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Abstract

Background. This study was designed to evaluate the feasi-
bility and efficiency of giving cisplatin, etoposide, and OK-
432 concurrently with conventional radiotherapy (RTx) for
patient’s with inoperable stage III, based on the TNM
classification according to the International Union against
Cancer staging system for lung cancer (1987) non-small cell
lung cancer (NSCLC).

Methods. From January 1992 to December 1994, 31 patients
with cytologically or histologically confirmed stage III
NSCLC were treated with RTx, to a total dose of 56-64 Gy,
with concurrent daily oral administration of etoposide
(25mg) and cisplatin (20mg) for 5 days during the third or
fourth week from the start of RTx. The subcutaneous injec-
tion of 1 or 2 KE of OK-432, three times a week, for the
duration of radiotherapy also started from the beginning of
RTx.

Results. The number of eligible patients was 29 (26 men and
3 women). Their mean age was 66 years (range, 55-77
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years). Six patients had an Eastern Cooperative Oncology
Group performance status (PS) of 0; 15, 1; 8; 2. Three were
stage IIIA, and 26, stage IIIB. Histologically, 2 had
adenocarcinoma, 23, squamous cell carcinoma, and 4,
large cell carcinoma. In 27 of the 29 patients, the RTx
schedule was completed. There were no treatment-related
deaths. Grade 4 toxicity (according to World Health
Organisation criteria) leukopenia (700/ul) was observed
in 1 patient. The response rate was 79% and the median
survival was 17 months. Survival rates at 1, 2 and 3 years
were 62%, 31%, and 21%, respectively. The local failure
rate was 51%.

Conclusion. The combination of cisplatin, etoposide, and
OK-432, given concurrently with conventional RTx is fea-
sible and effective for inoperable stage III NSCLC.

Key words Stage III non-small cell lung cancer - CDDP -
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Introduction

Patients with stage III non-small cell lung cancer (NSCLC)
should be considered for clinical trials because of their poor
long-term outcomes thus for. The median survival after
radiotherapy alone, with or without modified fractionation,
ranges from 9 to 12 months."™ Since the addition of cisplatin
to combined chemotherapy, such combined chemotherapy
and radiotherapy has been reported to improve survival in
prospective clinical studies.”® This may be the most promis-
ing strategy for unresectable stage ITI NSCLC.
Accelerated proliferation was proposed to be the cause
of radioresistance in head and neck cancers when the dose
requiring local control of 50% of the tumors was plotted
against overall treatment time.” To obtain the same tumor
control probability with prolongation of overall treatment
time, when this is more than 4 weeks, the total dose must be
increased. The increased dose is needed because of acceler-
ated proliferation of tumor cells. To overcome this problem,
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we have used two types of chemotherapy together with
standard fractionation.

Since accelerated proliferation is generally observed 3-4
weeks after the initiation of radiotherapy, we added
cisplatin, over a 5-day period, in this phase. Further, since
accelerated proliferation was observed immediately after
the initiation of radiotherapy in an experimental tumor," we
administered oral etoposide on a daily basis from the start of
the therapy. As our previous study showed that OK-432,
a streptococcal preparation, reduced the incidence and
severity of thrombocytopenia when combined with oral
etoposide and radiotherapy (unpublished data) we included
OK-432 in the present combined therapy approach.

This prospective phase II study was conducted to deter-
mine the feasibility, toxicity, response rate, and survival
with the cisplatin, etoposide, and OK-432 chemotherapy
combined with conventional radiotherapy for unresectable
stage I1I non-small cell lung cancer.

Patients and methods
Eligibility criteria

The main patient eligibility criterion was a histologically or
cytologically confirmed, previously untreated, unresectable
clinical stage IIIA or IIIB NSCLC based on the TNM
classification according to the International Union against
Cancer staging system for lung cancer (1987). Patients were
also required to have measurable or assessable disease, be
aged under 80 years, have an Eastern Cooperative
Oncology Group performance status (PS) equal to or less
than 2 and no active concomitant malignant disease. Pa-
tients with malignant effusions were excluded.

