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Abstract
Background: Most patients with metastatic non-small cell lung cancer (NSCLC) will face treatment with systemic
therapy. Current clinical studies are demonstrating improvements in chemotherapy and overall survival. However, it
remains unclear whether these results are translated into clinical practice.
Methods: We reviewed all stage IV NSCLC patients without second malignancies that were diagnosed from 2004
to 2006 at our institution. 493 consecutive patients were included into this retrospective analysis and were
followed-up until end of 2011.
Results: 352 patients (71.4%) received systemic therapy for up to 7 lines. For most patients, adjustments of dosages
or applications had to be made at some point of the treatment, but the total applied dose remained generally
close to the intended dose. The best disease control (BDC) rate decreased with increasing therapy lines from 59.7%
to about 35%. Patients with palliative local therapy but no systemic treatment demonstrated inferior survival
(median 2.9 versus 8.7 months, p < 0.001). The median interval between last treatment and death was 50 days and
15 days for chemotherapy and anti-EGFR therapy, respectively. BDC to the previous therapy lines was predictive for
improved BDC to third- but not second-line therapy. Performing multivariate analysis, BDC to previous therapy,
never-/ former-smoking status, and age > 70 years were associated with improved survival performing third-line therapy.
Conclusions: Stage IV NSCLC patients may receive substantial systemic therapy resulting in response and median
survival rates that are comparable to data from clinical studies. However, preselection factors are increasingly important
to improve therapy outcome and life quality.
Keywords: NSCLC, Chemotherapy, Therapy lines, Predictive factors, Palliative therapy

Background
Lung cancer remains the leading cause of cancer-related
deaths in the Western civilization with a median survival
of only 8 months for patients with stage IV non-small cell
lung cancer (NSCLC) treated with platinum-based therapy
[1,2]. In recent years, new developments in systemic therapies have yielded extended survival, at least in large phase
III trials [3]. For example, the preselection of NSCLC
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patients harboring EGFR mutations identified a subgroup with improved response to both EGFR tyrosine
kinase inhibitors and chemotherapy. Also, the addition
of Bevacizumab to chemotherapy has led to favorable
response rates and extended overall survival [4]. Taking
these advances together, prolonged survival rates have been
described in large phase III studies compared to earlier
data [2]. However, it remains speculative whether highly
selective patient collectives as they are recruited to clinical
phase III studies represent the general population of lung
cancer patients in the daily routine, and whether the outcome is comparable to data from clinical studies [5]. For
example, in a Veterans Affairs Central Cancer Registry
containing 20,511 NSCLC cancer patients from 2003 to
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2008, guideline-recommended chemotherapy treatment
was received only by 34% of all metastatic patients aged
between 65 and 74 years [6]. This percentage was even
lower with increasing patient age. Moreover, the benefit of
chemotherapy beyond second-line treatment has only
been marginally addressed in clinical studies. Still, an increasing subset of patients will receive more than two
therapy lines [7].
Since most metastatic NSCLC patients will inevitably
die of their disease, quality of life and integration of palliative care in the management of advanced cancers have recently gained much attention. In a landmark study, Temel
and coworkers demonstrated a survival benefit for patients
assigned to early palliative care versus those in the standard care group [8]. Interestingly, both groups had comparable numbers of chemotherapy regimens while patients
assigned to early palliative care had a significantly longer
time between their last infusion dose and death [9]. However, data on intervals between last chemotherapy and
death from clinical practice is missing.
To address these questions, we reviewed metastatic
NSCLC patients diagnosed and treated in our institution
within a defined time interval with emphasis on delivered
chemotherapy treatment and potential prognostic factors
to identify patients most likely benefiting from subsequent
lines of systemic therapy.

Patients and methods
Using the hospital information system and medical records, we retrospectively reviewed all lung cancer patients
who were diagnosed at our institution between January
1st, 2004, and December 31st, 2006, and consented in
writing for analyses of their data. Patients with further malignancies including second primary lung cancers were excluded to avoid any bias due to different outcome [10].
Upon approval by the local Ethic Committee, patients and
their treating physicians were contacted, and the followup statuses were completed (S-612/2012). NSCLC staging
was performed according to both the 6th and, retrospectively, the 7th edition of the UICC criteria. The smoking
status was assessed at diagnosis of the lung cancer. Patients with total consumption of less than 100 cigarettes
were classified as neversmokers.
Systemic therapy

