‘ \
Local réaetions to BCG include itching and.ulceration at the
site of injection101. Even vaccinating.doses, as opposed to lmmupizing

doses may cause this.

- Sxftemic BCG infection‘may,result from intravenous administra-

tion petticularly in immunodepressqgd patients, amd‘fot'thnt reason

;«
B
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a -

this mode of administration is contraindicatedlog. "BCG infection

~responds to isoniazid,'para—amino salicylic acid, and ethambutal. -
An edematous lesion with infiitration.of mononuclear cells referred
to as erythema multiforme is a rare complication of the BCG scarifi-

‘ 194 A - ,
cation technique . A.basal &ell epithelioma, which is a benign

lesion is a side effect of BCG vaccination. The occurrence
of this latter lesion is no less fréqUEnt than the benign lesions
that foliow smallpox vaccinationlgs. Findingsqare pertinent as the‘
--lar macrophages are activated by pulmonary washipgs where serum
.and serﬁh immunoglobuliné G:transuded from biood int; alveolar spaces1 .
Erythema nodosum, granulomatous hepatitis, hepatosplenomegaly,
jaundice and pancytopenia have occurred separately iﬁ’a small nﬁmber

of cases following the administration of BCG. Repeated intralesional -

injection of BCG:has’resulted in,anaphylaxis and death93’l72. BCG

given by the intralymphatic routé/j;n produce variations in white cell

count, erythrocyte sedimentation rate and immunoglobulins, fever,

: : , - 184
lymphanginitis and lymph node enlargement . In animals, even killed

" BCG may cause a pulmonary inflgmmagion.ﬁith'granulomas, and hepato-

sblenomegaly.when the organism was injected i.v.197. BCG also changes

cytochrome P~450 metabolism in the liver of rats. This finding might

1

~ lead to reconsideration of dosages of drugs in cancer patients treated

) : ' , -
with combined chemoimmunotherapylgs.' The. imidazole carboximides, DTIC

and BIC commohly used in cancer patients for treatment of malignant

Toa

melanoma are just two drugs which undergo demethylation by the ¢yto-~

chrqmé'PfASO system 19? BCG infe;ted mite_afe-hyperreacgﬁie to

»

endotoxin and becdme‘very hypo@lycemic.when challenged; This reaction



Co 200,201
- has been confirmed in humans "« However BCG and Corynebacterium

parvum in immunotherapeutic doses have no effect on hepatic drug

‘ 202
hydroxylation of diphenylhydantoin in humans .

3

Intradermal MER may cause ulceration and cutaneous inflammation

112

-

. g .
when given in high doses It has the advantage over BCG 6£ being

non—infectiousll3. » o _ €

Intralesional injection bf BCG-is more prone to cause side
RES ) .
‘effects, particuiar}y in PPD positive individuals. Death has occurred

.within 24 hours. Side effects are relatga to both dose aﬁd>sensitivity
. ‘ - t .

to PPD and the patient must usualiy be hospitalize& for observationl7l,

b d

-

a) : Possible Prdcesses

b4

The'meéns by which BCG indicates tumour regression and

suppression .are ﬁnknown101._ The immuné system itself is far from
. T, - . 108 . . .
being completely understood™ .
' ¥ :
There have been a number of review artiples,publisﬁed on the

-

‘pharmacology of thé-modulatidn of immunii&‘hy BCG and.its‘capacity

as an antitumour agent. In general, in thé-immunotherapy of cancer,

BCG has met with some success in animals and limited success in man.

The effects of BCG on the immune system are multifaceted';nd a clearer

~understanding willlresult in a more rational basis for its use203.

¢ t

The ability of melanoma patients to feépandﬁﬁ‘w G is correlated to

their ability to become reactive to antigens such as tuberculin PPD,

: 4 ‘ nn 204 :
~'DNCB (dini;rqchlorobenzene);‘Etc.103’140’ . A low blastogenic

response to lymphocyte cultd}és;isolated from patients treated with

R
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“

BCG to mitogens phytohemaéglutinin (PHA) and concanavalin A indicates

a rapidly ‘progressing disease . A chronic inflammatory response or

a delayed cutaneous hypersensitivity at the sita of intracutaneous, <
. ’ )

intralesional injection is associated with ‘tumour suppression103. ’ . . j\
A chronic granulomatous response contributes to tumour cell degenera-
tion. In various attempts to identifjuthe subfractions of” the- BCG

organism that are essential for antitumour activity, it has been

found that. the abil;t& of cord factor (trehalose 6,6 dimycolate) or

' CSW-1 (partially deproteinized cell wall skeleton) to_cause suppressionc

of tumour transplants when administered with BCG is related.totthe N

"
o

ability of these components to %rodu€£3ah optimal graﬂulomatods i
103,161 ' '

response’” . g : BN

Footpad injectionlof BCG causes a marked augmentation of lymph

node response to,T—depehdeﬁﬁ’antigens but not T-independent antigens .

in normai‘thymus bearing heterogenous mice. Intravenous injection

©

. - ' | . K ‘-é' -
does not increase the response to'either T-dependent (e.g. sheep red
" blood cells) or T-independent antigens (e.g. DNP-derivatized Ficoll) -

in both nude athymic and normal thymic mice. .The augmentation seen

with footpad injections appears to be mediated by T—helpér éellg?OS“
Intravenous injection of fresh BCG results in a tran31ent increase
in lymphocyte.mitosis associated with epithelial hyperplasia of the ' Q
guinea-piy thymus in less than 10 day3206.’ By the time lymphocyq":¥

masses appearvin the spleen, about 15 days post injection, .the chifigés’

206 R
in the medulla of the spleen are more abviousq . o>
206,207 . _ -
BCG‘caﬁﬁactivate lymphocytes . and macrophages, in humans.

Success ‘of BCG adjuvant 1mmunotherapy of avarian carcinoma is thought

v p s €
5o . . . .
. . 7 - t s
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\ “ - ' |
' . N PO . - ’ d». 208
to be attributable to the activation of intraperitoneal macrophages .

In mice, activation of macrophages can be measured by carbon clearance

209
‘and occurs\hhether BCG is given by footpad injection or intravenously .

