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‘The H-vear cumulative experiences of five year sarvivals of patients entered into a soccessfal phase 1
specific active tumor-associated antipen (TAA) immunotherapy trial. 2 sweccessful phase HT specific
active immunotherapy trial A and of paticnes from centers with acceptable protocol violation levels of an
unsuocesslul specific active immunotherapy trial B are evalusted. Here the authors report the cfficacy
of specific active TAA immusniherapy when the protocol is adhered 1o strictly, where the induction of
cell-medinted immunity to TAA indicaled 2 soccessful adberence to the protocol rather than the strate-
gic result when centers from the third trial with major viekstions arc incleded. The suthors repeat here 3
summary ol eaxch of the three separate triaks. cach of the three srinks havine been reported clsewhere in
thicir entirety, <o that these total results may be compared to the present analysis. The survival exper-
ences of a total of 234 long cancer Stape 1 2nd Stage T patients, includins a1l vioktions, from centers in
oorthern New York. nortbers New Jersey, western Peaisylvania and eastern Canads show 3 si2MisG-
cally valid (7 = 0,0002) S-year survival difference between the control zroups (recciving adjuvant alone
o Do treatment ) 3t 49% survival and the specific active immunotherapy groups ut 69% survival. The best
promise of specific active immunotherapy alone in an adjunctive treatment sctting s with carly stage
lung cancer. I addition te tests which meaitor the effect of TAA immunatherapy induction of lonzs-
Lasting cell-mediated immanity, tests (monoclonal antibody-derived cpilope enzyme IMmEnoassavs)

were developed to monitor specific, early antibody rises i the bloodstream (circulating huooral mmu-
mily ).
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conducted. andamized, controlled dinical mals, this
sngle form of therapy sclectively may be combined ei-
ther with drups or with hiologic drugs in future studies,

40 THIS ARTICLE we present the sesults of mulucenier
1 triaks using a single approach to iest the efficacy of
poly peptsde tumor-associated antipens {TAA) as adju-
vant. specific active smmunotherapy. [n additon, we de-
seri’oe hybridoma-monoclonal antibody-afimny chro-
mab ography selection of TAA polypeptide subunits as
anti genic determinants { TAA epitopes) for use in moni-
tori.ng. carly on during the course of treatment. the cffect
ol specific active immunotherapy, Now that biologic
drug TAAs have been tested as 2 single entity in well

Background
Trial 1: Specific Active Immunotherapy Phase 11 Trial

We have reported previously a phase 11 climcal trial™
which was conducted to evaluate therapeutic efficacy of
spectfic active TAA immunotherapy n mlicnlx with
Stage 1 lung cancer. As shown in Figure 1. 532 paticnts
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were tested and were randomized to 16 controls, eight of
whom reccived methotrexate alone, !5 of whom re-
cetved immunotherapy alone. and 13 of whom received
immunotherapy plus methotrexale, As in the other
trizls, " patients were given soluble TAA well homoge-
nzed in Freund's complete adjuvant (FCA), once per
month for 3 months. The median age of the patients was
56 vears; sex dastribution was 39 men and 13 women.
All were surgically resected by the same surpeons. The
major objectives of this tnal were to sec whether specific
immunization would mduce a strong delayed hypersen-
sitivity reaction to TAA. and 0 compare the discase-free

(249




PROMARMITY OF SORYIVAL (W}
a

] MIx-CONTROLS
? Oiwam § SINISAGIID wi COLOw THNT
] -0 80}

A A L L L 1 A T

' i J
d 12 M 4 O 3 41 4 54 o0 o
PERIQ0 OF ORSEAVATION MONTHS|

FIG, 1. Phase 11 speciiic active immunotherapy trinl, Seprember 1,
1930, Stage 1 lung cancer. This is o graplue sepecSentation of the two
survival curves. A sigaificant scparation ol the curves is seen beyond 2
yeans 1o 5.5 years. (Figure courtesy of The Yale ). Biol. M. Inc.)

interval and/or survival of immunized patients with un-
treated control patients.

In the phase I chnical studics, no avteimmune reac-
tions were observed after TAA immunotherapy. Specifi-
cally, the patients had no pneumonitis. As summarized
in Figure |, the 5-year survival of the immunized group
was 78% and the S-year survival of the control group was
46%. No statistical differences in survival were seen in
the drug alone group and the control group so these
groups could be combined. as reported.” The difference
in survival was examined by two-sided statistical analy-
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sis of the Y5% confidence hmit. Sigmificant differences §
survival (upper and lower curves) at the 95% confiden
level (shaded arcas) were noted at 18 months an
bevond (Fig. 1). Notice that the two-sided confiden

limits are scparated. Immunization with TAA biological
drugs induced strong delaved hypersensitivily reaclions
which were highly specific: both autologous and allo-
geneic lung TAA skin testing induced titrated nanogram
reactivity. A number of patients returning for their tenth
1o twellth anniversary continue to exhibit a strong. spe-

cific immunologic memory. Shown in Figure 2 is a com-

parison of late testing of all patients at 18 months after

therapy, showing the continued cftect of this form
treatment. This phase 1 trial was merely an indication
of cfficacy, and survival data suggested that it would be
worthwhile to determine if this experience could be re-
peated in phase 111 tnals.

Trial 2: Specific Active Immunotherapy
Phase 111 Trial A

We have reported previously a Phase 11T clinical trial’
which was conducted in northern New Jersey and
northern New York to evaluate therapeutic efficacy
specific active immunotherapy in patients with Stage |
(TINO, T2NO, TINI as in phase 11 tnal) and. in adds=
tion, Stage [1 (T2ZNIM0O) squamous cell carcinoma. Pa-
thology slides from participating institulions were re-
viewed by one pathologist in order to verify diagnoses.
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Fui. 2, Long-lasting defaved hypersensitivily reactions in Stage 1 lung cancer patients a5 2 monitor for the continued cffect of specific achi
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Val.= o 6 ADIUVANT TUMOR-ASSOCIATED ANTIGENS  +
ences® — Within 14 to 21 days after surgery, paticnts were strali-
nfidens & Sed by stage of discase and randomly allocated by the

satistical center of Roswell Park Memorial Institute Lo
“ne of three experimental groups: I, Control: 11, Specihc
Active Immunotherapy; and 111, Adjuvant only arms.
with Trial 1. single doses of TAA at 500 pg per 0310
5 ml were kept at —70°C 10 ~80°C. thawed quickly
d well emulsified with complete Freund's adjuvant
d delivered slowly intradermally to patients on the
munotherapy arm. A total of three immunizations