For each therapy line, the duration of therapy was calculated from the first to the last application day. The applied
dose compared to the intended dose was calculated for
each cycle and each therapy line. Delays of continuation of
systemic therapy of 3 or more days due to decelerated recovery or concurrent medical problems such as infections
were noted. Best response that was achieved at each therapy line was assessed according to RECIST (v1.1) performing CT scans (usually every 2 cycles during therapy), and
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the best disease control rate (BDCR) was calculated [11].
In general, application of chemotherapy was repeated every
3 weeks. For treatment with EGFR Tyrosine kinase inhibitors (TKI), the duration of a therapy cycle was defined
as 4 weeks. All patients entered a follow-up program with
3-monthly visits for the first 2 years, 6-monthly visits after
2-5 years and yearly visits thereafter [12]. All follow-up
visits included physical examination, lung function tests
and a chest radiograph.
Statistical analysis

We scheduled December 31st, 2011 as the census date.
Survival was defined as interval between date of diagnosis
and death if not stated otherwise. Because of the nature of
this disease and the inability to ensure accuracy and
consistency across all patients due to the retrospective
character of this study, cause of death was not captured
but identified by clinical means. Survival analysis was
assessed using the Kaplan Meier method. Univariate analyses were done performing log rank regression tests.
Throughout, a p-value of <0.05 was considered to be statistically significant. Multivariate analyses were performed
using stepwise multiple Cox regression (entry p = 0.05, exit
p = 0.10).

Results
A total of 493 patients with stage IV NSCLC were identified (Table 1). 57 (11.6%) patients (median age 72 years)
did not receive any anti-cancer treatment due to poor performance status or upon patient denial. These patients
were characterized by a median survival of 1.3 months
(95%-CI 0.7-1.5 months). 352 patients (71.4%) received at
least one line of systemic treatment (Table 2). 84 patients
(17.0%) underwent only local treatment by surgery or
radiotherapy but had no systemic therapy due to the above
mentioned reasons. From diagnosis, these patients had
a median overall survival of 2.9 months (95%-CI 2.33.6 months) that was significantly inferior to patients
treated with systemic therapy (median 8.7 months; 95%CI 7.6-9.8 months; p < 0.001; Figure 1).
Systemic therapy

352 patients with stage IV NSCLC received systemic therapy which was given for up to 7 lines. The median age of
patients with systemic therapy was 62 years with 25.9% of
70 years or older. Cumulative numbers of therapy lines
were associated with improved survival but with decreasing
BDCRs (Table 3, Figure 2). Interestingly, even in higher
therapy lines, a BDCR of around 35% could be observed.
Using the 7th edition of UICC criteria, 14 patients would
be reclassified as having stage IIIB disease which did not
significantly alter the study results. In addition to systemic
therapy, a total of 213 patients (60.5%) received palliative
radiotherapy mainly due to symptomatic cerebral or bone
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Table 1 Baseline characteristics of the patients
No therapy
(n = 57)

Patients receiving any
therapie (n = 436)

Patients with systemic
therapy (n = 352)

Patients with local
therapy only (n = 84)

Age at diagnosis (years)
Median

72

62

62

65

Range

50-84

34-86

34-86

44-85

< 70 years

22

(38.6)

321

(73.6)

261

(74.1)

60

(71.4)

≥ 70 years

35

(61.4)

115

(26.4)

91

(25.9)

24

(28.6)

Male

46

(80.7)

299

(68.6)

237

(67.3)

62

(73.8)

Female

11

(19.3)

137

(31.4)

115

(32.7)

22

(26.2)

Sex

Smoking status
Neversmoker

2

(4.8)

35

(9.9)

35

(12.5)

0

(0)

Former smoker

25

(59.5)

143

(40.5)

115

(40.9)

28

(38.9)

Current smoker

15

(35.7)

175

(49.6)

131

(46.6)

44

(61.1)

Unknown

15

83

71

12

Stage
Stage IV, UICC 6. edition

57

100

436

(100)

352

(100)

84

(100)

Stage IV, UICC 7. edition

56

(98.2)

419

(96.1)

338

(96.0)

81

(96.4)

Stage IIIB, UICC 7. edition

1

(1.8)

17

(3.9)

14

( 4.0)

3

(3.6)

25

(43.9)

255

(58.5)

222

(63.1)

33

(39.3)

Histology
Adenocarcinoma
Squamous cell carcinoma

18

(31.6)

85

(19.5)

56

(15.9)

29

(34.5)

Large cell undifferentiated carcinoma

14

(24.6)

96

(22.0)

74

(21.0)

22

(26.2)

Percentages are displayed in brackets. Stage classification according to either 6th or 7th UICC edition. Because of rounding, not all percentages sum to 100.