. - ‘
An immune induced 1nterferon is produced in mouse blood after stimula-

tion with BCG or BCG CWS if the mouse has previously been sen51tized

(4
with,either of these. This 1nterferon is slightly different from

~viral induced interferon and is capable of activatimg macrophages
T o » 210 '
- ' cytotoxic to L1210 leukemia cells .
_Alveolar macrophages-obtained from BCG immune Syrian gold

hamsters can exhibit cytotoxic activity against tumour cells when

rechallenged intratracheally with BCG 5 days prior to assay. Non

specific irritants capable of inducing inflammatdﬂy lung exudates

£

1
do not“result in tumour cell destruction . Comparison of the
‘ - o L \ P ) . '3
cytotoxic'activity of macrophages and lymphocytes 1solatedvfrom
; . e
the peritoneal cavity of BCG—sen51tized mice as measured by the ey

inhibltion of DNA synthesis, revealed that the effector cells were
‘amongst the macrophages. Spleen macrophages were devoid of cyto-
'toxicﬁty, and spleen lympﬁocytes possess the same signiflcant .-

2
'cytotoxic activigyfén%hpth BCG-sensitized and control mice 1%
e 3 N

? e AR N N
e Ok
Lymphocyte stimulatdﬁpw%é %ome prognostic value in immunotherapy

r A.' \ h .,‘ .
patients. Thewabdlity of ﬂCG tp stimulate a group of killer T cells
I E¥ s il
» J s
in some patients may- &t relatefto its immunotherapeutic effectsz s .
g I
yet animal studies indicate T—ceils probgbly play only a minor role212.

'_fﬁﬁk “ A study of. the generation of killer 1ymphocytes or T-cells in vitro
Y G f

’
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leukemia patientsﬂunder the age of 18 yearslog. When cultured with
.. ’ . ’ .
'mitomycin tfeated blastocytes, remission lymphocytes became’ signifi-

cantly IVtic for autologous leukemic blasts In some cases when the =~

r(" ) o I’/ Lo .

: smsjg?uld not generate killer lymphocytes the combination

autoloqods

>

% )
of autolog ﬁﬂaat and ‘soluble extract.ﬂf BCG (BCG SE) induced more . k
3 [ 24 s N

’.
T l
intensive QE§9t0x1c1ty than,beforeﬂ Thi is related to the antigen-
H ’,x . \. N ':f /109 S 2 *
icity ofthe tumour as méntioned previousfy, . Schistosoma mansoni

‘,'

e 1 '~(’ N >
- infection is: suppressable in both 1ntact and B—cell deficient mice
213 AL

by pretreatment with BCG I There is some - evidence for a soluble
. é b

factor secreted by,BCG—T cells &hat,stimulates the migration of other

v

V’,

i 21
IRCET T%cells whiich have a role in tumour suppre331on 4. BCG, therefore,

is capfble of producing both a humoral antibody response and a cell
mediated immune redponse as evidenced by Tuberculin-induced trans-

. . 2 ' :
formation of foetal blood lymphocytes 15.‘-Production of helper T~cells

specific for ovalbumin has been reported in sheep at 105 day321q

‘Cytolytic activity is also associated with a naturaltkiller (NK) cell

4

found in peritoneal exudatés h-harvested from BCG—innOVulated C57BL/6

’mice.‘ These cells were also found in unimmunized mouse spleensqand
i
i
‘ﬁ%senteric lymph nodes. It is thought that. %CG thay activate resident

NK cells, resulting in de novo. production of NK}cells or resulting

in "homlng" into the peritoneum of cells normafﬁ? found in other;

215
‘ lymphoid tiséue . When killed BCG 1s injected i.v: in an oil in- -
saline emulSion a chronic~granulomatous,pulmonary 1nflammation and

197
splenomegaly result in C57BL/6 m1ce . The spbenomegaly is associated

N

with a marked reductioﬁ:of Ehyto-hemaﬁglutinin and lipopolysaccharide
3'» [
induced;spleen cell _proliferation, On the otheg,hand the response

N . hd :
L. ) v ool

A o L '
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* BCG produced'é decrease in the response to phytoheﬁagluttinin as‘wéil

. ' » e :
reaction against thirty distinct components of BCG was recorded - .-

- lines have been suggested as the mechanism of BCG mediated tumour

58

1 4

 to the$e mitogens is not reduced in BCG-injected CBA mice. .Thé.gffect

occurs at the cellular lgviﬂ andvmoreover is a proper. ~dherent
spleen»cells and cannot be unblocked by anti~thy-1 serum . Adjuvant "’

diseasé, a polysystemic gonihfeptious inflammatory process, may be

suppressed in rats by the administration of BCG at various dosage

'schedules, indicating that BCG may also 'be 1mmunosuppfessive in rats.
. . / : ' -

: - ' . 217 *
as changes in lymphocyte subpopulations and recirculation patterns .

Tumour specific antibodies are elevated by agtive immunization

with BCG and tumour cells, but not with tuméaL éells\alone193.'

Elevated antibody titres favour an anti-tumour reSponselo3’llo’159.
There appears to be a cross-reactivity between BCG and malignant cells,

suggesting that-at least part of the mode of action may be due'tp.

¥ 3

o , 218 : x
_their shared antigenic componeuts -, Using crossed immunoelectro- ,i&%

phoresis with an intermediate gel in a BCG/anti—BCG system the )
' ‘ 219

"Non-specific augmentation of the immune response, stimulatioa

< -

vof¥{he regiculoeendothélial system as  BCG spreads ffom_the site of

innoculation, and an antigenic relationship between BCG and tumour
! ' ’

e f

suppgession and regréssionlp3. T .

7. Summary and Prospects

.
Id

BCG has proven effective in thefiﬁhbd&the}apy_pf_some-types

~of human cancer p;ovidea the’paf?ent ig»iﬁﬁunologically competent and |

the disease is of limited'ék;entloé.,'inbnavenoué use of immunomodulators

-



X There are a number of other diseases, such as some of the

59
réqﬁifes considerably more investigati;n.in'animals before institutihg
routine clinical use in humans 191 The questioh for ethics committees
is one of the risk of applying anthropomorphic principles even when
reéulﬁs bgﬁween_different stréins‘of mice contrast.'

