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Introduciton

Cancer is the leading cause of death in 
many countries. Bronchogenic carcinoma 
is a major cause of death from cancer (1). It is 
generally accepted that surgical resection can 
be effective in stage I, II and in some cases of 
stage III patients with non-small cell lung cancer 
(NSCLC). Unfortunately, more than 75% of 
NSCLC patients are inoperable because of either 
distant metastatic disease or disease confined 
to one hemithorax with one or more criteria of 

unresectability at the time of presentation. The 
prognosis of such inoperable patients is poor. The 
high proportion of disseminated disease in such 
inoperable patients has justified the numerous 
attempts to improve systemic treatment for 
several years.

There were also many previous studies 
that showed prolongation of median survival 
of locally advanced or metastatic NSCLC by 
cisplatin-based chemotherapy, when compared 
with best supportive care (2).

Gemcitabine (GEM) is a nucleoside analogue 
with confirmed activity against serveral solid 
tumors, especially NSCLC (1, 3). It is well 
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Abstract
Objective

The objective of this study was to evaluate 
the role of neoadjuvant chemotherapy in the 
treatment of locally advanced non small cell 
lung cancer (NSCLC) followed by radiotherapy 
versus radiotherapy alone.

Material and Methods
Sixty nine patients were randomized to 

chemotherapy (group A) or radiotherapy alone 
(group B).   The  induction    chemotherapy consists 
of cisplatin (80 mg/m2) day 1 and Gemcitabine 
(1250 mg/m2), infusion day1 and 8. Cycles were 
repeated every 3 weeks. Radiotherapy was given 
4-6 weeks after chemotherapy to a dose of 60 
Gy/30 fractions/6 weeks

Results
A total of 66 patients were evaluable for 

response; 34 in group A and 32 in group B. 
The overall response rate was 41.2% for group 
A and 21.8% for group B (P<0.5) but with no 
complete response observed in either group. At 
a median follow up of 15 months, the overall 
survival was 65% and median survival was 12 

months for group A. However in group B the 
overall survival at 15 months was 30% and 
the median survival was 9 months (P<0.001). 
Treatment toxicity in group A was mainly 
haemotological in 79% of patients none of 
them was grade III or IV. Grade III Nausea and 
vomiting was reported in 73.5% of patients, 
grade I esophagitis in 5.8% of patients, grade 
I, II radiation pneumonitis in 26.4% of patients. 
Alopecia was observed in 29.4% of patients, 
nephrotoxicity in 17.4%. Treatment toxicity in 
group B were generally less than in group A but 
not statistically significant except for grade III 
vomiting (15.6%) and alopecia (0%). 

Conclusion
Combination chemotherapy of cisplatin and 

gemcitabine is a tolerable and active induction 
chemotherapy regimen for patients with locally 
advanced NSCLC. Sequential radiotherapy given 
after induction chemotherapy is tolerable and 
offers a hope of improved locoregional control 
and survival compared with radiotherapy alone.
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tolerated when given in doses of 1,000 to 1,250 
mg/m2 weekly for 3 weeks followed by one week 
rest. Single drug response rates of 17% to 28% 
have been reported for NSCLC (1, 2, 4). Several 
trials have demonstrated significant benefit to 
induction chemotherapy in reducing the distant 
failure rate, however, poor local control remains 
a major issue in the locally advanced disease (5).

This randomized study was conducted to 
evaluate the role of neoadjuvant chemotherapy 
(Gemcitabin plus cisplatin) in the treatment of 
locally advanced NSCLC patients followed by 
radiotherapy versus radiotherapy alone.

Response rate was chosen as the primary end- 
point for comparison, while toxicity, quality of 
life (QOL), time to disease progression were 
selected as secondary end-points. 

Materials and methods

Patient selection and pre-treatment evaluation
Between January 2000 and December 2001, 

66 patients with locally advanced NSCLC 
referred to the Radiation Oncology Unit, Zagazig 
University Hospital were entered into the study.

