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ABSTRACT

Objectives This study aimed to determine if treatment
delay after non-small cell lung cancer (NSCLC) diagnosis
impacts patient survival rate.

Study design This study is a natural experiment in
Taiwan. A retrospective cohort investigation was conducted
from 2004 to 2010, which included 42 962 patients with
newly diagnosed NSCLC.

Methods We identified 42962 patients with newly
diagnosed NSCLC in the Taiwan Cancer Registry from
2004 to 2010. We calculated the time interval between
diagnosis and treatment initiation. All patients were
followed from the index date to death or the end of 2012.
Cox proportional hazard models were used to examine the
relationship between mortality and time interval.

Results We included 42962 patients (15799 men

and 27 163 women) with newly diagnosed NSCLC. The
mortality rate exhibited a significantly positive correlation
to time interval from cancer diagnosis to treatment
initiation. The adjusted HRs ranged from 1.04 to 1.08 in
all subgroups time interval more than 7 days compared
with the counterpart subgroup of the interval from cancer
diagnosis to treatment <7 days. The trend was also noted
regardless of the patients with lung cancer in stage |,
stage Il and stage |Il.

Conclusions There is a major association between time
to treat and mortality of patients with NSCLC, especially
in stages | and Il. We suggest that efforts should be made
to minimise the interval from diagnosis to treatment while
further study is ongoing to determine causation.

INTRODUCTION

Lung cancer is among the most common
causes of cancer death, particularly in indus-
trialised countries.' In addition, the incidence
of lung cancer has been gradually increasing
over the last 50 years,” becoming a worldwide
public health issue.” Lung cancer can be clas-
sified into small cell lung cancer and non-
small cell lung cancer (NSCLC), of which
the latter accounts for 80% of all lung cancer
cases.* Despite recent improvements in treat-
ment, the prognosis for patients with lung
cancer is still poor. Regardless of whether a
patient has NSCLC or small cell lung cancer,
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» It consisted of nationwide patients with non-small
cell lung cancer.

» We collected nationwide data from 42 962 patients
with non-small cell lung cancer, which is the largest
nationwide study to date.

» There were very few studies investigating treatment
delay effects on the reduction of survival rate of pa-
tients with lung cancer.

» Our lung cancer stages (stages |, II, lll and IV) were
based on pathological confirmation.

» Information on patients’ quantitative lung function
and need for provocative cardiac testing are not
available and may be significant factors determining
the time to treat interval.

the 5-year survival rate is only 17.4%.2°~ Most
lung cancers are in the late stage (stages IIIB
or IV) when diagnosed, which is likely to be a
result of the long interval between the onset
of symptoms and diagnosis.” There are often
large differences in the length of the interval
from the first appearance of symptoms to
confirmation of diagnosis and treatment
initiation in these patients.* Although there
were many relevant studies on whether differ-
ences in the time delay between diagnosis
to treatment initiation affects the prognosis
of patients with lung cancer, no definitive
conclusion has been reached.* An increasing
number of relevant studies have also high-
lighted the importance of this topic.

In Taiwan, 99.68% of the populace is
covered by National Healthcare Insurance
(NHI) programme. Under this system, lung
cancer is classified as a catastrophic illness
and is exempt from treatmentrelated fees,
thereby that patients are not affected by
economic factor. According to 2016 statis-
tics from the Taiwan Ministry of Health and
Welfare, cancer has consistently been the
top cause of death. Among various types of
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cancer, lung cancer ranks first in the cause of death, with
a mortality rate of 39.9 per 100000 people. Therefore, it
is important for public health providers to improve lung
cancer prognoses and increase survival rates. The Taiwan
Cancer Registry, a population-based cancer registry, was
founded in 1979. The registry is organised by the Ministry
of Health and Welfare. The Taiwan Cancer Registry Data-
base records data of all types of cancer diagnosed and
treatments in patients in Taiwan. The completeness (97%)
and data quality of the Cancer Registry Database has
achieved at an excellent level.” The accuracy of National
Health Insurance Research Database (NHIRD) has been
validated in previous studies."’ This study aims to use
national large-scale statistical data to investigate whether
the interval between lung cancer diagnosis and treatment
affects survival rate; concurrently, we also aim to examine
the impact of other relevant factors on survival. This will
provide a reference for future treatment for patients with
lung cancer of improving their survival.