. % . ) ) .
{mmune diseases (rheumatoid arthritis, Hashimoto's thyroiditis,

-y

- *ﬂ%&{erdhn'S*disease, as wéll as recurrent heréés fimplex labialis)

that ‘have'responded to immune modulation with BCG or levamisole, but

/ .
: / : 219,2
the: risk to benefit ratio remains quite high % zq 1

¢

’ The use of BCG for lung or colorectal cancer, which accounts

for a‘large percentage of the mortality due to cancer has undergone .

preliminary inveStigationsl39’156’178’179’185’;84.‘ Significant yet

only preliminary results indicate that BCG vaccination has a bénéficial
effect on residual-Hodgkin's_lymphdgranuloma ?1. Until the clinical
situatiqdé where BCG can routinely be employed are identified, use

| ' ' 103,137,145, 181

in patientstiEh cancer is limited to controlled trials

<

&
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Animal

Young adult n e of the ICR strain, weighing 20-25 g

were maintained through

-

he course of thezéxperiments on standard
laboratory diet (Purina jlaboratory'chow) and tap water ag_Iibitum.
Under sodium pentobarbital (i.p.) anesthesia, at a concentration of .
a 0.1 mg/kg body weight, _the inferior dorsal area of each nouse was
'shaved and rendered alopecic by application of a depilatory agent 7
(Neet R cream). ' The mice were randomized into control and BCG test
_groups. Immediately prior to inoculation, the skin' sites were cleansed
with alcohol swabs. |
Doses of 1 mg of lyophilized BCG vaccine (Connaught‘Laboratories

Ltd., Willowdale) in a volume of 0.05 ml of sterile.normal saline ﬁ”

injected intradermally into the prepared dorsal area of each BCG te&t
;.mouse every second day for a total of 6 doses. Injections were made
at the same time each day to.avoid any variationiﬂm&to circadian
finfluencezzz.‘ Each single dose consisted of approximatelynl.3 x 107
colony—forming unitsl77 ASuéh a dosage regimen was reported to be
effective in reducing the size of MC~42 tumours in C3H/HeJ mice17%
Mice in,the,control groups received inJections of sterile saline in
like manner. At time 1ntervals of 2 days and 4 weeks following the-
last BCG dosage the test and cont?bl mice were inJeeted with 67 —A
,citrate QﬁﬁyCi in 0.1 ml) via a tail vein and tissue distribution
:studies were performed 48 hours later. ~ Each organ ofﬁiissue was

excised, rinsed in saline blotted and weighed and then fixed in a

10% formalin solution, assayed for radioactivity in-an automated
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‘well counter (Searle Model 1185 ganma spectrometer) and following
radioactivebdecay; each s: .pke was forwarded to the Alberta Agricul-
ture Veterinary Services Laboratories for histological examination.

Live mice treated with BCG were also sent to these laboratories for

_examination by bacteriological methods.

1

t

2.  Autoradiography and Histology
’ 4 g ¥

.fBGG'pretreated and control mice were injected intravenously

with 500 uCi of Ga—67—citrate, then sacrificed 48 hours:; la%e andm
’Yz{}: )r“)lr ) e
various organs and tissues excised Frozen tissue sectichs of 12-18

o

Hm thickness were cut'(IEC model-CT microtome-cryostat) and placed-

onto nicgoscope slides. Alternate sections were stained‘with Haema-—
toxylin and Eosin (H-E) and some-selected-;gbtions were stained with

Ziehl—Neelsen'stain., Under darkroom conditions Kodak NTB-3 tracking
“emulsion was placed in a thermostatically controlled water bath at

r .

| 40-43°C and diluted 2 1 with distilled water. The.microscope slides
,with unstained tissue sections’were carefully dipped into-the lique-
Hfied diluted NTB—3 emulsion drained placed in a light tight box
containing drying agent and exposed for 7 days at 2- 4 C. The autof
“radiographs were. developed in Kodak D—19 developer (l-l dilution in
distilled water) for 4-6 minutes,.fixed in Kodak fixer (1: 4 dilution)

. » . y
~for 10-12 m1nutes, rinsed in tap water and dried.
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3. " Radionuclidic Impuritiés

Samples of gallium-67- citrate (C.E. Frosst) were decayed to _
an activity of 0. 5 uCi over. period of one month and were measured
on a WINS—GeLi detector in.a fixed geometry ﬁqr,an elapsed. time of
: 4 minutesfand then agaiﬁ‘for 10 houre. The samples had been applled
Vto filter: papers in a volume of 0.5 ml and carefully coated in Saran

W

'-wrap.‘ A standard, with 12 vy emitting isotopes, was measured in the

' same geometry on .the same day. From‘this, a calibration curve of
‘percent efficiency versue energy inKeV WaS»prEpared in order to

locate, identify and quantitate any long lived radionuclidic impurities

present in the decayed gallium-67 solution.

N}

! ’ o

4. Biokinetics of Whole Body Elimination

"y

In an?effort to determine if the .overall rates of elimination

of 67,Ga—citrate betweenjBCG and control ICR nice_were the same, the
i T K . ’

- following study was'performed

.

Eight control and 12 BCG pretreated ﬁice were injected i.v.
with about .2 yCi of Ga~67—citrate. The m1ce were maintained on a
'standard laboratory diet and the bedding_changed regularly to avoid
"contamination of the pelt nith feces or urine. Plastic containers

with wire mesh were constructed to hold the mouse for counting in a
small animal whole Body counter as described by Lyster223. A Backéb

ground count was made prior to and after each animal count and the

R L _ : e e N
plastic container was washed or changed frequently”to avoid contamina-

tion. ' The count rate of each animal minus backgroundfon day O Yaé

~
-
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considered to beIIOOZ of the total administered activity. "The decay
corrected values on each day were expressed as a percentage of the
activity on day'0. Measurements were made on days 0 through 4 and

7 through 11.

5. In Vitro Filter Uptake Studies

Prior experimentation had shown that BCG exhibited little or-

scanty growth when incubated id nutrient broth (pifco, 4 g/500 ml)

whether incubated in a stationary fashion or in a mixing mode.

Addition of surfactants did not alter the poor growth in nutrient
broth. Since nutrient broth is.a common;media for bacteriai_growth,
experiments uere performed to determine if gallium-67 added'to
nutrient broth solu’t.ns would be taken up by Gelman Type G.A.
metricelio.§§'u‘filters, in order to determine: '
1. .The voiume'(V) of nutrient brnth to be filtered.
2. The absolute activity (A) of Eai6%4citrate to be added to
the 50ﬁ§§téfﬁ§utrient broth. | : - 'ﬁ |

3. &he'riHSe volume of sterile saline (R) to ensure minimum .

