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Abstract 
Background: The optimal TRT dose/fraction for LD-SCLC remains debata-
ble, and due to increasing number of population in Egypt and number of pa-
tients as well, so reducing the duration of radiation therapy is favored. This 
study was conducted using etoposide and cisplatin (EP) concurrently with 
accelerated hypofractionated TRT to evaluate the response and toxicity of this 
protocol in the treatment of patients with limited-disease small cell lung can-
cer (LD-SCLC). Patients and Methods: Thirty patients with previously un-
treated LD-SCLC were enrolled into this study between June 2012 and Feb-
ruary 2015. All patients received etoposide 100 mg/m2 days 1 to 3 and cispla-
tin 25 mg/m2 days 1 to 3 with start of accelerated hypofractionated thoracic 
radiation therapy on first day of the second cycle of chemotherapy of 55 Gy, 
2.5 Gy/fraction over 30 days. Chemotherapy was given 4 - 6 cycles. Prophy-
lactic cranial irradiation 25 Gy/10 fractions were given for patients who 
achieved complete remission. Results: The median age was 60 years; 28 pa-
tients (93%) were men. ECOG PS was 0 in 5 (17%) patients and 1 in 12 (40%) 
patients. Four (13%) patients achieved a complete response (CR), 17 (57%) 
patients achieved a partial response (PR), while 7 patients (23%) had progres-
sive disease (PD), and the ORR was 90%. The median survival time was 26.4 
months. The median PFS was 16.7 months. Among the hematologic toxicities 
neutropenia was the most prevalent toxicity and it was evident as grade 3 - 4 
in 12 (40%) patients. Grade 3 - 4 Asthenia was the most prevalent nonhema-
tological toxicity, in 12 (40%) patients; esophagitis occurred in 7 (23%) pa-
tients. No treatment-related deaths (due to sepsis or bleeding) were reported 
in the study. Conclusion: Using etoposide and cisplatin concurrently with 
accelerated hypofractionated thoracic radiation therapy for the treatment of 
patients with LD-SCLC showed an encouraging outcome and acceptable tox-
icity and warrants further research. 
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1. Introduction 

