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Abstract: The aim of the study was to compare the survival impact of con-
current versus sequential treatment with radiotherapy and chemotherapy in inoperable
stage III non-small cell lung cancer (NSCLC). 85 patients were randomly assigned to
one of the two treatment groups. In the sequential group, 45 patients had previously re-
ceived sequential chemotherapy with 4 cycles of carboplatine and etoposide followed
by conformal radiotherapy (RT). In the second concurent group 40 patients received
concomitant chemotherapy of cisplatine and etoposide and conformal RT followed by
two cycles of consolidation chemotherapy of carboplatine and etoposide. We described
all phases of the conformal three dimensional (3-D) RT.

From November 2005 to October 2008, 93 patients were enrolled. Eight pati-
ents were not eligible, seven had stage IV and one had pleural effusion. All these were
initially considered to have stage IIIB disease. The median survival was 13 months for
the patients in the sequential group and 22 months in the concurrent treatment group.
The difference was statistically significant (log-rank test p = 0.001). The disease-free
survival was 9 months in the sequential group and 17 months in the concurrent treat-
ment group. The difference was statistically significant (log-rank test p = 0.001) The 1-
and 2-year survival rates were 73.6% and 39.7% in the concurrent group and 54.9% and
13.7% in the sequential group, respectively (log-rank test, p = 0.0011).

Treatment-related toxicities were assessed according the RTOG/EORTC crite-
ria. Acute esophagitis and incidence of neutropenia were higher with the concurrent
than with the sequential treatment. Grade 3 esophagitis was characteristic only of con-
current treatment and it was a reason for radiotherapy interruption, but no longer than 7
days. Secondary anaemia was more frequent in the sequential treatment group.
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The statistical significant differences in survival sugest that concurrent chemo-
therapy and conformal three-dimensional radiotherapy is the optimal strategy for pati-
ents with locally advanced NSCLC.

Key words: sequential and concurrent chemoradiotherapy, three-dimensional confor-
mal radiotherapy, inoperable NSCLC.

Introduction

Lung cancer remains a worldwide epidemic. Approximately 1.2 million
people die from lung cancer each year. Non-small cell lung cancer represents
> 80% of all lung cancers. Of the patients with NSCLC, 60-70% present with
stage III or IV disease. In the late 1980s, radiotherapy was the standard treat-
ment for these patients [1]. Randomized trials and a 1995 overview subsequ-
ently showed that combination chemoradiotherapy was superior to radiotherapy
alone [2]. Many chemotherapeutic agents active in NSCLC possess radiosensi-
tizing properties, thereby improving the probability of local control. In addition,
chemotherapy administered concurrently with thoracic radiation may act syste-
mically and potentially eradicate distant micrometastases. Several studies sho-
wed the feasibility of the cisplatin-etoposide combination plus radiotherapy for
patients with stage III disease [3]. The primary end point of this study was the
effect of sequential and concurrent chemoradiotherapy on overall survival.

Material and methods

This study was started in the Radiotherapy and Oncology Institute in
Skopje, November 2005. The 85 eligible patients were aged between 18 and 70
years, had an Eastern Cooperative Oncology Group (ECOG) Score < 1, and had <
10 % weight loss in the period of 3 months before inclusion. They had previously
untreated histological or cytological proven NSCLC, unrespectable stage 1IIA-N2
disease, or stage II1IB disease without pleural effusion. Stage I1IB disease was assig-
ned either by N3 (contralateral mediastinal or supraclavicular nodes) or by T4 from
invasion of mediastinal structures. The following laboratory values were required:
leucocytes > 1.5 x 10°/1, platelets > 100 x 10/, AST and ALT < 2 X the upper limit
of the referent range. Ineligibility criteria were as follows: uncontrolled infection, or
fever over 38°C, unstable cardiovascular disease and previous malignancy.