Eligible patients had histologic or cytologic 
diagnosis of NSCLC, stage III (A-B) according 
to UICC-TNM staging (6). Age between 18 
and 65 years, performance status of 0-2 (7) 
according to the Eastern cooperative oncology 
group (ECOG), life expectancy of more 
than 12 weeks, and normal renal, liver, and 
hematological profile. Patients should not have 
previously received prior radiation therapy or 
chemotherapy. Pretreatment evaluation included 
patient’s history, clinical examination, laboratory 
investigations (blood count, liver function tests 
and renal function tests), radiological studies 
(chest x-ray, computerized tomography of the 
chest and pelvi-abdominal ultrasound). Bone 
scan and computerized tomography (CT) of the 
brain were requested when indicated. 

Treatment methods

Eligible patients were stratified according 
to sex, performance status, disease stage and 
histopathological types. They were randomized 
into two main therapeutic groups:

1. Group (A)

Included 34 patients, treated with induction 
chemotherapy in the form of 3 cycles of the 
following combination: cisplatin (80 mg/m2) 
given by intravenous infusion over 30-60 
minutes day 1, and GEM 1250 mg/m2 intra-
venously infused over 30 minutes day 1 and 8. 
Cycles were repeated every 3 weeks. Before 
and after administration of cisplatin, patients 
were hydrated with 2 liters of 5% dextrose and 
0.9% saline, and 250 m1 of 10% mannitol. A 
combination of intravenous dexamethasone and 
ondansetrone were given before chemotherapy 
to control vomiting .

Thoracic irradiation  was started 4-6 weeks 
after induction chemotherapy using Co60 
teletherapy machine. The treatment volume 
encompasses the  primary tumor with a 2  cm 
safety margin, the entire width of the mediastinum 
including ipsilateral and contralateral hilum, 
and extends from the sternal notch to at least 
5-6 cm below the level of the carina in upper 
or middle lobes, or hilar tumors, and to the 
level of the diaphragm in lower lobe lesions. In 
undifferentiated tumors or upper lobe lesions, 
the supraclavicular regions were also included in 
the treatment volume. While parallel opposing 
anterior and posterior fields were usually used 
to encompass this volume, the supraclavicular 
regions were treated with  a direct anterior 
fields. 

A tumor dose of 60 Gy/6 weeks, 5 fractions/
week was delivered. The spinal cord was shielded 
after 40 Gy. 

2. Group (B)

Included 32 patients who received radio-
therapy only using the same dose and technique 
as in group A.

Post-treatment evaluation
All patients had  regular weekly   follow- 

up visits during treatment then monthly after 
treatment. In each visit a complete physical 
examination was performed. Laboratory inve-
stigations (CBC, liver functions and kidney 
functions) were done before each chemotherapy 
cycle and every two weeks during radiotherapy. 
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Radiological investigations (chest X-ray and 
pelvi-abdominal ultrasound) were done every 2 
months, CT chest was done 2 months after the 
end of treatment and then every 4 months. Other 
(e.g bone scan) investigations were done when 
indicated. 

Patients were assessed for local control, 
distant metastasis, time to recurrence, quality 
of life and treatment toxicity.

The final evaluation for response was 
performed two months after the end of  treatment. 
WHO criteria (8) were used to assess the response 
and toxicity as follow:

Ø Complete response (CR): was defined as 
complete disappearance of all measurable 
lesions for a minimum of 4 weeks.

Ø Partial response (PR): was defined as a 50% 
decrease or more in the sum of the products 
of perpendicular diameters of all measurable 
lesions for a minimum of 4 weeks.

Ø Stable disease (SD): was defined as a less 
than 25% decrease in the sum of products 
of measurable lesions or less than 25% 
increase.

Ø Progressive disease (PD): was defined 
as a 25% or more increase in the size of 
measurable lesions or the appearance of 
new lesions.

All toxic reactions are graded 0-5 implying: 
none (0), mild (1), moderate (2), severe (3), life 
threatening (4); and fatal (5) (9).

Statistical analysis

The data coded, entered and checked to an-Epi-
Infofile  using Epi-Info version 6.02 computer 
package (10). Analysis of data were done using 
student test, chi-square or fisher’s exact test.

Results

Patient characteristics

A total of 69 patients were included in the 
study. Two  patients in group A and one in group 
(B) were excluded because of early death and the 
analysis was consequently based on 66 patients. 
Of these, 34 were in group A and 32 in group B. 
The treatment was completed as planned in all 
patients.

