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Abstract

We designed a phase II study to determine the feusibility and toxicity of concomitant
radiotherapy and Paclitaxel/Carboplatin followed by adjuvant chemotherapy of the same regimen
in patients with newly diagnosed inoperable stage III A/B non-small cell lung cancer. Patients
were irradiated with a total dose of 66 Gy. Weekly courses of Paclitaxel 45 mg/m2 and Carbo-
platin AUC 2 were administered intravenously during the irradiation period. After completion of
concurrent chemoradiotherapy, adjuvant chemotherapy with Paclitaxel 175 mg/m2 and Carbo-
platin AUC 6 intravenously every 3 weeks for 4 cycles were given. Since March 1998, 15
patients have been enrolled. All patients were assessable for efficacy and toxicity after con-
current chemoradiotherapy. Eleven patients were assessable for efficacy and toxicity after
adjuvant chemotherapy. After concomitant chemoradiotherapy, complete response (CR) was
documented in 2 of 15 (13%). Partial response (PR) was documented in 9 of 15 (60%). After
completion of adjuvant chemotherapy in 11 patients, the overall response rate was 91 per cent.
(18% CR, 73% PR). There were § per cent gr. 3-4 neutropenia which occurred during adjuvant
chemotherapy. Concomitant Paclitaxel/Carboplatin and radiotherapy are promising modalities
in the treatment of inoperable stage III A/B non-small cell lung cancer.
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In locally advanced stages IIIA and IIIB of
non-small cell lung cancer (NSCLC), locoregional
treatment alone with surgery or radiotherapy resuits
in 5-year survival rates of 15 per cent and 5 per
cent, respectively(1,2). However, radiation therapy
has been used conventionally for the treatment of
such patients based, in part, on two historical ran-
domized studies that used low-energy orthovoltage
equipment, with one showing marginal benefit(3)
and the other no survival benefit(4). Prospective
randomized study to evaluate the efficacy of mega-
voltage, high-dose radiotherapy was performed by
the Southeastern Cancer Study Group (SECSG),
however, this treatment has not been demonstrated
to produce clinically meaningful survival advan-
tage(5).

Efforts to improve these results have in-
cluded dose escalation and altered dose-fractiona-
tion schedules(6) and combined chemoradiation
approaches(7,8). With incorporation of cisplatin-
based chemotherapy regimens in the combined
modality programs, promising survival results were
reported that have been further substantiated by
randomized trials(9:10). Relatively high rates of
local and systemic relapse, however, suggest the
need for further refinement of treatment. Cisplatin-
containing chemotherapy regimens, however, have
led to only marginal improvements in survival of
patients with advanced disease(11). Paclitaxel has
yielded response rates of 21 per cent and 25 per cent
in advanced NSCLC with 1-year survival rates of
41 per cent and 38 per cent in separate phase II
studies(12,13), The paclitaxel-carboplatin combina-
tion is active in advanced NSCLC with an objec-
tive response rate of 62 per cent and the 1-year
survival rate is 54 per cent(14). Paclitaxel appears
to potentiate the effects of ionizing radiation at
low concentrations(15) and possesses a sequence-
dependent positive interaction with platinum com-
pounds(16),

On the basis of these data and the encou-
raging preliminary results employing paclitaxel plus
carboplatin and concurrent radiation therapy for
patients with stages IIIA or IIIB NSCLC(17), we
have undertaken this phase II multiinstitutional
study to further define the toxicities and efficacy of
this chemoradiation regimen.

PATIENTS AND METHOD
Criteria for Eligibility

Patients with histologically or cytologi-
cally proof of a newly diagnosed single, primary
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bronchogenic non-small cell lung cancer were eli-
gible. A biopsy with histology was preferred, but
cytology alone was allowed. Histology or cytology
from involved mediastinal or supraclavicular lymph
nodes alone was allowed if a separate distal primary
lesion was clearly evident on radiographs. Patients
with two or more parenchymal lesions on the same
or opposite sides of the lung were ineligible. Eli-
gible patients had either stage IIIA, with bulky sin-
gle-level or multi-level ipsilateral N2 disease on CT
scan, with at least one node documented to be posi-
tive by either fine needle aspiration or mediastino-
scopy, or IIIB disease with pathologically docu-
mented N3 nodes or T4 lesions (except malignant
pleural or pericardial effusion). Performance status
was WHO O or 1. Age between 18 and 70 years was
accrued.