Small cell lung cancer (SCLC) is known to be a rapidly proliferating tumor hav-
ing a tendency to metastasize early and widely. One third of patients with SCLC 
will present with limited disease SCLC (LD-SCLC), which is defined as disease 
confined to one hemithorax and which can be encompassed within a radiothe-
rapy field of acceptable size [1] [2]. Currently, the standard of care for treating 
LD-SCLC is concurrent chemotherapy and thoracic radiation therapy (TRT), 
followed by prophylactic cranial irradiation (PCI) for the group of patients who 
achieve a good response after combined chemoradiotherapy, which has yielded a 
median survival of 15 to 23 months and 5-year survival rate up to 26% [3] [4]. 
The optimal TRT dose/fraction for LD-SCLC remains debatable [3]. Intergroup 
study 0096 investigated once-daily and twice-daily TRT of 45 Gy in LD-SCLC, 
based on 2-dimensional radiation techniques, and the results showed that sur-
vival was improved significantly in the arm of twice daily TRT over 3 weeks, 
which has become one of the standard treatments [4]. However, despite using 
twice-daily TRT, there was a high local recurrence rate of 36% observed, which 
suggests that more intensified TRT should be considered for LD-SCLC. With 
more advanced radiation planning techniques, Cancer and Leukemia Group B 
carried out a series of trials using daily TRT with a high dosage of 70 Gy over 7 
weeks in LD-SCLC [5] [6] [7]. In a trial done by Miller et al., complete response 
(CR) was achieved in 43% of included patients (95% confidence interval [CI] 
30% - 56%) and 38% achieved partial response (PR). Median PFS was 12 months 
(95% CI, 9 - 15 months) and median OS was 20 months (95% CI, 16 - 24 
months) [6], while in another trial done by Kelley et al., 7% of the patients 
achieved CR and 64% of the patients achieved PR (response rate 71%, 95% con-
fidence interval [CI], 59% - 81%) [7]. A pooled analysis of LD-SCLC Patients 
treated with induction chemotherapy followed by concurrent platinum-based 
chemotherapy and 70 Gy daily radiotherapy CALGB 30904 done by Salama et al. 
reported that there was no significant improvement of treatment outcome, this 
might be attributed to the prolonged overall radiation time [8]. It is known that 
accelerated repopulation of tumor cells during radiation therapy has shown neg-
ative effects in many tumor types and it is considered as one mechanism of re-
sistance to treatment clinically [9] [10]. As SCLC has the characteristic of rapid 
doubling time and high growth fraction, there is also evidence suggesting that 
prolonged or interrupted overall radiation time contributes to treatment failure 
and poor outcome because of accelerated repopulation [11] [12] [13]. Xia et al. 
[14] found that overall radiation time might play an important role in the treat-
ment of LD-SCLC and that patients treated with a high biologically effective 
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dose (BED, including time factor) of >57 Gy have favorable local control and 
survival [14]. A study conducted by Schild et al. [15] investigated the relation-
ship between 5-year survival and various dose-fractionation regimens used in 
phase 3 trials reported between 1997 and 2004. A strong positive correlation 
between BED and 5-year survival was found in LD-SCLC (Pearson correlation 
coefficient 0.81). In order to obtain a higher intensive TRT regimen, beside the 
dose escalation there’s is an alternative strategy which is the use of hypofractio-
nated thoracic radiation therapy (HypoTRT). In the era of 2-dimensional radia-
tion therapy, HypoTRT has been used as a safe and effective treatment for 
LD-SCLC in Canada (40 Gy/15 fractions) [16] [17]. Murray et al. reported that 
the median survival time and 5-year survival rate were 21.2 months and 22% re-
spectively [16]; but, the cumulative risk for local recurrence exceeded 50% 
beyond 3 years, which was partially attributed to the low radiation dose. There 
were much concerns that a fraction dose of >2 Gy may cause serious side effects 
and due to the limitation of 2-dimensional radiation techniques, the pace of ex-
ploring HypoTRT in LS-SCLC has slowed over the past few decades [18]. With 
the advances of 3-dimensional conformal radiation techniques (3D-CRT), a 
phase 1 study was conducted to determine the maximal tolerated dose of Hy-
poTRT for LD-SCLC [19]. Acute esophagitis was the predominant dose-limiting 
toxicity, and a dose between 50 Gy and 58 Gy was recommended. Based on the 
above-mentioned data, we conducted the present study using etoposide and cis-
platin (EP) given concurrently with accelerated hypofractionated TRT to eva-
luate the response and toxicity of this protocol in the treatment of patients with 
limited-disease small cell lung cancer (LD-SCLC). 

2. Patients and Methods 
2.1. Eligibility Criteria for Study Entry Included 

1) Patients must provide informed oral and/or written consent after approval of 
the local ethics committee 2) Patients have histologically or cytologically docu-
mented LD-SCLC, which was defined as disease confined to one hemithorax in-
cluding bilateral supraclavicular nodes; other eligibility criteria were: 3) mea-
surable disease, 4) age < 75 years, 5) no previous treatment (neither chemothe-
rapy nor radiotherapy), 6) Eastern Cooperative Oncology Group (ECOG) per-
formance status of ≤ 2, 7) life expectancy of > 3 months, 8) leucocyte count ≥ 
4000/mm3, 9) platelet count ≥ 100,000/mm3, 10) hemoglobin > 9 g/dl, 11) serum 
creatinine < 1.4 mg/dl, 12) creatinine clearance ≥60 ml/min, 13) serum bilirubin 
≤1.5 mg/dl, 14) serum transaminase < 2 × upper limit of normal (ULN), and 15) 
a life expectancy ≥ three months. 