Table 1 shows pretreatment characteristics in 
both groups. There was good balance in all aspects 
between the two groups, and no statistically 
significant differences  were apparent. Of the 66 
patients there were 45 (68.2%) under 40 years, 21 
(31.8%) over 40 years. While 62 of the patients 
were males (93.9%), 4 were females, (6.1%). 
The mean age was 44.2±6.3 (Range 25 to 65).

Thirty four patients (51.5%) had ECOG 
performance status 0-1, and 32 patients (48.5%) 
had ECOG performance status 2. Squamous 
cell carcinoma was reported in 47% of patients, 
adenocarcinoma in 36% and large cell carcinoma 
in 17% of patients in both groups.

Thirty four patients (51.5%) had stage IIIA 
disease and thirty-two, (48.5%) had stage IIIB. 
Well and moderately differentiated tumours 
were reported in 62% of patients, while 38% had 
poorly  differentiated  tumours  in both groups.

Response

Analysis was performed according to the intent 
to-treat. Therefore, response rates were based on 
all eligible patients. No patients achieved a CR 
in both groups. There were 14 responders of the 
34 (41.2%) patients in group A compared to 7 
responders of the 32 patients (21.8%) in “group 
B”. This difference was statistically significant 
[P<0.05; two sided, fisher’s exact test].

Table 2  lists the response rates by age, gender, 
performance status, and disease stage for each 
treatment group.

The response rate in patients under 40 years 
was 45.8% in group A, compared to 19% of 
patients in group B and this difference was 
statistically significant [X2=4.3 , P<0.05].

Response rates did not differ statistically 
between the two groups with respect to sex, 
performance status, tumour stage and tumor 
grade.

Change of performance status after treatment

Table 3 shows comparison of patient’s 
performance status before and after treatment 
in both groups. The numbers between the two 
diagonal lines represent patients who did not 
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Fig. (1): Time to progressive disease (months) 
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Characteristics

Group A

(n=34)

Group B

(n=32)
Ts

p. 
value

Total

(n=66)

No % No % No %
Age (years)

     ≤ 40

     >40

 24

 10

 70 .6

 29 .4

 21

 11

 65.6

 34.4

 X2= 0.19

> .05

 45

 21

 68.2

 31.8

     Range

     Mean±SD

25-65

45.3±6.7

27-65

43±5.9

25-65

44.2±6.

Sex

     Male

     Female

 32

 2

 94 .1

 5 .9

 30

 2

 93.8

 6.2

Fisher  

exact    test > .05

 62

 4

 93.9

 6.1

Performance Status

     0-1

     2

 19

 15

 55 .9

 44 .1

 15

 17

 46.9

 53.1

 X2= 0.54 > .05  34

 32

 51.5

 48.5
Histopathological types

    Squamous cell

    Adenocarcinoma

    Large cell carcinoma

 14

 13

 7

 41 .2

 38 .2

 20 .6

 17

 11

 4

 53.1

 34.4

 12.5

 X2= 1.22 > .05  31

 24

 11

 46.9

 36.4

 16.7

Tumor stage

     IIIA

     IIIB

 17

 17

  50

 50

 17

 15

 53.1

 46.9

 X2=0.06 > .05  34

 32

 51.5

 48.5
Tumor grade

     Well differentiated

     Mod. differentiated

     Poorly differentiated

 5

 17

 12

 14 .7

 50

 35 .3

 6

 13

 13

 18.8

 40.6

 40.6

 X2=0.60 > .05  11

 30

 25

 16.7

 45.5

 37.8

show any changes in their performance status 
after treatment. Those above and to the right of 
the diagonal lines represent patients who showed 
worsening in their performance status while 
those below and to the left of the diagonal lines 
represent patients who showed improvement in 
their performance status.

In group A: 15 patients (44.1%) were shifted 
to a better scale but 7 patients (20.5%) showed 
worsening of their performance status.

In group B: 3 patients (9.4%) were shifted to 
a better scale and 20 patients (62.5%) showed 
worsening of their performance status. For 

Table 1: Patient characteristics in both study groups.