metastases. 38 patients (10.8%) received at least one surgical procedure with palliative intention including 17 resections of metastases (brain n = 5, skin n = 7, rip n = 2,
cervical lymph nodes n = 3), 12 pleurectomies, and 2 surgical drainages of pleural empyema. For 9 patients undergoing
palliative lung tumor resection (3 pneumonectomies, 1 bilobectomy, 5 lobectomies), a median survival of 15.6 months
(95%-CI 0–12.3 months) was noted.
Table 2 Therapy of all patients reflected in the
present analysis
Therapy modality

n

%

Patients receiving systemic therapy

352

71.4

Only Systemic therapy

122

24.7

Systemic therapy and radiotherapy

183

37.1

Systemic therapy and surgery

17

3.4

All therapy modalities

30

6.1

Patients receiving only local therapy

84

17.0

Only radiotherapy

67

13.6

Only surgery

5

1.0

Surgery and radiotherapy

12

2.5

Patients receiving no anti-cancer treatment

57

11.6

Figure 1 Overall survival of metastatic NSCLC patients. Patients
received either systemic therapy, palliative local treatment without
systemic therapy or no anti-cancer treatment. Median survival rates
were 8.7, 2.9, and 1.3 months respectively (p < 0.001).
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Table 3 Application, response and survival of systemic therapy
Patients
Lines of systemic therapy

Response

Overall survival

n

%

PR*

SD*

NE*

PD*

Median OS

95% CI

1

352

100

30.7

29.0

20.7

19.6

7.6

6.8-8.5

2

183

52.0

14.8

31.7

19.7

33.8

6.2

5.0-7.4

3

97

27.6

12.4

23.7

22.7

41.2

5.2

3.5-7.0

4

48

13.6

14.6

20.8

31.3

33.4

5.1

3.7-6.5

5

20

5.7

5.0

30.0

10

55.0

4.5

1.9-7.1

6

8

2.3

37.5

12.5

12.5

37.5

11.1

3.1-19.1

7

2

0.6

0

0

50

50

Survival is stated in months from the beginning of the respective line of systemic therapy. Response was assessed according to RECIST: PR, Partial response; SD,
stable disease; NE, not evaluable; PD, progressive disease. CI, confidence interval. OS, overall survival. * Because of rounding, not all percentages sum to 100.

As first-line therapy, 276 patients (78%) received
platinum-based combination therapy with gemcitabine as
the most frequent combination partner. For 145 patients
(which were younger than 70 years in 93.8%), cisplatin
was used. Due to toxicity, this treatment combination had
to be switched to carboplatin or continued as monotherapy in 43 and 2 cases, respectively. Patients with initiation
of cisplatin based treatments had a similar BDCR (PR 40%
SD 32%) and overall survival (9.6 months; 95%-CI 7.811.4 months) compared to patients treated with carboplatin based combinations (PR 32%, SD 28%; median survival
10.5 months; 95%-CI 8.6-12.3 months). In contrast, patients treated with monotherapy had an inferior BDCR
(PR 9%, SD 25%) and a survival of 4.4 months (95%-CI

2.5-6.2 months; p < 0.001). Of 248 patients with platinum
based first-line chemotherapy not entering clinical studies,
157 patients (63.3%) experienced a dose reduction due to
toxicity. However, the applied mean dosage of all patients
compared to the intended dosage was only moderately reduced (Table 3). In contrast, first-line monotherapy could
be given only for a mean of 2.2 cycles and with an
intended dosage of 83%.
Subsequent therapy was applied largely as monotherapy
with docetaxel, pemetrexed, erlotinib and vinorelbine as
most frequent drugs. Similar to first-line therapy, the application of subsequent lines had to be modified only to a
minor extent by delaying or reducing the dosage (Table 4).
Most frequent reasons for terminating the current therapy
were disease progression and worsening of health status.
The median treatment duration with EGFR TKI was
8 weeks (2–86 weeks) for second-line and 6 weeks (2–
78 weeks) for third-line treatment, respectively. Of note,
the response to second-line treatment with erlotinib (PR
15%, SD 30%) was comparable to docetaxel (PR12%, SD
29%). The median interval between last chemotherapy and
death was 50 days (266 patients; 95%-CI 40–60 days) while
the median time between stopping anti-EGFR therapy and
death was 15 days (68 patients; 95%-CI 10–20 days).
Predictive and prognostic factors of second- and
third-line therapy

Figure 2 Overall survival according to applied lines of systemic
therapy. Survival rates were calculated from date of diagnosis.
Median survival significantly improved with increasing numbers of
lines of systemic therapy (p < 0.001). Patients with 0–6 lines of
systemic treatment had a median survival of 2.0, 5.3, 8.7, 13.0, 14.1,
21.8, and 39.1 months, respectively.