patient were given, once per month * 3. and no
rther immunization. Patients on adjuvant arm re-
ived 0.2 10 0.5 ml adjuvant emulsified with 0.5 ml
rmal saline. Delayed hypersensitivity skin tests with
100 ug per 0.1 ml TAA were 10 have been used Lo moni-

r arm II only. Unfortunately, arm I paticnts were
Jiso skin tested at least five times, at months 1. 4, 6, 9
and 12, and, in effcct, a degree of TAA specific active
mmunotherapy was elicited, since the patients had re-
eived at least 500 pg TAA, Other investigators have
fund that delayed hypersensitivity can be induced and
strengthened when antigen is given scparately but at the
ame time period of the efficacy of adjuvant.* This sub-
zroup, then, was considered as part of the therapy group
by the biostatistician for the 10-year analysis. Although
shis inclusion decrcased somewhat the overall survival
cates of the therapy arm at the S-ycar level, it was ad-
fered 10 strictly. At the time of our first report of this
wial. A, the 3-year survivals® looked favorable for this
separate-site immunotherapy. We have now arrived at
the 5-year level and these patients are indicated by aster-
<k in the Immunotherapy Group {Table 1) with no sig-
aificant statistical dilference.

The recent S-ycar survival curves for this phase 111
immunotherapy trial A are shown in Figure 3. 66% of
Stage | and Il lung cancer patients receiving specific
active immunotherapy arc alive at 5 years as compared
with 33% survival in the control group (F = 0.0056). The
median survival for the treated group is greater than 60
months and the median survival for the control group is
33.5 months,

vould
Id be

Trial 3: Specific Active Immunotherapy
Phase IH Trial B

A trial similar to Trial 2 was conducted in Stages [and
1 patients who received TAA of matching histologic
type. with cases reviewed for staging and pathologic fea-
tures and with TAA skin testing confined to the immu-
notherapy arm except for only one skin test at the 1-year
level for the control group and the adjuvant alonc
group.*

Afier curative surgery for lung cancer, patients with
Stage 1 and Stage IT lung cancers were assessed for eligi-
bility and randomized from a third party central office

Afic active
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to one of three arms: A, specific active TAA immuno-
therapy: B. adjuvant alone; and C. control groups. The
follow-up was to be 5 years from the date of allocation.
“The appearance of a definite local recurrence or distant
metastasis would permit further therapy at the discre-
tion of the physician with continued follow-up. In this
trial, many centers had major protocol violations.* One
center entered only one patient, a control. Some centers
gave no speeific active immunotherapy after randomi-
zation 1o that arm. Other centers gave only one immuni-
zation. (In our carly studies, it was shown that all three
injections are necessary in order 1o effect a long-lasting
immune response which peaks at approximately 3
months, plateaus and lasts for many years.) No attempt
was made in certain centers to understand how to ho-
mogenize adjuvant and TAA despite written and oral
instruction. TAA were stored in domestic refrigerators
rather than the mandatory —70°C was recognized in
two centers, and other incorrect handling errors were
identiied. Howcever. on site quality surveillance of
centers was not possible and attempts 10 monitor by
phone by the principal investigator were unsuccessful.

Nevertheless, the data for all centers, including those
with major violations were included in complete detail
when negative results of this trial were reported.® As
shown in Figure 4A, in this 260 patient tnal no advan-
tage for any arm was Seen. Overall, no bias as to pre-
treatment characteristics were seen for any arm. The
high percentage of protocol violation may invalidate the
reliability of the trials results. Although no statistical
weight can be attributed to Figure 4B, 1t can be seen that
it is clear that two centers, Ottawa and Pittsburgh, had
results which differed. These were the only two cenlers
where the induction of strong delayed hypersensitivity
reactions to TAA indicated successful adherence to the
protocol rather than the strategic result when major
protocol violations were included.”