1

filter<activity as a. percentage of total activity filtered Each"

.Aof the three factors (V A and R) used at three 1evels representing

27 treatment combinations in'a simple factorial design:

ikperimental Design for Membrane Filter Study

Facéor “', ' Level'li; Level 2 Level 3
Volume (V) . 0.5 ml 1.0ml 2.0 ml
Activity (A). ‘0.25 uCi . 2.0 uCi . 430 pCi

“ Rinse () - - 1.6 ml 4.0ml 10 ml

e



_The entire experiment was repeated -three times so that each

' treatment combination was performed in tfiplicate.‘ A simple factorial

design was used. to analyze the results and find the minimum filter =
activity as a percentage of the total activity filtered without

employing an arcsin percentage transformation. -

6. In Vitro Uptake of Ga:67-Citrate by BCG

ge

! A live suspension: of BCG wa§ prepared by adding 15 mg of

lyophilized BCG (Connaught Laboratories Ltd., Willowdale) to 50 ml

“of 7H9—Broth~with OADC enridhment.(bifeo Laboratories, Montreal) and

grown for 3 weeks at 37°C. An aliquot was withdrawn and diluted with

Hank's solution without bivalent cations to 1_08 cells per ml using a

.Kirby~Bauer optical standard. A portion of the diluted BCG suspensionvu

was autoclaved at 120°C and 16 psi for 30 minutes for the study of
uptake of gGa-67 by heat killedicells. The adjusted BCG suspensions

were centrifuged at 2000 x g for 10 minutes and wasﬂ;d twice with -

cooled Hqgk's solution. The ce11S'were resuspended in Hank'
-solutlon to 10 /ml and_ Ga—67—citrate was added to a concentration

vof 2 uC1/m1 and incubated at 37°C with gentle shaking. Polypropylene

containers were used for all Ga-67 procedureS‘since radiogallium is
. . | 232 g
known to bind to glass surfaces but not plastic 3 . At ffne intervals

of 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours and

4 hours after addition of radiogallium, 2 ml aliquot samples were

through a Gelman Type

GA Metricel celluIOSE-triacetéte‘menbi ne”filten‘uithja pore size

L
oYy

&,
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N

of 0.45 um elman Instruments Ltd., Montreal) followed by a 10 ml

< .
‘rinse with Han solution. The filter and filtrate were analyzed
for levels of Ga-67 radioactivity and the resuits were expressed

as a percentage of the total radioactivity in the aliquot sample

which was retained on the filter.

i
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1. Animal Model and Histology
' ‘ N

" Preliminary experiments indicated that prior treatment with

.

BCG resulted in an increased hepatio, pulmonary and splenic uptake
of Ga-67-citrate in the inoculated mice. The magnitude of the uptake

was varied widely and appeared ‘to be influenced by several factors

v

_including the dose of BCG, the number of ‘inoculatiaons, and the ‘time
interval between ‘the BCG treatment and the 6 Ga-citrate injectioh, -

3

Figures 1 through 4 represent'the results of a detailed.

48 hour distribution study 2 days after the cessation of the 6 dose
- '

, BCG regimen. Seven BCG‘treated ‘and 8 control mice were used. The

uptake of radiogallium *statistically greater, in the BCG group,

in the case of ‘the liver, spleen, kidneys, testés, stomach and g.i.t.

and contents, and BCG inJectioy site. Only in the case of the bone

L)
s,

- waa .the uptake of- radiogallium greater in- the control group These
preliminary results, 2 days after cessation of therapy, howed a-
;/need to increase sampie.size and perform further studiee;‘with
particuiar in depth study of the organs of interest: the liver,_'
lungs, spleen and kidney. | |
Table 6 and Figures 5 and 6 illustrate the 48 hour distri-
~ion of an intravenous dose of’67Ga—citrate injected 2.days after
inal BCG treatment in another’ study using larger numbers of

-uqrol.and BCGntreated mice.. An unpaired T-test was used to‘analyze

3

the results. ~Statistically sigﬁiﬁicant increases (p<‘6.01)1n the

1evals of radiOgallium were ‘seen in the. 1iver, spleen and kidneys

1of the BCG treated mice. The uptake of 67Ga in the lungs of the BCG

”~

test groupﬂwas notewor thy because of the wide range . of individual

,

-
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the

and Nkidney ;Q:l'he mean :

higher than ﬁhat.

- mean splenlc weight‘in the. test group increased
&

-6

valéﬁ% obseryed in the‘lZ miee studied ranging from. not dif'*rent

Ed

from, to 6‘6 fold increaée over,the mean control value. ~ The.effect

v )

- of BCG treatment on the uptake of 67G'a ekpressed'on a,per’gram\of {

N‘".-_h

g o

. )
‘tissue basis was somewhat “influenced by concomitant changes-in the ]

" mean weight of some' f the or;;hs. Thus, increases n radiogallium

wr

concentrations when ealculated ag percent of injected doSe per g%am
» N - 13

o 3

of tissue were evident only at a p<O l'level in- the liver, spleen

~r‘V¢ o

%

v ﬁ.weight in the BCG treated-group»was 46,31

" ;

but the uptake of o }Qaecitrate in

,5

the whole- 1o dn B57% above contgﬁs.. sﬁilarly. ﬁhﬂp the A

> _[U ‘ 'U
85 4% the uptake oﬁ
: PR

67Ga by the spleen was’ l8$4 higher than in the«controls. BCG

'v‘) N
treatment res&?ied in an increase of 29 67 in the mean kidnegaweight

a,»

'and an elevation of 70 4/ in the levels of radiogallium. F0110w1ng

.ﬁa«w ar-

_BCG treatment the ‘mean weight of the thymus decreased to 85% of the

- .

control group. :%hus, while the radiogallium levels in the entire
R v &

thymus gland dld not change after the BCG regimen, the- concentration

~on a per gram ‘basis was higher. <No significant changes in whole

' body weight, nor ,in weights of the lungs, heart or stomach and GIT -

« . . o 4
were observed 1n the BCG group. v \.,‘ o -

-“

.

Organs'from 3 vf the BCG treated mice were examined bacter—‘ ’

iologically. Under fluorescent microscopic examination for acid fast
A AR

bacilli large numbers of bacilli were noted at the BCG injection

co .site and - lungs with modeYate numbers in the liver, only a few in .

.
]
]

;-

the spleen and no evidence of bacilli in the mesenteric lymph nodes.
8‘ i E . .‘ J’" o N

[ERL Y

-

g
h

.
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§ |
.