A disease control as BDCR at previous systemic therapy
was predictive for a higher BDCR at third-line treatment
(Odds Ratio = 0.08; 95% CI 0.01-0.7; p = 0.047) but not for
improved BDCR at second-line therapy (p > 0.05). Moreover, age of 70 years or older was associated with improved BDCR (Odds Ratio = 0.27; 95% CI 0.11-0.68; p =
0.005) at second-line therapy but not at third-line therapy.
After univariate analyses, prognostic factors for overall
survival from the initiation of second- and third-line therapy are displayed in Table 5. For example, a history of disease control at previous systemic therapy significantly
correlated with favorable overall survival from secondand third-line therapy. Similarly, patients with progressive
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Table 4 Applied dosages and dose modifications of chemotherapy
Treatment and patients

Mean
dosage

Mean number
of cycles

Patients with
dose reduction

Patients with
delays

Mean delay
(range)

Break-off current
therapy line

%

N

N (%)

N

Days

%

Platinum (n = 248)

96.1

3.9

47 (19.0)*

101

15 (3–52)

57.7

For combination therapy:
combined cytotoxic drug (n = 248)

84.1

3.9

146 (58.9)*

101

15 (3–52)

57.7

Monotherapy (n = 60)

82.9

2.2

31 (51.7)

13

14 (7–28)

91.6

95.4

3.2

20 (17.0)

26

15 (4–49)

77.7

EGFR-TKI (n = 41)

**

4.4

**

**

**

NA

Platinum-basedcombination (n = 18)

NA

3.6

14 (77.8)

8

18 (4–31)

55.6

95.2

2.9

8 (16.3)

9

12 (7–24)

81.6

EGFR-TKI (n = 36)

**

3.4

**

**

**

NA

Platinum-basedcombination (n = 7)

NA

3.3

4 (57.1)

3

12 (7–21)

71.4

1st line

2nd line
Monotherapy (n = 117)

3rd line
Monotherapy (n = 49)

Patients who entered clinical studies were excluded. EGFR TKI, tyrosine kinase inhibitor targeting the epidermal growth factor receptor. NA, not applicable.
*36 patients (14.5%) received a dose reduction of platinum and combined cytotoxic drug.
**no reliable data available.

Table 5 Univariate analysis of prognostic survival factors for 2nd and 3rd line therapy
Survival after 2nd line therapy
HR

95%-CI

Sex
Female
Male

p-value

Survival after 3rd line therapy
HR

95%-CI

0.120
0.77

0.56-1.07

0.415
0.83

1

0.53-1.30

1

Age

0.015

< 70 years

1

≥ 70 years

0.63

0.007
1

0.43-0.91

Smoking status*

0.48

0.28-0.82

0.032

0.012

Never smoker

0.56

0.34-0.93

0.43

0.21-0.86

Former smoker

0.69

0.48-0.99

0.53

0.32-0.87

Current smoker

1

1

Histology

0.037

0.597

Adenocarcinoma

0.59

0.40-0.88

0.89

0.46-1.7

Squamous cell carcinoma

0.64

0.38-1.09

1.19

0.53-2.63

Large cellundifferentiated carcinoma

1

1

Response to previous therapy line
Disease control
Progress

0.001
0.58

0.41-0.81

< 0.001
0.44

1

0.29-0.69

1

Response to both previous therapy lines
Disease control in both previous lines

NA
─

p-value

< 0.001

─

0.26

0.13-0.51
0.28-0.99

Disease control in any previous line

─

─

0.53

Progress in both previous lines

─

─

1

HR, hazard ratio; CI, confidence interval. *Patients with known smoking status.
“─” indicates that data could not be calculated.
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disease during or within 9 months of initiation of first-line
platinum-based chemotherapy had a significantly worse
survival after initiation of second-line treatment (p = 0.003
and p = 0.005, respectively; data not shown) which was particularly true for patients with adenocarcinoma (p = 0.05
and p = 0.032, respectively). Performing multivariate testing,
only age and tumor control at previous therapy lines
remained significant prognostic factors for both secondand third-line therapy (Table 6).

Complete resection of stage IV NSCLC disease

Tumor resection with curative intention was performed
on 16 patients including 7 pneumonectomies, 1 bilobectomy and 8 lobectomies. In addition, 9 and 7 patients
underwent resection of pulmonary and cerebral metastases, respectively. Moreover, 11 patients received radiotherapy of the thorax (n = 4) and/or cerebrum (n = 9).
Deploying the new TNM stage classification, 2 patients
with ipsilateral pulmonary metastases would be reclassified as stage IIIB. All 16 patients with curative intended
surgery had a median survival of 13.6 months (95%-CI
0–33.2 months) with 2 patients being still alive after
5 years. Systemic therapy was applied to 9 patients who
had a median survival of 19.9 months (95%-CI 4.6-35.2).

