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Impact of time-to-treatment on survival for advanced
non-small cell lung cancer patients in the
Netherlands: a nationwide observational cohort study

Sosse E Klarenbeek,' Mieke J Aarts,” Michel M van den Heuvel,*> Mathias Prokop,’

Marcia Tummers,* Olga C J Schuurbiers®

ABSTRACT

Background The assumption that more rapid treatment
improves survival of advanced non-small cell lung
cancer (NSCLC) has not yet been proven. We studied
the relation between time-to-treatment and survival in
advanced stage NSCLC patients in a large multicentric
nationwide retrospective cohort. Additionally, we
identified factors associated with delay.

Method We selected 10306 patients, diagnosed and
treated between 2014 and 2019 for clinical stage Il
and IV NSCLC, from the Netherlands Cancer Registry
that includes nationwide data from 109 Dutch hospitals.
Associations between survival and time-to-treatment
were tested with Cox proportional hazard regression
analyses. Time-to-treatment was adjusted for multiple
covariates including diagnostic procedures and type of
therapy. Factors associated with delay were identified by
multilevel logistic regression.

Results Risk of death significantly decreased with
longer time-to-treatment for stage Il patients receiving
only radiotherapy (adjusted HR, aHR >21 days:

0.59 (95% (1 0.48 to 0.73)) or any type of systemic
therapy (aHR >49 days: 0.72 (95% C1 0.56 to 0.91))
and stage IV patients receiving chemotherapy and/or
immunotherapy (aHR >21 days: 0.81 (95% Cl 0.73 to
0.88)). No significant association was found for stage |l
patients treated with chemoradiotherapy and stage IV
patients treated with targeted therapy. More complex
diagnostic procedures often delay treatment.
Conclusion Although in general it is important to
start treatment as early as possible, our study finds no
evidence that a more rapid start of treatment improves
outcomes in advanced stage NSCLC patients. The
benefit of urgent treatment is probably confounded by
unmeasured patient and tumour characteristics and,
clinical urgency dictating timelines of treatment. Time-
to-treatment and its impact should be continuously
evaluated as therapeutic strategies continue to evolve
and improve.

INTRODUCTION

Non-small cell lung cancer (NSCLC) accounts
for approximately 85% of all lung cancer diag-
nosis and has an overall 5-year survival rate of
only 249%." > Most patients have locally advanced
or metastatic disease at the time of presentation,
which is likely to be a result of the long time before
symptom onset.’ In recent years, the arrival of
immunotherapy, targeted therapy and combined

What is already known on this topic

= Previous literature indicates a complex
association between time-to-treatment and
survival for advanced non-small cell lung
cancer. We studied this relation in a Western
country with equal access to healthcare and
identified factors associated with longer
waiting times.

What this study adds

= The 'sicker-quicker’ effect is most likely caused
by unmeasured confounders relating to patient
and tumour characteristics rather than factors
related to the hospital infrastructure. Also
effectiveness of therapy and presence of an
actionable mutation seem to surround this
paradox.

How this study might affect research,

practice or policy

= An ongoing evaluation of time-to-treatment
and its impact on outcomes will be needed as
therapeutic strategies continue to evolve and
improve.

chemoimmunotherapy improved prognosis of
advanced NSCLC.*® Molecular diagnostics have
become part of the clinical routine to identify
patients who may benefit from targeted therapy or
immunotherapy.” Although these tests can improve
patient outcomes, the diagnostic turnaround time
may result in prolonged time-to-treatment.® Delays
in the diagnostic work-up are conceived as a
medical risk due to the aggressiveness of advanced
NscLC.” "

In the Netherlands, guidelines and several medical
institutions have published timelines to establish
standards for timely care of patients with known
or suspected (lung) cancer varying from 30 to 49
days.""™"* Variations in these recommendations
mark a national heterogeneity that is reflected by
a Dutch retrospective cohort study.” In this study,
substantial differences in time-to-treatment on
hospital-level were reported for advanced NSCLC
with medians ranging from 17 to 68 days."

The assumption is that prompt diagnosis and treat-
ment lead to better patient outcomes. However, not
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Lung cancer

all evidence supports this: previous literature frequently found
shorter time-intervals to be associated with poorer survival
for advanced NSCLC.'"**! The evidence for benefit of shorter
time intervals seems stronger for surgical early-stage NSCLC
patients.”> The paradoxical findings for advanced stages indicate
a complex association between time-to-treatment and survival.
We suspect that this association is not only influenced by patient
and tumour characteristics but also determined by hospital
infrastructure such as the turnaround time of diagnostic tests.?
Therefore, the objective of this study was twofold: First we
examined the association between time-to-treatment and overall
survival (OS) in a large nationwide retrospective cohort. Second,
we identified factors associated with a longer time-to-treatment.