METHODS

Data sources and participants

We included 55 014 newly diagnosed patients with NSCLC
from 2004 to 2010. The newly diagnosed patients with
NSCLC were defined as International Classification of
Diseases for Oncology, 3rd Edition (ICD-O-3) with C339
to C349 without any cancers before. Then we excluded
those lung cancer patients with unknown stage for 3993
patients. We also excluded patients with lung cancer in
situ (70 patients), with multiple cancer (1298 patients),
palliative treatment at the beginning (1934 patients),
mortality before lung cancer diagnosed (64 patients),
personal characteristics data missing (109 patients)
and hospital data missing (4584 patients). In our study,
patients with multiple cancers may affect survival due
to other cancer effect. In Taiwan, palliative treatment is
coded as special code in NHIRD. NSCLC patients with
palliative treatment at beginning may be due to patients
refusing further treatment or not receiving aggressive
treatment. We excluded them for informal treatment.
Otherwise, we also excluded those patients with data
missing for accuracy. Finally, we had 42962 people.

The data for this study were obtained from the Taiwan
Cancer Registry, which was used to acquire study partic-
ipants. We also linked this data to the National Health
Insurance Database and the Cause of Death File from
2002 to 2012 that was provided by the Ministry of Health
and Welfare. The accuracy of Taiwan Cancer Registry and
NHIRD has achieved at an excellent level.

Patient and public involvement

No patients were involved in the planning, conception
and design of this study, as this study was based on the
NHIRD, published by the Ministry of Health and Welfare,
Taiwan.

Variable descriptions
In this study, with regards to the variables used, the
general characteristics of patients with lung cancer

included sex and age. Age was defined as the age at
which the patient had a confirmatory diagnosis by
pathology. The financial status of the patient was based
on their monthly salary. The degree of urbanisation at the
patient’s place of residence was used to represent envi-
ronmental factors. The level of urbanisation was based
on seven levels of classification from highly urbanised
developed cities (level 1) to remote areas (level 7). The
health status of the patient included data on whether the
patient had other catastrophic illnesses besides cancer,
their Charlson Comorbidity Index (CCI) and the stage
of NSCLC. The definition of catastrophic illness was
based on the 30 types of catastrophic illnesses or injuries
as defined by the National Health Insurance Adminis-
tration, which include stroke, chronic kidney failure,
systemic lupus erythematosus, type I diabetes and severe
mental illness. The degree of comorbidity was classified
into three levels based on the CCL'' Tumour staging was
based on the guidelines of the American Joint Committee
on Cancer (6th edition for tumours diagnosed from 2004
to 2009, 7th edition for tumours diagnosed in 2010),
which includes stages I, II, III and IV. Hospital attributes
include the level of hospital (medical centres, regional
hospitals, district hospitals and others), hospital owner-
ship (public or private institutions) and the volume of
hospital services (low, medium and high) in treatment of
patients with NSCLC. The volume of hospital services was
divided into low, medium and high on the basis of quar-
tiles: service volumes of <25%, 25%-75% and >75% were
defined as low, medium and high, respectively. Patients
were considered to be enrolled in multidisciplinary
team (MDT) care if they received MDT treatment after
pathological diagnosis of NSCLC; the definition of MDT
is based on patients who were declared MDT treatment
fees in the NHI database (47079B). The interval between
diagnosis of NSCLC and treatment initiation was defined
as the period between pathological sectioning and diag-
nosis of NSCLC after biopsy to the time when the patient
underwent their first treatment (including surgery, radio-
therapy or chemotherapy). The operating definition of
relevant treatments is based on the relevant treatment
code that was declared in the NHI database, which was
checked against the treatment registration information in
the Taiwan Cancer Information Database.

Main outcome measurements

The main outcome examined in this study was the survival
rate of patients with lung cancer. Confirmation of death
was based on patient data from the NHI database and this
was compared with the Taiwan Cause of Death archives
for confirmation.