Discussion
In recent years, few data on single institution experiences
regarding chemotherapy treatment of NSCLC patients has
been published, with the current analysis being one of
the largest collectives [13,14]. In general, results from large
phase III trials seem to be reproducible in the clinical
routine. With a response rate of 37% for first-line platinumcontaining regimens, our analysis demonstrated even improved results compared to a large phase III study analyzing
four chemotherapy regimens (response rate 19%) [2] and
some newer studies (response rates of 28.2% and 21.6% for
cisplatin/gemcitabine combinations, respectively) [15,16].
Moreover, the median overall survival of our collective receiving first-line platinum-based chemotherapy was somewhat comparable to these studies reporting survival data
between 7.8 months [2] and 13.1 months [16]. As reported
in these studies, patients seemed to have recieved subsequent therapy to a comparable extent as in our study
[16,17]. Complete surgical resection of stage IV disease may
be an option for highly selected patients with stage IV disease [18,19]. However, the patient number in our study was
too small to draw any conclusions.
Similar to others [7,13], our data shows a decreasing
BDCR with progressing therapy-lines. Again, for secondline therapy, our BDCR and survival rates somewhat

Table 6 Multivariate analysis of prognostic survival factors for 2nd and 3rd line therapy
Survival after 2nd line therapy
HR

95% CI

Survival after 3rd line therapy

p-value

HR

95% CI

0.011

Age
< 70 years

1

≥ 70 years

0.61

0.41-0.89

Never smoker

─

Former smoker
Current smoker
Unknown

0.034
1
0.54

0.31-0.95

─

0.35

0.17-0.74

─

─

0.59

0.35-0.98

─

─

1

─

─

>0.1

Smoking status

0.033

0.72

0.38-1.36

0.076

Histology

>0.1

Adenocarcinoma

0.64

0.42-0.96

─

─

Squamous cell carcinoma

0.61

0.35-1.05

─

─

Large cell undifferentiated carcinoma

─

1
0.003

Response to previous therapy line
Disease control
Progress

0.60

>0.1
─

0.42-0.84

─

─

1
NA

Response to both previous therapy lines

< 0.001

Disease control in both previous lines

─

─

0.29

0.14-0.59

Disease control in any previous line

─

─

0.73

0.38-1.40

Progress in both previous lines

─

─

1

HR, hazard ratio; CI, confidence interval.
“─” indicates that data could not be calculated.

p-value
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resemble data from clinical studies regarding pemetrexed,
docetaxel, and erlotinib [17,20,21]. However, since we
could not retrospectively assess the performance status we
cannot exclude a possible influence of a poor performance
status on the outcome of advanced therapy lines. In our
study, all drugs used for therapy beyond first-line treatment showed comparable outcome. For example, the response rate of erlotinib was similar to docetaxel (15%
versus 12%). Again, this finding is in congruence with data
from previous studies with unselected patients regarding
the EGFR mutational status [17,22]. Few clinical studies
focusing on third-line therapy of NSCLC patients have
been conducted [20,21]. Importantly, the overall survival
rates after initiation of advanced therapy lines were superior than the reported outcome of patients with best supportive care alone after failure of first-line or second-line
chemotherapy [20,21].
The response to previous therapies may be both predictive and prognostic for subsequent therapies. Due to small
patient numbers we analyzed BDCR rather than response
showing inconsistent results regarding its predictive value
for response in subsequent therapy lines which is similar
to previous studies [7,13,14]. Disease control with previous
therapies has been repetitively associated with improved
survival for subsequent chemotherapy which has been also
demonstrated in our analysis [7,13,23]. Moreover, patients
with progressive disease upon first-line chemotherapy
have been associated with poor prognosis in previous
studies with overall survival times around 5 months and
poor responses to subsequent therapy [24,25]. Interestingly, in a recent phase III trial, patients with stage IV
adenocarcinoma and progressive disease within 9 months
of induction of first-line chemotherapy showed a significant survival benefit with the addition of a multi-tyrosine