MATERIAL AND METHODS

Source

Information regarding clinical stage III and IV NSCLC patients
from 2014 to 2019 was retrieved from The Netherlands Cancer
Registry (NCR), after approval by the Privacy Review Board.
In accordance with the regulations of the Central Committee
on Research involving Human Subjects, this observational retro-
spective cohort study does not require approval from an ethic
committee in the Netherlands. The NCR collects data on all
cancer patients diagnosed in the Netherlands, based on notifica-
tion of newly diagnosed malignancies by the national automated
pathological archive and hospital discharge diagnoses. The data
had been collected in 109 hospitals and includes information
on patient and tumour characteristics, diagnostics and treatment
and is extracted routinely from the medical records by specially
trained NCR personnel. Tumour staging was recorded according
the seventh and eight edition of the TNM (T=tumor, N=node,
M=metastasis) classification.?* Information on vital status and
date of death is updated annually using a computerised link with
the national civil registry. Information on performance status is
registered since 2015, and information on comorbidities, lung
function tests and smoking status is not available.

Patient selection

From 2014 t0 2019, the NCR recorded 58 312 patients diagnosed
with clinical stage III or IV NSCLC. The following cases were
considered eligible: age >18 years and patients who received
tumour-directed treatment (stage III: chemoradiotherapy,
radiotherapy or systemic therapy; stage IV: systemic therapy).
We excluded patients with a time-to-treatment of <0 days

Lung cancer stage III-IV
2014-2019
(n=58,312)

or >180days (<1%) and missing information on time-to-
treatment. Negative time intervals were for example seen in
patients who have visited pulmonologists in multiple hospitals.
A maximum cut-off value of 180 days was used as larger time
intervals were mostly caused by patients’ preferences. Because
the Dutch Lung Cancer Guidelines allow other lead times for
patients with an indication for mediastinoscopy (49 days), these
patients were excluded.'* Additionally, we excluded patients who
entered the clinical pathway differently (eg, via the emergency
department instead of an outpatient appointment) because these
patients represent a group with symptomatic disease leading
to different choices and possibilities in the diagnostic pathway.
These patients often suffer from other primary health problems
or show acute lung cancer-related symptoms. This may affect the
relation between time-to-treatment and survival differently from
those patients who enter the diagnostic pathway via an outpa-
tient visit with a pulmonologist. After exclusion, 10306 patients
were included for analysis (figure 1). All patients were followed
from the index to death or February 2020.

Study variables

Our main variable of interest was time-to-treatment, calculated
in days from first outpatient visit with a pulmonologist for
suspected lung cancer till start of treatment.'

We have discussed all variables of the NCR dataset thoroughly
with medical experts involved in lung cancer care (eg, pulmo-
nologist, radiologists). For multivariable analysis, we selected
those variables that could affect OS and timing of treatment: age
was grouped in 18-60, 61-70, 71-80 and 80+ years. History of
cancer was registered if the patient was diagnosed with another
type of cancer 5 years before NSCLC. Socioeconomic status was
provided by the Netherlands Institute for Social Research at an
aggregated level for each postal code and determined from the
average income, proportions with low income, low educational
level, and unemployment, and categorised as low (1-4), inter-
mediate (5-7) and high (8-10). Year of diagnosis was grouped in
2014,2015-2016 and 2017 +. Since the impact of age, socioeco-
nomic status and year of diagnosis was not linear, these factors
were included as categorical variables in the model. We based
categorisation of year of diagnosis on the development of (new)
therapeutic strategies and agents (ie, introduction of immuno-
therapy in 2015 for stage IV) and the introduction of the eight
version of the TNM classification in 2017. The well-being of
the patient was indicated by the Eastern Cooperative Oncology

\ 4

/~ Excluded cases: N\
Age <18 years (n=1)

Small-cell lung cancer (n=9655)

Carcinoid (n=213)

Living outside the Netherlands (n=100)
Diagnosed by autopsy (n=0)

\ Patients who did not receive treatment (n=19,858)

( Eligible cases (n=28,485) )

Excluded cases:

First hospital visit with a clinician others than a pulmonologist
(n=13,587)

Patients that received a mediastinoscopy (n=608)

»|  Therapeutic options others than chemoradiotherapy, radiotherapy
and systemic therapy for stage III and, systemic therapy for stage

VAN

1V (n=3599)
Missing information on time-to-treatment (n=165)
( Analysed (n=10,306) ] \Time—to—treatment <0 days or >180 days (n=220) /
Figure 1  Study flow chart.
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Table 1 Patients’ demographic and clinical characteristics by stage and type of therapy for advanced NSCLC who were diagnosed and treated
between 20142019 in the Netherlands

Total cohort advanced NSCLC (n=10 306)

