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Radiology, Budapest, Hungary, 11Veszprém County Pulmonary Hospital, Farkasgyepű, Hungary,
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Objective: The approval of immunotherapy (I-O) for the treatment of late-stage

non-small cell lung cancer (NSCLC) opened new perspectives in improving

survival outcomes. However, survival data have not yet been provided from

the period of the Covid-19 pandemic. The aims of our study were to assess and

compare survival outcomes of patients with advanced LC receiving systemic

anticancer treatment (SACT) before and after the approval of immunotherapy in

Hungary, and to examine the impact of pandemic on survival outcomes using

data from the Hungarian National Health Insurance Fund (NHIF) database.

Methods: This retrospective, longitudinal study included patients aged ≥20 years

who were diagnosed with advanced stage lung cancer (LC) (ICD-10 C34)

between 1 January 2011 and 31 December 2021 and received SACT treatment

without LC-related surgery. Survival rates were evaluated by year of diagnosis,

sex, age, and LC histology.
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Results: In total, 35,416 patients were newly diagnosed with advanced LC and

received SACT during the study period (mean age at diagnosis: 62.1–66.3 years).

In patients with non-squamous cell carcinoma, 3-year survival was significantly

higher among those diagnosed in 2019 vs. 2011–2012 (28.7% [95% CI: 26.4%–

30.9%] vs. 14.45% [95% CI: 13.21%–15.69%], respectively). In patients with

squamous cell carcinoma, 3-year survival rates were 22.3% (95% CI: 19.4%–

25.2%) and 13.37% (95% CI: 11.8%–15.0%) in 2019 and 2011–2012, respectively,

the change was statistically significant. Compared to 2011–2012, the hazard ratio

of survival change for non-squamous cell carcinoma patients was 0.91, 0.82, and

0.62 in 2015–2016, 2017–2018, and 2019, respectively (p<0.001 for all cases). In

the squamous cell carcinoma group, corresponding hazard ratios were 0.93,

0.87, and 0.78, respectively (p<0.001 for all cases). Survival improvements

remained significant in both patient populations during the Covid-19 pandemic

(2020–2021). No significant improvements were found in the survival of patients

with small cell carcinoma. Platinum-based chemotherapy was the most

common first-line treatment in all diagnostic periods, however, the proportion

of patients receiving first- or second-line immunotherapy significantly increased

during the study period.

Conclusion: 3-year survival rates of NSCLC almost doubled among patients with

non-squamous cell carcinoma and significantly improved at squamous cell

carcinoma over the past decade in Hungary. Improvements could potentially

be attributable by the introduction of immunotherapy and were not offset by the

Covid-19 pandemic.
KEYWORDS

lung cancer, long-term survival, mortality, Hungary, NSCLC, adenocarcinoma lung,
squamous cell carcinoma lung
Introduction

Lung cancer (LC) is a rapidly progressing, life-threatening

disease which constitutes a major disease burden (1–3). LC still

has one of the lowest survival rates among carcinomas, making it

one of the most important health problems of the 21st century (4, 5).

Before the development of immunotherapy (I-O), advanced non-

small cell LC (NSCLC) had poor outcomes, with only 15%–25% of

patients surviving the end of the second year and very few still alive

at 5 years after having received systemic treatment (6–8). In a

Canadian study conducted between 2010–2015, 5-year survival

rates of stage IV NSCLC were 5.9% with squamous histology,

5.2% with non-squamous histology and chemotherapy, and 12.9%

with non-squamous histology and targeted therapy (9). A real-

world study from Portugal reported a 2-year survival rate of 13% in

patients with stage IV NSCLC, and nearly a quarter of patients did

not receive SACT (6).

The development and subsequent approval of immunotherapy

drugs for NSCLC including the immune checkpoint inhibitors

pembrolizumab, atezolizumab, and nivolumab brought about

significant improvements in the short- and long-term prognosis

of LC either in combination with chemotherapy or as monotherapy.

In the pivotal KEYNOTE studies, pembrolizumab in mono or in
02
combination therapy provided significant overall survival (OS)

benefits for patients with advanced NSCLC compared to

docetaxel and platinum-based chemotherapy, regardless of

programmed death-ligand 1 (PD-L1) tumor proportion score

(TPS) (10–13). Atezolizumab and nivolumab were also associated

with significant improvements in long-term OS compared to

docetaxel among patients with previously treated, advanced

NSCLC in their respective clinical trials (14–16).

A growing number of real-world studies have confirmed the

survival improvement associated with immunotherapy in patients

with NSCLC, comparing outcomes in the pre- and post-

immunotherapy era (17, 18). However, certain studies suggest an

efficacy–effectiveness gap between clinical trials and real-world

settings, suggesting that there is still room for improvement in

terms of maximizing the benefits of immunotherapy in routine

clinical practice (17, 19). Furthermore, patient populations included

in these studies were different from clinical study populations.

The Covid-19 pandemic led to significant disruptions in all

aspects of healthcare including cancer screening, diagnosis, and

treatment, especially during the first waves (20, 21). Patients with

LC are at a particularly high risk of Covid-19 related morbidity and

mortality, and the presence of LC significantly increases the risk of

mortality from SARS-CoV-2 infection (22–24). Accordingly,
frontiersin.org
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studies investigating the relationship between Covid-19 and LC

have reported higher Covid-19 related mortality rates in LC patients

compared to the general population, and an increase in LC

mortality during the pandemic compared to the preceding years

(25, 26).