Before enrolment, the patients gave their full medical histories and un-
derwent a clinical examination with assessment of performance status (PS). In the
sequential group, responses were assessed 8 weeks after the end of radiothe-
rapy. In the concurrent group, responses were assessed 8 weeks after the end of
the consolidation chemotherapy. Imaging studies, x-ray and/or computed tomo-
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graphy (CT) could be repeated at all times when clinically indicated. Complete and
partial responses were based on RECIST criteria. Toxicity was graded according
RTOG/EORTC criteria. Follow-up visits were conducted every 2 months during
the first year and after that every 3 months. Patients were randomly assigned to re-
ceive sequential or concurrent therapy. In the sequential group 45 patients received
four cycles of chemotherapy. They were administered the first, consisting of carbo-
platine (AUC x 6) on day 1 and etoposide on days 1-3, repeated every 3 weeks.
The radiotherapy began 4 weeks after the fourth cycle of chemotherapy admini-
stration. Chemotherapy and radiotherapy began simultaneously in the concurrent
arm consisting of 40 patients. The radiotherapy schedule was identical to that in the
sequential group. The first cycle with cisplatin 30 mg/m? and etoposide 100 mg/m?
was administered on days 1 to 3 and the second 3-days cycle was administered in
the last 3 days of radiotherapy. After 4 weeks of the concurrent chemoradiotherapy
schedule, two cycles of consolidation chemotherapy began, consisting of carbopla-
tine (AUC x 6) and etoposide 100 mg/m? on days 1 to 3.

Conformal radiotherapy in both groups consisted of 60 Gy in 30 frac-
tions of 2 Gy per fraction for 5 days a week given over a period of 6 weeks. A
treatment planning CT was required to define the gross tumor volume (GTV).
Each patient was positioned on an immobilization device-wing board in the treat-
ment position on a flat table. CT slices with 5 mm thickness were obtained starting
from the cricoid cartilage and extending inferiorly to the level of the L1 vertebral
body. The GTV, clinical target volume (CTV), planning target volume (PTV)
and normal organs were outlined on all CT slices (Figure 1). The normal tissues
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Figure 1 — Conturing of the tumour volumes
Cauxa 1 — Konitlypuparse Ha iiymopcKuilie 601y MEeHU
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contoured included both lungs (as the total lung volume), heart, spinal cord and
oesophagus. The CTV included the entire GTV plus 0.7 cm and the PTV included
CTV plus another 0.7 cm adding margin. PTV44 was treated with parallel-opposed
anterior-posterior fields and PTV60 was treated with any combination of fields
depending on spinal cord constraint (Figure 2). If radiotherapy had to be delayed for
more than 7 days, the patient was withdrawn from the study. Patients with evidence
of progression at any time were removed from the study but continued to be
evaluated for survival and toxicity. Survival and the interval to recurrence or
progression were measured from the date of the first treatment session.
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Figure 2 — Dose-calculation after spinal cord exclusion
Cauxa 2 — Ilpecmeiliysarse Ha 003aitia 0 eKCKAY3Uja HA CUUHAAHUOT MO30K

Results

From November 2005 to October 2008, 93 patients were enrolled. Eight
patients were not eligible, seven had stage IV and one had pleural effusion. All
these were initially considered to have stage I1IB disease. The characteristics of
the 85 patients are listed in Table 1.

Forty-five patients in the sequential group and 40 in the concurrent
group received 60 Gy of radiotherapy. The objective response rate was evalua-
ted at the end of each treatment sequence. Nine complete responses and 36 par-
tial responses were obtained with sequential treatment. Twenty-four complete
responses and 16 partial responses were obtained in the concurrent group. The
difference between the two groups was statistically significant p = 0.002.
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Table 1 — Tabema 1