The phase I stage 1 lung cancer specific active immu-
notherapy trial was successful, with 5-year survival of
78% in the treatment arm versus 46% survival i the
control arm. Fhe phase HI Stages [and 11 specific active
immunotherapy trial A was successful with 3-year sur-
vival of 66% in the treatment arm versus 33% in the
control arm. The phase T Stages [ and 1 specthc active
immunotherapy trial B had many problems and major
protocol violations. Here we report on the ten year sur-
vival experience to evaluate the efficacy ol immunother-
apy when the protocol is adhered to strictly, where the
induction of strong delayed hypersensitivily responses
(DHR) to tumor antigen indicated a successful'~ adher-
ence to the protocol rather than the strategic result when
major protocol violations were included.” All paticnts,
including violations, from centers with acceptable levels
arc included.
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TasLe |- Specific Active Lung Cancer Immunotherapy: Immunotherapy Group
Perlormance S-yr survival :
Patient Age/sex status Type of surgery Stape Histologic type stalus - Paticat
1 62M 1 R pneumoncctomy TINI WDIF Squam NED 65
2 61M 1 LU lobectomy T2NI Large ozl NED 66*
3 S3F 1 L. pncumonectomy TZNG Large cell NED 7
] G2M 0 LU lobectomy TING Squam Dicd 40 mo 63
5 61M 1 L pncumoncitomy T2NI Squam NED 69
[ S6F 1 KU lobectomy T2NG Adeno/Squam NED 70°
7° 45m 1 R pneumonectomy T2NO Adeno NED 71
g H6F 1 RU loboctomy T2NO Adeno Diexd 51 mao
9 64M 0 LL lobectomy T2NO Squam NED 20
10 45M 1 L pocumonsctomy T2NO Adeno NEDR 73°
11 58M 1 RU labectomy T2NO Larpe cell NED 74T
12 32F I RU lobsctomy TIND Adeno NED as
13 45F 1 L precumopectomy TINI Larpe cell NED 76
14 39M | LU kobectomy T2ND Squam AWD 77
15 “am 1 L pacumanectamy T2NO Large cell Died 14 mo 78
16 OM 0 R U&M lobectomy T2ND Squam NED 79
17 SIM 1 LU lobectomy T2NI Squam Dicd 17 mo S0~
18 5iM 1 L poncumonectomy TINO Squam NED .3
19 36M 1 L. pacumoneclomy TIND Squam Dved 42 mo 82
20 69M 1 L U&L labactomy T2ND Squam Died 55 mo &
TIND ==
21 SaM 0 LU lobeclomy TIND Squam Dicd 42 mo 85
22 TIM ] LU lohectomy TINO Adena NED =
23 66M Q LU Jobeclomy TIND Addeno NED &
24 &OM [ LU lobectomy TIND Squam NED: Ltu 30 mo =
25 20F 1 RM lobectomy TINO Adeno NED =
26 4OM 1 LU lobectomy T2INO PDIF Squam NED a0
27 G2M | LU lobectomy TINI Squam NED S
28 &OM O LU lobectomy TINO Out Dicd 27 mo e
29 691 | RU lobectomy TINO Alveal NED -
30 SEM 1 L prcumoncctony T2NI WDIF Squam NED -
31 S9F 1 RL loboctomy TING Squam NED a5
3 65M 1 L pneumonectomy T2INO WIHF Squam Dicd 39 mo o
33 aOM 0 LL lobectomy TINO Adeno/squam Died 39 mo 5
34 66M 1 LL lohectomy TING MDIF Squam NED -
35 STM | RU lobectomy TINO WDIF Squam NED >
360 70M 0 LI lobectomy T2NO PDIF Squam NED: Lfu 51 mo =0
37 G66M | RU lobectomy T2NO Squam NED w1
38+ SOM ] R pncumoncetomy T2NI MDIF Squam Dicd 26 ma »c
39° 52M 2 1. pneumonectomy T2NI PDIF Squam Dicd 2 mo »ws
40 16F 1 RU lobectomy T2ZNO PDIF Squam Died 27 mo g
414 66M 1 LL Jobectomy T2NO PDIF Squam Died 57 mo S
4z 39M 1 RL Jobectomy TING Large cell NED e
43 62M 1-2 1. preumonactomy T2NI Squam NED »
44 T6M 1 1.U lobectomy T2N2 Anap Squam NED ]
45 62M 1 LU loboctomy TING Anap Squam AWD L
Oat i
a6 41M | R pncumoncclomy T2N2 Squam NED it
4T M | LU lobectomy TINO PDIF Squam NED "
48" 6IM ] R M&L lobectomy TINO MDIF Squam Died 32 mo »n3
40+ 6IM | R U&M lobectomy TING Squam NED
S0 63IM 2 RL lobectomy TINU Squam NED s
5t TOM 0 L. pneumoncetomy T2NO Squam NED us
52 2M 1 RM lobectomy TINO PDIF Squam NED e
534 69M 1 RL kobectomy TINI Squam Died § mo w3
54 57M 1 L. preumonectomy T2ZNO MDIF Squam Dicd 22 mo e
55 71IM 1 RU lobectomy TING MDIF Squam NED & o
56* 46M I R M&L lobectomy T2NG MDIF Squam NED -
57° 60M L LL lobectomy TING WDIF Squam NED Jme=
S8 S8M 1 RU lobactomy T2NO MDIF Squam Died 21 ma R
59 62M 0 LU laboctomy TING MDIF Squam NED = a8
60 18F I RU loboctomy 2N Squam NED .
61 6IF I RU lobectomy TIND Adeno NED E
62 M 1 RM lobectomy TINOD Squam NED T
63* M 1 RU lobectomy TIND Squam Died 42 mo T
64* H3M 1 L pacumonectaomy T2NI MDIF Squam NED




ADIUVANT TUMOR-ASSOCIATED ANTIGENS - Hollinshead et al. 1253

Tasle L. (Continwed)

Performance S-31 survival
Ape/sex status Type of surgery Stage Histologic type slatus

