
Original Article

Radiotherapy Dose and Induction
Chemotherapy Cycles Are Associated
With Prognosis and Toxicity Risk:
A Retrospective Study of 227 Patients
With Unresectable Stage III
Non-Small-Cell Lung Cancer
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Abstract
Objective: Concurrent chemoradiation (cCHRT) has been confirmed as the standard treatment for local advanced non-small-
cell lung cancer (NSCLC). This study is to assess the appropriate timing of radiotherapy and cycles of induction chemotherapy for
those patients. Methods: 227 inoperable stage III NSCLC patients were selected, we analyzed the potential prognostic factors
and the influence of induction chemotherapy was evaluated. Results: The median survival time was 20.7 months; only 25 patients
chose chemotherapy alone (11.0%), 137 patients underwent sequential chemoradiation (sCHRT, 60.4%), and 65 patients received
cCHRT (28.6%). Multivariate analyses showed radiation therapy (P ¼ 0.001), the Eastern Cooperative Oncology Group (ECOG)
score (P ¼ 0.000) and the lymph node stage (P ¼ 0.001) were independent prognostic factors. cCHRT was not found to be
superior (P¼ 0.330). We selected patients received 60-66 Gy and found the cCHRT groups achieved a relatively better outcome,
with a median Overall Survival (OS) of 25.2 months vs 20.1 months in the sCHRT group (P ¼ 0.019). We also found cycles of
induction chemotherapy did not compromise survival; however,�3 cycles resulted in more grade 3-4 hematology toxicities, with
a proportion of 18/99 compared with 53/103 among patients who underwent �3 cycles. In addition, higher grade hematology
toxicities and poor ECOG were also the most common reasons for abandoning cCHRT. Conclusions: For inoperable stage III
NSCLC, cCHRT showed its superiority only when the radiotherapy dose was 60-66 Gy. Cycles of induction chemotherapy
did not interfere with survival; however, �3 cycles resulted in more grade 3-4 hematology toxicities, leading to the cessation
of cCHRT.
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Introduction

Lung cancer has become the leading cause of cancer-related

death and has been divided into non-small-cell lung cancer

(NSCLC) and small-cell lung cancer (SCLC).1,2 Approxi-

mately 80-85% of lung cancers are pathologically classified

as NSCLC, and one-third of these are diagnosed as locally

advanced NSCLC.3 A part of stage III NSCLC can be treated

by surgery.4 For patients with unresectable tumors, concurrent

chemoradiation (cCHRT) has been confirmed as the standard

treatment, and cCHRT results in better local control and
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reduces the possibility of distant metastasis compared with

sequential chemoradiation (sCHRT).5,6 A meta-analysis con-

taining several clinical trials showed a favorable OS and an

absolute reduction in the local regional progression rate in the

cCHRT group compared to the sCHRT group.7

Despite the definite clinical effect of cCHRT, not all

patients tolerate it well, and potentially valid alternatives

include sCHRT, radiotherapy (RT) alone, chemotherapy (ChT)

and other palliative treatments.8 Survival is influenced by

many factors, such as poor EOCG score, older age and the

volume of the primary tumor.9 With the enlargement of the

primary tumor, the target volume increases, which results in

the risk of damaging organs. Therefore, the majority of patients

undergo induction chemotherapy before cCHRT. However,

few studies have addressed the optimal cycle regiment of

induction chemotherapy.

Moreover, some studies have shown a correlation between

the outcome and thoracic radiotherapy dose, but the results of

these studies are contradictory. Theoretically, the higher the

local dose the patients received, the better the local control and

the better their survival.10 However, with an increase in radia-

tion dose, there may be more toxic adverse events.11 Therefore,

we conducted the present study to investigate the suitable

radiation dose and the optimal cycles of induction chemother-

apy in patients with unresectable stage III NSCLC.