Fig. 1: Time to progressive disease (months)
Time (months)

Ts= test of significance X2 = Chi Square 

both groups, this difference was statistically 
significant (P<0.05).
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Time to disease progression

Time to disease progression curve is shown 
in Fig. 1. The median time to progression for 
patients in groups A was 6.9 months, compared 
to 4.3 months for patients in group B. The log 
rank test showed a statistically significant diff-
erence between the two curves (P<0.05). The 
probability of the tumor response lasting at least 
6 months, was estimated to be 79% for patients 
in group A and 57% for patients in group B.

Survival time
The curves of the overall survival time are 

shown in Fig. 2. The overall survival rate in 
group A was 65% at 15 months with a median 
survival time of 12 months. However in group 
B, the overall survival rate  at 15 months was 
30% and the median survival was 9 months. 
This difference was statistically significant 
(P<0.001).

Prognostic factor

Respone/ Eligible patients

“% Response rate” Test of  
Significance

p. value
Group A Group B

No % No %
Age “years”

     ≤ 40

     > 40

11/24

3/10

 45 . 8

 30 

4/21

3/11

 19 

 27 . 2 

X2=4.37 < .05

Sex

     Male

     Female

12/32

2/2

 37 . 5

                

6/30

1/2

  20      

 50 

X2=2.3

Fisher exact test

> .05

> 0.5
Performance status

     0-1

     2

9/19

5/15

 47 . 3

 33 . 3

4/15

3/17

 26 . 6

 17 . 6

X2=1.5

Fisher exact test

> 0.5

> 0.5
Tumor stage

     IIIA

     IIIB

8/17

6/17

 47 

 35 . 2

4/17

3/15

 23 . 5

 20 

X2=2.06

Fisher exact test

> 0.5

> 0.5
Tumor grade

     Well differentiated

     Mod. differentiated

     Poorly differentiated

3/5

10/17

1/12

 60 

 58 . 8

 8 . 3

2/6

3/13

2/13

 33 . 3

 23 . 0

 15 . 4

Fisher exact test

X2=3.83

Fisher exact test

> 0.5

> 0.5

> 0.5

Table 2: Response rate analysis based on prognostic factors

Fig. 2: Overall survival in both groups.

Treatment toxicity
Table 4 shows acute treatment morbidities in 

both groups:

1. Haematological toxicity
The haematological toxicities were mild in 

both groups. None of them were graded as IV or 
V throughout the course of treatment. The rate 
of grade I&II leucopenia were 11.8%, 17.6% in 
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Fig. (2): Overall survival in both groups. 
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group A and 9.4%, 15.6% in group B respectively 
with no statistically significant difference bet-
ween the two groups (P>0.05). Anaemia and 
thrombocytopenia of grade (G) I and GII were 
comparable in both groups with no statistically 
significant difference.

2. Gastrointestinal toxicity

Nausea and vomiting were the most common 
toxicities in both groups but they were higher in 
group A than group B.

Grade I nausea and vomiting was seen in 5.9% 
of patients in group A versus 6.3% of patients 
in group B, grade II in 14.7% of patients in 
group A and 25% of patients in group B with no 
statistically significant difference between both 
groups. Grade III nausea & vomiting toxicity 
was seen in 73.5% of patients in group A versus 
15.6% of patients from group B. This difference 
was highly statistically significant between both 
groups (P<0.001).

Grade I esophagitis was observed in 2 patients 
in group A and in 3 patients in group B, while GII  
esophagitis was observed only in one patient in 
group B.

3. Skin reactions

Skin reactions were mild in both groups. 
There were no grade III or IV reactions reported 
throughout the course of treatment. 

4. Radiation pneumonitis
Grade I radiation pneumonitis was nearly 

equal in groups A and B (5 versus 6 patients 
respectively) while Grade II was observed in 4 
patients in each group.

5. Other toxicities
As a sequelae of chemotherapy, alopecia, 

stomatitis, and nephrotoxicity were reported 
only in group A. Alopecia, GI stomatitis and 
nephrotoxicity were seen in 29.4%, 11.7% and 
17.6% of patient respectively.

Discussion
Approximately 30% of NSCLC patients present 

with locally advanced inoperable disease (11).

Long-term results for these patients after 
radiotherapy alone are dismal with only 
15% surviving beyond 2 years (12). Both poor 
local control and a high rate of early distant 
dissemination contribute to the poor outcome.