So far, no comparative data have been published on the survival

outcomes of LC patients before and after the introduction of

immunotherapy in Hungary. Therefore, the main goal of our

study (called HeLP3.2 study) was to examine the OS of patients

with advanced LC receiving systemic anticancer treatment (SACT)

in the pre- and post-immunotherapy eras. Furthermore, we aimed

to compare survival rates according to age, sex, and LC histology

(squamous cell carcinoma, non-squamous cell carcinoma, small cell

carcinoma). Finally, we sought to investigate the impact of the

Covid-19 pandemic on the OS of patients with advanced LC.
Materials and methods

Study design

The nationwide, retrospective HeLP3.2 study (Hungarian

Evaluation of Lung Cancer Patient Pathway) was based on the

claims database of the National Health Insurance Fund of Hungary

(NHIF) which is a nationwide insurance system covering almost

100% of the Hungarian population. The NHIF database contains

medical information regarding ID and ICD-10 codes of inpatient

admissions and out-patient visits and procedures, containing 100%

of LC-related interventions as there is no other insurance system

covering LC treatment in Hungary. The study was approved by the

National Ethical Committee (ethical approval number IV/3940- 3/

2021/EKU).

The HeLP3.2 study included patients newly diagnosed with LC

(ICD-10 C34) between 1 January 2011 and 31 December 2021 who

were ≥20 years old at the time of diagnosis. A reference screening

period was set for 2009–2010 to identify newly diagnosed LC

patients from 2011. The potential miscoding of LC was avoided

by only including patients with a minimum of two records of the

C34 ICD-10 code within an interval of over 30 but less than 365

days following the first coding. Patients with only one recorded C34

code who died within 60 days after coding were also included.

Patients with ICD-10 codes related to other cancers and those

receiving oncological treatments other than the LC-specific

treatment protocol 6 months prior to or 12 months following the

first recorded LC code were excluded from the analysis unless they

had an LC-related histology code or LC-related treatment records in

the NHIF database.

For the current analyses, we only included LC patients who

received first-line SACT without undergoing surgery during the

first 180 days after diagnosis. SACT included chemotherapy,

targeted therapy, or immunotherapy based on special reference

codes in NHIF database records. Similar to in the I-O Optimize

Initiative studies, our study included patients with advanced LC

(27). Staging information was not available for the analysis from the

NHIF database, however, the analysis included LC patients who

received SACT treatment without LC-related surgery in their
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international guidelines, we can assume that the vast majority of

patients were in advanced stages (IIIB or IV). LC histology was

recorded in the database for almost 95% of the selected patient

population, therefore, we conducted separate survival analyses for

patients with non-squamous cell carcinoma, squamous cell

carcinoma, and small cell carcinoma, only for those who received

SACT treatment.

Patients newly diagnosed with LC were followed until 30 June

2022 or alternatively until the time of death based on the NHIF

database. Therefore, we could follow the survival of included

patients from the time of diagnosis through different lines of

therapy, even in the case of remission-relapse phases until the

date of death or the end of the study period. We did not exclude

those patients, whom had relapse, but followed them till the end of

study period or death. The database does not contain cause-specific

mortality data; therefore, all-cause mortality was assessed. The

NHIF updates the date of death on a monthly basis in accordance

with the reports from the State Population Registry Office. Data

were anonymized during data collection, and only non-identifiable

data were used for analysis.

The survival of LC patients after receiving first SACT was

compared between the following periods: (i) 2011–2012, serving

as a baseline period for comparisons within the pre-

immunotherapy era; (ii) 2015–2016, the end of the pre-

immunotherapy era; (iii) 2017–2018, representing the availability

of second-line immunotherapy in NSCLC; (iv) 2019, representing

the first-year of first-line immunotherapy approval, (v) 2020–2021,

to evaluate the impact of the Covid-19 pandemic on the survival of

advanced LC (Figure 1). The selected time periods were based on

the dates of public reimbursement approval of first- or second-line

immunotherapy in Hungary. The reimbursement status of different

modern LC treatments was the following during the study period:

pembrolizumab first became available in the form of named-patient

basis access for the second-line treatment of adenocarcinoma in

2016 and for squamous cell carcinoma in 2015, it was granted

general reimbursement in these indications in 2017–2018 and

became reimbursed for the first-line treatment of adenocarcinoma

and squamous cell carcinoma in October 2018. Nivolumab received

reimbursement in the second-line treatment setting for the

treatment of adenocarcinoma and for squamous cell carcinoma in

2015, while atezolizumab gained reimbursement in 2017.

Nivolumab and atezolizumab had no first-line indication during

the study period. During the analysis of the 3-year survival rate,

comparisons were made between the first 3-year survival period of

LC patients who were diagnosed in 2011-2012 and those who were

diagnosed during the 2017-18 period. It is important to note that in

each instance of periods, the comparisons were initiated subsequent

to the LC diagnoses.

The total number of newly diagnosed LC patients per year is

shown as crude numbers (n). The mean age at diagnosis was

determined for all patients and according to sex for each

diagnostic period. Overall survival (OS) was calculated and

reported as defined by Tan et al. (28) Survival rates were

calculated for each type of LC histology where pertinent data

were available. Kaplan-Meier curves were drawn to show 3-year
frontiersin.org
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and long-term OS. The hazard ratio of death among patients

diagnosed in different diagnostic periods versus the baseline

period of 2011–2012 was calculated using Cox regression. The

effect of age and sex on survival outcomes was examined by

subgroup analyses. For a given diagnostic period, 12-, 24-, 36-,

48-, and 60-month survival rates were calculated, where available,

and the absolute change in survival at a given follow-up time was

also determined according to age at diagnosis and LC histology. The

distribution and sequence of different lines of SACT in different

study periods were also analyzed according to LC histology

(platinum-based therapy, targeted therapy, immunotherapy, non-

platinum-based therapy).

All calculations were performed with R version 4.2.1 (13/10/

2022) with package survival version 3.4-0.
Results

Study population

Between 1 January 2011 and 31 December 2021, 89,866 patients

were newly diagnosed with LC based on the NHIF database (total

LC patient population) (Supplementary Table 1). Of them, 35,416

(39.4%) received first-line SACT without undergoing surgery

during the first 180 days after diagnosis, therefore, these patients

were considered to have late-stage, advanced LC and were eligible

for inclusion in the analyses. The highest proportion of advanced

LC patients was observed in 2021 when this patient population

accounted for 41.9% of the total LC patient population.