Materials and Methods

Patient Demographics and Tumor Characteristics

Following Institutional Review Board approval, we conducted

a retrospective analysis of 227 patients who were retrieved

from the Tumor Hospital of Yunnan Province, China, between

January 1, 2010, and December 31, 2016. The present study

was approved by the Ethics Committee of The Third Affiliated

Hospital of Kunming Medical University (Tumor Hospital of

Yunnan Province). Informed consent was waived by the com-

mittee because of the retrospective nature of this study. This

trial was conducted in accordance with the Declaration of Hel-

sinki. We confirm that patient data confidentiality was main-

tained. The main inclusion criteria were histologically/

cytologically proven NSCLC stage III (American Joint Com-

mittee on Cancer 7th, AJCC). Key exclusion criteria were a

prior history of thoracic RT or received surgery and other

malignant disease. Additional information on patient charac-

teristics, treatment and survival was retrospectively collected

from the electronic medical records. This is a retrospective

study; all patients received conventional treatment, and all

methods were performed in accordance with the NCCN Clin-

ical Practice Guideline in Oncology.

Chemoradiation

The overwhelming majority of patients underwent induction

chemotherapy. Chemotherapy consisted of two-drug cis- or

carboplatin-based regimens. The platinum partnered number

of cycles depended on the histology and response of the tumor.

All patients received computed tomography scans or positron

emission tomography computed tomography (PET/CT) scans.

For patients who underwent radiation, intensity modulated

radiotherapy (IMRT) was used, and the median dose was

60 Gy, delivered in the conventional fraction, 2 Gy/F, 5 F/W.

Treatment strategies consisted of cCHRT(patients received

cis/carboplatin and etoposide every 21 days during the radio-

therapy), sCHRT(thoracic RT alone followed induction

chemotherapy) and ChT.

Follow-Up and Endpoints

All patients underwent clinical follow-up examinations includ-

ing Magnetic Resonance Imaging(MRI) or CT of the head

1 month after the end of radiotherapy and every 3 months

thereafter. The primary endpoints of our study were overall

survival (OS) and progression-free survival (PFS). OS was

calculated from the day of pathologic confirmation to death

or the last day of follow-up. PFS was the time from the end

of the radiotherapy to the progression of previously treated lung

lesions or the last day of follow-up. The secondary endpoints

were distant metastasis-free survival (DMFS) which was

defined as the time of the completion of thoracic radiation

therapy (TRT) to the day of new distant metastasis or the last

day of follow-up and hematological toxicity. Acute toxicities

were scored according to the CTCAE (version 4.0).

Statistical Analyses

Statistical analyses were performed with IBM SPSS Statistics

22.0. Patient characteristics were described according to treat-

ment strategy (cCHRT, sCHRT), and significant differences

between treatment groups were assessed by w2-test and Fisher’s

exact test. The Kaplan–Meier method was used to perform

univariate survival analysis to find the correlation between

OS and clinical features, including sex, age, smoking history,

ECOG score, tumor location, lymph nodes, cycles of induction

ChT, and receipt of radiotherapy. Among cCHRT group, 56

patients received 60-66 Gy of thoracic RT. A Cox proportional

hazards algorithm using the backward–forward and stepwise

method was used in multivariate analyses. Patients who

received 60-66 Gy of thoracic RT in cCHRT and sCHRT

groups were compared after propensity score matching (PSM)

analysis. We used one to one matching, the Caliper width

was 1. A group of 53 patients with cCHRT was matched to

53 patients with sCHRT based on the baseline age, sex, smok-

ing, ECOG score, stage, location of tumor, lymph nodes, and

ChT cycle number to find the relationship between RT dose

and OS. The comparison of survival curves between different

groups was conducted using the log-rank test.

Results

A total of 227 patients were recruited from January 2010 to

December 2016 at Yunnan Province Tumor Hospital. In Table
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1, patient characteristics according to the administered treat-

ment are shown: 202 received RT (89.0%), and 25 received

ChT only (11.0%); 137 patients chose sCHRT, and 65 patients

received cCHRT. The proportions of cycles of induction ChT

were as follows: 0 (6.9%), 1 (8.4%), 2 (19.3%), 3 (14.4%), and

4-6 (60.0%). Univariate and multivariate analysis were shown

in Table 2. Our univariate analysis demonstrated that stage

IIIA, lower N stage, TRT, ECOG score (0 -1) and treatment

regimens were OS prognostic factors. Multivariate analysis

showed that TRT (P ¼ 0.001, HR: 0.294, 95% CI: 0.144-

0.601), ECOG score (0 -1) (P ¼ 0.000, HR: 1.972, 95% CI:

1.457-2.670) and lower N stage (P¼ 0.001, HR:1.472, 95% CI:

1.169 -1.853) were the independent, favorable prognostic

factors for OS. Among all patient characteristics, age,

ECOG score, TRT, N stage and treatment regimens influ-

enced the DMFS according to univariate survival analysis.