2.2. Exclusion Criteria Included 

1) active severe infection, 2) severe heart disease, 3) malignant pleural or pericar-
dial effusion, 4) chronic diarrhea, 5) intestinal obstruction or paralysis, and 6) ac-
tive concomitant malignancy. Pregnant or lactating women were also excluded. 
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2.3. Pretreatment Assessment and Post-Treatment  
Reassessment 

Each patient must have had the following assessment tests before being enrolled 
in the study: full medical history and clinical examination; baseline tests includ-
ing a full blood count, serum biochemistry (urea and electrolytes, liver function 
tests, calcium, and lactate dehydrogenase [LDH]) and a chest X-ray. Staging 
procedure for all patients included computed tomography (CT) scan of the chest 
and upper abdomen with contrast. CT scan and/or magnetic resonance imaging 
(MRI) of brain or a bone scan was not routinely required. PET/CT scan was 
performed for some cases. Pulmonary function tests were also used (including 
forced expiratory volume in the first second [FEV1], forced vital capacity, and 
arterial blood gases). Patients were staged according to the Veterans’ Adminis-
tration Lung Cancer Study Group as having limited disease (confined to one 
hemithorax including contralateral mediastinal and supraclavicular nodes). Pa-
tients were followed after completion of the course of treatment every 2 months 
until disease progression or death. Radiological responses were documented by a 
CT scan of the chest after 4 weeks. Treatment toxicity was classified according to 
the criteria of the World Health Organization [20], except for radiation-induced 
esophagitis, for which we used the ECOG criteria [21] while pneumonitis was 
clinically and radiographically graded according to the Radiation Therapy On-
cology Group (RTOG) acute and late lung morbidity scoring criteria [22]. Tu-
mor response was evaluated after every two cycles of chemotherapy using the 
same evaluation method and it was classified according to the WHO criteria. A 
complete response (CR) was defined as the disappearance of any evidence of 
tumors for at least 4 weeks. A partial response (PR) was defined as ≥50% reduc-
tion in the sum of the products of the greatest perpendicular diameters of all le-
sions for at least 4 weeks. Stable disease (SD) was defined as <50% reduction or 
<25% increase in the products of the greatest perpendicular diameters of all le-
sions without any evidence of new lesions. Progressive disease (PD) was defined 
as an increase of ≥25% or the appearance of new lesions.  

2.4. Chemotherapy 

Chemotherapy was given a 21-day interval for 4 - 6 cycles, however, the interval 
was extended to 28 days during concurrent TRT. The chemotherapy regimen 
(etoposide/cisplatin [EP]) consisted of cisplatin 25 mg/m2 per day administered 
on days 1 to 3 and etoposide 100 mg/m2 per day on days 1 to 3. After 4 cycles of 
EP chemotherapy, patients with good performance status (0 - 2) and without 
complete response, continued to receive chemotherapy to a total of 6 cycles. The 
application of granulocyte colony stimulating factor (G-CSF) was allowed when 
the absolute granulocyte count was <1000/mm3. Doses were modified on the ba-
sis of blood counts, serum chemistry values, and toxicity levels. Chemotherapy 
was discontinued for patients with two dose reductions. 
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2.5. Thoracic Radiation Therapy (TRT) 

HypoTRT was initiated at the first day of the second cycle of chemotherapy. An 
enhanced CT scan of the thorax was performed to help in radiation therapy 
planning. Gross target volume was based on the restaging chest CT obtained af-
ter induction chemotherapy, including the residual primary tumor and lymph 
nodes >1 cm in short axis diameter observed on initial thoracic CT scans. If the 
lymph nodes became smaller or disappeared after induction chemotherapy, the 
previously involved lymph nodal regions were included in the radiation target 
according to the prechemotherapy CT scans. The planning target volume (PTV) 
included the primary lesion (gross tumor volume) with a 1- to 1.5-cm margin in 
all directions. No elective nodal irradiation was carried out. HypoTRT with a to-
tal dose of 55 Gy was administered daily at 2.5 Gy per fraction over 30 days. 
Three to four beams with a 6- or 10-MV photon were used, and the dose con-
straints to the surrounding normal organs were as follows: maximum spinal 
cord dose ≤ 42 Gy; mean lung dose ≤ 15 Gy, and V20 (percentage of total lung 
volume receiving > 20 Gy) ≤ 25% (for the calculation of mean lung dose and 
V20, the volume of both lungs minus the PTV was used); mean esophagus dose 
≤ 34 Gy; and mean heart dose ≤ 30 Gy. Dose distributions to normal tissue < 
10% of the upper limitation were considered as acceptable variation. Any inter-
ruption or delay was discouraged during TRT unless any grade 4 hematologic 
toxicity (including absolute neutrophil count ≤ 1000/mm3, platelet count ≤ 
50,000/mm3), febrile neutropenia, or grade ≥ 3 esophagitis or pneumonitis oc-
curred. 