The staging evaluation included history
and physical examination; blood chemistry including
LDH, alkaline phosphatase, SGOT or SGPT, biliru-
bin, albumin and calcium; chest X-ray; computed
tomographic (CT) scan of the chest and upper abdo-
men involving the liver, adrenals, and a bone scan
to exclude metastatic disease. Biopsy aspiration
cytology was required to confirm the benign diag-
nosis of CT abnormalities. Abnormalities seen on
bone scan had to be further evaluated by appropriate
plain radiographs or by aspiration cytology or both
in order to rule out metastatic disease. All patients
had to have either a measurable or evaluable tumor
by chest X-ray or CT scan. Patients who received
any prior chemotherapy, radiotherapy or surgical
resection for the purpose of treatment of lung can-
cer were ineligible. White blood cell count at least
4,000 cell/mm3, platelet count within normal limit,
serum bilirubin, SGOT less than 1.5 times of upper
normal limit, and calculated creatinine clearance at
least 40 ml/min were required.

Patients who had medical illnesses, such as
recent myocardial infarction, active angina, unstable
heart rhythms, clinically evident congestive heart
failure and peptic ulcer, which were not adequately
controlled with appropriate therapy were not
enrolled. Symptomatic peripheral neuropathy was
an exclusion criteria. Pregnant or lactating women
were ineligible. No prior malignancy was allowed
except for adequately treated basal cell or squamous
cell skin cancer, in situ cervical cancer, or other
cancers for which the patient has been disease free
for five years. All patients gave written informed
consent in accordance with institutional guidelines.
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Treatment

During concomitant chemoradiotherapy,
patients received paclitaxel 45 mg/m?2 intravenous
infusion in 1-3 hours and carboplatin AUC of 2 in-
travenously infusion in 1/2 - 3 hours every week for
6 cycles. Adjuvant chemotherapy was started at 4
weeks after completion of concomitant treatment.
Patients received paclitaxel 175 mg/m? intravenous
infusion in 1-3 hours and carboplatin AUC of 6
intravenous infusion in 1/2 -3 hours every 3 weeks
for 4 cycles. The conventional premedication were
given prior to paclitaxel administration. The area
under the concentration-time curve (AUC) was cal-
culated from calculated glomerular filtration rate
(GFR). _

Radiation therapy was delivered simulta-
neously on the first day of chemotherapy. The irra-
diated volume included the primary tumor, the
ipsilateral and contralateral hilar and the mediasti-
num. Radiation therapy was delivered initially to
the large volume (45 Gy) followed by a boost to the
total tumor dose of 66 Gy. In case of no clinical
supraclavicular lymph node involvement, this area
was not included in the RT field. If CT scan showed
paratracheal lymph nodes, supraclavicular lymph
node enlargement or upper lobe lesions, then the
supraclavicular areas were included in the radiation
therapy port.

Chemotherapy dose was reduced to 50 per
cent if there was grade 2 neutropenia and/or grade
2 thrombocytopenia. The treatment was omitted in
cases of severe neutropenia or thrombocytopenia.
G-CSF was not routinely used. The treatment was
definitely discontinued when the treatment was
delayed more than 2 weeks or when the patient
developed progressive disease or due to any reason
at the discretion of the attending physician.

Treatment evaluation

During concomitant therapy, physical
examination and toxicity assessment were per-
formed weekly. Complete blood count, platelet
count, BUN, creatinine and electrolytes were also
determined weekly. After completion of chemora-
diotherapy, these assessments were done prior to
each adjuvant chemotherapy cycle. Liver function
test was determined after completion of concomitant
treatment, after completion of adjuvant treatment
and when indicated. Chest X-ray was done at the
middle period of concomitant therapy and after the
completion of adjuvant chemotherapy. CT scan was
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done to evaluate the lesions at 4 weeks after the
completion of concomitant treatment and 4 weeks
after the last cycle of adjuvant chemotherapy.
Patients who received at least 3 cycles of adjuvant
chemotherapy were assessed for response. Patients
who completed the treatment protocol or had to
discontinue the treatment due to any reasons were
followed until disease progression. Then they were
monitored until death.