Stage IlI Stage IlI Stage Ill Stage IV
ChemoRT (n=2772) RT (n=1359) ST (n=907) ST (n=5268)

Characteristics Total, N* Patients, % Patients, % Patients, % Patients, %
Age (years)

18-60 2655 792 (29) 220 (16) 189 (21) 1454 (28)

61-70 3928 1125 (40) 391 (29) 353 (39) 2059 (39)

71-80 3062 754 (27) 482 (35) 294 (32) 1532 (29)

80+ 661 101 (4) 266 (20) 71(8) 223 (4)
Gender

Male 5878 1600 (58) 861 (63) 513 (57) 2904 (55)

Female 4428 1172 (42) 498 (37) 394 (43) 2364 (45)
Socioeconomic status

Low 5864 1615 (58) 756 (56) 524 (58) 2969 (56)

Intermediate 2422 658 (24) 315(23) 228 (25) 1221 (23)

High 2020 499 (18) 288 (21) 155 (17) 1078 (21)
History of other cancer

Yes 748 207 (7) 146 (11) 86 (9) 309 (6)

No 9558 2565 (93) 1213 (89) 821 (91) 4959 (94)
Year of diagnosis

2014 1349 432 (16) 177 (13) 128 (14) 612 (12)
2015-2016 3410 935 (34) 486 (36) 297 (33) 1692 (32)

2017-2019 5547 1405 (50) 696 (51) 482 (53) 2964 (56)
Performance statust

0 2659 870 (31) 226 (17) 213 (23) 1350 (26)

1 3159 858 (31) 338(25) 272 (30) 1691 (32)

2 767 116 (5) 211 (16) 69 (8) 371 (7)

3+4 192 16 (1) 91 (6) 11(1) 74 (1)

Unknown 3529 912 (32) 493 (36) 342 (38) 1782 (34)
Histology

Adenocarcinoma 5696 1129 (41) 434 (32) 414 (46) 3719 (71)

Squamous cell 2742 1100 (40) 572 (42) 313 (35) 757 (14)

Large cell 1580 506 (19) 191 (14) 156 (16) 727 (14)

Othert 288 37(0) 162 (12) 24(3) 65 (1)
EUS

Yes 1294 475 (17) 174 (13) 137 (15) 508 (10)

No 9012 2297 (83) 1185 (87) 770 (85) 4760 (90)
EBUS

Yes 3284 1452 (52) 562 (41) 355 (39) 915(17)

No 7022 1320 (48) 797 (59) 552 (61) 4353 (83)
Surgical exploration

Yes 87 27 (1) 8(1) 13(1) 39 (1)

No 10219 2745 (99) 1351 (99) 894 (99) 5229 (99)
Transthoracic biopsy§

Yes 808 174 (6) 111(8) 81(9) 442 (8)

No 4739 1231 (44) 585 (43) 401 (44) 2522 (48)

Unknown 4759 1367 (50) 663 (49) 425 (47) 2304 (44)
Distant metastasis (stage cM)1|

Mila 1799 - - - 1799 (34)

M1b 2005 2005 (38)

Mic 1464 1464 (28)
*Percentages were horizontally calculated for each category and the numbers in the column total represent 100%.
tRegistered since 2015.
+Other: Rare histological subtypes, clinical diagnosis.
§Registered since 2017.

9lLocated in bone, pleura, lung, adrenal gland, brain, liver, other.
ChemoRT, chemoradiotherapy; EBUS, Endo Bronchial Ultrasound; EUS, endoscopic ultrasound; NSCLC, non-small cell lung cancer; RT, radiotherapy; ST, systemic therapy.
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Table 3 Multivariable Cox regression clinical stage IV NSCLC (subtypes of systemic therapy); (aHR (95% Cl)) for mortality associated with time-to-

treatment

Stage IV chemotherapy and/or immunotherapy (N=3715)

Stage IV targeted therapy (N=1553)

Time-to-treatment quartiles (days) aHR* (95% Cl) P value aHRt (95% CI) P value
1 (0-21 days) Ref Ref

2 (22-35 days) 0.87 (0.79 to 0.97) 0.0081 0.97 (0.81 to 1.16) 0.711

3 (36-49 days) 0.80 (0.72 to 0.89) <0.0001 0.95 (0.78 to 1.15) 0.59

4 (>49 days) 0.72 (0.64 to0 0.81) <0.0001 0.96 (0.79 t0 1.17) 0.7004

*Time-to-treatment adjusted for gender, age, socioeconomic status, performance status, histology, distant metastasis (cM1a vs cM1b/cM1c).
tTime-to-treatment adjusted for gender, age, performance status, histology, distant metastasis (cM1a vs cM1b/cM1c).

aHR, adjusted HR; NSCLC, non-small cell lung cancer.