2.6. Prophylactic Cranial Irradiation (PCI) 

Patients who achieved a complete response (CR) had received PCI which started 
5 weeks after the end of the last course of chemotherapy. A total dose of 30 Gy 
was administered in 10 fractions of 3 Gy (5 fractions/weeks). 

2.7. Statistics 

The primary objective of this study was to evaluate the response and toxicity of 
an EP regimen concurrent with Accelerated Hypo-TRT for LD-SCLC patients. 
Any patient who received at least one cycle of chemotherapy was considered as-
sessable for toxicity, and all eligible patients who received even one cycle of 
chemotherapy were included for survival estimation. Overall survival (OS) was 
measured from the date of the first chemotherapy administration to the date of 
death or last follow-up visit. Progression-free survival (PFS) was measured from 
the date of the first administration of the chemotherapy up to the date of disease 
progression or death from any cause or the date of last follow-up visit. Overall 
survival (OS) and PFS were estimated using the Kaplan-Meier method [23]. The 
statistical analysis was carried out using SPSS software version 13 (SPSS, Chica-
go, IL, USA). 
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3. Results 
3.1. Patient Characteristics 

Thirty patients with previously untreated LD-SCLC were enrolled into the study 
between June 2012 and February 2015. Table 1 summarizes the characteristics of 
these 30 patients. 

3.2. Response 

In the 30 patients assessed for response after the first cycle of chemotherapy and 
before starting TRT 4 (13%) patients achieved a CR, 17 patients (57%) achieved 
a PR, 3 (10 %) patients achieved SD while 7 patients (23%) had PD; 6 (20%) of 
the 10 non-responders achieved a PR after commencing concurrent chemoradi-
otherapy; therefore, the overall response rate was 90%. 

3.3. Overall Survival (OS) and Progression-Free Survival (PFS) 

The median OS time was 26.4 months (95% confidence interval [CI], 10.4 - 28.1 
months), and 1-, and 2-years OS rates were 78% and 58.3%, respectively (Figure 
1). The median PFS was 16.7 months (95% CI, 6.7 - 19.0 months), and 1-, and 
2-years PFS rates were 60%, and 41.4%, respectively (Figure 2). 

3.4. Treatment Toxicity 

Table 2 summarizes the incidence and the severity of the hematological and 
non-hematological toxicities as well. Neutropenia was reported to be the most 
prevalent hematological toxicity which occurred as a grade 3 - 4 in 7 (23%) pa-
tients, while asthenia was the most prevalent non-hematological toxicity which 
occurred as a grade 3 - 4 in 12 (40%) patients. Fortunately, no treatment-related 
deaths (due to sepsis or bleeding) were reported in the study.  
 
Table 1. Patient characteristics. 

Characteristic 
Patients 

No. % 

Age, years  

Median 60 

Range 49 - 71 

Sex   

Male 28 93% 

Female 2 7% 

ECOG PS   

0 5 17% 

1 12 40% 

2 13 43% 
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Figure 1. Overall survival. 

 

 
Figure 2. Progression-free survival. 

 
Table 2. Treatment-related toxicity. 

Toxicity Grade 2 Grade 3 Grade 4 

 No. % No. % No. % 

Hemaltological       

Anemia 7 23 8 27 1 3 

Neutropenia 5 17 15 30 1 3 

Thrombocytopenia 6 20 3 10 1 3 

Non-hematological        

Pneumonitis 3 10 3 10 1 3 

Esophagitis 8 27 6 20 0 0 

Asthenia 11 37 7 23 1 3 

Diarrhea 4 13 2 7 0 0 

Nausea 8 27 6 20 2 7 

Vomiting 5 17 5 17 1 3 

Infection 4 13 2 7 0 0 

Elevated S. creatinine 3 10 3 10 0 0 
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3.5. Patterns of Failure 

Distant metastasis represented the most common pattern of failure. Five (17%) 
patients developed locoregional recurrence, and 15 (50%) patients were reported 
to have distant metastases. Second line chemotherapy in the form of Irinote-
can/Platinum was given for those patients who developed PD or those who re-
lapsed after being in remission. 