., To allow the development of a full immune response in: the

€

ral between‘the last dosage of BCG and the 67Ga distribution:
Ll T
er group of mice were treated with REG on alternate ﬂﬂi

days for 6 doses, left for 28 days and then injected with 67

citrate. . Figures 7, 8 and 9 and Table 7 summarize the data from
-

this experiment Tissue distribution studies conducted 4 WeEks

yvg.i,~

after the final q'G dosage indicated similar trendgﬂto those seen

in the previous experiments except that increases in radiogallium ’
/ .

2 levels were much more pronounced in the liver, lungs, spleen kidney

: and blood At this time, statistically significa
N A T AT : .
o elevations in 67Ga content of the heart were' 2 “vedﬂin the

A ] R ¢ BEN

} (p<0.05)
X .

R

' test group Because blood levels of radiogalliu consistently

n/;

Hngher in - the BCG treated mice, the possihility of increased ti;sue -
Q¥ L : T
'radioactivity due to cgntamination: w1th blood was considered ' X

. 1;”\; However, since the blood was only about 6. 57 of the total body weight

'and.aince each of the tissues were rinsed with saline and blotted SR
- N
' prior to radioactive counting, such" increases in tissue radiog“ 1um

I

| due to any residual blood were mlnimal The histopatholagical iy

(38

- _findings, derived from the same samples which were analyzed for

i

n‘("

radioactivity, indicated that the presence of lesions was closely

related to the levels of’ radioactivity in each organ. No abnormal

| lesions were found microscopically in’ any of the control animals. *

>

~In the 18 BCG treated animals, 10 had an increase of radiogallium in

- l
the lungs by more than 2 standard deviations over controls. Of these,
" '8 had evidence of pulmonary granulomata and 2 of pulmonary edema..’1ﬁ+': C
Y . .‘.l 'xv .
the 7 mice-with no increased uptake of 67'Ga in the 1ungs;_no.F Yy - ,\.Jl

T . o . .'.. . ‘(

. . : )
L - T ) * G, N - .
: . ‘ ) o . : ‘. ‘. S e . . a N
- ) : ' ) T . : . L. . ~
PR : N . ! P - . K o - .
v
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-_'Table 7. Effects of BCG Treatment on Biodistribution

? - of 67Ga Citrate in Mice a A
"g‘ s . . Organ R Percetit of Cq)ntrolsl_’
Ay - ' :

SLiver S . 200.8 + 85.7%%

g Lungs . - - - 0 243.5 % 51.6%%
f: Spleen. . 343.5 % 55.84x
.. Kidneys ST 21105 4 69.5%*

" Heart . 171.7 % 101.8*

.+ Stomgg “and GIT oy 14,4 + 56.9.

(,‘,“.‘. f}l .‘ X . a ‘).. .

Skeletal muscle (per g) L 122.8 %7 92.7 .
Blood (per R A 90. 9**
Ea Injection site (per g) '~ 255.4 ,'64 5** “ o
~Bone (per g) © . . 113.3% 79.3
. . R S . ‘é&
18 mice treate& on alternate days for 6. doses, :
| . idjected-i.v. with 5 uCi of 57Ga éitrate brweeks
S later, ‘tissue distribution at 48 h. :

b Expressed as percent £ S.D. of [mean of BCG gro'
(n=18)]/[1nean ‘of gontrol group (n=12)].

, ‘ Statistically cfifferent from controls (p< 0.0
. " Statistically different from contijils (p< 0 01)
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" size and shape and 6with follicnglar, hyperplasia.' 'I’hree of the 18 e

e 'the ”kidney-s"fron ’the remaining 9'tes‘t ‘mice'. In 6 animals, neither

S were observed.

. 82

micros)cop‘ic lesions‘ were see‘n’, -and in’'1l animal, an’ increase in

p\lln\Onary levels of radiogallium was noted although no abnormal
N .}

tissué changes were réported N

RN £}

] : ‘
Correlatidn of histblogical findings'in the liver with o R
radiogalliuﬁn concentrations showed that 12 of the 18 Bcwreated

animals had s;tgnificantly increased Qgtake of Ga, of these, 6 had
. . ﬁw»:»
evidence of granuloma'ta 032 s‘ﬁowed foci of mononucIear cells, whi,le

. [N .o

in 3 anlmals, no abnorm%é;y was obvious. In the reméin*g 6 mice,

ak\ . .

L

there /as no increased%“ uptake by the liver, nor ' were -any histo— e

» | 2

o logical cabnormal‘ities seen. ' . o L S e

,
&

-4

' & R

Microscopic -abnormalit ‘of the: spleen were present in all -

18” of the B’tG treated mice wi those showing a significantly

. * . N “ - N
.’ *.';' oA,

increased uptake of 67Ga. : In the h s%ogical study therywere 12
- B N ". —‘l‘
caSes of nodular necrotic areas, with pronounced ohanges in follicular

o

_ ‘- ed uptake of radiogallium in the spleen
o < *
E change_s in. follicular ‘siz'e .and shape ‘were N

animals. sho"

l although i;.m

P

D\)

The relationship between increased 67Ga uptake was less o

- ~es d r

consihtent 4n’ the "kidney. In 12 of the 18 BCG treated mice, the

en microScopic,ally.

'7 radiogallium levels were much higher than in controlﬂmice* however,
. ‘ SR L

- focal ac?cumula'tion of mononuclear cel‘ls in the»-renal .cortex was _seen

) ‘. B : ‘ . . p i ) - .
‘in.only; 3 of the cases while no histological changes. were seen in

’

. elevation in radiogallium condentration nor any microscopic changes

o e NN . .« () .
i YRR . .- o . . . - L -
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significantly high levels of 67 Ga. 1In 5 animals, no*significgnt.”

-

4 . ' ' k &
12 o . . . . 83 <A
, . . : . - N

1

hii? site of intradermal inJection of the BCG was characterized

‘ by?subqgtaneous edema, moderate- to—severe granulomatous reactions or

small - abscesses in 13 out of 18 treated mice, 9 of which had

'p, \

, o
lesions were observed at the. BCG- injection site agd in 4 of these
+

0

nd increase.h167ca degosition was noted.
.
A nnmbengof procedures appear iq;theﬂliterature for the
%y 2

establishment of ‘BCG immunized. animal modefh with variations in ;

P [ “ﬁv

it%es, routes and sites.oflive BCG, BCG e racts and other related o

' adjdvants; Although the intravenous injection of BCG has been 3

effecfive in immunization of laboratory animal 225, 226 227 the -

-

- intradermal route of BCG was chosen dn this mouse animal model in o

' . oy

. order to simulé%e this mode of initial BCG treatment in patient3228.~3

Vb
3

¢ '; Successful~dmmunotherapy by intradermal BCG inJection has
229

been achieved in mice, whereas, the gastric route was not: effectfve‘ .