The mean age of the SACT population at diagnosis increased

from 62.1 (SD: ± 8.0) years in 2011–2012 to 66.3 (SD ±8.0) in 2021

and was similar in female and male patients throughout the whole

study period (mean: 63.5 ± 8.1 in males vs. 63.7 ± 8.0 years in

females) (Table 1). The highest number of patients was recorded in

the age group of 60–69 years (n=16,666, 47.1%); patients aged 20–

49 years represented 4.8% of the total advanced LC

patient population.

Tumor histology was recorded in 95.3% of all cases. The

majority of patients had NSCLC (75.1%). Across all LC patients,

48.6% had non-squamous cell carcinoma (NSQ), 26.6% had
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squamous cell carcinoma, and 20.2% had small cell LC. Non-

squamous cell carcinoma was more common among females

(53.3% vs. 45.5% in men), while squamous cell carcinoma was

more frequent in males (31.7% vs. 18.7% in women).
Long-term survival

Among patients diagnosed in 2011–2021 period, 5-year survival

was 11.0% in those with non-squamous cell carcinoma, 9.2% in

patients with squamous cell carcinoma, and 5.2% among patients

with small cell LC (Figure 2).
Survival estimates for different
study periods

Figure 3 shows 3-year survival among patients with non-

squamous cell carcinoma (Figure 3A) and squamous cell

carcinoma (Figure 3B) diagnosed in different study periods.

During the baseline pre-immunotherapy period of 2011–2012,

3,087 patients were newly diagnosed with advanced non-

squamous cell carcinoma; this population served as a basis for

survival comparisons between study periods. During 2015–2016

(pre-immunotherapy era), 2017–2018 (post-immunotherapy,

ava i lab i l i t y of second- l ine SACT) , and 2019 (pos t -

immunotherapy, availability of first-line SACT, no pandemic),

3,114, 3,251, and 1,620 patients were newly diagnosed with non-

squamous cell carcinoma, respectively. We conducted separate

survival analyses among patients diagnosed in 2020 and 2021. In

these patient populations, follow-up times were not sufficient for the

calculation of 3-year survival rates, nevertheless, they were included

in Cox regression analyses.

Among patients diagnosed with late-stage non-squamous cell

carcinoma in 2011–2012, 1-, 2- and 3-years survival rates were

50.9% (95% CI: 49.1%–52.6%), 24.8% (95% CI: 23.3%–26.3%) and

14.5% (95% CI: 13.2%–15.7%), respectively (Figure 3A). There were

no significant changes in survival rates between patients diagnosed

in 2011–2012 and 2015–2016. However, patients diagnosed in

2017–2018 had 1-, 2-, and 3-year survival rates of 55.7% (95% CI:
FIGURE 1

HeLP3.2 study periods: 2011–2012, baseline pre-immunotherapy era for comparisons; 2015–2016, pre-immunotherapy era; 2017–2018,
immunotherapy era with second-line indication for immunotherapy in NSCLC; 2019, immunotherapy era with first-line indication for
immunotherapy in NSCLC; 2020–2021, Covid-19 pandemic. I-O, immunotherapy; NSCLC, non-small cell lung cancer.
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TABLE 1 Main characteristics of patients with advanced LC who were diagnosed between 1 January 2011 and 31 December 2021 and received first-line SACT.

2020 2021 Total

2,885 2,966 35,416

56.19% 1,687 58.47% 1,702 57.38% 21,457 60.59%

43.81% 1,198 41.53% 1,264 42.62% 13,959 39.41%

±8.13
65.58

±8.18
66.29

±8.00
63.89

±7.98

±7.63 64.98 ±8.11 65.81 ±8.04 63.46 ±8.08

±7.92 65.33 ±8.16 66.08 ±8.02 63.72 ±8.03

3.31% 118 4.09% 92 3.10% 1,696 4.79%

18.38% 504 17.47% 470 15.85% 8,462 23.89%

48.98% 1,348 46.72% 1,401 47.24% 16,666 47.06%

29.33% 915 31.72% 1,003 33.82% 8,592 24.26%

25.99% 738 25.58% 768 25.89% 9,405 26.56%

50.12% 1,470 50.95% 1,515 51.08% 17,200 48.57%

19.55% 567 19.65% 549 18.51% 7,157 20.21%

4.33% 110 3.81% 134 4.52% 1,654 4.67%

1,687 1,702 21,457

30.84% 517 30.65% 541 31.79% 6,797 31.68%

47.25% 807 47.84% 790 46.42% 9,767 45.52%

17.57% 306 18.14% 295 17.33% 3,888 18.12%

4.35% 57 3.38% 76 4.47% 1,005 4.68%

1,198 1,264 13,959

19.77% 221 18.45% 227 17.96% 2,608 18.68%

53.81% 663 55.34% 725 57.36% 7,433 53.25%

(Continued)
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Number of Patients

2011-
2012

2013-
2014

2015-
2016

2017-
2018 2019

Patients with new LC diagnosis
(n) 6,507 6,628 6,556 6,642 3,232

Male (n, % of LC patients) 4,153 63.82% 4,066 61.35% 4,023 61.36% 4,010 60.37% 1,816

Female (n, % of LC patients) 2,354 36.18% 2,562 38.65% 2,533 38.64% 2,632 39.63% 1,416