Group Performance Status (ECOG PS) and the Karnofsky scale
(10-100). Karnofsky scores were converted to ECOG PS and
grouped in 0, 1, 2, 3—4 and unknown.” The histology of the
tumour was grouped by type according to the third edition of
the International Classification of Disease for Oncology: adeno-
carcinoma, squamous cell carcinoma, large cell carcinoma and
clinical diagnosis wherever pathological confirmation was not
possible. Distant metastasis were categorised in M1a and M1b/
Mlc. Treatment with chemoradiotherapy included concurrent
and sequential, whereas concurrent was defined as chemo-
therapy and radiotherapy starting within 30 days from each
other and sequential as chemotherapy and radiotherapy starting
between 30 and 90 days from each other.?® Systemic therapy
comprised of chemotherapy, immunotherapy, targeted and
combined chemoimmunotherapy while radiotherapy covered
stereotactic body radiation therapy and radiation focused on
primary tumour and, on metastasis.

Analysis

Statistical analyses were conducted in SAS, V.9.4 (SAS Institute).
Descriptive statistics were presented as proportions of patients
per stage and therapeutic strategy (table 1). Stratification
according to stage was consistently applied in further statistical
analysis where the significance level was set at a p<0.05. The
data were also stratified for type of therapy in the survival anal-
ysis. Primary outcomes were OS in relation to time-to-treatment
and, factors associated with longer time-to-treatment. OS was
calculated as the time in days between start of treatment until
day of death or 1 February 2020.

First, we studied the association between time-to-treatment
and OS using a multivariable Cox proportional hazards (PH)
model. Time-to-treatment was tested for data-driven quartiles
(first: 0-21 days, second: 22-35 days, third: 36-49 days, fourth:

>49 days) as there is a lot of (inter)national variation between
recommended time-to-treatment intervals, and this provided an
equal distribution of patients across the different intervals. This
way ensured sufficient power in all categories. The first quar-
tile served as reference. Prior to analysis, the PH assumption
was examined to determine whether the HR for any parameter
was constant over time. Non-proportionality was detected by a
graphical approach and proportionality tests. Other covariates
were selected for their prognostic association with survival by
use of backward and forward stepwise selection and parameters
with p>0.05 were removed from the model. The covariates
included in each model are cited in tables 2 and 3 may differ
between the models. The dataset was stratified according to type
of therapy to account for effect modification. In addition, the
model of stage IV disease was extended for subtype of systemic
therapy due to prognostic differences. We combined immuno-
therpy and chemotherapy as immunotherapy was only offered
as second line therapy during the first years of the study period.
The study was underpowered to perform additional analyses for
stage III receiving systemic therapy. The association was deter-
mined by adjusted HRs (aHRs), 95% CI and p values. AHRs
>1.0 with p<0.05 represented an increased hazard of death.
We used the Kaplan-Meier method and log-rank tests to deter-
mine how OS varied with stage and type of therapy across the
quartiles.

Next, we identified factors associated with a delay in time-
to-treatment by multivariable analysis using multilevel logistic
regression. The first quartile served as reference (ie, 0-21 days).
As the data had a hierarchical structure, meaning that patients are
nested within hospitals, a multilevel model was used including
the hospital of diagnosis as random-effect parameter.”” The anal-
ysis included age, gender, year of diagnosis, diagnostic staging
procedures and type of therapy as fixed effects, while hospital of

Table 2 Multivariable Cox regression clinical stage Il and IV NSCLC; (aHR (95% Cl)) for mortality associated with time-to-treatment

Stage Ill chemoradiotherapy

Stage Il systemic therapy Stage IV systemic therapy

Time-to-treatment (N=2772) Stage Ill radiotherapy (N=1359) (N=907) (N=5268)

quartiles (days) aHR* (95% Cl) P value aHRt (95% Cl) P value aHR# (95% Cl) P value aHR§ (95% Cl) P value
1 (0-21 days) Ref - Ref - Ref - Ref -

2 (22-35 days) 1.06 (0.92t01.23)  0.4072 0.65 (0.51 t0 0.82)  0.0002 0.92 (0.73t0 1.15)  0.4495 0.89(0.82t00.98)  0.0169
3 (36-49 days) 1.09(0.93t01.28)  0.2833 0.55(0.44 10 0.69)  <0.0001 0.84 (0.66 to 1.07)  0.1540 0.84 (0.77 t0 0.93) 0.0005
4 (>49 days) 1.12(0.95t01.32) 0.1612 0.59(0.47 10 0.73)  <0.0001 0.72 (0.56 t0 0.91)  0.0062 0.77 (0.70 t0 0.85)  <0.0001

*Time-to-treatment adjusted for gender, age, socioeconomic status, performance status, histology.
tTime-to-treatment adjusted for age, socioeconomic status, year of diagnosis, performance status, histology.