Measurable. or assessable diseases were determined on
the basis of both chest X-rays and computed tomography
(CT). Routine staging evaluation was made using CT or
magnetic resonance imaging of the brain, CT or ultrasonic
examination of the upper abdomen, and bone scintigraphy.
Other criteria were white blood cell (WBC) count, =4000/
ul, platelet count, =100000/ul, hemoglobin, =10.0g/dl,
serum bilirubin, <1.5mg/dl, serum aspartate aminotrans-
ferase (AST)/alanine aminotransferase (ALT), = twice
the normal upper limit (8-40/3-40); 24-h creatinine
clearance, =70ml/min; and arterial oxygen pressure,
=70mmHg. Those with severe concomitant disease (such as
collagen disease) were excluded from this study. Informed
consent was obtained from all patients.

Therapy

The protocol for the therapy is shown in Fig. 1. Eligible
patients were referred to hospitals with a telecobalt unit for
the radiotherapy. They were then followed as outpatients or
in patients at their original hospitals. Additional treatment
was optional and most patients received only palliative
therapy (such as; hyperalimentation, pain management etc.
8-40/3-40).

Radiotherapy “”I “”l “l” “I” “l“ “”I
(2Gy x 30) 1wk 2 '3 4 s s
-«
VP-16, 25mg >
Chemotherapy 0OK432, 1-2KE

CDDP, 5 x 20mg

Fig. 1. Treatment schedule of concurrent chemotherapy and radio-
therapy for patients with stage I1I non-small cell lung cancer (NSCLC).
VP-16, Etoposide; CDDP, cisplatin

Conventional radiotherapy was delivered by telecobalt
units with a fraction size of 2Gy, 5 days a week, for a total
dose of 60-64Gy. There were no corrections for lung
inhomogeneity. Initial fields covered the primary lesions
and the mediastinum where lymph nodes were enlarged.
Radiation fields were outlined 1-2cm outside the tumor
margin. The supraclavicular and contralateral hilar nodes
were included only when enlarged tumor was observed in
these regions. At 40-44 Gy, the initial field was changed to a
small field with oblique, parallel opposite beams to spare
the spinal cord.

Cisplatin was given, at 20mg daily, intravenously for 5
days during the third or fourth week after the start of radio-
therapy. The patients were moved to the radiation room for
radiotherapy within less than 1h after the completion of
each cisplatin administration. Adequate hydration was pro-
vided throughout the treatment period. Anti-emetics such
as metoclopramide, steroids, and ondansetron were admin-
istered when the patients suffered from nausea, vomiting,
and anorexia during the cisplatin administration. Twenty-
five mg of etoposide was given orally every morning from
the start of therapy to the end. In addition, one or two KE
of OK-432 was injected subcutaneously three times a week
until the end of the therapy.

Toxicity

Toxicity grading, with leukocyte and platelet counts,
was done according to World Health Organisation (WHO)
criteria. When marrow suppression was observed (e.g.,
grades 2-3 leukopenia or grade 1-2 thrombocytopenia)
etoposide was withdrawn. When grade 4 leukopenia or
grade 3 thrombocytopenia was observed, both the chemo-
and radiotherapy were withdrawn. When grade 2-4
leukopenia was observed, granulocyte colony stimulating
factor (G-CSF) was administered for 7-10 days in place of
0K-432.

Toxicity grading of esophagitis was done according to
our criteria: grade 0, no symptoms; grade 1; pain on swal-
lowing, with no need for medication; grade 2, necessity for
medication to ease pain on swallowing or difficulty in swal-
lowing; grade 3, no solid food intake — liquid alimentation;
grade 4, as no water intake —intravenous hyperalimentation -
or liquid alimentation via a naso-gastric tube. If grade 34



toxicity was observed, chemo- and radiotherapies were
withheld until esophagitis recovered to grade 2 or less.

When clinical symptoms and signs from chest X-rays,
CT scans, and laboratory data revealed radiation pneu-
monitis, chemo- and radiotherapies were discontinued.
Treatment of radiation pneumonitis took priority over
cancer treatment.