Mean age at diagnosis (y, mean
±SD) 62.09

±8.02
62.92

±8.09
63.79

±7.75
64.41

±7.90
65.45

Male (y, mean ±SD) 61.70 ±8.46 62.24 ±8.28 62.92 ±8.06 64.12 ±7.79 64.93

Female (y, mean ±SD) 61.95 ±8.19 62.66 ±8.17 63.45 ±7.88 64.30 ±7.86 65.22

Age groups

20-49 421 6.47% 379 5.72% 315 4.80% 264 3.97% 107

50-59 2,083 32.01% 1,900 28.67% 1,530 23.34% 1,381 20.79% 594

60-69 2,795 42.95% 2,977 44.92% 3,287 50.14% 3,275 49.31% 1,583

70 and over 1,208 18.56% 1,372 20.70% 1,424 21.72% 1,722 25.93% 948

Morphology

Squamous cell carcinoma 1,765 27.12% 1,768 26.67% 1,772 27.03% 1,754 26.41% 840

Adenocarcinoma 3,087 47.44% 3,143 47.42% 3,114 47.50% 3,251 48.95% 1,620

Small-cell carcinoma 1,304 20.04% 1,426 21.51% 1,346 20.53% 1,333 20.07% 632

Morphology not specified 351 5.39% 291 4.39% 324 4.94% 304 4.58% 140

Male 4,153 4,066 4,023 4,010 1,816

Squamous cell carcinoma 1,333 32.10% 1,297 31.90% 1,290 32.07% 1,259 31.40% 560

Adenocarcinoma 1,831 44.09% 1,815 44.64% 1,790 44.49% 1,876 46.78% 858

Small-cell carcinoma 773 18.61% 770 18.94% 725 18.02% 700 17.46% 319

Morphology not specified 216 5.20% 184 4.53% 218 5.42% 175 4.36% 79

Female 2,354 2,562 2,533 2,632 1,416

Squamous cell carcinoma 432 18.35% 471 18.38% 482 19.03% 495 18.81% 280

Adenocarcinoma 1,256 53.36% 1,328 51.83% 1,324 52.27% 1,375 52.24% 762
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54.0%–57.4%), 32.2% (95% CI: 30.6%–33.8%) and 22.5% (95%

CI:21.1%–24.0%), respectively, corresponding to significant, 4.8%

(95% CI: 2.4%–4.1%), 7.4% (95% CI: 5.1%–5.4%) and 8.1% (95% CI:

6.2%–6.1%) increases compared to 2011–2012. Patients diagnosed

in 2019 who received first-line SACT had a 3-year survival rate of

28.7% (95% CI: 26.4%–30.9%), almost double the survival of those

diagnosed in 2011–2012 (14.2% increase; 95% CI: 11.6%–10.3%).

The highest 3-year survival rate was found in the age group of 20–59

years (30.6% 95% CI: 27.3%–33.9%). Estimated 1-year survival rates

for patients diagnosed during the Covid-19 pandemic in 2020 and

2021 were 57.5% (95% CI: 55.0%–60.0%) and 57.5% (95% CI:

54.8%–60.2%), respectively.

Among patients with squamous cell carcinoma, 3-year survival

rates increased from 13.4% (95% CI: 11.8%–15.0%) to 22.3% (95%

CI: 19.4%–25.2%) between the 2011-2012 and 2019 diagnostic

periods, corresponding to an absolute increase of 8.9% (95% CI:

5.6%–12.2%). One-year survival rates for the 2020 and 2021

diagnostic periods were 56.2% (95% CI: 52.6%–59.8%) and 60.1%

(95% CI: 56.3%–64.0%), respectively. 3-year survival rates of small

cell lung cancer patients are detailed in Supplementary Figure 1.
Mortality risk in different study periods
compared to baseline

Compared to the baseline diagnostic period of 2011–2012, the

mortality risk of patients diagnosed with non-squamous cell

carcinoma was significantly, 9.00% lower in 2015–2016 (HR: 0.91;

p<0.001), 18.2% lower in 2017–2018 (HR: 0.82, p<0.001), and

31.8% lower in 2019 (HR: 0.68; p<0.001) (Figure 4A).

Improvements were consistent in all age groups and in both sexes

in the 2017–2018 and 2019 diagnostic periods. During the first years

of the Covid-19 pandemic (2020 and 2021), the reduction in

mortality risk remained significant compared to baseline (HR:

0.77 and HR: 0.82, respectively; p<0.001 for both), albeit with less

pronounced reductions in older age groups and in male patients.

Patients with squamous cell carcinoma also experienced

significant reductions in mortality risk between 2011–2012 and

2015–2016 (HR: 0.93; 95% CI: 0.87–1.00; p=0.048), with more

pronounced improvements observed in younger age cohorts and

female patients. Patients diagnosed in 2017–2018 and 2019 also had

significantly, 12.9% and 22% lower mortality risk compared to those

diagnosed in 2011–2012, respectively (HR: 0.87; 95% CI: 0.81–0.93;

p<0.001 and HR: 0.78; 95% CI: 0.71–0.86; p<0.001, respectively)

(Figure 4B). In 2020 and 2021, improvements remained consistent

compared to the baseline diagnostic period (HR: 0.78 and HR: 0.77,

respectively; p<0.001 for both). There were no significant

reductions in the mortality risk of patients with small cell

carcinoma in any of the examined diagnostic periods compared

to 2011–2012 (Figure 4C).
Treatment patterns

The majority of non-squamous cell carcinoma patients

diagnosed during the 2011–2016 period received platinum-based
T
A
B
LE

1
C
o
n
ti
n
u
e
d

N
u
m
b
e
r
o
f
P
at
ie
n
ts

2
0
11
-

2
0
12

2
0
13

-
2
0
14

2
0
15

-
2
0
16

2
0
17
-

2
0
18

2
0
19

2
0
2
0

2
0
2
1

T
o
ta
l

Sm
al
l-
ce
ll
ca
rc
in
om

a
53
1

22
.5
6%

65
6

25
.6
0%

62
1

24
.5
2%

63
3

24
.0
5%

31
3

22
.1
0%

26
1

21
.7
9%

25
4

20
.0
9%

3,
26
9

23
.4
2%

M
or
ph

ol
og
y
no

t
sp
ec
ifi
ed

13
5

5.
73
%

10
7

4.
18
%

10
6

4.
18
%

12
9

4.
90
%

61
4.
31
%

53
4.
42
%

58
4.
59
%

64
9

4.
65
%

M
e
an

fo
llo

w
-u

p
(m

o
n
th
s)