Statistical analysis

We employed descriptive statistics to show general char-
acteristics, financial status, environmental factors, health
status of patients, hospital attributes, enrolment in MDT
and the distribution status of the interval from diagnosis
confirmation to treatment initiation in patients with lung
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cancer who had a confirmatory diagnosis by pathology
from 2004 to 2010. Following this, bivariate analysis was
performed using the log-rank test to investigate whether
there were significant differences between survival status
by the end of 2012 and the interval from diagnosis to
treatment initiation. We then used univariate Cox propor-
tional hazards regression to analyse relevant prognostic
factors that affect the survival of patients with lung cancer.
The adjusted Cox proportional hazards model was used
to investigate the relative risk of survival of lung cancer
patients with different cancer stages with different inter-
vals from diagnosis confirmation to treatment initiation,
after controlling for related variables. Independent vari-
ables included patient characteristics, financial status,
environmental factors, health status, hospital attributes,
enrolment in MDT and grouping of time to treatment
initiation. The dependent variable was survival. Lastly,
after controlling for relevant variables, the adjusted Cox
proportional hazards model was used to generate survival
curves for patients with lung cancer of various stages and
with different interval periods.

All statistical analyses were performed using SAS soft-
ware, V.9.2. A p value <0.05 was regarded as statistically
significant, and all tests were two sided.

RESULTS

Descriptive statistics of lung cancer patient characteristics
for different treatment intervals

In all patients with lung cancer, the mean 5-year survival
rate was 17.61%. As the interval from diagnosis to
treatment initiation increased, the b-year survival rate
decreased from 26.12% to 6.02% (table 1). We also
included time to treatment with Oday (TTT=0) cases in
the <7 days group in our study. There were 7363 cases
with TTT=0 accounting for 17.14% of all patients in our
study. We had 3258 females accounting for 44.25% in
this subgroup. The age of diagnosed in most patients was
from 65 to 74 years old accounting for 28.28% with mean
age of 64.67 years old. The treatment of most patients
with TTT=0 was surgery combining with radiotherapy
and chemotherapy. The 5-year survival rate was 34.9% in
this group with TTT=0.

Five-year survival rate of patients for different treatment
intervals

At the same time, we found that in stage I patients, the
B-year survival rate decreased by 9.07% due to delayed
treatment (patients with intervals >7 days). In stage II
patients, if patients started treatment earlier (interval <7
days), their 5-year survival rate increased by 9.01%. Early
treatment (interval <7 days) was found to have a smaller
effect on 5-year survival rate in stage III and stage IV
patients, with an increase in 5-year survival rate of 1.91%
and 0.49% (table 2).

The effect of different treatment intervals on mortality risk in
patients with lung cancer

Table 3 shows that when the group with interval from
cancer diagnosis to treatment <7 days was used as a

reference, the adjusted HR for mortality in other groups
(8-14 days, 15-60 days and =61 days) was significantly
increased with increasing interval time (HR 1.04-1.08).
Among patients at various cancer stages, using stage
I patients as a control group, the adjusted HRs for
mortality for cancer patients at various stages was signifi-
cantly higher (HR 2.06-5.89) and the more advanced the
cancer stages, the higher the adjusted HR for mortality.
Patients who underwent MDT care had a significantly
lower adjusted HR for mortality compared with patients
who did not (HR 0.91, 95% CI 0.88 to 0.94).

The effect of different treatment intervals on mortality risk in
patients with lung cancer at different cancer stages

Table 4 shows that in patients with stage I lung cancer, with
patients with intervals of <7 days as the reference group,
as the interval increased, the relative risk of death also
significantly increased (HR 1.45-2.41). This was also true
for stage II (HR 1.21-1.58) and the intervals more than
60 days of patients with stage III lung cancer (HR 1.13,
95% CI 1.06 to 1.21). In stage IV patients, using patients
with an interval <7 days as a reference group, the relative
risk of death was without significantly difference. Figure 1
shows adjusted survival curve in lung cancer patients with
different cancer stages.