-

4 . t'

The histopathological findings in the mouse model following intra-ih

dermal BCG immunotherapy were véry similar to. those reported

226 . . %
following intravenous BCG A oo .
5 - : ' 3 : £

‘,;= The altered biodistribution of radiogallium in BCG pre—treated
mice appears to be relevant to- the interpretation o!'hnusual 67Ga—A
e ,
citrate scintimages in patients receiving BCG immune stimulation. .

A very close correlatfon existed between the increases in concentra—

/ tion of radiogallium and histological evidence of BCG induced ‘lesionss

[ 8
in the same tissues.

" c i -‘v\’
~‘ . The accumulatiop of 67

edé ‘211, 212
of BCG was not unexpected since cutaneous T tions in huma

. « Nt ~
CH - . .

& . .
Ga at»the Jiteggi)intradermal injection o

Y
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and in anima1557 are well recognized and the affinity of(67Ga—citrate

4
-

for sites of inflammgtion and abscesses is well established.

Hepatic granulomata and granulomatous hépatitis have been

159, 211

2

reported in patient§ receiving BCG immunotherapy although

acid-fast bacilli were rarely found in hepatic granulbmazas.
Sigﬁificantly,increased éhcumulation of 67Gé conéomitantlwith

histopathologically visible lesions were evident in both groups of

8
mice, those in whom tissue distribution“studies were performed 2 days

.’ -

after the last dosage of BCG as well as 4 weeks later, although the
increases in 67Ga were much more pronounced in the latter group.
Acid-fast bacilli in the liver of the BCG treated mice could readily

\

be idé%tified. Since the liver normally aécumulates the Eédibnuclide,
increased liver uptake may go‘unnoticeé in foutine 67Ga sgintimaging.-
. BCG, after dnt;aderma} injection in guinea pigs, has been
shown to migrate by lympﬂatic!channels to thg spleen at a rate
dependent on the size of the innoculationlAA. Increasea radiogallium
nptake at this site may thus refleét an inflammatory responge.
Splenic histopatﬁoiogic changes were noted in all the BCG dosed }
mic%/2xamined 4 weeks after cessé;ion of -BCG tregtment. The numerdﬁs
nodular necrotic foci-and cﬁanggs in follicular size and shape éo
commonly seen in the'spleehp;nd lymph nodes would accoung_fdr the
higher accumulation of 6?Ga at these'inflammatory sites. The'
observation that BQG administration in micé231 produces a .sharp
increzse in the total number of spleen cells up to 16 d;ys following ’

'immhnothérapy may further explain fédiogéllium concentrationé due to

increased céllularitf'of the spleen. Follicular granulomata in the
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spleen of the BCG treated papients were report;d at nécropsy 232
Subjective assessment of increased sgplenic radiogaiiium uptake

. during 67Ga scintiscanning may be hampefed by the normgily high
accumulation of the radionuclide in this organ.

Although renal BCG—osi; in patiengs on BCG immunothérapy has
not been reported, the animai dat? presented here suggestswthis
possibility in spite.of the rather poor correlation between increase&
raaiogéllium levels and mitroscopic lesions. ’

Perhaps the —~st relevant finding'is the increased radio-
gallium uptake in 11é +ngs associated with BCG 1ﬁduced gfanulomatous
pneumonitis. .The *wzéufnat a high 67Ga uptake and microscopic
lesions were seen in only a few mice two days after the BCG dosage
regimen wogld‘indicate that thefpulmonarybreaction may be an occasional

e

phenomenon. However, data from the mice‘geste& 4 weeks after cessation
- . : »

of the immunothérapy was much more conclusive.

Metastatic melanoma cbmmdhly involves the lungs where the
presence of the disease may be detected by 67Ga citrate scintigraphy.
The possibility exists that increased‘pulmonary‘uptake of 67Ga~in
melanoma patients on BCG immunotherapy mayrbe due‘to the_presenqe
of melanoma or the inflammatori reaction to the BCG . A stud% of
10 melghoma,patieﬁts treated with BCG indicated that a diffuse
incréase in pulmonary radiogallium uptakg and a léw single breath
diffusion of carbon monoxide did noé reflect ;rbgreésiOn of melanoma
’but suggested that this effect was mbre‘likely to be explained by

e 2
BCG pneumonitis 33.



86

2. Radionuclidic Impurities .

" The bercenf efficiency of the felLi detector as measured by

standatd point sources appears in Tallc 8.

The 0.5 uCi sample of;aecayed Ga-67-citrate counted for four

minutes showed only seven peaks with less than a 10% error. The first

osix 1isted~1n Table 9 could be attributed to Ga-67 while the seventh

peak was K—40

-

It appears that there were no significant long lived radio-

Y N

nuclidic imburities in the preparation, albeit a short” time was used

to measure this. Preliminary 10 hour studies on a Nal crystal
iﬂdicateAithat there were peaks when gackg;ound was subtracted from
the sample, but the xesolutidq was goﬁsideted too poor for identifi—

| cation. These data .would indicate that the commercially gvailable
Ga-67-citrate (C.E. Frosst) saﬁple wastgpparently free froﬁ.lqng—lived
radi;nuclidic‘impuritiés. |

-~

3. Autoradicgraphy

The previous data on biodistribution of Ga-67-citrate and
its correlation with histopathology indicated that BCG treatment
‘alterd'&he biodisiribution of radiogallium by the development of

systemid/graﬁulomatosis- In Figure 10 an H—E stained liver.éection

showslihree distinct areas asSocié;ed with a BCG\induced granuloma.