Late lung toxicity was evaluated by internal reviews on a
case-by-case basis. However, we could not confirm lung
damage for three patients, as they were referred to other
hospitals distant from our district and sufficient radiological
examinations could not be performed. Pneumonitis and
fibrosis were differentiated by chest X-rays and/or chest CT
films, with consideration of symptoms. Because of the diffi-
culties in scoring of lung toxicities because of the multi-
centric patient care, we considered only the incidence of
radiation pneumonitis and fibrosis in this study.

Response

Responses, evaluated according to WHO criteria, com-
pared findings immediately before therapy and 4 weeks
after end of the therapy. A complete response (CR) was the
disappearance of tumor for at least 4 weeks. A partial
response (PR) was a decrease of 50% or more in the size of
the tumor. Progressive disease (PD) was defined as 225%
increase in tumor size or the appearance of new lesions.

Statistical analysis

Survival was calculated based on the period from the start
of treatment to death or the last follow-up evaluation. Sur-
vival curves were plotted by the method of Kaplan and
Meier."! The last follow-up was July 16, 1997 and the last
review was July 26, 1997.

Results
Patient characteristics

The patient profile is given in Table 1. From January 1992 to
December 1994, 31 patients entered the study. Of these, 2
were excluded after review because of a stage IV diagnosis,
i.e., metastases demonstrated retrospectively. Ninety per-
cent of the eligible patients were men. Squamous cell carci-
nomas were more frequent (79%) than adenocarcinomas
(7%) and large cell carcinomas (14%). Ten percent of the
patients had stage IIIA and 90% of patients had stage IIIB
disease. T4N2 disease was the most frequent (59%). Most
of the patients (72 %) had a PS equal to or less than 1.

Compliance and toxicity

All but two of the eligible patients received 56-64Gy
(median total dose, 60 Gy). Of the two other patients, one
received only 40 Gy, with radiotherapy then being stopped
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Table 1. Patient characteristics

No. of patients entered 31
No. of eligible patients 29
Average age of eligible patients (years) 66
Range (years) 55-77
Gender
Male 26
Female 3
Histology
Adenocarcinoma 2
Squamous cell carcinoma 23
Large cell carcinoma 4
Clinical stage®
IITA 3
1B 26
TNM classification®
T2N2 1
T2N3 1
T3N2 1
T3N3 1
T4N1 4
T4N2 17
T4N3 4
Performance status®
0 6
1 15
2 8

**Based on TNM classificational of International Union against Can-
cer (1987).
¢ According to Eastern Cooperative Oncology Group classification.

because of severe preexisting pulmonary fibrosis, and the
other refused further treatment. However, these two pa-
tients received the full intended dose of cisplatin and two-
thirds of the intended dose of etoposide. They died after 6
and 41 months, respectively.

All patients received the full intended dose of cisplatin.
Not all patients received the full dose of the etoposide
protocol, because of marrow toxicity and renal dysfunction.
The administration period ranged from 15 to 49 days
(median, 39 days).

There was no interruption of the treatment protocol
because of acute toxicities.

Toxicity findings are summarized in Table 2. One patient
had grade 4 leukopenia but none demonstrated grade 4 for
thrombocytopenia or esophagitis. One patient had grade 2
and one had grade 3 thrombocytopenia and 25 complained
of esophagitis-related symptoms. There were no treatment-
related deaths. One patient, with a history of apoplexy,
developed intractable peripheral neuropathy and one
patient had mild renal dysfunction. No severe lung toxicity
(ie., that requiring continuous oxygen therapy) was
observed. All patients who developed pneumonitis subse-
quently demonstrated radiation fibrosis. Even at this stage,
however, no severe lung toxicity was observed. No chronic
esophagitis was encountered.