Sq
ua
m
ou

s
ce
ll
ca
rc
in
om

a
21
.9
8

N
ot

ev
al
ua
te
d

22
.0
0

21
.3
8

20
.1
5

15
.6
3

9.
91

A
de
no

ca
rc
in
om

a
21
.2
5

N
ot

ev
al
ua
te
d

20
.6
7

19
.8
6

18
.4
3

15
.3
6

10
.0
1

Sm
al
l-
ce
ll
ca
rc
in
om

a
17
.9
6

N
ot

ev
al
ua
te
d

15
.7
2

15
.2
0

13
.6
8

12
.3
6

8.
90

LC
,l
un

g
ca
nc
er
;S
A
C
T
,s
ys
te
m
ic
an
ti
ca
nc
er

th
er
ap
y;
SD

,s
ta
nd

ar
d
de
vi
at
io
n.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1207295
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Kiss et al. 10.3389/fonc.2023.1207295
chemotherapy as first-line treatment (76.4%); 19.9% of them

received targeted therapy with tyrosine kinase inhibitors (TKI), of

whom 34.2% continued with second-line non-platinum-based

therapy (Figure 5A). Among patients diagnosed in 2017–2018,

first-line treatment patterns were similar to the 2015–2016 period,

however, 12.45% of all non-squamous cell carcinoma patients

received immunotherapy in second line. In patients diagnosed in
Frontiers in Oncology 07
2019, 64.3% received a platinum-based regimen, 18.3% received

TKI, and 13.9% received immunotherapy as first-line treatment,

and 19.8% of all patients received immunotherapy in second line.

The proportion of first-line immunotherapy increased to 17.8% and

25% by 2020 and 2021, respectively.

In the squamous cell carcinoma population, platinum-based

therapy was dominant in first line during the 2011–2016 pre-
FIGURE 2

Five- and ten-year estimated OS of patients with advanced LC who were diagnosed between 1 January 2011 and 31 December 2021 and received
first-line SACT. LC, lung cancer; OS, overall survival; SACT, systemic anticancer treatment.
B

A

FIGURE 3

Estimated 3-year OS of patients with advanced non-squamous cell carcinoma (A) and squamous cell carcinoma (B) who were diagnosed between
2011–2012, 2015–2016, 2017–2018, and 2019 and received SACT. LC, lung cancer; OS, overall survival; SACT, systemic anticancer therapy.
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immunotherapy period (95.2%), and most patients received non-

platinum-based regimens in second line (Figure 5B). For patients

diagnosed in 2017–2018, immunotherapy became the leading

treatment choice in second line, with 20.2% of all squamous cell

carcinoma patients receiving second-line immunotherapy, more

than half of all patients in second line. The proportion of first-line

immunotherapy was 9.2% in patients diagnosed in 2019, and it was

the dominant second-line choice in this diagnostic period. The

proportion of patients receiving first-line immunotherapy further

increased to 14.8% and 19.0% in patients diagnosed in 2020 and

2021, respectively. For adenocarcinoma patients, the aggregate

percentage of individuals who received I-O treatment across

various treatment lines exhibited the following trends: 25.5% in

2017–18, 37.1% in 2019, 38.9% and 35.7% in 2020 and 2021.

Corresponding percentages in the squamous cell carcinoma

population over the same time frame were 20.9%, 37.1%, 38.4%

and 38.3%, respectively.

We found no significant changes in treatment patterns among

patients with small cell carcinoma diagnosed in different

study periods.

Figure 6 shows treatment sequencing in the non-squamous cell

carcinoma patient population during different diagnostic periods. A

significant proportion of patients died after each treatment line,

therefore, only few patients received third-line treatment. Patients

who were still alive at the end of the follow-up time (30 June 2022)

without any change of therapy from the previous line were

censored. The proportion of censored patients increases towards

the end of the study period due to the different follow-up times of

patients diagnosed in different study periods. Treatment sequencing
Frontiers in Oncology 08
in the squamous cell carcinoma patient population is detailed in

Supplementary Figure 2.
Discussion

This nationwide, retrospective analysis provides overall survival

data for patients with lung cancer who received systemic anti-

cancer therapy during the past decade in Hungary based on a

comprehensive data source. To our knowledge, our study is the first

to report changes in LC survival during the Covid-19 pandemic as

well as among the first to provide survival estimates for patients

receiving SACT after the introduction of immunotherapy for LC

in Hungary.

The main findings of our large-scale analysis can be

summarized as follows:
1. The mortality risk of patients with advanced LC who

received SACT significantly decreased by 32% in patients

with non-squamous cell carcinoma and by 22% in patients

with squamous cell carcinoma over the past decade. The

most significant change could potentially be attributed to

the introduction of immunotherapy, especially the

availability of first-line immunotherapy as well as to the

development of TKI treatments. We did not find any

similar improvements among patients with small cell LC

during the study period.

2. 3-year survival rates almost doubled among patients with

non-squamous cell carcinoma (28.7% vs. 14.5%) and
B

C

A

FIGURE 4

Change in mortality risk compared to the baseline diagnostic period of 2011–2012 among patients with advanced non-squamous cell carcinoma
(A), squamous cell carcinoma (B), and small cell LC (C) receiving SACT. LC, lung cancer; SACT, systemic anticancer treatment.
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Fron
significantly improved in patients with squamous cell

carcinoma (22.3% vs. 13.4%) between 2011–2012 and 2019.