$Time-to-treatment adjusted for age, performance status, histology.

§Time-to-treatment adjusted for gender, age, performance status, histology, distant metastasis (cM1a vs cM1b/cM1c), type of systemic therapy (targeted vs chemo/

immunotherapy).
aHR, adjusted HR; NSCLC, non-small cell lung cancer.
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diagnosis was included as a random effect. The statistical signif-
icance of the fixed parameters was evaluated in forward and
backward analysis. Parameters with a p>0.05 were eliminated
from the model. Model fit was assessed by Bayesian Informa-
tion Criterion. The intraclass correlation coefficient (ICC) was
calculated to quantify the fraction of the total variability in the
outcome attributable to the clustering effect.””

RESULTS

Patient population

This retrospective cohort (figure 1) included 10306 patients,
57% of which were male (table 1). Median age was 68 years
in stage Il and 67 years in stage IV patients, and 74% of the
total population was >60 years. Forty-nine per cent was diag-
nosed with stage IIT and 51% with stage IV. For stage IV disease,
distant metastases were most commonly staged as M1b (38%).
This category involves patients with stage M1b according to the
seventh and eighth TNM edition, meaning patients with multiple
and solitary distant metastases. Of the included stage III patients,
55% received chemoradiotherapy, 27% radiotherapy and 18%
systemic therapy. Other demographic and clinical characteristics
are listed in table 1.

Time-to-treatment

For 53% of stage III patients and 48% of stage IV patients
treatment was initiated beyond 35 days. The median time-to-
treatment was 37 days (IQR: 27-51) for stage III and 35 days
(IQR: 25-49) for stage IV. For stage I1I, median intervals per type
of therapy were 34 days (IQR: 26-46) for chemoradiotherapy,

Chemoradiotherapy stage Il

43 days (IQR: 31-59) for radiotherapy and 38 days (IQR:
27-53) for systemic therapy. Figure 2 presents the distribution
of time-to-treatment per stage and type of therapy.

Time-to-treatment and survival

The median OS was 22 months for stage III and 10 months for
stage IV. The 1-year, 3-year and 5-year OS rate was 71%, 37%
and 25% for stage II and, 44%, 16% and 9% for stage IV, respec-
tively. Stage III patients treated with chemoradiotherapy (1-year,
3-year and 5-year survival rates 76%, 41% and 29%, respec-
tively) and stage IV patients treated with targeted therapy (61%,
31% and 14%, respectively) presented with better OS compared
with other therapeutic strategies (figures 3 and 4). Figure 5
illustrates Kaplan-Meier plots of time-to-treatment by stage
and type of therapy. For stage III patients receiving only radio-
therapy or systemic therapy and stage IV patients treated with
chemotherapy and/or immunotherapy, significant differences
were found between the time-to-treatment intervals (log-rank
p<0.0001, p=0.003and p<0.0001, respectively). The multi-
variable adjusted survival analysis showed no significant asso-
ciation between time-to-treatment and OS in stage III patients
treated with chemoradiotherapy. In stage III patients receiving
radiotherapy or systemic therapy, longer waiting times were
significantly associated with a lower risk of death (radiotherapy
aHR 22-35days: 0.65, 95%CI 0.51 to 0.82; aHR 36-49 days:
0.55, 95%CI 0.44 to 0.69; aHR >49 days: 0.59, 95%CI 0.47
to 0.73; systemic therapy aHR >49 days: 0.72, 95% CI 0.56 to
0.91, table 3). In stage IV patients, time-to-treatment beyond 22
days was associated with a lower risk of death (aHR 22-35 days:

Radiotherapy stage Ill

30 25
Summary Statistics Summary Statistics
No. Patients 2772 No. Patients 1359
Median time-to-treatment 34 Median time-to-treatment 43
25 25% 26 25% 31
75% 46 20 — 75% 59
20 |
— 15
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Systemic therapy stage lll Systemic therapy stage IV
25 25
Summary Statistics ] Summary Statistics
No. Patients No. Patients 5268
] Median time-to-treatment 38 Median time-to-treatment 35
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Figure 2 Distribution of time-to-treatment per stage and type of therapy.
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—— chemoradiotherapy —— radiotherapy —— systemic therapy + Censored
Integraal Kankercentrum Nederland (IKNL) 02-08-2021

Figure 3  Kaplan-Meier plot stage Ill therapeutic strategies
(chemoradiotherapy, radiotherapy, systemic therapy).