Response and survival

Tumor response was assessed based on radiography, with
chest X-rays and CT scans available for comparison. Two
patients were evaluated as achieving CR and 21 as achiev-
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Table 2. Toxicity findings

Table 3. First sites of failure

WBC*

Leukopenia, grade 2 11 (38%)

Leukopenia, grade 3 8 (28%)

Leukopenia, grade 4 1 (3%)
Platelets®

Thrombocytopenia, grade 2 1(3%)

Thrombocytopenia, grade 3 1(3%)

Thrombocytopenia, grade 4 0 (0%)
Esophagitis®

Grade 2 11 (38%)

Grade 3 2 (7%)

Grade 4 0(0%)
Incidence of radiation pneumonitis® 8(32%)
Incidence of radiation fibrosis® 14 (56%)
Intractable peripheral neuropathy 1 (3%)
Renal dysfunction (Cr < 2mg/dl) 1(3%)

* According to World Health Organisation criteria.
“See details in text.
4Determined in 25 patients due to insufficient data.

ing PR. The response rate was thus 79% (23/29). The six
remaining patients were evaluated as showing NC; there
was no PD. The survival curve for the eligible patients is
shown in Fig. 2. The probability of survival was calculated
and the overall median survival was 17 months. Survival
rates after 1, 2 and 3 years were 62%, 31%, and 21%,
respectively. Of the five patients who lived more than 3
years, four were still alive with no evidence of local recur-
rence nor distant metastasis. The average age of these four
patients was 62 years (range 58-68 years; and three were PS
2 while one was PS 1. All four were stage 11IB; three had
squamous cell carcinoma 3, and one had large cell carci-
noma. Of the eight eligible PS 2 patients, two had long
survival more than 4 years (i.e., 67 and 51 months).

Patterns of failure

The first sites of failure are listed in Table 3. Fifteen patients
(51%) had local recurrence with or without metastasis and
7 patients (24%) had distant metastasis with or without
local or regional recurrence. Of those with distant
metastases, 4 had brain lesions. One patient died because of
progression of preexisting pulmonary fibrosis and one
patient died because of tumor-unrelated cachexia associ-
ated with progressive dementia occurring after cerebral
infarction.

Discussion

Recent results of phase I/II studies with combined chemo-
therapy and radiotherapy for stage III NSCLC have been
promising.”"> Median survival times were 14-19 months,
with a 2-year survival rate of 30%—-40% for eligible patients,
similar to results in our study. The 21% survival rate after 3
years in the present study was particularly encouraging.
The level of toxicity in our study was tolerable and all
but two patients completed the protocol. There were no

Local recurrence 14 (48%)
Regional recurrence 2 (7%)
Distant metastasis 4 (14%)
 Local recurrence + distant metastasis 1(3%)
Regional recurrence + distant metastasis 2 (7%)
Dead, other disease 2 (7%)
Alive 4 (14%)
1 4
.8 1
g 9
>
—
@ 41
.2 1
]
0 1
L v L) v T v 1 Al T b 1
0 12 24 36 48 60
Months

Fig. 2. Survival of 29 patients with stage IIIl NSCLC treated by regimen
shown in Fig. 1. ®, censored data

treatment-related deaths and only one patient with
leukopenia demonstrating grade 4 toxicity. In another study
using oral etoposide, cisplatin, and hypesfractionated radio-
therapy, greater toxicity was encountered; 57% of the pa-
tients developed grade 4 hematologic disease and 53% had
grade 3 or 4 esophagitis.® In contrast to our study, that
study employed two cycles of oral etoposide (50mg b.i.d.
for 14 days) and cisplatin (50mg/m’ days 1 and 8) during 6
weeks of conventional radiotherapy (69.6 Gy; 1.2Gy b.i.d.).
Thus there were differences in both the intensity of chemo-
therapy and in the fractionation. In terms of acute toxicity,
a total dose of 69.6 Gy with 1.2 Gy twice daily is equivalent
to a total dose of 64-65 Gy with 2 Gy once daily when an o/
B ratio of 10 Gy is used for correction of fraction size."”
Accelerated repopulation is considered to be the main
reason for radioresistance. To overcome this, two ap-
proaches are employed. One is to shorten overall treatment
time as much as possible’™ using accelerated fractionation,
such as continuous hyperfractionated accelerated fraction-
ation (CHART). A randomized phase III study comparing
CHART with conventional radiotherapy for NSCLC also
showed significantly better results with the CHART.” The
other is to overlap concomitant boost radiotherapy during
the course of conventional radiotherapy.?* In this case,
with better treatment results obtained when the boost is
given during the last 2-21/2 weeks, rather than during the
first 2-21/2 weeks.” This result indicates the importance of



timing to give accelerated fractionation. Thus, the therapy
aimed at eliminating proliferating cells at the phase of repo-
pulation is an important strategy for treatment of resistant
tumors.