3. The improvement in OS was consistent across all age

groups and was slightly more pronounced in females in

the NSCLC population.

4. The OS improvement remained significant among patients

who were diagnosed with LC during the Covid-19

pandemic, albeit with smaller improvements in older age

groups and male patients.
The significant improvement in the survival of advanced LC is

associated with the introduction of immunotherapy as a second-line

treatment option in 2017 and its subsequent availability in first line

starting from 2019. Immunotherapy agents have been shown to

provide significant survival benefits for patients with advanced LC

who had had a poor prognosis before the immunotherapy era (10–

12, 14).

The survival advantage provided by immunotherapy seen in

clinical studies has been confirmed by several real-world analyses

(29, 30). A study from Slovenia reported 12-month OS rates of 64%

and 35% among patients with metastatic NSCLC receiving

immunotherapy in first and second line, respectively (29). A

Japanese study found a 12-month OS rate of 58.3% in patients
tiers in Oncology 09
with advanced or recurrent NSCLC receiving first-line

pembrolizumab treatment (30). A study from the U.S. reported

an estimated 12-month OS of 59.5% among patients with metastatic

non-squamous cell NSCLC receiving immunotherapy in

combination with chemotherapy (31). On the other hand, a study

conducted in the Netherlands found lower OS with first- and

second-line immunotherapy compared to clinical study results,

however, outcomes for chemotherapy and targeted therapy were

still somewhat poorer than expected based on their respective

RCTs (19).

In our study, patients with non-squamous cell carcinoma

diagnosed in 2019 had significant lower mortality risk compared

to those diagnosed in 2011–2012. Survival rates at 12 and 24

months were notably higher, and 3-year survival rates showed

substantial improvements. Similarly, patients with squamous cell

carcinoma also experienced a significant reduction in mortality risk

and improved survival rates during this period.

These improvements coincided with significant changes in first-

and second-line treatment patterns, with immunotherapy gaining

more use in both patient populations. Our results are in line with

the I-O-optimize studies including the recently published

population-based real-world analysis from Canada which also

compared survival rates in the pre- and post-immunotherapy era
B

A

FIGURE 5

Treatment patterns of non-squamous cell carcinoma (A) and squamous cell carcinoma (B) patients in first- and second-line regimens. Censored in
the columns of second-line therapy means that the patient was still receiving first-line treatment at the end of the respective period.
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in patients with advanced NSCLC (7). In this study, the 2-year OS of

patients with non-squamous cell carcinoma was 26% in the pre-

immunotherapy era (January 2010 to March 2016) and increased to

34% in the post-immunotherapy era (April 2016 to June 2019), with

15.4% and 38.7% of patients receiving first- and second-line

immunotherapy in the post-immunotherapy era, respectively. The

studied LC patient population was very similar to the population in

our current analysis, since both included patients with late-stage,

advanced LC (mostly stage IIIb and IV) receiving only SACT during

almost the same study period and with similar developments in

treatment patterns and comparable results among patients with

squamous cell carcinoma.
Frontiers in Oncology 10
In the pre-immunotherapy era, patients with non-squamous

cell carcinoma and squamous cell carcinoma had poor prognosis in

our study. Our results from this period are comparable to results

from the Portuguese I-O-optimize study which reported 2-year

survival rates of 17% and 11% among patients with stage IIIb and IV

non-squamous cell LC and squamous cell carcinoma, respectively

(6), as well as to results from the U.K. showing 3-year survival rates

of 8–19% and 6–12% in the same patient populations,

respectively (32).

It is important to emphasize that TKI therapies became

available for NSCLC patients with EGFR or ALK mutation during

this period in Hungary. First-generation TKIs including erlotinib,
B

C D

A

FIGURE 6

Treatment sequencing for patients who received first-line treatment for advanced LC with non-squamous cell carcinoma histology during the pre-I-
O (A), I-O second line (B), I-O first line (C), and Covid-19 pandemic periods (D), respectively, shown on Sankey diagrams. Platinum, platinum-based
chemotherapy; I-O, immunotherapy; non-platinum, non-platinum-based chemotherapy; TKI, tyrosine kinase inhibitor.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1207295
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Kiss et al. 10.3389/fonc.2023.1207295
gefitinib, and crizotinib became available in 2014, which may have

been responsible for at least part of the survival improvement seen

in the 2015–2016 period. New generation TKIs such as afatinib for

patients with EGFR mutation and alectinib for patients with ALK

mutation were approved in 2016 and 2017, respectively, while

osimertinib became available in 2019. Although these first- and

new generation TKIs improved the survival for patients with non-

squamous cell carcinoma and EGFR or ALK mutation (33), these

patient populations accounted for a low percentage of the overall

NSQ group (approx. 10% and 4% based on clinical references).

Therefore, the impact of these agents on survival improvement may

not have been significant. In addition, our study demonstrated

similar survival improvements in the squamous cell carcinoma

population, which could not be attributed to TKIs.

The improvement in the survival of Hungarian non-squamous

cell carcinoma and squamous cell carcinoma patients was observed

during a transition period characterized by significant changes in

treatment patterns. In line with international observations, an

increasing proportion of Hungarian patients with advanced LC

received immunotherapy in first and second line in the post-

immunotherapy era, which could largely explain improving

outcomes. This is supported by the fact that we found no

improvement in survival rates among patients with small cell

carcinoma during the study period where immunotherapies were

not utilized for treatment. We found consistent improvements in all

age groups and slightly more pronounced improvements in female

NSCLC patients which may have important implications

considering the increasing incidence of LC among women (34).