Patient characteristics
Kapakinepucitiuxu Ha ilayuenitiuitie

Patients Sequential Concurrent P
characteristic treatment treatment
No of eligible pts 45 40
Age
Median 59 57 0.55
Range 38-70 46-70
Sex
Male 40 35 0.19
Female 5 5
Performance
status
0 28 27 0.62
1 17 13
Weight loss >10 % 5 3
Histology
Squamous cell 34 22
Adenocarcinoma 6 10 0.51
Large cell 2 3
Unspecified 3 5
N status
N1 15 12
N2 26 24 0.8
N3 4 4
Tumour <5 cm 14 15
Tumour > 5 cm 31 25 0.6

Survival was analysed on July 2009 after a median follow-up of 3 years.
The median survival was 13 months in the sequential arm and 22 months in the
concurrent treatment. The difference was statistically significant (log-rank test
p = 0.0011; Fig 3). The disease-free survival was 9 months in the sequential
group and 17 months in the concurrent treatment. The difference was statisti-
cally significant (log-rank test p = 0.0002; Fig 4). The 1- and 2-year survival
rates were 73.6% and 39.7% in the concurrent group and 54.9% and 13.7% in
the sequential group, respectively (log-rank test, p = 0.0011). Treatment-related
toxicities according to RTOG/EORTC are listed in Table 2. Acute oesophagitis
and incidence of neutropenia were higher with the concurrent than with the
sequential treatment. Grade 3 oesophagitis was characteristic only of concurrent
treatment and it was the reason for radiotherapy interruption but no longer than
7 days. Secondary anaemia was more frequent in the sequential treatment group.
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Figure 3 — Overall survival according to treatment
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Figure 4 — Disease-free survival according to treatment
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Table 2 — Tabemna 2

Treatment-related toxicities in the two groups
ToxcuuHOCI-3a8UCHA 00 UPUMEHEIUONL TUpeiumaH, Kaj 0aeitie Zpyiiu

. Sequential arm Concurrent arm
Toxicities
RTOG/EORTC grade| grade| grade| grade| grade| grade| grade| grade

0 1 2 3 0 1 2 3

Late | Lung 28 8 9 0 8 21 11 0

Oesophagus 45 0 0 0 37 3 0 0

Acute| Lung 29 13 3 0 25 14 1 0

Oesophagus 17 20 8 0 2 20 15 3

Hemoglobin 24 14 7 0 39 0 1 0

Leukocyte 41 2 2 0 13 11 14 2

Discussion

A randomized phase III trial comparing sequential and concurrent admi-
nistration of chemotherapy and radiation therapy for NSCLC was published in
1999 [4]. In the study of Furuse et al. [4] chemotherapy combined cisplatin,
vindesine and mitomycin C. The total dose of radiotherapy was 56 Gy, and in
the concurrent group, in a split-course schedule was administered, with a rest
period of 10 days. Median survival was significantly higher with concurrent the-
rapy than with sequential therapy (16.5 and 13.3 months, respectively; p = 0.0398).
The 2-, 3-, and 5-year survival rates were 34.6%, 22.3% and 15.8% in the con-
current arm, and 27.4%, 14.7% and 8.9% in the sequential group, respectively.
Radiation Therapy oncology Group (RTOG) study 94-10 [5] compares sequen-
tial treatment with concurrent therapy in which the same dose of radiotherapy,
63 Gy, was administered during the two cycles of cisplatine-vinblastine therapy,
and with concurrent treatment using a bi-fractionated and accelerated irradiation
69.6 Gy combined with two cycles of cisplatin-etoposide. The median survival
rate in the concurrent treatment with cisplatin-vinblastine and standard radiothe-
rapy was significantly better than that in the sequential group (17 v 14.6 months;
p = 0.046). The median survival rate with bi-fractionated irradiation was 15.2
months. The third study which supports a concomitant approach is by Zatloukal
PV [6]. Chemotherapy in both groups consisted of 4 cycles of cisplatin and
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vinorelbine every 4 weeks. Radiotherapy of 60 Gy was started in the concurrent
group with a second cycle and in sequential group 2 weeks after completion of
the chemotherapy. The median survival time in the concurrent group was 16.8
months and in the sequential group it was 12.9 months (p = 0.0216, log-rank
test). Median time to progression was 11.9 in the concurrent group and 8.5 in
the sequential group, respectively [6].