DISCUSSION

We found that the mortality rate exhibited significantly
positive correlation to time interval from cancer diag-
nosis to treatment initiation in NSCLC patients. The
ratio of male to female in our study is similar to that in
previous studies.'”” " The delays between diagnosis and
treatment can be categorised into three stages, namely,
patient delay, diagnosis delay and treatment delay.” Of all
studies that investigated treatment delays in patients with
lung cancer, the study with the largest number of patients
included 54338 patients but was limited to patients with
non-metastatic lung cancer.'” In addition, the study only
focused on patients who underwent surgical excision and
did not analyse the treatment delay status and associated
factors for all patients with lung cancer. Another study
collected data from 28732 patients to investigate whether
treatment delay affects survival rate.'* The researchers
found that if the interval from diagnosis to treatment
was within 35 days, then there is improved survival for
patients with localised disease and reduced survival for
those with distant disease but did not have significant
effect on patients with regional disease.'* However, in that
study, the diagnosis to treatment interval was divided into
just two groups (<35 days and >35 days), which makes it
more difficult to show the correlation between different
treatment delay groups and patient survival rates. In addi-
tion, in that study, the authors did not investigate whether
different treatment delay periods affect survival rate for
different cancer stages as they only classified cancers as
localised, regional or distant. To the best of our knowl-
edge, the current study is the first large-scale nationwide
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Table 1 Bivariate analysis of lung cancer patient characteristics for different treatment intervals

Interval from cancer diagnosis to treatment

Total <7 days 8~14 days 15~60 days >61 days
Variables N % N % N % N % N % P value
Total number 42962 100 15769 36.7 9296 21.64 12510 29.12 5387 12.54 -
Five-year survival rate 42962 17.61 15769 26.12 9296 15.96 12510 12.99 5387 6.02 <0.001
Gender
Female 15799 36.77 6154 38.95 3235 20.48 4419 27.97 1991 12.6
Male 27163 63.23 9615 354 6061 22.31 8091 29.79 3396 125
Age
<44 2106 4.9 889 42.21 455 21.6 568 26.97 194 9.21
45~54 5686  13.23 2375 41.77 1263 2221 1549 27.24 499 8.78
55~64 9155 21.31 3634 39.69 2033 2221 2658 29.03 830 9.07
65~74 12659 29.47 4548 35.93 2801 22.13 3819 30.17 1491 11.78
>75 13356 31.09 4323 32.37 2744 20.55 3916 29.32 2373 17.77
Mean age (m, SD) 66.76 12.44 6552 1255 66.45 1222 67.04 1215 7025 12.46 <0.001
Monthly salary <0.001
Low-income 461 1.07 137 29.72 101 2191 154 33.41 69 14.97
<17280 1475  3.43 542 36.75 311 21.08 447 30.31 175 11.86
17 281~22800 22935 53.38 8074 35.2 5079 22.15 6751 29.44 3031 13.22
22 801~28800 8069 18.78 2961 36.7 1690 20.94 2376 29.45 1042 12.91
28 801~36300 2676 6.23 1011 37.78 588 2197 782 29.22 295 11.02
36 301~45800 3280 7.63 1333 40.64 689 21.01 923 28.14 335 10.21
>45801 4066 9.46 1711 42.08 838 20.61 1077 26.49 440 10.82
Urbanisation 0.186
Level 1 11759 27.37 4335 36.87 2494 2121 3404 2895 1526 12.98
Level 2 12117 28.2 4506 37.19 2615 21.58 3527 29.11 1469 12.12
Level 3 6523 15.18 2334 3578 1424 2183 1946 29.83 819 12.56
Level 4 6795 15.82 2518 37.06 1506 22.16 1974 29.05 797 11.73
Level 5 1524 355 5283 34.32 338 22.18 439 28.81 224 14.7
Level 6 2217 516 807 36.4 490 22.1 627 28.28 293 13.22
Level 7 2027 4.72 746 36.8 429 21.16 593 29.26 259 12.78
CCl score <0.001
<3 20388 47.46 7475 36.66 4576 22.44 6186 30.34 2151 10.55
4~6 7587 17.66 2761 36.39 1646 21.7 2218 29.23 962 12.68
>7 14987 34.88 5533 36.92 3074 20.51 4106 274 2274 1517
Other catastrophic illness <0.001
No 41474 96.54 15300 36.89 8984 21.66 12076 29.12 5114 12.33
Yes 1488 3.46 469 31.52 312 20.97 434 29.17 273 18.35
Cancer stage <0.001
Stage | 5681 13.22 3226 56.79 910 16.02 1269 22.34 276 4.86
Stage I 1526 3.55 589 38.6 338 22.15 462 30.28 137 8.98
Stage llI 11696 27.22 4030 34.46 2843 24.31 3500 29.92 1323 11.31
Stage IV 24059 56 7924 3294 5205 21.63 7279 30.25 3651 15.18
MDT care <0.001
No 37716 87.79 13669 36.24 8012 21.24 10974 29.1 5061 13.42
Yes 5246 12.21 2100 40.08 1284 24.48 1536 29.28 326 6.21
Continued
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Table 1 Continued