GOF 1 RU lobectomy T2INO MDIF Squam NED

SUM 1 LU lobectomy TINI MDIF Squam NED

S8M QO RM lobectomy TINO Squam NED

GOM 1 L lobectomy TINO PDIF Squam NED

69M 1 L. pneumonectomy T2NO MDIF Squam NED

6IM 1 RL lobeclomy TINI MDIF Squam Dicd 35 mo

S9M 0 LU lobectomy T2NG PDIF Squam Died 47 mo

LL wadge

62M 0 RL lobectomy T2NI MDIF Squam Dicd 27 mo

58M 0 RL lobectomy T2NO MDIF Squam NED

39Mm 0 RU lobectomy TIND Squam AWD

HSM 0 RU kobectomy TIND MDIF Squam NED

5F 1 TIND Large cell Diexdd 21 mo

S9M | R pocumonectomy T2ND Large cell NED

S8F 1 11, lobactomy TIND PDIF Squam NED

GaM 1 L pncumoncctomy TINI Squam NED

49F 0 L. pneumoncclomy TINI Squam NED

STM Q RU lobectomy TINI PDIF Squam Dicd 8 mo

S1F ] LL kbeclomy TINI PDIF Squam Died 34 mo

HOM | R lohectomy T2NO Anap Squam Died 10 mo

S5M 1 R preumonectomy TZNO Large cell Died 46 mo

h ¥4 l LL Jobectomy TINGO MDIF Adcno NED

62M 1 1. preumonectomy T2NI WDIF Squam Died 3 mo

H2M 1 L ppcumonectomy T2NI MDIF Squam NED

68M L 1. preumoncctomy T2NI MDIF Squam NED

H0OM I L pocumonsciomy TING PDIF Squam NED

40F 1 R pnoumonaciomy 2NI MDIF Squam Dicd

61M 1 L pacumanectomy T2NI MDIF Squam Dwad 21 mo

S2F 1 LU lobectomy TINI Adeno NED

SIF 1] RU lobectomy TIND Larpe cell NED

d4F q RU lobectomy TAND Adeno NED

G8M 0 LU Jobectomy T2NO MDIF Squam Dicd 49 mo

62IM | LU lobectomy TINO Ot NED

SIM 1 RL lobactomy TINO MDIF Squam NED

STF 1 RL lobectomy T2INO PDIF Squam Died & mo

S6F 1 L pncumonectomy TZNO PDIF Squam NED

47TM | RL kebectomy TINO PDIF Squam Died 47 mo

S3IM | 1. preumonectomy T2NI Squam NED

57F I LU loboctomy T2NI Adeno NED

(s 1 RU loboctomy T2NO MDIF Squam Died 46 mo

61M 2 R paecumonectomy T2NI MDIF Squam NED

39M i LL lobectomy T2NO Squam NED

49M 1 R L&M lobectomy T2NI Squam NED

67M 1 R pocumonectomy T2ND Large cell NED

M o LL loboctomy T2NOD Adeno NED: L fu 50 mo

S6M 1 R1. lobectomy TIND Adenao NED: Lfu 49 mo

65M 1 L pncumoncclomy TINI PDIF Squam NED: Liy 46 mo

62IM | L1 lobectomy TIN1 Large ocll Died 12 mo

S8M 0 RU lobectomy TINO +  Adeno NELD: [fue 43 mo

GOM 1 RU & RM TINI Adeno Died 18 mo

loboctomy

S2F | RU — RM wedge TINI PDIF Squam NED: L 42 ma

H6F 1 LL lobeclomy TING Squam NED: Lfu 39mo

54M 2 LU lobectomy TINI MDIF Squam NED: Lfu 36 mo

HOM 1 RU loboctomy TINI Adeno Dicd S mo

62F 2 LL lobectomy T2NO PDIF Squam NED: Liu 25 mo
* Also included, although reccived less TAA and separate ste FeA. NE: no evidence of discase; AWD: alive with discase; L last

Originally designated s an adyuvant control arm. paticnis also were follow-up, not yet at 5 vyr, as of March 1986; Alveol: alveolar: RU &
shan tested with TAA and therefore this aom could not be considered as RM: right upper and night middle; R: right: L: left; RL: right lower;
20 adjuvant control. Whether o not the lesser amounts of TANA used RU: right upper: L1: Jefl Tower: LU: left upper: R M&L: nght middle
i skin tests, originally o monitor this arm, interfered with adjuvant and lower: R U&M; right upper and muddle; I M&L: Jeft middle and
eliects hadd 10 be determined by companng the results of this group tower: WDIF: well differentiated; PRIF: partally differentiated:
with those who received adjuvant FeA without TAA {see control group Squam: squamous; Adeno: sdenocarcinoma; MDIF: moderately dil-
Sor adjuvant alonc-arm subgroup). ferentiated.
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Materials and Methods

The TAA'* used in this study were purified solu
polypeptides derived from lung cancer cell membra
The TAA were free of nucleic acid, major human i
compatibility antigens as well as viral and bacterial
taminants. The TAA were identified as Jung tumor
membranes components which produce cell-media
immunity as measured in vivo and in vitro. The ASSOCIE-
tion with lung primary tumors was established by cross
testing using double immunodiffusion-immunocl
phoresis, #s well as by more sensitive cross-testing using
enzyme-linked immunosorbent assays. The TAA have
been tested for safety using “Good Laboratory Prace
tices™ in accordance with Food and Drug Administra-
tion regulations. Aliquots of TAA were prepared from

lung tumors having the same histologic ype, and the arm
final product was stored in aliquots of 300 ug/0.3 10 0.5 tan
ml for immunizations, and in aliquots of 100 xg/0.1 mt e
for skin testing. All vials were stored and shipped at less VO

than —70°C. and were stored at ~70°C in the cooperat-
ing centers, All centers were instrucied as to the neces
sity for complete homogenization with an cqual volume
of FCA. in that it is necessary to disburse the adjuvant
very thoroughly in order to insure that complete rather
than incomplete adjuvant capability is established.

Centers which are included in the present evaluation
were from northern New York, northern New Jerses
western Pennsylvania and eastern Canada. All groups
mel together to agree on surgery, pathology, staging and
other protocol aspects. It was considered legitimate o
pool the data of all patients from the dificrent areas Since
(1) all trials were randomized, (2) the treatment proio-
cols were the same. (3) the patient exclusion criteria for
the trials were the same, (4) the disease categories had
not changed over the period of time of the protocol. (51
the patient management regime for the treatment and
control groups had not changed, and (6) the same labo-
ratory prepared the vaccines and the principle investiga-
tor for one of the trials® cross-compared and cross-tested
the potency of the vaccines for all groups.

For the purpose of the analysis the follow-up has been
limited to 5 vears (60 months). Data were analyzed by
the life-table techniques using the computer program
BMDP PIL (BMDP, Los Angeles, CA). Statistical signif-
icance was derived from the Generalized Wilcoxon
(GW) or Generalized Savage Test. The results of the
tests are usually very close. However, it is known that
the GW places a greater weight on ¢arly deaths and is
less sensitive to late cvents which occur when few pa-
ticnts are alive. Kaplan-Meicr Product density hife tables
were graphed and the analyses for all cases is very highly
statistically significant. The data then were stratified
into subgroups to identify categories of interest which

sl M- - M-S
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are statistically significant. The results should be inter-
oreted with caution because they are subject 1o the fal-
acy of muluple comparisons and smaller sample sizes.
Analyses for squamous cell cancer, for each sex. for
TINO, for Stage L. for small tumors and for adjuvant
=feet show the results as highly significant. Less signifi-
cant are the results for adenocarcinoma and for Stage I1,
although within acceptable range for subset analyses re-
porting, with the above caution on interpretation.
Patients with Stage 1 and Stage Il lung cancers who
nad curative lung surgery were staged according to the
surgical and pathologic findings with the ¢riteria recom-
mended by the American Joint Commuttee for Cancer
Staging and End Results Reporting.” After curative sur-
zery for lung cancer, and after signing a detailed consent
form, patients were randomized to 1 ol 3 arms. The first
2rm was a control arm that offered customary surveil-
lance but no treatment. A second arm consisted of pa-
zents who received adjuvant homogenized in an equal
volume of saline, three times over monthly intervals. A
third arm consisted of patients who received TAA im-
munotherapy, which consisted of adjuvant homoge-
mized with TAA, once per month for 3 months total, All
immunizations were administered intradermally.
The minor modihcation® was the division of Stage 1
into two parts, Stage IA and IB. The Stage IA classifica-
non included lesions less than 3.0 ¢m in diameter with-
out involvement of the visceral plewra or invasion of a
lobar bronchus (T1). Stage IB included T1 lesions with
peribronchial and/or ipsilateral hilar lymph nodc in-
volvement as well as T2 lesions with negative nodes. A
lesion greater than 3 em in diameter was classificd as T2,
Lesions involving visceral pleura. atelectasts and/or ob-
structive pneumonitis limited to the diseased lobe were
also included as T2 lesions. In all cases the tumor must
be at least 2 em distal to the corina, A T2 primary lesion

"’"d with involvement of the peribronchial and/or ipsilateral
;“;’ hilar nodes was staged as Stage I1.