RESULTS
Patient Characteristics

Since March 1998, fifteen patients have
been enrolled. They were registered by six institu-
tions. Patient characteristics are listed in Table 1.
The median age was 57 years (range, 39 to 70).
Thirteen patients were male. The performance status
was 0 in 5 (33%) and 1 in 10 (67%). The histology
was squamous cell carcinoma in 7 (46%), adenocar-
cinoma in 6 (40%), large cell carcinoma in 1 (7%)
and unclassified cell type in 1 (7%). There were 7
patients (46%) with stage IIIA disease and 8
patients (54%) with stage IIIB disease. For stage
IIIA patients, four patients had T3N2 disease, two
patients had T3N1 disease and one had T2N2

Table 1. Patient characteristics.
Characteristics N %
Sex: Male 13 87
Female 2 13
Cell type:
Squamous cell carcinoma 7 46
Adenocarcinoma 6 40
Large cell carcinoma 1 7
Unclassified 1 7
Differentiation:
Well differentiated 3 20
Poorly differentiated 7 46
Undifferentiated 1 7
Unknown 4 27
Staging : IIIA 7 46
1IIB 8 54
Performance status: O 5 33
1 10 67
Weight loss:
None 6 40
less than 5% 1 7
5% or more 5 33
Unknown 3 20
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Table 2. Response.

Response After concomitant  After adjuvant
chemoradiotherapy ~ chemotherapy
Complete response (CR) 2 (13%) 2 (18%)
Partial response (PR) 9 (60%) 8 (73%)
Stable disease (SD) 3(20%) -
Progressive disease (PD) 1 (7%) 1 (9%)
Overall response rate 11 (73%) 10 (91%)

disease. For stage IIIB patients, one patient had
T4N3 disease, four patient had T4N2 disease, one
had T3N3 disease and two had T2N3 disease. Five
patients (33%) had at least 5 per cent weight loss
before the study enrollment.

Response to treatment

All patients were assessed for responses
and toxicity after completion of concomitant che-
moradiotherapy. Variation of concurrent chemo-
therapy courses was due to radiation schedule of
each patient. Response rates are demonstrated in
Table 2. Complete response was documented in 2
patients (13%). There were 9 partial responders
(60%). Three patients (20%) had minor response or
stable disease. The other one (7%) developed pro-
gressive disease and treatment was discontinued.

Eleven out of fifteen patients were assessed
after completion of treatment protocol because one
patient was under treatment with less than 3 cycles
of adjuvant chemotherapy, one had to discontinue
the treatment due to progressive disease and the
other developed a new primary cancer on his tongue.
The last patient who achieved complete response
after concomitant chemoradiotherapy died from
pneumonia and the autopsy revealed Aspergillosis
but no residual cancer was detected (pathological
complete response). Of the eleven patients who
completed the adjuvant therapy, there were 2 com-
plete response (18%) and 8 partial response (73%).
The overall response rate increased from 73 per cent
after concomitant chemoradiotherapy to 91 per cent
after completion of adjuvant chemotherapy. Only
one patient who had stable disease after concomi-
tant treatment developed progressive disease after
completion of the treatment protocol. The response

of each individual patient is demonstrated in Table
3.
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Table 3. Response of individual patients.