Interval from cancer diagnosis to treatment

Total <7 days 8~14 days 15~60 days >61 days
Variables N % N % N % N % N % P value
Hospital level <0.001
Medical centres 29228 68.03 11075 37.89 6452 22.07 8427 28.83 3274 11.2
Regional hospitals 12601 29.33 4395 34.88 2655 21.07 3787 30.05 1764 14
District hospitals 1014 2.36 261 25.74 178 17.55 279 27.51 296 29.19
Others 119 0.28 38 3193 11 9.24 17 1429 53 44.54
Hospital ownership <0.001
Public 16770 39.03 6619 39.47 3776 2252 4558 27.18 1817 10.83
Private 26192 60.97 9150 3493 5520 21.08 7952 30.36 3570 13.63
Hospital services volume <0.001
Low 10807 25.15 3905 36.13 2177 20.14 2935 27.16 1790 16.56
Middle 21043 48.98 7519 35.73 4652 22.11 6486 30.82 2386 11.34
High 11112 25.86 4345 39.1 2467 22.2 3089 27.8 1211 10.9

*Log-rank test.
CCl, Charlson Comorbidity Index; MDT, multidisciplinary team.

study that examines whether treatment delay in NSCLC
affects patient survival rate. In addition, we also investi-
gated the correlation between lung cancer treatment
delay and survival rate for different cancer stages (stages
L 1L, IIT and IV).

Previous studies have observed that if patients are older,
have more comorbidities or have stage I cancer, they are
more likely to delay treatment (interval from diagnosis to
treatment >30 days).12 Similar findings were observed in
our study: for patients aged =55 years, the greater the age,
the greater the proportion with treatment delay (interval
261 days) (table 1). Patients with high CCI scores also
demonstrated significantly increased proportions in
treatment delay (interval 261 days) (table 1). CCI is a
general score to evaluate patients’ comorbidity and does
not focus on patients with lung cancer. The lung function
testing such as forced expiratory volume in 1 s (FEV))
and diffusing capacity of the lung for carbon monoxide
(DLCO) is more accurate for evaluating their severity but
is not available in our study. It is a fact that patients with

poorer lung function require additional testing to deter-
mine candidacy for surgery. This testing, including 6 min
walk test, quantitative perfusion scans, cardiopulmonary
exercise testing and consultation with pulmonary medi-
cine takes time and is not available in our study. However,
during analysis of the correlation between treatment
delay and lung cancer stage, we found that the proportion
of stage I patients with treatment delay was significantly
lower than patients with other stages of lung cancer. A
previous study has observed that in patients with NSCLC,
treatment delay is not associated with cancer stage.”™ In
contrast, treatment delay had more serious effects in stage
III and IV patients.”’ However, in our study, we found
that the proportion of stage I patients with treatment
delay (interval from diagnosis to treatment 261 days) was
significantly lower (4.86%, p<0.001) when compared with
patients at other stages.