4. Discussion 

Combined modality therapy has emerged as the accepted standard of treatment 
for patients with LD-SCLC. However, neither an optimal radiotherapy dose nor 
an optimal sequencing schedule has been established [24]. The addition of TRT 
has improved the survival of LD-SCLC patients. It was previously demonstrated 
that TRT combined with EP is more effective for LD- SCLC compared to radio-
therapy and the hematological toxicity was more severe in the concurrent arm 
[25]. A-Hypofractionated TRT schedules may confer a survival benefit com-
pared with prolonged conventional fractionated TRT [4] and there is some evi-
dence suggesting that an improvement of outcome in radiochemotherapy of 
LD-SCLC is related to treatment intensification by shortening the total duration 
of therapy [26]. The optimal timing of TRT related to chemotherapy is another 
important, yet still unresolved issue [27]. Early administration of a hypofractio-
nated TRT may confer the benefit of avoiding excessive toxicity while maintain-
ing high efficacy [28]. Because of increased toxicity and inconvenience the 
twice-daily TRT was not widely adopted, once-daily TRT remained the most 
commonly used regimen for LD-SCLC [29]. Once-daily Hypofracionated TRT 
with a shortening of the overall treatment time may optimize survival and tumor 
control [13]. A favorable efficacy of Hypofractionated TRT (40 Gy/15 F) early in 
1993, during the era of two dimensional radiotherapies has been reported, with a 
median overall survival of 21.2 months and 5-year survival rate of 22%. In our 
study we recruited 30 patients with LD-SCLC, 93% of the patients were men 
[16]. In the current study ORR was reported to be 90%, while in a similar trial 
done by Zhang et al. in the HYPO-RT arm, ORR was 97% [30]. In the current 
study the median PFS was 16.7 months (95% CI, 6.7 - 19.0 months), and 1-, and 
2-years PFS rates were 60%, and 41.4%, respectively, when compared to the 
study by Zhang et al. [30], where the median PFS was 18.2 months (95% CI: 15.8 
- 20.6 months), and the 1-year and 2-year PFS rates were 64.8% and 32.4%, re-
spectively. The median OS in our study was 26.4 months (95% CI, 10.4 - 28.1 
months), and 1-, and 2-years OS rates were 78% and 58.3%, compared to the re-
sults of the study by Zhang et al. [30], where the median OS was 27.2 months 
(95% CI: 25.2 - 29.2 months), and the 1- and 2-year survival rates were 87.0% 
and 62.2%, respectively.  

As a natural behavior of SCLC, distant metastasis was reported to be the most 
common pattern of failure which occurred in 50% of the patients in our study, 
while 17% patients developed locoregional recurrence. These findings are almost 
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the same like what was found in the study done by Zhang et al. [30], where lo-
coregional recurrence occurred in 17.4% and distant metastasis occurred in 42% 
of the patients recruited into the study.  

The toxicities in our study seemed tolerable and acceptable, grade 3 - 4 neu-
tropenia occurred in 23% of patients, these findings are much less than the study 
done by Gronberg et al., where 86% of the patients in that study developed grade 
3 - 4 neutropenia [31], while grade 3 - 4 esophagitis occurred in 20% of the pa-
tients in our study which is less than that reported in the study done by Gron-
berg et al. which was 31% [31]. Radiation-associated pneumonitis is always a 
problem facing treatment of such a disease, and we reported that grade 3 - 4 
pneumonitis occurred in 13% of the patients in the present study which was 
compared with 2% and 8.6% of the patients in the studies done by Gronberg et 
al. and Zhang et al. respectively [30] [31].  

In conclusion, using etoposide and cisplatin, when given concurrently with 
accelerated hypofractionated TRT for the treatment of patients with LD-SCLC, 
showed an encouraging outcome and acceptable toxicity and warrants further 
research especially in centers that have a long waitlist. 
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