0.89, 95% CI 0.82 to 0.98; aHR 36-49 days: 0.84, 95% CI1 0.77
to 0.93; aHR >49 days: 0.77, 95% CI 0.70 to 0.85). Stratified
analysis for subtypes of systemic therapy showed no significant
association between time-to-treatment and survival for patients
treated with targeted therapy. For patients treated with chemo-
therapy and/or immunotherapy, time intervals beyond 22 days
were associated with a lower risk of death (aHR 22-35 days:
0.87,95%CI 0.79 to 0.97; aHR 36-49 days: 0.80, 95% CI 0.72
to 0.89; aHR >49 days: 0.72, 95% CI 0.64 to 0.81). Tables 2
and 3 show the aHRs of time-to-treatment stratified per type
of therapy. Online supplemental files 1 and 2 provide insight in
the dominance of covariates that were selected for multivariable
analysis.

Factors associated with a delay in time-to-treatment

Patient characteristics, such as age >80 years (stage III: OR 1.57,
95%CI: 1.23 to 2.02; stage IV: OR 1.79, 95%CI: 1.32 to 2.42),
were a significant predictor with prolonged time-to-treatment
(table 4). Also, diagnostic procedures like EBUS (stage III: OR
1.81, 95%CI: 1.58 to 2.07; stage IV: OR 1.69, 95% CI: 1.44 to
1.99), explorative surgery (stage III: OR 10.9, 95% CI: 4.02 to
29.7; stage IV: OR 8.16, 95% CI: 2.94 to 22.7) and transthoracic

Log-Rank p-value <.0001
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Figure 4 Kaplan-Meier plot stage IV systemic therapy (chemotherapy
and/or immunotherapy, targeted therapy).

biopsy (stage III: OR 2.24, 95%CI: 1.72 to 2.90; stage IV: OR
2.08, 95%CI: 1.67 to 2.60) significantly increased the odds for
delay. For stage III patients, treatment with radiotherapy (OR:
2.34, 95%CI: 1.99 to 2.74) or systemic therapy (OR: 1.58,
95% CI: 1.34 to 1.86) was less often initiated within the first and
second quartile (<35 days) compared with chemoradiotherapy.

We also found factors that were significantly associated with
shorter time intervals in both stages. For stage III patients, a
performance status >2 (OR: 0.62, 95% CI: 0.41 to 0.93) signifi-
cantly decreased the odds for delay. For stage IV, a missing
performance status (OR: 0.79, 95%CI: 0.68 to 0.94), distant
metastasis staged as M1b or M1c (OR: 0.80, 95%CI: 0.71 to
0.91) and targeted therapy (OR: 0.78, 95%CI: 0.68 to 0.89)
were significantly associated with shorter intervals. Other factors
are detailed in table 4. The ICC indicates that 4%-8% of the total
variation in the probability of longer waiting times is accounted
for by the hospital characteristics. This leaves 92%-96% to be
accounted for measured or unmeasured factors others than the
hospital, such as patient and tumour characteristics.

DISCUSSION

Present observational findings demonstrate a complex asso-
ciation between time-to-treatment and survival for advanced
NSCLC. A longer time-to-treatment was significantly associated
with a lower risk of death for stage III patients treated with radio-
therapy or systemic therapy and for stage IV patients treated
with chemotherapy and/or immunotherapy. No significant asso-
ciation with survival was found for stage III patients treated with
chemoradiotherapy and stage IV patients treated with targeted
therapy. With this study, we distinguish ourselves from others
by identifying factors associated with longer time-to-treatment
intervals using a multilevel approach and performing stratified
analysis for stage and type of therapy.

Although we have corrected for multiple confounders, the
cause of the paradoxical association remains unsolved. We
believe that this complex association is probably confounded
by unmeasured patient and tumour-specific factors rather than
hospital related factors. Especially, as the multilevel logistic
regression analyses showed a low interhospital variability, which
may relate to the well-organised healthcare and compulsory
basic level of healthcare insurance in the Netherlands. Clinical
urgency seems to dictate timelines of treatment as advanced
stage patients presenting with severe signs and symptoms receive
treatment more promptly compared with fitter patients. Also,
effectiveness of therapy, inherent to OS prognosis, appears to
surround the paradoxical effect. Although our study finds no
evidence that urgent treatment is associated with improved
outcomes in advanced NSCLC, we still would like to stress the
general importance of early diagnosis and treatment. Especially
as cancer stage remains the most important predictor of lung
cancer survival®® and delays to diagnosis and treatment can cause
significant emotional distress to patients and their care-givers.”’
Diagnostic procedures appeared to be responsible for longer
waiting times. However, these factors might have resulted in the
selection of more complicated diagnostic procedures for patients
fit for treatment.