However, multivariate analysis showed that N stage (P ¼
0.002, HR: 1.410, 95% CI: 1.131 -1.754) and ECOG score

(0 -1) (P ¼ 0.021, HR: 1.409, 95% CI: 1.053 -1.886) were

prognostic factors for DMFS. We did not find any factors

correlated with PFS.

The median follow-up period was 48.4 months, and the

median OS of the cCHRT group was 25.0 months (95% CI

22.5–27.8). For the sCHRT group, the median OS was 20.5

months (95% CI 17.74–20.0). For the ChT group, the median

OS was 13.0 months (95% CI 9.9–16.1). However, cCHRT did

not results in a significantly superior OS compared to sCHRT

(25.0 months vs. 20.5 months) (P ¼ 0.330) (Figure 1).

All patients underwent conventional fraction RT (2 Gy/F,

5 F/W); however, the RT dose they finally received was vari-

able. Thirty-eight patients (18.8%) received doses less than

60 Gy, doses ranging from 60 Gy to 66 Gy were administered

to 138 patients (68.3%), and 26 patients (12.9%) received doses

greater than 66 Gy. It is well known that a lower RT dose may

result in poor local control, while a higher dose may result in

more side effects. According to the TRT dose, we divided

65 patients who chose cCHRT into two groups: the nonstan-

dard dose group (dose<60 Gy and dose >66 Gy) and the stan-

dard dose group (60-66 Gy). Compared with the nonstandard

dose group, the OS of the standard dose group was substantially

increased (25.2 months vs. 16.8 months, P ¼ 0.001) (Figure 2).

This superiority was also shown in DMFS (15.0 months vs.

7.8 months, P ¼ 0.000). Moreover, 138 patients who received

60-66 Gy were separated into the cCHRT group and sCHRT

group and were compared after PSM (Table 3). After PSM,

patients who received cCHRT (25.2 months) showed substan-

tially better survival outcomes than patients who underwent

sCHRT (20.1 months) (P ¼ 0.019) (Figure 3).

We wanted to determine whether induction ChT had any

significant impact on patient outcomes, and there were signif-

icant differences in OS (P ¼ 0.141), PFS (P ¼ 0.499) and

DMFS (P ¼ 0.833). However, we found that 18/99 (18.2%)

of the patients who underwent 0-3 cycles of induction che-

motherapy developed grade 3-4 acute hematologic toxicities

during their treatment. This proportion significantly increased

to 53/103 (51.5%) (P ¼ 0.000) in patients who received more

than 3 cycles of induction chemotherapy. Notably, the occur-

rence of grade 3-4 acute hematologic toxicities was signifi-

cantly lower among those receiving fewer cycles than among

those receiving more cycles in both the sCHRT group (17.7%
vs 53.3%; P ¼ 0.000) and the cCHRT group (16.2% vs 50.0%;

P ¼ 0.008) (Figure 4).

In our study, approximately two-thirds (137) of patients

received sCHRT, and only 65 patients received the standard

treatment. The following were the reasons for not receiving

cCHRT: fifty-one (37.2%) patients suffered grade 3-4 acute

hematologic toxicities after induction chemotherapy,

Table 1. Baseline Characteristics of Patients.