Our present study featured two-way intervention in the
accelerated repopulation phase; weighted chemotherapy at
the time of initiation of repopulation and another continu-
ous low-dose chemotherapy throughout the radiation pe-
riod. This distinguishes our protocol from those employed
in previous studies in which only one cycle of chemotherapy
was used, although some phase I/II studies of combined
chemo- and radiotherapy have consisted of at least two
cycles of chemotherapy.”%” The incidence of local failure
(51%) in our present study was relatively high compared
with the range of 4%-40% reported earlier,”"** but this
may be, in part, a reflection of the high incidence of squa-
mous cell carcinomas in our cohort (79%). However, the
combination was very effective in some patients, and
further improvement to the treatment protocol is clearly
possible.

OK-432, an extract of streptococcal pyrogens, was hoped
to have major anti-cancer effects, but clinical studies in
cancer patients have been disappointing. However, the
action of OK-432 in controlling bone marrow toxicity
was recently noted.” After introduction of G-CSF,
leukopenia could be easily handled in many cases but
thrombocytopenia is still a problem. Our earlier unpub-
lished data indicated that OK-432 decreased the incidence
of thrombocytopenia induced by radiation therapy when
given concomitantly with etoposide.

In conclusion, we report promising results with a combi-
nation of cisplatin, etoposide, and OK-432 given concur-
rently with conventional radiotherapy for inoperable stage
III NSCLC. The results point to an effective new strategy to
overcome the accelerated repopulation that is one cause of
radioresistance. Phase I/II studies aimed at improvement of
local control are clearly warranted.

Acknowledgments This work was partly supported by a Grant for
Scientific Research (No. 09670908) from the Ministry of Education,
Science, Sports, and Culture of Japan.

References

1. Perez CA, Bauer M, Edelstein S, et al. (1986) Impact of tumor
control on survival in carcinoma of the lung treated with irradia-
tion. Int J Radiat Oncol Biol Phys 12:539-547

2. Curran WIJ, Stafford PM (1990) Lack of apparent difference
in outcome between clinically stage ITIA and ITIB non-small-cell
lung cancer treated with radiation therapy. J Clin Oncol 8:409—
415

3. Cox JD, Azarnia N, Byhardt RW, et al. (1990) A randomized
phase I/ trial of hyperfractionated radiation therapy with total
dose of 60.0 to 79.2 Gy: Possible survival benefit with =69.6 Gy in
favorable patients with Radiation Therapy Oncology Group stage
HI non-small-cell lung carcinoma: Report of Radiation Therapy
Oncology Group 83-11. J Clin Oncol 8:1543-1555

4. Byhardt RW, Pajak TF, Emami B, et al. (1993) A phase /I study
to evaluate accelerated fractionation via concomitant boost for
squamous, adeno, and large cell carcinoma of the lung: Report of
Radiation Therapy Oncology Group 84-07. Int J Radiat Oncol Biol
Phys 26:459-468

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

369

. Dillman RO, Seagren SL, Propert KJ, et al. (1990) A randomized

trial of induction chemotherapy plus high-dose radiation versus
radiation alone in stage III non-small-cell lung cancer. N Engl J
Med 323:940-945

. Schaake-Koning C, Bogaert Wvd, Dalesio O, et al. (1992) Effect of

concomitant cisplatin and radiotherapy on inoperable non-small-
cell lung cancer. N Engl J Med 326:524-530

. Wolf M, Hans K, Becker H, et al. (1994) Radiotherapy alone

versus chemotherapy with ifosfamide/vindesine followed by radio-
therapy in unresectable locally advanced non-small cell lung
cancer. Semin Oncol 21:42-47

. Jeremic B, Shibamoto Y, Acimovic L, Milisavljvic S (1996)