Our study compared sequential and concurrent chemoradiation therapy
in locally advanced NSCLC. We found the benefit of concurrent therapy greater
than in previous listed trials, in terms of overall and disease-free survival (22 vs
13; 17 vs. 9 mounths), and the difference was significant with a log-rank test.
When our study was designed, the cisplatin-etoposide combination was mostly
used concurrently with radiotherapy [7]. Consolidation chemotherapy with two
cycles of carboplatin-etoposide was administered in the concurrent group to
balance the dose of platinum-based chemotherapy in the two groups. This con-
solidation chemotherapy administered after concurrent chemoradiotherapy seems
promising in terms of survival, as shown in the Southwest Oncology Group
(SWOG) S9504 and Locally Advanced Multimodality Protocol (LAMP) studies
[8, 9]. In the SWOG S9504 study, consolidation docetaxel following concurrent
chemoradiotherapy, showing median survival of 26 months and median pro-
gression-free survival of 16 months. Our concurrent-consolidation group sho-
wed similar results (OS 22 months and DFS 17 months). In our study, the local
relapse rate was lower in the concurrent group than in the sequential arm. In the
RTOG 94-10 [5] study, local failure rates at 2 years were significantly lower in
the concurrent group. Thus it seems that the superior survival observed with
concurrent treatment is associated with better local control.

We did not observed major toxicity in our study. The incidence of grade
3 oesophagitis was lower than in the RTOG 94-10 study and the possibility of
incidence reduction in our study was performed by conformal 3D RT. The same
findings are shown by Socinski et al. [10, 11].

Conclusion

Given the high toxicity in the concurrent-consolidation schedule, it sho-
uld be reserved for patients younger than 70 years of age, with good performan-
ce status and minimal weight loss. In our study of the dose-limiting toxicity,
oesophagitis was reduced by performing conformal radiotherapy. Conformal
thoracic radiotherapy allows dose-escalating and can probably improve survival
and local control. The North Central Cancer Treatment Group (NCCTG) repor-
ted a phase I trial escalating the dose of RT with 3-D planning between 70 and
78 Gy [12, 13] They defined the maximum-tolerated dose as 74 Gy and repor-
ted an impressive median survival time of 37 months. The dose-limiting toxici-
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ties were mainly pulmonary. These results suggest that the dose and technical
aspects of RT delivery are important in the combined modality approach for
stage III NSCLC.
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Pesume

CEKBEHIIMOHA XEMOPAJINOTEPAIINJA KOMITAPUPAHA
CO KOHKYPEHTHA XEMOPAJTMOTEPAIINJA
KAJ JOKAJ/IHO-HATIPETHAT HEMUKPOLIETYJTAPEH
BEJOJOPOBEH KAPIIMHOM: HAIIIN UCKYCTBA

Ipsenxosa C., Kpcrescka B.

YHusep3auiliecka KAUHUKA 3a paduoitiepaiiuja u OHKoAoZuja,
Meouyuncku gaxyaitieiti, Cxoiije, P. Maxeooruja

AmncrtpakT: llenara Ha cTyamjaTa € jla ce KOMIIApHpa, BIMjaHHETO BP3
IPEKUBYBAETO, Off YIOTPEOESHNOT KOHKYPEHTEH WM CEKBEHIMOHEH HA4YMH Ha
TpeTMaH Kaj nHonepabuiIHuoT craguyM 11 HemukponenyiaapeH 6enoapobeH Kap-
muHOM (NSCLC). OcympeceT 1 NeT MaueHTH ce paHAOMHU3UPAHU BO JIBE TPYIIH.
Bo cexBeHnmoHaTa rpyna ce BKIy4eHH 45 ManueHTn U THe NpBO Oea TpeTHpaHU
€O 4 TWKIyCcH Ha XeMoTepammja co carbopalatin u etoposide, 0 mTO cliemyBarie
KoH(popmanHa paguorepanuja (RT). Bo BropaTa KoHKypeHTHa rpymna 40 GoiHH
0ea MCTOBpEeMEHO TPeTHWpaHM CO XeMoTepamuja, cisplatin u etoposide m KoHpOp-
ManHa RT, mo mrTo ciepyBamie ammkanydja Ha 2 OHKIyca Ha KOHCONMAMpAUKa
xeMmoTepanmja co carboplatin u etoposide. BoegHo onmimanm ce cute (a3 Ha KOH-
¢opmanuaTta Tpogumensunonanya (3D) RT.