Patient Response
No.
Concurrent Adjuvant End result
chemoradiotherapy ~ chemotherapy
1 PD NAa PD
2 PR PR PR
3 MR PR PR
4 PR NAb PR
S CR NAC CR
6 pCR! NAd pCR
7 PR pCR2 pCR
8 PR PR PR
9 PR PR PR
10 MR PR PR
11 PR PR PR
12 PR PR PR
13 PR CR CR
14 PR CR CR
15 SD PD PD

*

Assessment was performed after at least 3 cycles of adjuvant
chemotherapy

a  Progressive disease after completion of concurrent chemo-
radiotherapy

New primary cancer after concurrent chemoradiotherapy

Less than 3 cycle of adjuvant chemotherapy administration
Death from aspergillosis after concurrent chemoradiotherapy
Autopsy result

Pathological result of surgical specimen after completion of
adjuvant chemotherapy

CR = complete response, pCR = pathological complete response,
PR = partial response, MR = minor response,

SD = stable disease, PD = progressive disease,

NA = not assessable
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Toxicity

Toxicity was assessed during concomitant
chemoradiotherapy and during adjuvant chemo-
therapy. Toxicities are listed in Table 4. Chemo-
therapy had to be delayed in 22 courses with a
median duration of treatment delay of 6 days.

Esophagitis was a common toxicity espe-
cially during concomitant chemoradiotherapy. There
were 32 per cent esophagitis which were mostly
grade 1-2. Only 1 per cent of the total cycles given
resulted in grade 3 esophagitis and there was no
grade 4 esophagitis. Grade 3 stomatitis occurred in
only one patient who necessitated feeding via naso-
gastric tube. No nutritional support via parenteral
route was needed.

Myelosuppression was acceptable. Grade
4 neutropenic events were 5 per cent and grade 3 of
only 3 per cent. There was no febrile neutropenic
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Table 4. Toxicity.

CONCURRENT CHEMORADIOTHERAPY FOR INOPERABLE NSCLS 89

Toxicity Concomitant Adjuvant Overall
chemoradiotherapy (%) chemotherapy (%) (%)
Anemia gr.1-2 31 56 38
Anemia gr.3-4 - 6 2
Neutropenia gr.1-2 10 22 13
Neutropenia gr.3-4 - 28 8
Thrombocytopenia gr.1-2 - 3 I
Thrombocytopenia gr.3-4 1 - 1
Esophagitis gr.1-2 36 19 32
Esophagitis gr.3-4 i - I
Stomatitis gr.1-2 11 31 17
Stomatitis gr.3-4 - 3 1
Nausea/vomiting gr.1-2 17 25 19
Anorexia gr.1-2 28 78 32
Anorexia gr.3-4 1 - 1
Constipation gr.1-2 17 25 19
Diarrhea gr.1-2 7 9 8
Arthralgia gr.1-2 9 59 23
Myalgia gr.1-2 13 56 24
Paresthesia gr.1-2 32 84 46
Fatigue gr.1-2 34 63 42
Fatigue gr.3-4 - 3 i
Alopecia gr.1-2 17 81 34
Non-neutropenic fever 5 16 8

episode. G-CSF was given prophylactically in 4 per
cent. Median absolute neutrophil count (ANC) was
3,390 cells/mm3. Grade 4 anemia occurred in 2 per
cent. No greater than grade 2 anemia was noted in
38 per cent. Median hemoglobin level was 11.7
g/dl. Thrombocytopenia was rarely observed. Only
1 per cent grade 2 and 1 per cent grade 3 throm-
bocytopenic events occurred. Median platelet count
was 253,000 /mm3.

Gastrointestinal side effect was tolerable.
There was 19 per cent grade 1-2 nausea/vomiting,
32 per cent grade 1-2 anorexia, 1 per cent grade 3
anorexia, 19 per cent grade 1-2 constipation and 8
per cent grade 1-2 diarrhea. Grade 1-2 arthralgia
occurred in 23 per cent. Grade 1-2 myalgia was
observed in 24 per cent. There was 46 per cent grade
1-2 paresthesia. No grade 3-4 arthralgia, myalgia or
paresthesia was observed. Fatigue occurred in 42
per cent but only 1 per cent was greater than grade
2. There was 8 per cent non-neutropenic fever.