A recent systematic review reported that timely care was
associated with worse prognosis in advanced NSCLC.?! This
finding is in line with our results. We believe that this paradox
partly relates to a sicker quicker phenomenon; More aggressive
tumours are likely to cause symptoms that would draw attention
to the underlying cancer and may prompt to fast diagnosis and
treatment,”” but would also spread more rapidly and result in
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Figure 5 Kaplan-Meier plots time-to-treatment by stage and type of therapy.

poorer prognosis.”’ >* For example, a performance status >2 in
stage III patients significantly decreased the risk for treatment
delay (OR 2.24, 95%CI: 1.72 to 2.90). Presence of superior
vena cava obstruction may be an important indicator for prompt
palliative radiotherapy in stage III NSCLC patients.>® For
stage III chemotherapy, no paradox was found as this therapy
is applied to fitter patients and therefore minimises the sicker-
quicker effect. Unfortunately, we could not get this information
from the dataset, and we were not able to explain the exact
cause since the paradox remained after correcting for factors as
performance status and age. Potential unmeasured confounders
surrounding the ‘sicker-quicker effect’ could be symptom level
at presentation, therapy intent (potentially curative vs purely
palliative), comorbidities, tumour biology and tumour mass.>***
However, it is extremely difficult to identify and account for
these (unmeasured) confounders as retrospective analysis rather
catches trends than quantifies the impact at an individual level.
We believe that registration studies should collect more details
on patient and tumour characteristics with regard to disease

progression, prognosis and comorbidities. Added, future research
should focus on subgroup analysis, with respect to stage, type of
therapy, therapy intent, histology, comorbidities and presence of
a targetable mutation, to limit heterogeneity and quantify the
impact at a more individualised level.

Discovery of new molecular alterations and development
of targeted therapy demonstrated major improvements over
conventional chemotherapy when applied to the appropriately
selected advanced patients.*® *” Presence of an actionable muta-
tion seems to affect the association between time-to-treatment
and survival since we found different outcomes across subtypes
of systemic therapy. This likely relates to effectiveness of therapy
as the OS prognosis remains poor for patients receiving conven-
tional chemotherapy, making time-to-treatment less relevant.’® %
Another potential confounder is behaviour of tumours with a
targetable mutation as a longer volume doubling time was found
in NSCLC patients with a positive epidermal growth factor
receptor (EGFR) mutation compared with a negative mutational
status (median: 676 days vs 139 days).* We suspect tumours

Klarenbeek SE, et al. Thorax 2023;78:467—-475. doi:10.1136/thoraxjnl-2021-218059

473

"1ybuAdoo Aq pa1oalold 1sanb Aq #7202 ‘0T [dy uo Jwoo fwg xeloyy/:diny wolj papeojumoq ‘2zoz IMdy TZ Uo 6G08TZ-T20Z-|ulxeloyl/9sTT 0T Se paysignd 1sii :xeloy L


http://thorax.bmj.com/

Lung cancer

Table 4 Multivariable analysis by multilevel logistic regression;
factors associated with a delay in time-to-treatment

Factor OR 95% CI P value

Stage IIl (N=5038), treatment delay (>35 days)

Age at diagnosis (years)

61-70 vs 18-60 117 0.99to 1.36 0.0548

71-80 vs 18-60 1.52 1.29t0 1.80 <0.0001

80+ vs 18-60 1.57 1.23t02.02 0.0004
History of other cancer

Yes vs no 1.53 1.231t01.91 0.0003
Performance status

1vs0 1.14 0.97 to 1.35 0.1124

2vs0 mm 0.86 to 1.43 0.4305

3+4vs0 0.62 0.41t00.93 0.0223

Missing vs 0 1.01 0.85t01.20 0.8864
EUS

Yes vs no 139 1.16 to 1.66 0.0005
EBUS

Yes vs no 1.81 1.58 to0 2.07 <0.0001
Explorative surgery

Yes vs no 10.92 4.02t029.7 <0.0001
Transthoracic biopsy

Yes vs no 2.24 1.72t02.90 <0.0001

Unknown vs no 0.91 0.79 to 1.05 0.2002
Type of therapy

Radiotherapy vs chemoradiotherapy 234 1.99t02.74 <0.0001

Systemic therapy vs chemoradiotherapy 1.58 1.34101.86 <0.0001
Stage IV (N=5268), treatment delay (>35 days)
Age at diagnosis (years)

61-70 vs 18-60 1.16 1.01t01.34 0.0363

71-80 vs 18-60 1.44 1.23t0 1.67 <0.0001

80+ vs 18-60 1.79 1.32t02.42 0.0002
Performance status

Tvs0 1.07 0.92 t0 1.25 0.3745

2vs0 0.84 0.66 to 1.07 0.1539

3+4vs0 0.87 0.53t0 1.43 0.5741

Missing vs 0 0.79 0.68 t0 0.94 0.006
Distant metastasis

M1b/M1cvs M1a 0.80 0.71t0 0.91 0.0005
EUS

Yes vs no 1.49 1.22101.82 0.0002
EBUS

Yes versus no 1.69 1.44101.99 <0.0001
Explorative surgery

Yes versus no 8.16 2.941022.7 0.0003
Transthoracic biopsy

Yes versus no 2.08 1.67 0 2.60 <0.0001

Unknown versus no 0.89 0.77 t0 1.01 0.0778
Type of systemic therapy

Targeted therapy versus chemo/immunotherapy 0.78 0.68 to 0.89 0.0003
The hospitals accounted for approximately 8% of the variability in time-to-treatment for stage Il (ICC: ©00=0.2815; 2(5022)=4.70,
gﬁ?g())p} (Median OR ,,...;g 0-6-1.8) and 4% for stage IV (ICC: 100=0.1462; 2(5253)=4.04, p<0.0001) (Median OR ..., g’

ORs that reached the level of significance are marked as bold.