1971
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Results

As shown in Tables 1 and 2, a total of 234 lung cancer
patients were entered,'™ and the individual ages. sex,
performance status, type of surgery, stage of discase, his-
tologic type, and S-year survival status are shown in the
tables. Not all patients have arrived at the S-year level,
and in this case, the month of last follow-up, as of March
1, 1986. is shown. Also shown is the time of expiration,
and the status of patients at the S-year level, as to
whether or not they are alive with disease or show no
evidence of discase at the S-vear mark.

The S-year survival of all cases, Stages [ and I1. for all
- 234 lung cancer patients is shown graphically in Figure
- SA. The differences between the control group and the
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immunotherapy group have a P value of 0.0002, and the
median, as of this evaluation of March 1, 1986, has not
yet been reached [or the treatment group. Statistical
evaluation at the 95% confidence limits are shown in
Figure 5B. The generalized Wilcoxon two-sided analysis
of the 95% confidence limits, indicates a significant sep-
aration at approximately 22 months and beyond. Re-
sults using the generalized Savage test were very close,
indicating that the data withstands the test of two scpa-
rate analyses [or statistical significance. Recurrence in
the control and treatment groups appeared Lo be ran-
domly distributed in time, The treatment group ap-
peared to be dying at a much slower rate than the con-
trol group. There was no evidence of clustering in cither
group. Distribution according 1o slage of disease was as
follows: TINO controls 47, immunotherapy 37; T2NO
controls 43, immunotherapy 44; TINI controls nine.
immunotherapy 13: T2N1 controls 17, immunotherapy
22 plus two patients in the immunotherapy group who
were T2N2.

In these studics we used TAA prepared from primary
lung tumors only. In Figure 6 arc shown the survival
curves for patients with stages TINO and T2NO. These
data arc most interesting in that the difference in sur-
vival observed at 60 months in the smaller clinical trial®
arc repeated in the larper trials.™* The greatest promise
for this specific active TAA immunotherapy is seen in
patients with small tumors, TIN(, as shown in Figure 7.
These differences are highly significant statistically, and
point out that the real promise of immunotherapy in an
adjunctive treatment setting is with carly stage lung
cancer.

By contrast, TAA therapy in stage T2N 1 cases, Figure
&, is less effective, although a distinet difference 1s seen at
3.5 years between the patients receiving immunotherapy
and those serving as controls. 1t will be of interest w0
follow the survival status of these groups, Shown in Fig-
ure 9 is the breakout of those patients, both control and
therapy groups, with small primary tumors, that is
TINO and TINI, Figures 10 and 11 show the survival
curves of controls and TAA treated groups for women
and for men, respectively. In Table 2. in the control
group, the subgroup on a separate arm who received
adjuvant only are indicated with an astenisk. It was of
importance to sce what effect the adjuvant alone might
have as a single agent. The next three figures analyze this
effect. Shown in Figure 12 is the comparison of survival
data for the TAA treated group in Stages [ and 11 lung
cancer patients, compared with all controls who did not
receive FCA, This can be compared with the survival
curves shown in Figure 13 which comparcs the same
treated group with the control group who received adju-
vant alone. Figure 14 does not contain the treated
group, and illustrates the difference between the controls
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TanLe 2. Spedific Active Lung Cancer Immunotherapy: Control Group
Performance Syt sunvival :
Paticnt Agesex status Type of sungery Stage Histologic Lype slatus 3T,
i 62M 1 R pneumonectomy TINO MDIF Squam NED &7
2 &M 1 R pncumoncctomy TINI MDIF Squam NED 68
3 73F 0 RL lobectomy TINI Adeno Dicd 30 mo 6
3 45F i L poecumonectiomy TINI Oat NED
b 39M 1 LU lobectomy T2NO Adeno NED 70
6 2M 0 LU lobectomy TINO Oat Died 46 mo 71
7 48M | LU lobectomy T2NGO MDIF Squam NED 2
8 STF 1 1. pocumonectomy T2NO Adeno Dwxd & mo 3
9 S4M 0 RU lobectomy TIND Adeno Dicd 22 mo 74
10 6HOM i LU lobectomy TINO MDIF Squam AWD 35
[ (M 1 LU lobectomy TING Suam NED 76
12 SOM 1 RU lobectomy TINO Adcno AWD = £
13 5IM 1 _ RU lobxectomy T2NO Adeno NED s
14 65M 1 RU lobectomy TIND Squam Dixd 58 mo -
15 SOM | R pocumonoctomy T2NO Larnge ¢l Déed 22 mo ;
16 74M i LU lobectomy T2INO Adend Dicd 31 mo 31
17 47F 1 R pneumonectomy T2INI Adeno Died 39 mo o o
15 o0M 1 L pneumonectomy T2N1 Large cell Died T mo 2 <
19 SOF 1 LU loboctomy 2N Adeno Dicd 27 mo x .
0 SIM 1 LL lobectomy T2NO Squam Dyexd 6 mo
21 45M i RM lobectomy TIND Small cell Dned 24 mo
22 64M 1 RU lobectomy T2INO Adeno NED 3
23 6TM 1 LL lobectomy T2NO MDIF Squam NED
24 Ta4M 1 RU lobectomy TING Alveol Dicd 32 mo
25 63F 1 RL lohectomy T2NO PDIF Squam Diexd 17 mo
26 49F 1 L pacumoneelomy T2INL ANAPL Squam Deed § mo
27 62M i .U lobectomy TINO MDIF Squam Dicd 6 mo
28 58M 1 R pneumoncetomy TINO WDIF Squam Died 18 mo
29 63M 4] L. pneumonectomy T2ING MDIF Squam Died 40 mo
30 oOM 1 R pneumonectomy T2NO WDIF Squam NED: Lfu 30
3 6™ | LU labectomy TIND PRIF Squam Dwad 35 mo
12 TIM 1 R pncumonectomy TIND MDIF Sguam el 52 mo
33 TOM 1 RL lobectomy TIND PDIF Squam Dext 14 mo
34 63M i LU lobectomy TIND Squam AWD
33 7aM 1 L1 kobectomy T2ZNO MDIF Squam Dicd 18 mo
36 TIM 1 R pneumonectomy T2NO MDIF Squam Dicd 38 mo
37 SaM 0 1. preumonactomy T2NO MDIF Squam Died 26 mo
38 aT™ 1 R M&L lobociomy T2NO WDIF Squam Dyl 6 mo
39 61M D LL lobactomy T2NI1 Squam NED
40 oM 1 L pneumoncetomy TINO MINF Squam Died 39 mo
41 63M 0 L prcumoncctomy T2N1 PDIF Squam NEID
a2 TaF 1 RU lobectomy 2N MDIF Squam Dicd 33 mo
43 aTM 1 RL lobectomy TINO PDIF Squam Dl 17 mo
Ee 69M 0 LU kobectaomy TIND WDIF Squam Dned 41 mo
45 H6M 1 R pacumonectomy TINO Squam NED
46 69M 1 RU lobectomy TINO MDIF Squam NED; Lfu 31
ar GO 1 L. pneumonectomy TZNI MDIT Squam Dicd 21 mo
48 ST™M | R M&L lobocdomy T2NO MDIF Squam Diexi 16 mo
40 S6M 1 RU lobectomy T2NIL PDIF Squam Dacd 44 mo
S0 55F ] RL lobectomy TINOD Adeno NED
St 7IM 0 RU lobectomy T2NO MDIF Squam NED
52¢ 6aF | L wedpe TING WDIF Adeno AWD
53 SRF 0 Preumonectomy T2NO PDIF Squam Died 23 mo
R 54 1 LL lobectomy T2IND MDIF Squam NED
55 S9M i RU lobectomy TIND PDIF Squam Died 24 mo
56 4M 1 LU lobectomy T2INO Large c¢ll Dicd 43 mo
57¢ 62IM 1 R lobectomy TZNO Adeno Dicd 24 mo
58* G8M | LU lobectomy T2NO Larpe cell NED
9 GIM 1 LU lobectomy TINOD Squam NED
0= S8M L RU lobectomy TINOD PDIF Squam Dicd 38 mo
Gl 68M 1 LU Jobectomy TINO Squam Dicd 15 mo é
62 A0OM | L1 Sobectomy TINO Adeno NED
63 &AM | LU lobectomy TINI PRIF Squam AWD - s
64* GOM 1 LU lobectomy TIND MDIF Squam NED —er
635 T0M 1 LU lobectomy TINOD Squam NED -
a6* 63M 1 L. pneumonectomy T2N1 PDIF Squam Died 10 mo
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Tasie 2. (Continued)