kinase inhibitor to second-line therapy with docetaxel
[26]. As analyzed for the first time in the current study,
this group was characterized by a significant worse prognosis. Finally, patients aged 70 years or more showed improved BDCR and overall survival for second-line therapy.
Interestingly, similar data has been reported for first-line
therapies [27]. However, several other studies do not support this finding [7,28] which may possibly be related to
high patient selection. Collectively, patients with advanced
NSCLC may most likely benefit from advanced therapy
lines when they experienced disease control after firstand second-line treatments and have a favorable performance status [7].
Similar to other experiences, 50% of patients diagnosed
with metastatic NSCLC received more than 1 line of systemic therapy and 30% of all patients were treated with 3
or more treatment lines [13,29]. Dose reductions and delays of chemotherapy were a frequent necessity. However,
in the majority of patients, this led only to a modest reduction of the total applied dosage and minor delays. In
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our analysis, the number of cycles was slightly lower as
observed in some clinical studies, likely due to higher selection of patients entering clinical studies [15,17,20].
Patients that could not receive systemic therapy were
characterized by a much reduced median survival of
1.3 months which was even worse compared to earlier
clinical studies randomizing patients for best supportive
care only [5,30]. In contrast, patients treated with firstline monochemotherapy had a slightly improved survival
which was still significantly lower compared to patients
treated with platinum-based combinations. Hence, while
we were not able to directly address the influence of comorbidities in our results, we agree that the health performance status is a major prognostic factor regarding
survival and treatment options for patients with metastatic NSCLC [31-33].
Importantly, the limited administration of systemic
therapy within the last months of the patient’s life has
been accepted as one parameter of measuring quality
of life [34]. In a clinical study, patients with metastatic
NSCLC treated with systemic therapy and early palliative
care had a significantly longer interval between last
chemotherapy dose and death than patients treated with
standard oncology care alone (median 64 vs 40.5 days;
p = 0.02). Interestingly, the former patients were characterized by a significantly longer overall survival [8,9].
With a median of 50 days in our study, the interval between termination of systemic treatment and death was
somewhat longer compared to patients treated with
standard oncology care alone in this study [9] and comparable to other data [29]. Identifying the appropriate
time for ending systemic therapy and intensifying palliative care remain important challenges for improving oncologic treatment for our patients.
In summary, results from clinical studies are translated
into the clinical practice leading to increasing therapy
lines and advanced survival. Moreover, our analysis underlines the importance of preselecting patients. Identification of both predictive and prognostic factors as well
as the best time point of assessing these factors will be
critical to select patients who will most likely benefit
from intensified systemic therapy.
Competing interests
N. Reinmuth works as a consultant for Roche, Lilly, Amgen and received
honoraria from Roche, Lilly, Novartis, Boehringer-Ingelheim. F.J.F. Herth
worked as a consultant for Roche, Olympus, Uptake Medical, PneumRx,
Aeris, Pulmonx, IPS, Astra Zeneca and received honoraria from Roche,
Olympus, Uptake Medical, PneumRx, Aeris, Pulmonx, IPS, Astra Zeneca, Bayer
Pharma, Boehringer Ingelheim, Lily, Pierre Fabre, Nycomed, Pfizer and
Novartis. All other authors stated no potential conflicts of interest with any
companies/organizations whose products or services may be discussed in
this article.
Authors’ contributions
All authors contributed substantially to conception, design, acquisition of
data, analysis of data and interpretation of data. All authors were involved in
drafting or revising the manuscript and approved the final version.