EBUS, endobronchial ultrasound; EUS, endoscopic ultrasound; ICC, intraclass correlation coefficient.

with a positive mutational status to have a slowly progressive
and less aggressive character. For these patients, clinicians seem
to have time for optimal pretreatment assessments. While the
field of targeted and immunotherapy continues to evolve and
improve, time-to-treatment and its impact may also become

more relevant. An ongoing evaluation of time-to-treatment
and its impact on outcomes will be needed parallel to these
developments.

Molecular diagnostics have become standard in clinical routine
to identify patients who may benefit from targeted therapy or
immunotherapy.” However, previous Dutch studies showed that
the molecular testing rate increased significantly from 73% in
2013 to 81% in 2017.*" ** Though, about 15% of the patients
did not receive targeted therapy despite presence of a targetable
mutation.* This suggests a suboptimal diagnostic pathway in the
past years that might have affected patient outcomes and poten-
tially acts as a confounder in relation with time-to-treatment.

The strengths of our study mainly relate to the nationwide
coverage of the database. We have created a platform that can
be used in future research to restudy the impact of time-to-
treatment on advanced NSCLC. Due to the large sample size,
we were able to stratify analysis without being underpowered.
Added, the availability of a broad range of patient variables in
the NCR database enabled us to account for various potential
confounders. Also, we selected a recent patient cohort to ensure
that our data reflects the current clinical situation. Thereby, all
patients included had equal access to oncology care as health
insurance is obligated in the Netherlands. Next, we evaluated
the complete timeframe as we used first outpatient visit for the
suspicion of lung cancer as starting point of the interval. Last, we
have tried to correct for immortal time bias by calculating the OS
for every patient from start of treatment. However, measuring
survival from the start of treatment does not account for the
group of patients that deteriorated before having treatment.
One way to do this is to stratify analysis by histology, stage and
comorbidity as this limits confounding by not including a hetero-
geneous group of stages or treatments.** Yet, we have prioritised
stratification for stage and type of therapy as we lack power for
histology. Alternatively, we adjusted for histology in our multi-
variable analysis. Future research should focus on subgroup
analysis and the relationship between diagnostic delays and dete-
rioration of performance status over time.

This study also has some limitations. For instance, detailed
information on comorbidities, smoking information, lung func-
tion test and psychosocial status are not available in the NCR,
therefore limiting the possibility to explore the impact of these
variables. Especially psychosocial status is of particular impor-
tance in pretreatment assessment when considering patients’
perspective.”’ Delay in time between diagnostic workup and
start of treatment is undesirable as this potentially causes signif-
icant emotional distress and impaired health-related quality of
life. Also, information on performance status and transthoracic
biopsy is missing for a subgroup of patients as the NCR started
this registration since 2015 and 2017, respectively. As these
subgroups consisted of relatively high numbers of patients, we
classified the status as unknown rather than exclude them from
analysis. Excluding patients with missing data from the analysis
provided similar results. Last, our findings were obtained in a
country with universal public healthcare and can therefore only
be generalised to countries with a similar healthcare status.

CONCLUSION

Our study finds no evidence that a more rapid start of treat-
ment improves outcomes in advanced NSCLC. A paradoxical
effect was seen for stage III patients treated with radiotherapy
or systemic therapy and stage IV patients receiving chemo-
therapy and/or immunotherapy: survival was better in patients
with longer time-to-treatment. The benefit of urgent treatment
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is probably confounded by unmeasured patient and tumour
characteristics, and clinical urgency dictating timelines of
treatment. Patients presenting with severe signs and symptoms
seem to receive treatment more promptly compared with fitter
patients. Despite our findings, clinical timeliness should still be
approached carefully for each patient to ensure accurate and
timely care. Future research should focus on subgroup analysis,
with respect to stage, type of therapy, therapy intent, histology,
comorbidities and presence of a targetable mutation, to quantify
the impact at a more individualised level. As therapeutic strate-
gies for advanced NSCLC continue to evolve and improve, also
time-to-treatment and its impact may become more relevant.
Therefore, an ongoing evaluation will be needed.
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