Performancs Seyr survival
t Ape/sex stalus Type of surgery Stage Histologic type status
NF 1 L pncumonectomy T2NI1 MDIF Squam NED; Lfis 34 mo
33M 1 LL lobectomy TIN1 Large cell Died 3 mo
ToM 1 R U&M TINI PDIF Squam Died 22 mo
Labactomy
SOM 1 LU lobectomy TINO Oat Daed 11 mo
S5M 1 LU Jobectomy TINO WIIF Squam NED
63F 1 LU lobectomy TINO Adeno Died 27 mo
“aM 1 L prcumonectomy TINI Adeno NED
46M 1 L preumoncctomy T2NO WDIF Squam NED
6IM 0 R U&LM lobectomy T2NO MDIF Sguam Died 10 mo
28F 1 RL lobectomy TIND Alvenl NED
66M 0 RU lobectomy TIND PDIF Squam NED
62M 0 RM lobectomy TINOD WDIF Adeno NED
71mM 122 BEM lobectomy T2N1 WDIF Squam NED: Lfu 32 mo
66M 1 RL lobectomy T2NI PDIF Squam Dicd 35 mo
A 1 L. preumoncctomy T2NG PDIF AdenoySquam AWD
55M | RL lobectomy T2NO Aldveol Died 12 mo
SIM 1 LL lobectomy TIND PDIF Squamn NED
65M 1 RU lobectomy T2ND Squam NED
41F I LL lobectomy T2NI Adeno NED
03M 1 RU lobectomy TINO Adcno NED
50M 1 RI. lobactomy TINO Squam Dicd 12 mo
52F 1 RL lobectomy T2NO Large cell Dicd 14 mo
oM 1 R lobectomy TINI Larpe cell Died 15 mo
0% ST™ 1 RU lobectomy TING PDRIF Squam NED
oM | 1L lobectomy T2NI Squam Dicd 2% mo
Ty 62IM | RU lobectomy TINO PDIF Adeno Did 11 mo
OTM 1 RU lobectomy TIND Large ocll NED
S8M ] L1 lobactomy T2NI PDIF Squam Died 27 mo
95°* 67F | RU Jobectomy TINO Adeno Dicd 41 mo
~OM 1 LL kbeclomy TINGO WDIF Squam NED: Liu 35 mo
97 AaM () R lobectomy TINO Larpe cell Dicd 34 mo
SOF 1 LU lobectomy TING Large cell NED: Lfu 49 mo
96> 4T 0 LU loboctomy T2NO Larpe cell NED: Lfu 50 mo
00~ S8F 1 LU lobaectomy TINO Addeno NELD: Lfu 45 mo
101 STM i L. pncumonectomy T2NL PDIF Squam NED: Liu 44 mo
w2 S4F 1 L M&L Jobectomy T2IND Oat Died 43 mo
59M 0 RU Jobectomy TINO Large cell NED: Lfv 47 mo
39M 1 RU lobectomy TING Squam Died 23 mo
S9F 2 L pneumoncctomy TINO MDIF Squam NELY: Lfu 44 mo
S5F | RU lobectomy TING Large cell NED: Lfs 43 mo
SaM 1 LU laboctomy TINI PDIF Squam NED: Lfu 37 mo
108> 5IM 1 RU lobectomy T2NO PDIF Adeno NED: Lfu 45 mo
109 OIM 2 LL lobectomy TIND Large cudl Died 5 mo
10 65M i RU lobectomy T2NO Adeno NED: Lfu 39 mo
30 b HOM 1 RU lobectomy T2NI WINEF Adeno AWD
12 6EM 1 RU lobectomy T2NO Squam Died | mo
) 61M 1 LL lobectomy TINO MDIF Squam NED: Lfis 3 mo
114 H9M 1 1. pncumoncctomy T2N1 CAdeno NED: Lfs 36 mo
513 54F | R lobectomy TING Adeno Died 28 mo
116~ T0M | LU lobectomy T2NO MDIF Adeno NEL: Lfu 26 mo

* Ako reocived adjuvant, Adjuvant arm survival rafe was same 3s
trols, w0 two groups are plscad together as total control group.