SARS-CoV-2 infection particularly impacts the respiratory

system and may be associated with severe pulmonary

complications. The higher severity of SARS-CoV-2 infection

among patients with LC is well-documented and may be

explained by the pathophysiological, clinical, and treatment-

related factors of the underlying condition as well as the

smoking-related damage often observed in LC patients and the

increased incidence of cardiovascular and respiratory comorbidities

(35). Therefore, we might expect an even larger decrease in LC

survival during the pandemic years, than in other cancer types (24,

36). Furthermore, certain waves of the Covid-19 pandemic were

putting a high burden on healthcare systems, which may have

resulted in delays in LC diagnoses, leading to more advanced stages

and worse general condition at the time of treatment initiation.

Accordingly, a nationwide, population-based modeling study from

the U.K. examined the impact of delays in diagnosis on cancer

survival and estimated 1,235–1,372 additional deaths within 5 years

as well as a 4.8–5.3% decrease in 5-year survival among patients

with LC (37). Several studies have examined the impact of the

Covid-19 pandemic on LC survival, albeit not specifically in patients

with late-stage disease. During the first wave of the pandemic in

2020, a Spanish study reported a higher mortality risk from SARS-

CoV-2 infection among elderly LC patients compared to the young,

and a higher fatality rate of SARS-CoV-2 infection in patients with

LC compared to the non-LC population (25). In addition, a recently

published, comprehensive analysis revealed an odds ratio of 4.67 for
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Covid-19 related mortality among LC patients compared to non-

cancer patients, and a 9 times higher risk of death among LC

patients with SARS-CoV-2 infection, than non-infected LC patients

(38). However, this analysis did not find higher all-cause mortality

in the LC patient population during the Covid-19 pandemic

compared to the pre-pandemic era.

In our study, we were also expecting to detect a negative impact

of the Covid-19 pandemic on the survival of our late-stage NSCLC

patient population receiving SACT treatment. However, during the

years of the pandemic, the proportion of patients receiving first-line

and overall immunotherapy both increased, which also had an

impact on the survival of this patient population. In patients with

squamous cell carcinoma, survival improvements observed during

the pre-pandemic era with the introduction of immunotherapy

were maintained during the pandemic years. Improvements were

generally more age-dependent and were smaller in male patients

and older age groups, potentially due to the higher prevalence of

Covid-19 related risk factors in these subgroups. In summary, we

observed a much less severe impact of the Covid-19 pandemic on

the survival outcomes of patients with advanced NSCLC than

expected based on the available knowledge and evidence. This

may be explained by the fact that among patients diagnosed

during the pandemic years, a significantly higher proportion

received first-line immunotherapy compared to those diagnosed

before the pandemic.

Our study has certain strengths and limitations. The high

number of patients diagnosed with advanced LC, the thorough

data cleaning process, the 11-year-long follow-up period, and the

nationwide nature of the NHIF database all provide a solid basis for

drawing conclusions from our analysis. However, the applied

eligibility criteria may have led to the exclusion of patients who

had cancer types other than LC, although our estimates suggests

that this patient population is negligible. Information on the stage of

LC, ECOG PS status, and laboratory test results were not available

in the NHIF database, therefore, we were not able to provide specific

survival data based on these characteristics. Furthermore, we did

not estimate net survival and were not able to perform age-related

survival analysis adjusted to the survival rates of the general

population or examine the net impact of the Covid-19 pandemic.

Nevertheless, considering the much higher mortality of LC patients

compared to the general population and the fact that a large

proportion of this mortality is caused by LC itself, this limitation

is not likely to have a relevant effect on the results and

interpretation. Of note, our study was not meant to compare the

effectiveness of immunotherapy and traditional chemotherapy, or

first- and second-line immunotherapy. A significant proportion of

patients diagnosed with LC in the 2017–2021 still received non-

immunotherapy treatment, and some patients diagnosed towards

the end of the 2011–2016 period may have received

immunotherapy in second or further lines. Therefore, we may

have underestimated the impact of immunotherapy on survival

outcomes, or overestimated survival probability if considering a

truly immunotherapy agnostic population in the late pre-

immunotherapy era. Finally, the cut-off date for our analysis was
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30 June 2022, 2.5 years into the Covid-19 pandemic. The impact of

the pandemic could be detected 3–4 years after diagnosis in patients

who were diagnosed in 2017–2018, 2 years post-diagnosis in those

diagnosed in 2019, but right in the first year among those who were

diagnosed in 2020 and 2021. This may have also led to the

underestimation of survival during the post-immunotherapy era

relative to in the absence of Covid-19, even at different periods of

the survival probability curve. It is important to note too that IO

therapies were primarily approved for use in metastatic SQ and

NSQ patient populations during later time periods. However, it

should be emphasized that the cohort as previously defined may

also encompass a smaller proportion of locally advanced stage III

LC patients. Consequently, the percentage of patients receiving IO

treatment may seem lower due to the inclusion of the stage III LC

population, where it was not a recommended treatment option. In

addition, as regarding the stage III, inoperable lung cancer

population, durvalumab, which effectiveness was proven in

PACIFIC clinical study (37), was also became available after the

2018 EMEA approval, however, it was not widely reimbursed in

Hungary until 2022, hence, could have limited impact on the

survival improvement we found in our analysis of late stage SQ

and NSQ population. We would like to emphasize that in

accordance with our predefined inclusion criteria, survival

analyses were only performed in a subset of lung cancer patients

diagnosed between 2011 and 2021 who exclusively underwent

systemic anticancer treatment (SACT) concurrent with

morphology-based diagnoses. Consequently, caution should be

exercised when comparing our findings with results from other

studies, given the distinctive patient cohort and stringent criteria

applied in our analysis. Lung cancer patients who underwent

radiotherapy could be incorporated into our study cohorts, as we

encountered challenges in precisely discerning the utilization of this

therapeutic modality. Consequently, individuals in the earlier

phases of the disease who received curative radiotherapy doses

may be encompassed within the examined population of lung

cancer patients.
Conclusions

Our nationwide study is among the first to provide short- and

mid-term survival data of patients with advanced LC comparing the

pre- and post-immunotherapy era in Hungary. We found

significant improvements in survival outcomes after the

introduction of immunotherapy despite the increase of older age

patients during the observation period. The mortality risk of

patients with advanced NSCLC receiving SACT decreased by 22–

32% over the past decade, and 3-year survival rates were almost

twice as high in patients diagnosed in the post-immunotherapy era

as in those diagnosed before the availability of immunotherapy

agents. 1 Year survival improvements were largely maintained

during the Covid-19 pandemic, albeit with less pronounced

improvements in male patients and in older age cohorts.
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SUPPLEMENTARY TABLE 1