DISCUSSION

Concomitant chemoradiotherapy offers an
alternative strategy for combined therapy because it
can provide both local and distant control simulta-
neously. Chest irradiation effectively palliates many

symptoms of intrathoracic NSCLC and induces
objective tumor regression about half the time, but
is associated with 5-year survival and potential cure
in only 5 per cent or fewer patients(18). Increasing
doses of irradiation are associated with higher rates
of tumor regression and better local tumor control,
but not with improved survival due to occult distant
metastases(19). Distant metastatic cancer is the prin-
cipal barrier to improve outcome after radiotherapy
of locally advanced NSCLC. Arriagada et al(20)
treated patients with three monthly cycles of adju-
vant chemotherapy after high-dose radiotherapy.
Distant metastases occurred less often in the com-
bination-treatment group, although this did not lead
to improvement in survival. Schaake-Koning et al(9)
reported a randomized trial showing that survival
was significantly increased among patients with
inoperable, nonmetastatic NSCLC when they were
treated with radiotherapy and cisplatin daily com-
pared with radiotherapy alone. The improvement in
survival was due to improved control of local disease
from the addition of cisplatin to radiotherapy in a
concurrent fashion. The West Japan Lung Cancer
Group conducted a phase III trial that compared
sequential to concurrent chemoradiation using mito-
mycin, vindesine, and cisplatin (MVP) chemotherapy
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among 320 patients with stage III NSCLC and
showed a survival advantage with the concurrent
arm, with median survival times (MSTs) of 16.5
versus 13.3 months, respectively (p = 0.047)(21).

Combined chemoradiation therapy is now
considered a standard of care for patients with stage
ITIIA or IIIB NSCLC who are not candidates for
surgical resection. Various agents have been used
either sequentially or concurrently in clinical trials
of combined chemoradiotherapy for NSCLC. Choy
et al(22) assessed concurrent paclitaxel/carboplatin
plus thoracic radiation followed by consolidation
paclitaxel/carboplatin in patients with stage IIIA/B
NSCLC, the survival rates at 24 months was 38.3
per cent with a median overall survival of 20.5
months. Grade 3 or 4 esophagitis was the primary
toxicity observed in this trial, with an incidence of
46 per cent and 2 out of 39 patients developed late
esophageal toxicity with stricture at 3 and 6 months
post treatment. Lau et al(23) are currently evaluat-
ing paclitaxel administered twice weekly plus carbo-
platin and concurrent thoracic radiation in patients
with stage IIIA/B NSCLC followed by consolidation
paclitaxel / carboplatin to those who respond or have
stable disease. The overall response rate was 59 per
cent, with 12 per cent complete response (CR) rate
which is promising. The results of these trials sug-
gest that paclitaxel doses of 45 mg/m2/wk plus
carboplatin doses of 100 mg/mZ/wk or dosed to a
target area under the concentration-timed curve
(AUC) of 2 mg/mlemin per week can be combined
with thoracic radiation therapy in patients with
locally advanced, unresectable NSCLC for the best
therapeutic index. In a planned randomized trial to
be conducted by RTOG (RTOG 98-01)(24), the
cytoprotective effects of amifostine will be eva-
luated with concurrent paclitaxel / carboplatin and
thoracic radiation. An Eastern Cooperative Oncology
Group randomized phase III study (E-2597)(25) is
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comparing standard daily thoracic radiation with
hyperfractionated accelerated radiation therapy after
induction chemotherapy with paclitaxel and carbo-
platin(25),

Although there is no single standard com-
bined-modality regimen for the treatment of locally
advanced, unresectable NSCLC, the results of these
ongoing and planned trials may elucidate the effects
that sequencing chemotherapy and thoracic radia-
tion have on response and survival in patients with
locally advanced stage 111 disease. In this study, we
incorporated a newer, more active radiation-enhanc-
ing chemotherapeutic agent in the management of
NSCLC in a concurrent modality setting to deter-
mine whether local and distal disease control could
further improve.

This preliminary phase II study of pacli-
taxel, carboplatin and radiation therapy showed an
overall response rate of 91 per cent. The low inci-
dence of grade 3 or 4 esophageal toxicity in this
study when compared with the report by Choy
et al(22) is unexplained and considered to be an
almost identical treatment regimen. Six different
university-based or teaching-based hospitals parti-
cipated in this trial. A randomized study will be
necessary to fully evaluate the usefulness of these
findings. The hope for the immediate future is to
define an effective and optimal regimen that can be
administered concurrently with radiation therapy
and results in improved local and systemic control
in patients with regionally advanced NSCLC.
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