At the present time, eradication of 
micrometastases can only be achieved through 
the use of early effective systemic therapy, and 
clearly, definitive eradication of the primary 
tumor is a pre-requisite for long-term disease 
control (13).

Induction combination chemotherapy regimen 
mostly used for locally advanced NSCLC has 
been cisplatin and GEM. The overall response 
rates varied between 26% - 67% with no or few 
complete responses (13, 14, 15).

Study group
Before After

Scale No of pts. 0 1 2 3 4

Group A

0

1

2

 6 

 13

 15

6

6

4

-

2

5

-

2

4

-

3

2

-

-

-

Group B

Before After

Scale No. of pts. 0 1 2 3 4

0

1

2

 4

 11

 17

2

1

-

2

3

2

2

2

4

4

4

-

1

1

4

Table 3: Changes in performance status in patients of both study groups before and after treatment.
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Table 4: Acute morbidity in both study groups according to WHO grading criteria. 

Acute

Group A

N=34

Group B

N=32 Test of  
Significance

P. value

No % No %

1. Hematological toxicity

- Leucopenia

     G I

     G II

- Anemia

     G I

     G II

- Thrombocytopenia

     G I

     G II

4

6

5

7

4

1

11.8

17.6

14.7

20.5

11.8

  3

3

5

4

6

2

-

  9.4

15.6

12.5

18.7

  6.3

   -

Fisher test

X2=0.05

Fisher test

X2=0.04

Fisher test

Fisher test

 >  0 .05

 >  0 .05

 >  0 .05

 >  0 .05

 >  0 .05

 >  0 .05

2. Gastrointestinal toxicity

- Nausea and vomiting

     G I

     G II

     G III

     G IV

2

5

  25

2

  5.9

14.7

73.5

  5.9

2

8

5

-

  6.3

25

15.6

  - 

Fisher test

X2=1.28

Fisher test Fisher 

test

 > .05

 >  .05

 < 0 .001

 >   .05

- Esophogitis

     G I

     G II

2

-

  5.8

  -

3

1

 9.3

 3.1

Fisher test

Fisher test

 >   .05

 >   .05

- Stomatitis

     G I 4 11.7 - - Fisher test  >   .05

3. Skin Reactions

     G I

     G II

5

4

14.7

11.7

6

5

18.7

15.6

X2=1.27

Fisher test

 >   .05

 >   .05

4. Alopecia  10 29.4 - - Fisher test  < 0  .001

5. Nephrotoxicity

     G II

     G III

     G IV

2

2

2

  5.8

  5.8

  5.8

-

-

-

-

-

-

Fisher test

Fisher  test

Fisher test

 >  . 05

 >   . 05

 >  . 05

6. Radiation pneumonitis

     G I

     G II

5

4

14.7

11.7

6

4

18.7

12.5

X2=0.74

-

 >   .05

-
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In the present study, patients are allocated 
into two therapeutic groups. The first group 
(group A), received induction chemotherapy 
followed by radiotherapy and the second group 
(group B) received  radiotherapy alone. The 
overall response rate was 41.2% versus 21.8% in 
favour of induction chemotherapy group and this 
difference was statistically significant. (P<0.05).

This result indicates that cisplatin-GEM is an 
active induction chemotherapy regimen that may 
improve locoregional control in locally advanced 
NSCLC.

In a trial by Crino & his groups (14), 42 
patients with stage III unresectable NSCLC 
recieved 4 cycles of induction chemotherapy 
with GEM (1000 mg/m2 day 1-8-15) & cisplatin 
(100 mg/m2 day 2) every 28 days followed by 
radiotherapy (54-66 Gy). The response rate was 
62% with 4.7% complete remissions.

In a retrospective study by Crino et al. (13), 
60 patients with advanced stage III NSCLC 
treated with 4 courses of GEM (1000-1250 mg/
m2 day 1,8) and cisplatin (70-100 mg/m2 day 2), 
every 28 days. After chemotherapy all patients 
received thoracic irradiation for a median dose 
of 56 Gy. The reported overall response rate was 
67%, with 1.6% complete response, 65% partial 
response and stable disease was observed in 20% 
of cases.