Reinmuth et al. Respiratory Research 2013, 14:139
http://respiratory-research.com/content/14/1/139

Author details
1
Department of Thoracic Oncology, Thoraxklinik at the University of
Heidelberg, 69126 Heidelberg, Germany. 2Department of Thoracic Surgery,
Thoraxklinik at the University of Heidelberg, 69126 Heidelberg, Germany.
3
Department of Pneumology & Respiratory Critical Care Medicine,
Thoraxklinik at the University of Heidelberg, 69126 Heidelberg, Germany.
4
Translational Lung Research Center Heidelberg, German Center for Lung
Research, Heidelberg, Germany. 5Department of Thoracic Oncology, Lung
Clinic Grosshansdorf, Wöhrendamm 80, D-22927 Grosshansdorf, Germany.
Received: 25 October 2013 Accepted: 13 December 2013
Published: 18 December 2013

Page 8 of 9

17.

18.

19.

20.
References
1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ: Cancer statistics,
2008. CA Cancer J Clin 2008, 58(2):71–96.
2. Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, Krook J, Zhu J,
Johnson DH: Comparison of four chemotherapy regimens for advanced
non-small-cell lung cancer. N Engl J Med 2002, 346(2):92–98.
3. Vansteenkiste J: Improving patient management in metastatic non-small
cell lung cancer. Lung Cancer 2007, 57(Suppl 2):S12–S17.
4. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, Lilenbaum R,
Johnson DH: Paclitaxel-carboplatin alone or with bevacizumab for
non-small-cell lung cancer. N Engl J Med 2006, 355(24):2542–2550.
5. Rasco DW, Yan J, Xie Y, Dowell JE, Gerber DE: Looking beyond
surveillance, epidemiology, and end results: patterns of chemotherapy
administration for advanced non-small cell lung cancer in a
contemporary, diverse population. J Thorac Oncol 2010, 5(10):1529–1535.
6. Wang S, Wong ML, Hamilton N, Davoren JB, Jahan TM, Walter LC: Impact of
age and comorbidity on non-small-cell lung cancer treatment in older
veterans. J Clin Oncol 2012, 30(13):1447–1455.
7. Girard N, Jacoulet P, Gainet M, Elleuch R, Pernet D, Depierre A, Dalphin JC,
Westeel V: Third-line chemotherapy in advanced non-small cell lung
cancer: identifying the candidates for routine practice. J Thorac Oncol
2009, 4(12):1544–1549.
8. Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S, Jackson VA,
Dahlin CM, Blinderman CD, Jacobsen J, Pirl WF, et al: Early palliative care
for patients with metastatic non-small-cell lung cancer. N Engl J Med
2010, 363(8):733–742.
9. Greer JA, Pirl WF, Jackson VA, Muzikansky A, Lennes IT, Heist RS, Gallagher
ER, Temel JS: Effect of early palliative care on chemotherapy use and
end-of-life care in patients with metastatic non-small-cell lung cancer.
J Clin Oncol 2011, 30(4):394–400.
10. Reinmuth N, Stumpf A, Stumpf P, Muley T, Kobinger S, Hoffmann H, Herth FJ,
Schnabel PA, Warth A, Bischoff H: Characteristics and outcome of patients
with second primary lung cancer. Eur Respir J 2012, 42(6):1668–1676.
11. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
Dancey J, Arbuck S, Gwyther S, Mooney M, et al: New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer 2009, 45(2):228–247.
12. Goeckenjan G, Sitter H, Thomas M, Branscheid D, Flentje M, Griesinger F,
Niederle N, Stuschke M, Blum T, Deppermann KM, et al: Prevention,
diagnosis, therapy, and follow-up of lung cancer: interdisciplinary
guideline of the German Respiratory Society and the German Cancer
Society. Pneumologie 2010, 65(1):39–59.
13. Zietemann V, Duell T: Prevalence and effectiveness of first-, second-, and
third-line systemic therapy in a cohort of unselected patients with
advanced non-small cell lung cancer. Lung Cancer 2010, 73(1):70–77.
14. Scartozzi M, Mazzanti P, Giampieri R, Berardi R, Galizia E, Gasparini S,
Zuccatosta L, Cascinu S: Clinical predictive factors for advanced non-small
cell lung cancer (NSCLC) patients receiving third-line therapy: selecting
the unselectable? Lung Cancer 2009, 68(3):433–437.
15. Scagliotti GV, Parikh P, von Pawel J, Biesma B, Vansteenkiste J, Manegold C,
Serwatowski P, Gatzemeier U, Digumarti R, Zukin M, et al: Phase III study
comparing cisplatin plus gemcitabine with cisplatin plus pemetrexed in
chemotherapy-naive patients with advanced-stage non-small-cell lung
cancer. J Clin Oncol 2008, 26(21):3543–3551.
16. Reck M, von Pawel J, Zatloukal P, Ramlau R, Gorbounova V, Hirsh V, Leighl N,
Mezger J, Archer V, Moore N, et al: Overall survival with cisplatin-gemcitabine
and bevacizumab or placebo as first-line therapy for nonsquamous