Previous studies have mentioned that in patients with
NSCLC, our understanding of the effects of diagnosis
and treatment delay on the prognosis of patients is

Table 2 Five-year survival rate of patients for different treatment intervals

Stage | Stage Il Stage Il Stage IV
Variables N % N % N % N % P value *
Total number 5681 61.61 1526 34.41 11696 12.95 24059 5.11
Interval from cancer diagnosis to treatment <0.001
<7 days 3226 70.68 589 43.42 4030 14.86 7924 5.60
8~14 days 910 60.58 338 33.74 2843 12.11 5205 4.58
15~60 days 1269 49.07 462 29.81 3500 13.81 7279 5.43
>61 days 276 21.10 137 14.56 1323 6.83 3651 4.12

*Log-rank test.
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Unadjusted Adjusted
95% ClI P value*

I
o)
I
o)

Variables P value

<7 days (ref.)

15~60 days 1.30 <0.001 1.06 1.04 to 1.09 <0.001

Gender

Male 1.54 <0.001 1.50 1.47 t0 1.53 <0.001

<44 (ref.)

55~64 1.02 0.478 1.03 0.97 to 1.09 0.331

>75 1.93 <0.001 1.79 1.69t0 1.88 <0.001

Low income (ref.)

17 281~22800 0.81 <0.001 0.86 0.78 t0 0.95 0.002

28 801~36 300 0.60 <0.001 0.79 0.71 10 0.87 <0.001

>45801 0.56 <0.001 0.73 0.66 to 0.81 <0.001

Level 1 (ref.)

Level 3 1.20 <0.001 1.04 1.00 to 1.07 0.036

Level 5 1.33 <0.001 1.01 0.951t0 1.08 0.671

Level 7 1.25 <0.001 1.02 0.96 to 1.07 0.570

<3 (ref.)

>7 1.80 <0.001 1.28 1.25to0 1.31 <0.001

No (ref.)

| | I
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Cancer stage

Stage Il 2.29 <0.001 2.06 1.91t02.23 <0.001

Stage IV 6.51 <0.001 5.89 5.621t06.17 <0.001

No (ref.)

Continued
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Table 3 Continued

Unadjusted Adjusted

Variables HR P value HR 95% ClI P value*

Yes 0.95 0.001 0.91 0.88 to 0.94 <0.001
Hospital level

Medical centres (ref.)

Regional hospitals 1.28 <0.001 0.99 0.96 to 1.02 0.347

District hospitals 2.06 <0.001 1.25 1.17 to 1.34 <0.001

Others 1.17 0.137 0.90 0.73t0 1.10 0.286
Hospital ownership

Public (ref.)

Private 1.27 <0.001 1.13 1.10to0 1.16 <0.001
Hospital services volume

Low (ref.)

Middle 0.72 <0.001 0.83 0.81 t0 0.85 <0.001

High 0.59 <0.001 0.71 0.68 to 0.74 <0.001

*Cox proportional hazards regression.
CCl, Charlson Comorbidity Index; MDT, multidisciplinary team.

limited, although an increasing number of recent studies
are emphasising the importance of this topic." Some
studies have found that in patients with a symptom-to-
treatment interval (STI) of >60 days, the survival rate was
significantly higher than that of patients with a STI of
<60 days.”* However, if patients were further divided on
the basis of the type of lung cancer, this difference was
only significant in patients with NSCLC.* However, the
number of patients included in this study was only 103
(96 men).?* Two other studies, with 378 and 410 patients
each, found that delaying diagnosis and treatment did
not affect patient survival rates.'®'” Another study of 466
patients with NSCLC found that patients with shorter STIs
had lower survival rates.” One study with 189 patients
with lung cancer found that treatment delay resulted
in poorer prognosis for patients,”* while another study
with 132 patients found that longer specialist treatment

delay does not result in poorer prognosis.”> An aforemen-
tioned article also observed that most previous studies in
different countries were monocentric studies and that
it is difficult to decide which study is most reliable with
regards to whether treatment delay affects patient survival
rates.*

Most studies show no relationship between time-to-
chemotherapy and their survival rate.”® However, it should
be noted that in these review articles, the number of cases
collected is generally very low, with the highest number
of patients only 10 583.° Another study showed time
intervals from diagnosis to treatment were not associated
with survival outcomes in NSCLC.?’ In this previous study,
they discussed NSCLC patients with different treatment
such as surgery, radiotherapy, systemic therapy and palli-
ative care, which were not discussed in our study. They
also suggested that delays to treatment might impact on

Table 4 Relative risk of death in patients for different treatment intervals and at different cancer stages

Stage I* Stage II* Stage IlI* Stage IV*
P P P

Variables HR 95%Cl valuet HR 95% CI valuet HR 95%Cl valuet HR 95%ClI valuet
Interval from cancer diagnosis to treatment

<7 days (ref.)