Op HoemBpu 2005 go okroMmBpu 2008 ncnuryBanu ce 93 mauuentu. Ocym
MaleHTH ce BefHAIl HCKIy4eHu of cryaujata. Kaj cemyMm of HHUB yTBpAeH e
crajguyM IV Ha Gorecra, a Kaj eieH NallueHT YTBP/ICHO € MTOCTOeHe Ha MIIeypajcH
U3UB. 3a OBHE MAlWEHTH IPETXOHO CE€ MHUCIEJIO AieKa Ce NMOTOJHM 3a BKIy4dy-
Bame, OTHOCHO JieKa Npunafaat Ha craguyM IIIB. [lobueHO € cpefHO BpeMe Ha
npexXuByBame off 13 Mecel 3a CeKBEHIMOHATa Ipyna u 22 Mecely Kaj KOHKY-
peHTHaTa rpymna. Pasznmkara e crarmcrmuku 3HavajHa (log-rank test p = 0.001).
IIpexuByBameTo 6€3 OosecT 3a CeKBEHIMOHATa rpyna oOeme 9 mecenu u 17 me-
celll 3a KOHKYpEHTHaTa rpyma. Pasmmkara MCTO Taka € CTaTUCTHUYKH 3HayajHa
(log-rank test p = 0.001). EqnoropuinHaTa 1 JBOrofMIlIHaTa MPOLEHTYyaIHa CTanKa
Ha TpexkuByBame Oemie 73.6% m 39.7% Kkaj KoHKypeHTHaTa rpyma u 54.9% u
13.7% kaj cekBeHIMOHAaTa rpyma, mociaegoBareino (log-rank test, p = 0.0011). He-
cakaHuTe e(eKTH Of TpeTMaHOT Oea omeHyBaHum crnopefl RTOG/EORTG kpwu-
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TepuymuTe. MIHIMACHIIaTa HA aKyTHAOT e30(harnTic N MHIMACHIATa Ha HEYTPO-
neHyja Oellle MorojeMa Kaj KOHKYpEeHTHATa Tpyla BO OJHOC Ha OOJIHUTE BO CEK-
BeHIMOHAaTa rpymna. Ezodarntucor ox 3-tu crenen Oelle KapaKTEpPUCTHKA CaMO
Ha KOHKYpEHTHaTa rpymna u 6elle mprynHa 3a npeknH Ha RT, HO He moronem ox 7
nena. CekyHfapHaTa aHeMHja Oellle MoYecTa Kaj rpynaTa Ha 60JIHH TPETUPAHU CO
CEKBEHIIMOHEH MpHCTAIl.

CraTHCTHYKM 3HayajHaTa pa3liika BO HPEXHBYBAETO yKaXyBa feKa
KOHKYpPEHTaHa XeMopajuoTrepandja u KoHpopmanHata 3D RT ce onTtumainHa
CTpaTerdja Ha TpeTMaH Kaj 60IHH co JokanHo HampegHaT NSCLC.

Kyynu 360poBn: ceKBeHIIMOHA ¥ KOHKYPEHTHA XeMOpaguoTepanyja, TpUIuMeH-
3WOHaTHA KOH(popMaiHa papuoTepanyja, nHonepabuiaeH NSCLC.
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