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

non-small-cell lung cancer: results from a randomised phase III trial (AVAiL).
Ann Oncol 2010, 21(9):1804–1809.
Hanna N, Shepherd FA, Fossella FV, Pereira JR, De Marinis F, von Pawel J,
Gatzemeier U, Tsao TC, Pless M, Muller T, et al: Randomized phase III trial of
pemetrexed versus docetaxel in patients with non-small-cell lung cancer
previously treated with chemotherapy. J Clin Oncol 2004, 22(9):1589–1597.
Oliaro A, Filosso PL, Cavallo A, Giobbe R, Mossetti C, Lyberis P, Cristofori RC,
Ruffini E: The significance of intrapulmonary metastasis in non-small cell
lung cancer: upstaging or downstaging? A re-appraisal for the next TNM
staging system. Eur J Cardiothorac Surg 2008, 34(2):438–443. discussion 443.
Bonnette P, Puyo P, Gabriel C, Giudicelli R, Regnard JF, Riquet M, Brichon PY:
Surgical management of non-small cell lung cancer with synchronous
brain metastases. Chest 2001, 119(5):1469–1475.
Shepherd FA, Dancey J, Ramlau R, Mattson K, Gralla R, O’Rourke M, Levitan N,
Gressot L, Vincent M, Burkes R, et al: Prospective randomized trial of
docetaxel versus best supportive care in patients with non-small-cell lung
cancer previously treated with platinum-based chemotherapy.
J Clin Oncol 2000, 18(10):2095–2103.
Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, Hirsh V, Thongprasert S,
Campos D, Maoleekoonpiroj S, Smylie M, Martins R, et al: Erlotinib in previously
treated non-small-cell lung cancer. N Engl J Med 2005, 353(2):123–132.
Vamvakas L, Agelaki S, Kentepozidis NK, Karampeazis A, Pallis AG,
Christophyllakis C, Kotsakis AP, Boukovinas I, Mavroudis D, Georgoulias V:
Pemetrexed (MTA) compared with Erlotinib (ERL) in pretreated patients
with advanced non-small cell lung cancer (NSCLC): results of a
randomized phase III Hellenic oncology research group trial. J Clin Oncol
2010, 28:15s. abstr 7519.
Weiss GJ, Rosell R, Fossella F, Perry M, Stahel R, Barata F, Nguyen B, Paul S,
McAndrews P, Hanna N, et al: The impact of induction chemotherapy on the
outcome of second-line therapy with pemetrexed or docetaxel in patients
with advanced non-small-cell lung cancer. Ann Oncol 2007, 18(3):453–460.
Ciuleanu T, Stelmakh L, Cicenas S, Miliauskas S, Grigorescu AC, Hillenbach C,
Johannsdottir HK, Klughammer B, Gonzalez EE: Efficacy and safety of
erlotinib versus chemotherapy in second-line treatment of patients with
advanced, non-small-cell lung cancer with poor prognosis (TITAN): a
randomised multicentre, open-label, phase 3 study. Lancet Oncol 2012,
13(3):300–308.
Thatcher N, Chang A, Parikh P, Rodrigues Pereira J, Ciuleanu T, von Pawel J,
Thongprasert S, Tan EH, Pemberton K, Archer V, et al: Gefitinib plus best
supportive care in previously treated patients with refractory advanced
non-small-cell lung cancer: results from a randomised, placebocontrolled, multicentre study (Iressa Survival Evaluation in Lung Cancer).
Lancet 2005, 366(9496):1527–1537.
Reck M, Kaiser R, Mellemgaard A, Douillard JY, Orlov S, Krzakowski MJ,
von Pawel J, Gottfried M, Bondarenko I, Liao M: Nintedanib (BIBF 1120)
plus docetaxel in NSCLC patients progressing after first-line
chemotherapy: LUME Lung 1, a randomized, double-blind phase III trial.
J Clin Oncol 2013, 31:abstr LBA8011.
Borges M, Sculier JP, Paesmans M, Richez M, Bureau G, Dabouis G, Lecomte J,
Michel J, Van Cutsem O, Schmerber J, et al: Prognostic factors for response to
chemotherapy containing platinum derivatives in patients with
unresectable non-small cell lung cancer. (NSCLC). Lung Cancer 1996,
16(1):21–33.
Weiss GJ, Langer C, Rosell R, Hanna N, Shepherd F, Einhorn LH, Nguyen B,
Paul S, McAndrews P, Bunn PA Jr, et al: Elderly patients benefit from
second-line cytotoxic chemotherapy: a subset analysis of a randomized
phase III trial of pemetrexed compared with docetaxel in patients with
previously treated advanced non-small-cell lung cancer. J Clin Oncol
2006, 24(27):4405–4411.
Murillo JR Jr, Koeller J: Chemotherapy given near the end of life by
community oncologists for advanced non-small cell lung cancer.
Oncologist 2006, 11(10):1095–1099.
Burdett S, Group NM-AC: Chemotherapy in addition to supportive care
improves survival in advanced non-small-cell lung cancer: a systematic
review and meta-analysis of individual patient data from 16 randomized
controlled trials. J Clin Oncol 2008, 26(28):4617–4625.
Ioannidis JP, Polycarpou A, Ntais C, Pavlidis N: Randomised trials comparing
chemotherapy regimens for advanced non-small cell lung cancer: biases
and evolution over time. Eur J Cancer 2003, 39(16):2278–2287.
Anderson H, Hopwood P, Stephens RJ, Thatcher N, Cottier B, Nicholson M,
Milroy R, Maughan TS, Falk SJ, Bond MG, et al: Gemcitabine plus best

Reinmuth et al. Respiratory Research 2013, 14:139
http://respiratory-research.com/content/14/1/139

Page 9 of 9

supportive care (BSC) vs BSC in inoperable non-small cell lung cancer–a
randomized trial with quality of life as the primary outcome. UK NSCLC
gemcitabine group. Non-small cell lung cancer. Br J Cancer 2000,
83(4):447–453.
33. Asmis TR, Ding K, Seymour L, Shepherd FA, Leighl NB, Winton TL,
Whitehead M, Spaans JN, Graham BC, Goss GD: Age and comorbidity as
independent prognostic factors in the treatment of non small-cell lung
cancer: a review of National Cancer Institute of Canada Clinical Trials
Group trials. J Clin Oncol 2008, 26(1):54–59.
34. ASCO: American society of clinical oncology quality oncology practice
initiative: summary of measures. Adv Physiol Educ 2009. http://qopi.asco.
org/Documents/QOPIFall2009MeasuresSummary8-18-09.pdf.
doi:10.1186/1465-9921-14-139
Cite this article as: Reinmuth et al.: Treatment and outcome of patients
with metastatic NSCLC: a retrospective institution analysis of 493
patients. Respiratory Research 2013 14:139.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