Bretti & his colleagues (15), treated 45 patients 
with locally advanced NSCLC with induction 
chemotherapy in the form of cisplatin (80 mg/
m2 day 1) and GEM (1000 mg/m2 day 1 and 8), 
given every three weeks for two or three cycles 
& followed by thoracic irradiation (56-62 Gy). 
The response rate was 23% and increased to 45% 
when the chemotherapy courses were completed 
to six courses.

In the present study, patients in group A 
had an overall response rate to induction 
chemotherapy of 41.2% but no complete 
response was observed. However in group 
B the overall response was 21.8% with no 
observed complete response was observed. 
This results indicates that ciplatin-GEM is an 

active induction chemotherapy regimen as it 
improve locoregional control and eliminate 
distant metastases in patients with stage III A & 
B NSCLC as in  other studies (13, 14, 16).

Obviously low rate of complete response and 
persistence of macroscopic residual tumor after 
induction chemotherapy are the rule in these 
patients and late radiation therapy may be unable 
to ultimately eradicate such resistant residium. 
Concurrent administration of chemotherapy and 
radiotherapy may be a way to overcome this 
problem.

At present there is a strong rationale for 
combining chemotherapy and radiotherapy 
as the primary treatment of locally advanced 
NSCLC. In addition to early effective systemic 
chemotherapy, concurrent radiotherapy should 
result in enhanced local control where additive 
or synergistic effects with chemotherapy can be 
expected. The mechanisms of interaction between 
drugs and radiation have been extensively 
studied during the past years (16). They include 
radiosenstization of hypoxic cells, inhibition 
of tumor cell repopulation and cellular repair 
processes, and improved drug penetration (17).

Hopefully, these interactions should lead to 
significant activity against the radioresistant and/
or chemoresistant population in the bulk of the 
primary tumor, and to an improved therapeutic 
gain if toxicity remain acceptable.

Cisplatin is one of the most effective drugs 
for metastatic or locally advanced NSCLC 
and it  exihibits a radiosensitizing property. 
Similarly, GEM was recognized as an effective 
radiosensitizing agent. So combining cisplatin 
and GEM with concurrent radiotherapy is highly 
effective in locally advanced NSCLC (18).

In the present study, the median time to 
disease progression for patients in group A was 
6.9 months compared with 4.3 months in group 
B and this difference was statistically significant 
(P<0.05). Overall survival rate in group A was 
65% at 15 months and median survival was 
12 months. However in group B the overall 
survival rate at 15 months was 30% and the 
median survival was 9 months a statistically 
significant difference (P<0.001). In a trial 
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comparing induction chemotherapy followed by 
radiotherapy to radiotherapy alone, a small but 
statistically significant gain in survival at 2 years, 
in the range of 12-38%, was demonstrated (19).

On the other hand, some studies have failed 
to show a benefit from chemotherapy added to 
radiotherapy, but most of these negative studies 
used non-platinum-containing regimens or older 
less active chemotherapy combinations (20). 

In the present study there had been slightly 
increased toxicity rates in the combined treatment 
group than in the radiotherapy only group.

Haematological toxicity were mild in both 
groups. None of the patients were graded as  
G III, IV throughout the course of treatment.

As regards to non haematological morbidity, 
nausea and vomiting were the most common side 
effects and occurred in 100% of patients in group 
A and 47% of patients in group B. Nephrotoxicity, 
alopecia and stomatitis were observed in group 
A only. Other side effects including esophagitis, 

skin reaction, radiation pneumonitis, were mild 
in both groups. 

In a trial of induction chemoradiotherapy (14), 
grade I-II dysphagia occurred in 5% of patients, 
while pneumonitis occured in 2.3% of patients. 
Hematological toxicity was the main side 
effect with 29% and 24% having grade III/IV 
thrombocytopenia and leukopenia.

In another  trial (13), treatment toxicities includ--
ed leucopenia, (grade III/IV) in 20% of patients, 
(G III/IV) thrombocytopenia in 30% of patients, 
esophagitis in 9%, G II pneumonitis in 3% and 
alopecia in 10%.

Conclusion

Combination chemotherapy with cisplatin 
and GEM is a tolerable and active induction 
chemotherapy regimen for patients with locally 
advanced NSCLC. Sequential radiotherapy given 
after induction chemotherapy is tolerable and 
offers a hope in improving locoregional control 
and survival compared to radiotherapy alone.
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