Characters n %

Sex

Female, n (%) 27 11.9%
Male, n (%) 200 88.1%

Age

<60, n (%) 148 65.2%
�60, n (%) 79 34.8%

Smoking

Yes, n (%) 150 66.1%
No, n (%) 77 33.9%

ECOG score

0 -1, n (%) 130 57.3%
�2, n (%) 97 42.7%

Pathology type

Squamous cell cancer 167 73.6%
Adenocarcinoma 53 23.3%
Other 7 3.1%

T stage

1, n (%) 12 5.3%
2, n (%) 81 35.7%
3, n (%) 19 8.4%
4, n (%) 115 50.7%

N stage

0, n (%) 5 2.2%
1, n (%) 19 8.4%
2, n (%) 139 61.2%
3, n (%) 64 28.2%

Stage

IIIA, n (%) 95 41.9%
IIIB, n (%) 132 58.1%

Size

<5 cm, n (%) 95 41.9%
�5 cm, n (%) 132 58.1%

Location, n (%)

Center, n (%) 182 80.2%
Peripheral, n (%) 45 19.8%

Induction chemotherapy

0, n (%) 14 6.9%
1, n (%) 17 8.4%
2, n (%) 39 19.3%
3, n (%) 29 14.4%
4-6, n (%) 103 60.0%

Treatment

ChT alone, n (%) 25 11.0%
sCHRT, n (%) 137 60.4%
cCHRT, n (%) 65 28.6%
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Table 2. Univariate and Multivariate analysis for OS, DMFS and PFS.

Clinical characters

Univariate Multivariate Univari ate Multivariate Univariate

mOS P HR 95%CI P mDMFS P HR 95%CI P mPFS P

Sex 0.181 0.713 0.211

Female 27.1 13.0 6.0

Male 19.7 14.6 8.1

Age 0.235 0.003 0.817 0.785 -1.011 0.314 0.303

<60 19.7 12.6 8.9

�60 21.5 16.0 12.1

Smoking 0.615 0.140 0.659

Yes 19.2 15.1 8.1

No 21.6 12.4 7.8

ECOG score 0.001 1.972 1.457-2.670 0.000 0.004 1.409 1.053 -1.886 0.021 0.950

0-1 22.1 14.1 7.2

�2 18.2 10.9 9.7

Pathology type 0.515 0.324 0.828

Squamouscell cancer 21.0 14.9 7.9

Adenocarcinoma 19.4 12.1 7.8

Other 25.4 19.5 12.0

T stage 0.391 0.201 0.680

1 16.5 10.2 5.8

2 19.7 13.8 7.5

3 19.3 12.3 7.8

4 21.7 15.7 9.2

N stage 0.001 1.472 1.169 -1.853 0.001 0.002 1.410 1.131 -1.754 0.002 0.082

0 24.2 22.9 16.0

1 26.7 18.6 10.0

2 21.5 15.1 8.8

3 16.5 10.8 6.4

Stage 0.038 1.011 0.987 -1.036 0.382 0.141 0.828

IIIA 23.1 15.2 7.8

IIIB 18.5 13.8 8.5

Size 0.393 0.751 0.415

<5cm 21.1 14.1 7.9

�5cm 19.5 14.9 8.1

Location 0.065 0.140 0.596

Center 21.4 15.1 8.4

Peripheral 16.8 12.4 6.6

Treatment 0.002 0.294 0.144-0.601 0.001 0.027 0.899 0.850 -1.015 0.412 0.293

ChT 13.0 7.3 6.9

sCHRT 25.2 14.0 7.8

cCHRT 19.3 15.5 9.0

Figure 1. Kaplan-Meier analysis comparing OS in patients treated

with cCHRT and sCHRT. Abbreviations: OS, overall survival;

cCHRT, concurrent chemoradiation; sCHRT, sequential

chemoradiation.

Figure 2. Kaplan-Meier analysis comparing OS in patients treated

with cCHRT with different radiation dose. Abbreviations: OS, overall

survival; cCHRT, concurrent chemoradiation.
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twenty-three (16.8%) patients were more than 70 years old,

twenty-seven (19.7%) patients refused cCHRT because of

potential side effects, twenty-one (15.3%) patients could not

tolerate the treatment due to poor ECOG score or decompensa-

tion of organs evaluated by physicians, and the other fifteen

(10.9%) patients had unknown reasons. The most common

motivations for omitting cCHRT were grade 3-4 hematologic

toxicities (37.2%), advanced age (16.8%) and refusal by the

patient (19.7%). Among the 51 patients who developed

3-4 hematologic toxicities, 82.4% (42) underwent more than

3 cycles of induction chemotherapy.