Hyperfractionated radiation therapy with or without concurrent
low-dose daily carboplatin/etoposide for stage III non-small-cell
lung cancer: A randomized study. J Clin Oncol 14:1065-1070

. Withers HR, Taylor JMG, Maciejewski B. (1988) The hazard of

accelerated tumor clonogen repopulation during radiotherapy.
Acta Oncol 27:131-146

Abe Y, Kenton LA, Urano M, et al. (1991) The accelerated
repopulation of a murine fibrosarcoma, FSA-II, during the frac-
tionated irradiation and the linear-quadratic model. Int J Radiat
Oncol Biol Phys 21:1529-1534

Kaplan EL, Meier P (1958) Nonparametric estimation from incom-
plete observations. J Am Stat Assoc 53:457-481

Bedini AV, Tavecchio L, Milani F, et al. (1991) Prolonged venous
infusion of cisplatin and concurrent radiation therapy for lung
carcinoma. Cancer 67:357-362

Gandara DR, Valone FH, Perez EA, et al. (1991) Rapidly alternat-
ing radiotherapy and high dose cisplatin chemotherapy in stage
I1IB non-small cell lung cancer: Results of a phase I/II study. Int J
Radiat Oncol Biol Phys 20:1047-1052 :

Alberto P, Mirimanoff RO, Mermillod B, et al. (1995) Rapidly
alternating combination of cisplatin-based chemotherapy and
hyperfractionated accelerated radiotherapy in split course for
stage IIIA and stage ITIB non-small cell lung cancer: Resuits
of a phase I-II study by the GOTHA group. Group d’Oncologie
Thoracique des Regions Alpines. Eur J Cancer 31A:342-348
Furuse K, Kubota K, Kawahara M, et al. (1995) Phase II study of
concurrent radiotherapy and chemotherapy for unresectable stage
III non-small-cell lung cancer. Southern Osaka Lung Cancer Study
Group. J Clin Oncol 13:869-875

Lee JS, Scott C, Komaki R, et al. (1996) Concurrent
chemoradiation therapy with oral etoposide and cisplatin for
locally advanced inoperable non-small-cell lung cancer: Radiation
Therapy Oncology Group Protocol 91-06. J Clin Oncol 14:1055-
1064

Withers HR, Thames HD, Peters LJ (1983) A new isoeffect curve
for change in dose per fractionation. Radiother Oncol 1:187-191
Saunders MI, Dische S. (1990) Continuous, hyperfractionated,
accelerated radiotherapy (CHART) in non-small cell carcinoma of
the bronchus. Int J Radiat Oncol Biol Phys 19:1211-1215
Saunders MJ, Dische S, Grosch EJ, et al. (1991) Experience with
CHART. Int J Radiat Oncol Biol Phys 21:871-878

Saunders M1, Dische S, Barrett A, et al. (1996) Randomised
multicentre trials of CHART vs conventional radiotherapy in head
and neck and non-small cell lung cancer. Br J Cancer 73:1455~
1462

Peters LJ, Ang KK, Thames HD. (1988) Accelerated fractionation
in the radiation treatment of head and neck cancer. A critical
comparison of different strategies. Acta Oncol 27:185-194

Ang KK, Peters LJ, Weber RS, et al. (1990) Concomitant boost
radiotherapy schedules in the treatment of carcinoma of the
oropharynx and nasopharynx. Int J Radiat Oncol Biol Phys
19:1339-1345

Shaw EG, McGinnis WL, Jett JR, et al. (1993) Pilot study of
accelerated hyperfractionated thoracic radiation therapy plus con-
comitant etoposide and cisplatin chemotherapy in patients with
unresectable stage III non-small-cell carcinoma of the lung. J Nat]
Cancer Inst 85:321-323

Kurishita A, Katoh H, Uehara Y, et al. (1991) Post-irradiation
treatment with OK432 can prevent radiation-induced bone
marrow death. Int J Radiat Biol 59:711-716

Joshima H, Ohara H, Aoki Y. (1992) The effect of OK-432 upon
erythropoietic recovery in sub-lethally irradiated mice: A prelimi-
nary report. J Radiat Res 33:290-300