~ NED: na evidenee of diseases AWED: alive with discase; Liu: kot
w-up, 1ot yet at S yr, as of March 1986: R: right; L: keIl RL: right
er: RU: right upper; LL: lefl lower; LU left uppen R M&L: right

o did or did not receive adjuvant. A slight advantage
survival was scen in patients receiving adjuvant: how-
r. the difference was not statistically significant and
adicates that the FCA only and untreated control
oups may be combined for statistical analysis, It is

middle and lower; R U&M: right upper and middle; L M&L: Jefi
middle and Jower: WDIT: well differentiated; PRIF: partially differen-
sated: Squam: squamous; Adeno: adenocarcinoma; MDIE: moder-
atcly dillierentiated.

uscful to note this slight advantage, although not signifi-
cant. in that this would indicate that the use of the FCA
adjuvant is doing no harm, and we note the usefulness of
very tiny amounts of this classical adjuvant. and the
granulomatous formation at the intradermal site, con-
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FGs. SA anD SB. Tenoyear survival Cxpencnos evaluations, Toad
curvival experience in 234 lung cancer Stage [ and 11 paticats. (A, wp)
Survival, all cases, (B, bottom) Specific active immunotherapy {all
cses: 95% confdence limit: two-sided analysis, Test statistics (GW)
Generalized Wikcoxon (Breslow). statistic = 13.763, DF = 1, P valuc
- (.0002; {GS) Generalized Savage (Mantel-Cox). statistic = 12,854,
DF < 1, £ value = 0.0003. Patiern of deaths among control and
Ieatment groups appear 10 be randomly distributed in time, The
{reatment group appears o be dying slower than the controls There
was no evidence of clustering in cither group

sisting of a large number of macrophages. Although
other forms of adjuvant have been tried,” they have not
proven useful. Until better adjuvant are available 1t ap-
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F1G. 6. Ten-vear survival cxperienos evaluations. Survival: TINGO,
TING, GW P value: 0.0001; GS P value: 0.0003.
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F1G. 7. Ten-year surival expericnce evaluations. Survival: Siags
with small tumors TINO. GW P value: (L0D23; GS P valwes 0.0033

pears that FCA is the adjuvant of choice at this ume
Similarly. a subcutancous route of administration ha
proven to be ineffective,” and optimum therapcutic -
cacy is only realized with intradermal immunizatios
Since the major forms of lung cancer in this trial cons:
of patients with adenocarcinoma Or Squamous o
cancer. survival differences in these 2 major histopathe
logic types of cancer were assessed. Survival curves i@
patients with Stages | and 11 epidermoid bronchogens
carcinomas are shown 1n Figure 13, A statistically sign
icant differcnce was obscrved between patients treate
with epidermoid TAA and the control group. In Fige

16. survival of all adenocarcinoma cases are Compars &
for the first 2 years the survival cxperience 1s about
same. with a sharp difference and advantage secn in the
next 2 years for patients who received adenocarcinom
specific active TAA immunotherapy. A final evaluatio
of these data will not be conducted until all patien

have reached their S-year anniversary. However, :
interim analysis as of March 1, 1986, is statistically
and indicates the therapeutic advantage accruing to [x
tients undergoing specific active TAA immunotheraps

CUMULATVE SURVIVAL (X)
]

QT T
1 2 3 4 S
YEANRS |
1 -i.
FiG. 8. Ten-vear survival cxperience cvaluations. Survival: all Se aaee

If cases. GW P values 0.3985, GS Pealue: 03142
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3G, 9. Ten-year survaval experience evaluations, Survival: all small
CTIND, TINL GW P value: 0.0168; GS P value: (L0157,

Serial monitoring technigues were used for the evalu-
son of patients on these trials to measure various im-
ane responses both prospectively and retrospectively.
studies are useful for the design of future trals,
sich may involve the combination of this form of
seaiment with other promising therapeutic agents, in-
Juding drug therapy and biologic drug therapy. Onc of

>se monitoring techniques has permitted us 10 moni-
the patient’s early response to immunotherapy and
» predict carly on in the course of the tral whether or
that paticnt has responded to immunization. In a
ies of experiments to develop the assays, we used
mehly purified antigen to prepare monoclonal anti-
sody-derived cpitopes (active peptides of TAA pro-
=n).* Certain monoclonal antibody-derived epitopes
were more sensitive and selective for detection of anti-
odics in patient sera than were monoclonal antibodics
one used in competitive indirect enzyme immunodas-
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a- fic. while others appear to be quite specific with regard
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FIG. 10, Ten-vear survival experience evaluations, Survival: all fe-
ales. GW £ value: 0.0073; GS P values 0.0092.

males. GW F value: 0.0054; GS P valuc: 00075,

to well-defined primary lung tumor histopathologic
subtypes. Shown in Figure 17 is an cxample of enzyme
assays performed to cpitope D36h6. In this study,
monoclonal antibodies were prepared to a lung squa-
mous cell TAA which in purified form is 37,000 daltons.
As illustrated in Figure 17, monoclonal antibody was
coated on the beads of an affinity chromatography col-
umn, and highly purified squamous cell TAA was
poured over the column and the resulting antigen-anti-
body complexes eluted from the affinity column were
separated i order 1o derive the immunoreactive pep-
lides which were studied for activily (epitopes) and for
cross-reactions.” After comparing several methods, we
selected the enzyvme immunoassay as the best way o test
these cpitopes.'® D36h6 was sclected as the least ¢ross-
reactive of the monoclonal antibody purgation derived
epitopes prepared from the 37Kd TAA. Only 5% of
nonlung cancer and nonsquamous ¢cll cancer sera
reacted in the assay, and then only at upper concentra-
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FiG, 12 Ten-year survival expenence evaluations. Survival: control
proup consists of those nol recciving adjuvant. GW P value: 0.0001:
GS P value: 00001,
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[1G. 13, Ten-year survival experience evaluations. Survival: control
group consists of those receiving adjuvant. GW  values 00877, Gsr
value: 0.1157,

tions greater than 60 ng which was outside the limits of
test sensitivity. There were no cross-reactivities seen to
normal sera. Thus, any control sera responses were at
the limits of the reaction and did not comparce to levels
of sensitivity seen in sera from patients at indicated ume
periods after receiving squamous TAA specific active
immunotherapy. All sera were from nonanergic, un-
treated patients and from age-sex matched controls. In
one set of immunoassay studies, Figure 17. dilutions of
the epitope. ten-fold. 60 to 10 ng, were tested in triplh-
cate against five (first, second, third monthly immuniza-
tion periods, at 5-6 months and at 9-12 months) serial
sera from cach of 22 patients who had received immu-
notherapy. and from each of 20 matched paticnt con-
trols. This was a total of 3780 ¢enzyme-linked immuno-
sorbent assays. There is (Figure 17), a burst of antibody
1o the epitope at or shortly after the second immuniza-
tion. This level increases at the third immunization and
remains or keeps rising for another 2 10 3 months and

=i
R
4
g" AT

S

g.- WO ADRNNT
3.