Patient characteristics of the overall Hungarian LC population and proportion

of patients who received SACT. LC: lung cancer; SACT: systemic

anticancer therapy.

SUPPLEMENTARY FIGURE 1

Estimated 3-year overall survival of patients with small cell carcinoma who

were diagnosed between 2011–2012, 2015–2016, 2017–2018, and 2019 and
received SACT. LC: lung cancer; SACT: systemic anticancer therapy.

SUPPLEMENTARY FIGURE 2

Treatment sequencing for patients who received first-line treatment for

advanced LC with squamous cell carcinoma histology during the pre-IO
(A), I-O second line (B), I-O first line (C) and Covid-19 pandemic periods (D),
respectively, shown on Sankey diagrams. Platinum: platinum-based
chemotherapy; I-O: immunotherapy; non-platinum: non-platinum-based

chemotherapy; TKI: tyrosine kinase inhibitor.
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metastatic non-small cell lung cancer: real-world data from an academic central and
Eastern European center. Oncologist (2021) 26(12):e2143–50. doi: 10.1002/onco.13909

30. Tambo Y, Sone T, Shibata K, Nishi K, Shirasaki H, Yoneda T, et al. Real-world
efficacy of first-line pembrolizumab in patients with advanced or recurrent non-small-
cell lung cancer and high PD-L1 tumor expression. Clin Lung Cancer (2020) 21(5):
e366–79. doi: 10.1016/j.cllc.2020.02.017

31. Velcheti V, Hu X, Piperdi B, Burke T. Real-world outcomes of first-line
pembrolizumab plus pemetrexed-carboplatin for metastatic nonsquamous NSCLC at
US oncology practices. Sci Rep (2021) 11(1):9222. doi: 10.1038/s41598-021-88453-8

32. Snee M, Cheeseman S, Thompson M, Riaz M, Sopwith W, Lacoin L, et al.
Treatment patterns and survival outcomes for patients with non-small cell lung cancer
Frontiers in Oncology 14
in the UK in the preimmunology era: a REAL-Oncology database analysis from the I-O
Optimise initiative. BMJ Open (2021) 11(9):e046396. doi: 10.1136/bmjopen-2020-
046396

33. Gong J, Zhang L. Tyrosine kinase inhibitors as induction therapy in nonsmall-
cel l lung cancer. Curr Opin Oncol (2021) 33(1) :55–8. doi : 10.1097/
CCO.0000000000000696

34. Bogos K, Kiss Z, Gálffy G, Tamási L, Ostoros G, Müller V, et al. Revising
incidence and mortality of lung cancer in central Europe: an epidemiology review from
Hungary. Front Oncol (2019) 9:1051. doi: 10.3389/fonc.2019.01051

35. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in SARS-
CoV-2 infection: a nationwide analysis in China. Lancet Oncol (2020) 21(3):335–7.
doi: 10.1016/S1470-2045(20)30096-6

36. Horn L, Garassino M. COVID-19 in patients with cancer: managing a pandemic
within a pandemic. Nat Rev Clin Oncol (2021) 18(1):1–2. doi: 10.1038/s41571-020-
00441-5

37. Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan R, et al. The
impact of the COVID-19 pandemic on cancer deaths due to delays in diagnosis in
England, UK: a national, population-based, modelling study. Lancet Oncol (2020) 21
(8):1023–34. doi: 10.1016/S1470-2045(20)30388-0

38. Wang L, Wang Y, Cheng X, Li X, Li J. Impact of coronavirus disease 2019 on
lung cancer patients: A meta-analysis. Transl Oncol (2023) 28:101605. doi: 10.1016/
j.tranon.2022.101605
frontiersin.org

https://doi.org/10.1016/j.jtho.2021.01.219
https://doi.org/10.2217/fon-2019-0025
https://doi.org/10.2147/CLEP.S210894
https://doi.org/10.1002/onco.13909
https://doi.org/10.1016/j.cllc.2020.02.017
https://doi.org/10.1038/s41598-021-88453-8
https://doi.org/10.1136/bmjopen-2020-046396
https://doi.org/10.1136/bmjopen-2020-046396
https://doi.org/10.1097/CCO.0000000000000696
https://doi.org/10.1097/CCO.0000000000000696
https://doi.org/10.3389/fonc.2019.01051
https://doi.org/10.1016/S1470-2045(20)30096-6
https://doi.org/10.1038/s41571-020-00441-5
https://doi.org/10.1038/s41571-020-00441-5
https://doi.org/10.1016/S1470-2045(20)30388-0
https://doi.org/10.1016/j.tranon.2022.101605
https://doi.org/10.1016/j.tranon.2022.101605
https://doi.org/10.3389/fonc.2023.1207295
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Significant changes in advanced lung cancer survival during the past decade in Hungary: impact of modern immunotherapy and the COVID-19 pandemic
	Introduction
	Materials and methods
	Study design

	Results
	Study population
	Long-term survival
	Survival estimates for different study periods
	Mortality risk in different study periods compared to baseline
	Treatment patterns

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