4

-

The central pértion of fhe lesion was filled with an accumulation

e

of macrophages and necrotic tissues. Using Ziehl-‘eelsen scaining,

acid-fast bacilli could be readily dentified in this area. The
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; Table 8. Photon FEnergy and Corresponding Efficiency of Detection
. in a WIN-15 GeLi Detector -
! X ’
Energy (KeV) . Efficiency (%)
o .
S 88 . 0.13410
122 0.13318
392 0.03595
662 10.02437
898 0.01457
1173 0.01321
1332 *0.01172
] b N
M \\
Table 9. Photon Energies Observed from a Sample of Ga-67 Decayed
for 30 days
R
Energy Area (c/4 min) % Error
(KeV) A - (< x 100)
, A
°
92,72 26,000 G = A+2B 0.8
' i .
\ 94.74 ° 249,285 B = background 0.2
4 7186.04 101,356 ' | 0.3 .
v .210.42 . 87120 1.4
 301.68 47,143 0.5
394.96 11,284 1.0
J .
229 7.4

1461.73

o
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1

granulomatous lesion was bordered by a heavily staining layer of

fibrous cells with infiltration*by some lymphdcytes. Autoradio=- J \
) ) . . N A
graphic examination (Figure 11) indicates an intense jffﬁkg/gf" ~

radiogallium by the interior of the lesion with very little or no
- accumulation of the radiotracer by the-layer of fibrous cells.
- Numerous granulomata.OE ﬂhs type were readily evident throughout the

~

liver of the BCG treated mice. HistologicEI sections of the splee

in BCG treated mice showed many diffuse lesions and necrotic arqss‘

which were not ag well defined as thdSe occurring in the liver, but

with/ébrrespondingly 1arge accumulations of Ga-67 autoradiograp
‘visible. Because of the relatiéely low concentration of radi galliu&
by the kidne&s.and lungs,;athradiographic evidence was not as
’ definitivé ih £hese_tissqes flfhough lefions“yere»seen hisﬁologic;ily."
" No such abnpfmal E;Eixof radidécgivi;y Qere observed ‘in cOﬁtroi miéé.

The\ responses of the mice to intradermal BCG in this study were’

q alitatively similar -to those observed by Ueda and’cé—wprkers in

225 ) -
1978 following intravenous administration of BCG in that granulo- -
matous lesions were reédily produced in lung, liver, spleen and

kidneys. Similarly, the mouse animal model simulated the human .

— *230 232 »
g.-. response where hepaticlsg’ and splenic 3 granuloma were reported

’fbllowing BCG immunotherapy. [The autoradiographic study illustrates ,
L J .

that the macrophage laden core of the BCG induced grahulomagyus

“lesion 1 -partfcularly avid for radiogallium. This observation is

" consisfent with the findings of Tsan and co-workers in 197896 who

poted the high uptake of Ga-67 by non-viable polymorphonuclear

leukocytes and with those of Ostroy, Johnston and Gams in 197988 who
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reportgd that gallium-67 incqrporation into human granulocytes is
greatly increased by hypgaic condition; such as would be found in

flammatory lesions‘and abscesses. Extrapolation of the results
seen in this paper to a clinical settiﬁg where it is well established ’
that Ga-67-citrate lokalizes in tQmour tissue as well as at
1nflaﬁmatory sites, wouldvindicate that cautiog should be used in
the‘interpretation of radioéallium scans in cancer patients on BCG
immunotherapy. 'Because the liver and spleen normally show a‘high’
acéumulatién of Ga-§7, increased uptake in these organs may be

gifficult to assess during clindical Ga-67 écanning. ﬁoweVer, the

) possibility 8f increased pulmonary uptaiz\of 67Ga due to BCG induced -
‘ O

granuloma should be considered. Increased diffuse pulmonary uétake.

Y . i . .
on Ga-67 scans has been reported in the presence of tumours, inflamma-

o

-

toxy reactions and iaiiiifons including BCG induced pneumonitis.
. \

-

4, Biokinetics of Whole-Body Elimination

Whole body counting would seem to indicate that BCG does .not
alter the overall rate of elimination of radiogallium from mice. The

average whole body retention for each day plus or minus the standard
- 4
deviation is presented in Table 10. This table illustrates the

°

percent of thé iﬁjected activity for 8 control and 12 BCG treated

mice two weeks after the BCG treatment regimen. The mice were
Y

! . ) * - ‘
injected with 2 uCi of gallium-67dgitrate and individually assayed

in the whole body counter described previously.



Table 10. Whole body retention of 67Ga—citrate in confrol
and BCG treated mice ¥ '

L L3

Days after injection Control Mice BCG Treated aice
of Ga-67-citrate (n=8) - (n=12)
—_
O 0 100 100
Aol 543t 4.6 45.2 * 10.6
2 46.0 + 3.7 38.9+ 9.2
3 37.9 * 6.0 33.4 £ 11.5
_ “ 35.7 + 2.8 30.2 ¢ 8.6
. -~ )
6 B - - -
7 33.9 % 3.4 « -27.5\1 7.7
8 3.0+ 4.3 26.4 + 7.6
’ 9 3055 4.0 _ 259+ 6.7
L1000 - 26.4 + 1.7 24,2+ 6.8
11 _ 28.8 + 3.7 23.3 + 8.5
*

Expressed as mean % * S.D. of initial whole body
radioactivity.

2 uCi injected i.v. two weekgyafter‘BCG treatment regimen.,
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N As can bevseen, the mean * S.D.Jerrlap in all cases

indicating that there was‘no statistical difference in the overall
»

rates of elimination of gallium from the BCG and control treated |,

gt

“animals. The pooled data presented in Table 10 seemed to figi 4~ , SN
- A ~ - \..‘;P
e

model with two elimination rates when curve stripping was performgd . fﬁ
; i R

An algorithm for least squares estimation_of nonlinear parameters I
-was employed to arrive at the first estimate parameters.

The initial edtimates as determined from alleast squares
es;imation of nonlinear parameters wes employed along'with the pooled
data of Table 10 to arrive -at the final estimates of first and second
component magnitudes and biological half-lives presented in Table 11

L4

by nonlinear regression analysis 23? The edvantage of usingypooled
data for fitting to a nonlinear equation is that of less scatter as

the fitting process cannot tell the difference between one or more
mice. During the first day approximately half of the injected activity
was excreced. As no other measurements were*mﬁae during‘this first day
an(initial fast component may not have been detected.