Discussion

This study was performed to analyze the correlation between

the radiation dose and the survival of unresectable stage III

NSCLC and optimal induction chemotherapy. Among patient

characteristics, ECOG score, N stage and TRT were indepen-

dent prognostic factors.

Table 3. Characteristics of Patients With sCHRT vs. cCHRT After Propensity Score Matching.

Characteristics

Before matching After matching

sCHRT (n ¼ 82) cCHRT (n ¼ 56) p sCHRT (n ¼ 53) cCHRT (n ¼ 53) p

Age, <60 51 29 0.403 39 37 0.666

Sex, male 74 54 0.298 46 51 0.161

ECOG,0-1 41 34 0.215 37 32 0.308

Smoking, Yes 51 38 0.495 32 37 0.308

Pathology type 0.491 0.586

Squamous cell 60 42 38 39

Adenocarcinoma 19 14 13 14

Other 3 0 2 0

T stage 0.899 0.736

1 3 1 2 0

2 30 19 17 19

3 7 6 5 5

4 42 30 29 29

N stage 0.076 0.129

0 2 0 1 0

1 5 8 4 8

2 49 38 30 35

3 26 10 18 10

stage 0.471 1.000

IIIA 33 26 22 23

IIIB 49 30 31 30

Size 0.741 0.435

<5cm 46 33 27 31

�5cm 36 23 26 22

Location 0.030 0.104

Center 63 51 42 48

Peripheral 19 5 11 5

Figure 3. Kaplan-Meier analysis comparing OS in patients treated

with cCHRT and sCHRT after PSM. Abbreviations: OS, overall

survival; cCHRT, concurrent chemoradiation; sCHRT, sequential

chemoradiation; PSM, propensity score matching.

Figure 4. Percentage of grade 3-4 acute hematologic toxicities in

different treatment group. Abbreviations: ChT, chemoradiation;

cCHRT, concurrent chemoradiation; sCHRT, sequential

chemoradiation.
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In our research, cCHRT was not superior to sCHRT. This

result is quite different from a previous meta-analysis,7 which

contained several clinical trials and showed a favorable out-

come, with 3-year and 5-year OS rates of 23.8% and 15.1% for

cCHRT and 18.1% and 10.6% for sCHRT, and an absolute

decrease in the 3-year and 5-year local regional progression

rates from 34.1% to 28.1% and 35.0% to 28.9% in the sCHRT

and cCHRT groups, respectively. However, other studies

obtained similar results. Driessen retrospectively investigated

216 inoperable stage III NSCLC patients who were more than

70 years old and found that compared with palliative treatment,

cCHRT, sCHRT and RT alone all showed substantial super-

iority, while they observed no significant differences among

the three groups.12 At the same time, the rate of completed

treatment without unplanned hospitalizations was 26%
for cCHRT compared to 40% for sCHRT and 59% for RT

(P ¼ 0.000). They finally concluded that elderly patients often

had factors contributing to a poor prognosis, and factors in

younger patients related to a better prognosis and treatment

tolerance included a better general performance status and

fewer complications. cCHRT had a lower treatment completion

rate and led to more side effects in the elderly population, and

sCHRT and RT alone might be more suitable.

In clinical practice, not all patients are eligible for aggres-

sive or radical treatment, especially elderly patients,13,14 and

treatment for those patients usually remains conservative.8,15 In

Driessen’s research, all patients received a minimum total

tumor dose of 54 Gy. In our study, the dose received was

variable: 38 patients (18.8%) received doses less than 60 Gy,

138 patients (68.3%) received doses ranging from 60 Gy to 66

Gy, and 26 patients (12.9%) received doses greater than 66 Gy.