- L | el 4 PRy

1 2 3 4 s

116G, 14. Ten-year survival expericnos evaluations. Survival: com-
PACSON AMONE CONLIVIS receiving adjuvant with controls not receiving
adjuvant, GW P value: 0.3336; GS P value: 0.2770.
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FiG. 15, Ten-year survival experience cvaluations. Survival: 28
squamous cell cancer cases, GW P valoe; 0.0033: GS £ value: 00071

then subsides (1o the tissues). In contrast, in a scparate
study of patients with Stage 111 who failed therapy, there
was no risc in antibody response seen at the time of the
first and second immunization. One patient showed &
positive response at the weakest limit at the third immu-
nization. and all patients who failed therapy also Failed
to sustain antibody responses, as measured by ncgative
responses at 6 months. This particular Lype of monitor-
ing may permit us 1o measure specific responses to TAA
immunization, and may be useful and sensitive enough
for carly monitoring so as 10 provide prognostic signals
as 1o the efficacy and/or futility for continuing specific
active immunotherapy. Thus, we have the capability 1o
monitor carly antibody nises in the blood stream and.
see Figure 2, a way to monitor the continued effect of
TAA immunotherapy and the long-lasting ccll related
and cell-mediated delayed hypersensitivily reac-
tions.*** Further reports are planned when all patients
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v Discussion permit the development of genetically engineered poly-
'u‘nls valent TAA preparations for treatment of later stages of

lung cancer, in combination strategies with other forms
of treatment,
We believe that this is the first time that the results of

In this report, we descnibe resulls in lung cancer treat-
ment using separated polypeptides, lung TAA, in spe-
afic active immunotherapy trials, and the use of hybri-

doma-monoclonal antibody cngincered polypeptide
subunits (TAA ¢pitopes) which have been isolated,
dentified and shown to be highly uscful in monitoring
this form of immunotherapy in order 1o predict, carly
on in the course of treatment, whether or not there has
Seen an appropriate and effective response to the immu-
pization,

Monoclonal antiboady-derived epitope studics are also
sseful in measuning pnmary and metastatic cell mem-
sranc antigenic modulations and alterations and
changes, We can follow the escape or change in TAAs. If
w¢ can better understand these differences as they relate
2 the metastatic event and/or as JiSCase progresses, we
may be able to identify other epitopes that are pro-
mmed to support tumor escape mechanisms. In ad-
on. a clearer understanding of surface changes may

a phase Il specific active lung cancer immunotherapy
trial in Stage I lung cancer patients has been repeated by
other centers, under strictly randomized conditions, in
adjuvant specific active immunotherapy multicenter
studics. The survival data from the phase 1T study' and
from phase I1IA and HIB trials® ™ for Stage 1 lung cancer
patients is supportive evidence that this particular form
of immunotherapy is promising as a method of treat-
ment. We would caution that it is very important to
have al least a onc day training session 1n the center
where this form of therapy is given, in order 1o under-
stand what is involved in such a protocol. Investigators
need to learn proper vaccine emulsification and deliv-
ery, and 1o realize that it is important to follow through
with consccutive monthly immunizations, since all
three monthly immunizations are necessary in order 10
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mount a long-lasting immunity. Indeed, in many
chemotherapy trials. therc have been many protocol
violations, and this includes a failure to give the correct
amount of drug for effective drug concentration. Lack of
adherence 1© protocols for chemotherapy have been re-
ported by other groups.

Other forms of immunotherapy have included the use
of bacterial or toxin products. intermediary products of
cells such as interferons and thymosin. immune RNA
and other products. Currently, great attention is being
paid to clinical studies with high rechnology compo-
nents. For example, there arc several studies which cval-
pated the efficacy of monoclonal antibodics alone, and
these were not seen 10 be of value in that this passive
form of immunotherapy had to be given continually
since the body could not manufacture these substances.
However. other investigators are now attemptung Lo
hook monoclonal antibody subunits to drugs, to 1OXins.
or to radiologics in order 1o see whether that form of
therapy might be useful. Another form of immunaother-
apy has attracted some interest recently, namely, the use
of Iymphokinc-ucli\'mcd Killer cells (LAK) given by two
routes,'” We have been exploring ways In which a com-
bination of TAA immunotherapy and interleukin-2
(11-2) immunotherapy may work together. The use of
1L-2 may stimulate the growth of T-lymphocytes which
produce LAK.'" and complement the immunc re-
sponses 10 TAA immunotherapy. Since macrophages
have few 1L-2 receplors. the complementary effects of
TAA on this pathway as well as on other pathways may
be important. TAA immunotherapy gives rise to a long-
lasting, cell-mediated immune response, and the use of
1L-2 may Increase the number of activated T-cells and
shoal up the attack upon the tumor using this pathway.
The exciting prospect of increasing the efficacy of spe-
cific active immunotherapy, particularly 1n early stage
lung cancer. by combining these Lwo biologic drugs may
be an approach of promise.

It is of interest to compare our multicenter study sur-
vival rates in the control groups with rates reported from
another study from a single center, A recent report from

CANCER September I5 1987
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Mountain'' relates survival experience in 603 consecu-
tive patients undergoing definitive surgical treatment for
non-small ccll lung cancer. Five-year cumulative sur-
vival for Stage I patients was 58.2% and for Stage 1
patients 33.2%. In this study!” patients with adenocarci-
noma had a somewhat higher survival rate {nonsignifi-
cant statistically) than the squamous ¢ell group and fe-
males had a significant markedly better survival oul-
come in the Stage 1 adenocarcinoma group.
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