The data obtained from Qgg control and BCG treated mice were
very nearly the same. The model_nsed would be a single compertment
with two elimination Tates. It would be incorrect to ascribe
physiological parameters to these two components as, owing to the
small size of the mouse, urine and feces were not collected

5. In Vitro Uptake of 67Ga by Membrane Filter

This étudy was done to determine to what extent the filters

3

themselves took up radiogallium. The statistical analysis used



Table 11. Final Estimates of First and Second
Component Magnitudes and Biological
Half-Lives of Intravenously Infected
Ga-67-citrate :

¥

Control Mice ECG Mice

Component 1 )
Magnitude 56.7% 62.27
Half Life 0.500 day 0.376 day
Component 2 -
Magnitude 43.0% 37.7%

Half Life 17.1 days 15.8 days

94



- indicated a mégsnrable-diffe;ente in uptake (p< 0.05) for different
rinse volumes a;d for different combinations of the triple interaction
of volume, actiVity and rinse (p <0.01). The larger the volume of
rinse uéed, the smaller the activity retained on the filter. Using
Duncan's New Multiple Range Tesg a rinsc’voiume of 1.6 ml, which gave
an averaged uptake of 4.01%, was found unacceptable and to differ
<

significantly from rinse volumes of 5 ml éf 10ym1 which gave avepaged
gptakes of 1.91% and 1.677 fespectively. The.combination of 0.1 ml
filtered, 0.25 pCi of Ga-67 pnd 10 ml of rinse géve the lowest " .
averaged.uptake by the filter méméiane, being 1.07zlwhile 1.0 ml_’
filtered, Z.b uCi absolute activity, and 1.6 ml rinse had a percent - \\\
-uptake»of 9.24%. There was no sigﬁific;nt trend observed for the
other sources of variation. It was decided, for further,experimgnts;
to use a combination of 2 ml of incubation media filte?ed,la maximum

. , .

counting activity and a rinse volume of 10 ml, which gave an.?véraged

estimated uptake of 1.12%7 in the membrane filter.. .

6. In Vitro Uptake of Ga-67-Citrate by BCG

}Figure 12 illustrates the 12_zgggg_ihéorporationkof Ga-67
by BCG over a 4 hou} time period. The live suspenéion of BCG showed
rapid uptake in the first 15 minutes'of incubation and reached
15.2 + 3.7% of the total Ga—67 Eadioactivity in the incubation media
at 3 hqurs. Under the conditions of tPis experiment, i.e. using a
concentratién of 2 uCi/ml in Hank's soluti;n, filtering a 2 ml aliquot
followed by a wash with 16 ml of Hank's solution the uptake of Ga-6b7

: 7
by the membrane filter in ‘the absence of any bacteria was 2.41 * 1.38%

.



¢

-~

-

(mean *+ S.D. of 10 determinations) of the_to}al radioactivity

y

filtered. Preliminary experiments indicated that the 7 uptake by

the membrane filter was not significantly altered by changes in the
v .
Ga-67 concentration of the filtered solution within the range of

0.1 to 2.0 uCi/ml or by the radioactive solution filtered within the
range of 0.1 to 2.0 ml. Presoaking the membrane filters in non-

radioactive GaCl3 (1.5 mM) produced no significant alteration in the

.tiv’ty‘retained on the filter. After filtering 2 ml
A ' E

f}pﬁsiqn containing 108 cells/ml the BCG organism could

amount of
k";
of the BCG

be readily identified on .the membrane by fluorescent microscgpy, This -

»

“was to be expected as® the organism is 0:5‘um i diameter by 5 um long.fﬁ

The BCG organisms were effectively held on the filters as demgnstrated
. ' 4
by fluorescent microscopy of the face and reverse side of the filters
. B ]

and by.éolgny counting on Mark's»modification of Lowenstein-Jensen
media with pyruvic acid. The filtrate was sterile of anerobic and_/
aerobic organisms as*deterﬁined by sterility counts on blood sugar ‘
plates and McKonkey plates. In contrast to the live BCG suspension,
the heat.killed BCG did n;t show any significant uptaké-of Ga462—l
cif:ate frém the incubation media at any time inﬁerval. .—’“} ;_'5.!
The binding of Gér67 to the membrane filter seen in thése |
experiments was also repoited>by Driedger236 and by Tsan and‘co—.

worker596. However, under controlled laboratory conditions the

amount of this non-specific binding was relatively constant and |

reproducible. Using the_ incubation prdbeaures of Tsan96 and .

colleagues h@t'empIOying the membrane filtration .technique. instead
of their centrifugation steps for separating the ééinggnd the

Ay
¥

ey,
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Q}i{_ ‘
Ga—67.incu5%§36n media, we were réad;ly able to duplicate their
experiments on the uptake of Ga-67 by Staphylococcus aureus.

| 'Onnthe basis that bacteria are a common component of
inflammatory lesions, Menon, Wagner and Tsan investigated theiuptake

of Ga-67 by several microorganisms and found significant uptakedpy

- 234 ‘ c
Staphylococcus aureus . The observation that large numbers of

acid-fast bacilli were present in the BCG induced granuloma in mice
prompted the in vitro uptake studies which prévided data that viable

BCG cells can significantly incorporate radiogallium. Similar to

R . ‘ ' 224
the findings, of Menon and co-workers with Staphylococcus aureus >

a

the uptake of Ga-67 by heat k 1ied BCG was minimal.. Although there

.
-

is no direct evidence that viable BCG cells in the inflammatoryT
lesion contribute significantly to accumulation of radiogallium at
that site; further research into the area of in vivo uptake of Ga-67

by microorganisms seems warranted.
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The data obtained from the experimental'portion of this

thesis indicate that:

3
o

1. BCG immunotherapy in mice.nay.significantly alter the

biodistribution of radiogallium.

2. The’ effects of BCG on}the biodistribution of radiogallium
-in mice are evident even at 2, days following BCG therapy but appear

more obvious 4 weeks after the BCG therapy regimen.

3. There is a good correlation between the increased uptake
" of radiogallium and incidence'of.histopathological abnormalities'

in each of the sameutissues sampled.

4. Autoradiogtaphy confirmed that the altered biodistribution,”

~

was chiefly due to the development of. granulomata which were avid

for radibgallium.

S.‘ Whole body counting techniques did not show any overall

difference in the rate of elimination of radiogallium from BCG

treated and control mice two weeks after the BCG'therapy regimen.
6. Eg_gitgg membrane filters haqe;%een~shoun to bind gallium
nonspecifically to a linited extent.
7. Viable BCG organisms accumulate radiogallium in in vitro

incubation, but heat killed BCGvshow no avidity for -Ga-67.

8. No significant amounts of long lived radionuclidic impurities
could be found in the commercially available Ga—67—ci%rate.

9. These findings indicate the need'for caution in interpreting
radiogallium sgintiscans in patients réceiving BCG immunotherapy.

&
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® For raterence only—does not contribute to dose.

Rels Loaderer, C M. of ol, Table of hiolopes, Gt ed.
{T) = Theoresical valve.