Of the thirty-eight patients who received doses less than 60 Gy,

most suffered from side effects, 15 patients had ECOG scores

�2, 8 patient were older than 70 years, and 7 patients withdrew

from treatment due to adverse events. After eliminating those

receiving doses less than 60 Gy and performing PSM, we com-

pared the survival of the cCHRT groups and sCHRT groups,

and patients in the cCHRT group had a substantially higher

survival duration than those receiving sCHRT. The median

survival time was 25.0 months for the cCHRT group and

20.1 months for the sCHRT group (P ¼ 0.019). Here, we fur-

ther showed that cCHRT is suitable for patients with younger

age, better ECOG score, fewer complications and fulfillment of

the optimal TRT dose. A lower dose led to poor local control,

and a higher dose resulted in more adverse events and more

organs at risk, such as the heart, lung and esophagus.16 RTOG

0617 research showed that there was no survival benefit but

more RT side effects obtained by escalating the radiation dose

from 60 to 74 Gy.17 The present study recommends 60-66 Gy

as the optimal dose.11,17,18 In summary, not all patients diag-

nosed with unresectable stage III NSCLC are suitable for con-

current chemoradiotherapy. All patient factors must be taken

into account before decisions are made. The aim of various

treatments, including cCHRT, sCHRT, palliative treatment and

emerging treatments, such as immunotherapy and targeted

therapy, to prolong patients’ lives while maintaining a better

quality of life.8,15,19,20 Tanta University Research Project Unit

and Tanta University hospitals conducted a study to evaluate

the safety and efficacy of immunization with specific anti-

hepatocellular carcinoma dendritic cells (DCs) in Egyptian

patients with advanced hepatocellular carcinoma (HCC), they

found that patients who received DCs vaccine showed mild

decrease in Child- Pugh score as well as AFP and PIVKA II

levels and developed 20% partial response [PR] 40% stable

disease [SD] and 40% progressive disease while all adverse

events were grade 1 or 2.21

Before RT, most patients underwent induction chemother-

apy, but there was no evidence that induction chemotherapy led

to a survival benefit. A 7-year follow-up of the CALGB 8433

trial showed that induction chemotherapy extended the dura-

tion median survival by 4.1 months.22 However, Everett E.

Vokes found that compared to cCHRT, cCHRT after induction

ChT did not prolong survival but instead increased the risk of

neutropenia, and the rates of radiation pneumonitis and esopha-

gitis were similar.23 Our results also suggested that there was

no overall survival benefit of induction ChT but rather an

increased marrow depression rate. On the other hand, induction

ChT shrinks tumors before cCHRT, which reduces radiation-

related toxicities and improves local control. It is important to

clarify the optimal number of cycles of induction chemother-

apy. We found that more than 3 cycles of induction ChT

resulted in more hematological toxicities, which then led to

less cCHRT. Since less induction ChT did not compromise the

survival outcome, fewer than 3 cycles of induction ChT is a

better strategy for these patients.

It is noteworthy that there are also shortcomings in this

study. First, as a retrospective study, a total of 227 patients

were selected, which is not a large sample, and there may have

been bias. Although we tried to minimize bias by performing

PSM, it is possible that factors other than those included in the

matching may have influenced the outcomes. Second, the RT

parameters have strong relationships with adverse events. We

did not record parameters such as V20 that may be related to

radiation pneumonitis.18 These factors may have had an impact

on the results. Third, different chemotherapy regimens may

have different effects on the hemograms,24-26 but more cycles

of induction chemotherapy resulted in more hematological

toxicities. A large, prospective clinical trial focusing on the

TRT dose, cycles of induction ChT and reduction of side

effects should be developed to assess the best timing for

cCHRT interventions and guide the management of inoperable

stage III NSCLC.

Conclusion

In conclusions, for inoperable stage III NSCLC, cCHRT

showed its superiority only when patients accomplish treat-

ment with dose at 60-66 Gy, cycles of induction chemother-

apy did not interfere the survival, however cycles �3 result in

more 3-4 grade hematology toxicity and become the main

factors of quitting cCHRT. A large, prospective clinical trial

focus on TRT dose, cycles of induction ChT and reduction of
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side effects should be developed to assess the best time for

cCHRT.
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