8~14days 145 1.28 1.64 <0.001 1.21 1.01 1.45 0.039 1.04 0.98 1.09 0.177 0.99 0.95 1.03 0.561

15~60 166 1.49 1.84 <0.001 1.44 1.22 1.69 <0.001 1.02 0.97 1.07 0560 1.01 0.98 1.04 0.572

days

>61 days 2.41 2.06 2.83 <0.001 1.58 1.26 1.97 <0.001 1.13 1.06 1.21 <0.001 0.98 0.94 1.02 0.249

*Patient age, gender, monthly salary, level of urbanisation of place of residence, CCI score, other illness, MDT care, hospital level, hospital
ownership and hospital services volume were all controlled for using various models.

TAdjusted Cox proportional hazards model.
CCl, Charlson Comorbidity Index; MDT, multidisciplinary team.
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with different cancer stages.

other outcomes other than survival. However, there were
only 1729 patients in this previous study.27 In summary,
the majority of previous studies into whether treatment
delay affects survival rate in patients with NSCLC lack
large-scale nationwide statistical data. This can easily lead
to bias and produce divergent conclusions. In this study,
we collected nationwide data from 42962 patients with
NSCLC which, to the best of our knowledge, is the largest
nationwide study to date. In addition, we also investigated
the correlation between lung cancer treatment delay and
survival rate in different cancer stages (stages I, II, Il and
V).

In addition, detailed examination of the literature
found that a decreased treatment delay increases the risk
of death in patients; the explanation provided for this is
that a shorter treatment delay may mean that the patients
have more obvious or more severe symptoms.”> There-
fore, there is a need to correct the result with cancer
stage and severity.” A previous study has also suggested
that a shorter treatment delay may reflect a requirement
for more urgent treatment due to severity of symptoms,
resulting in a poor prognosis.”® Therefore, in this paper,
we also considered the effects of cancer stage on treat-
ment delay and patient prognosis. In another paper, it
was also mentioned that the definition of treatment delay
should be more standardised and accurate.® Another
paper mentioned that it is not easy to accurately calculate
the time of treatment initiation.?® In addition, the calcu-
lation of patient delay (from symptom to doctor) is also
prone to errors. Therefore, in this study, our definition of
treatment delay was made according to the cancer regis-
tration archives and NHI database, from pathological
diagnosis confirmation until treatment initiation.

For patients with cancer in general, current medical
guidelines all recommend early diagnosis and treat-
ment to improve patient prognosis. However, early
diagnosis is difficult due to multiple factors, such as non-
apparent symptoms and patient delay. However, in this
study, we found that if the interval from confirmation of

pathological diagnosis to treatment initiation in patients
with NSCLC is shortened to 7 days, this is associated
with an improvement in 5-year life expectancy (improve-
ments of 0.49%-9.07% were observed, according to
the different stages of lung cancer). We also found that
this improvement in 5-year survival rate was particularly
marked for patients with NSCLC at early stages (stage I
and II), at 10.28%-10.34%. However, in late stage (stage
III and stage IV) patients, the 5-year survival rate was only
increased by 1.91% and 0.49%. It is extremely ambitious
for lung cancer treatment to commence within 7 days of
diagnosis considering the staging exam taking time. This
group in the study (<7 days to treatment) may be skewed
towards those whose cancer was diagnosed at the time or
surgery. A previous study showed that NSCLC growth rate
appeared to be highly variable and related to histological
subtype, which was not discussed in our study.*’ Doubling
times can be quite variable in different stages of NSCLC.
Another study showed that rapid tumour progression was
noted in patients with untreated, predominantly stage
[T NSCLC.” In our study, table 4 shows stage 11T NSCLC
patients with the interval from diagnosis to treatment
initiation more than 60 days had significantly higher rela-
tive risk of death than patients with an interval <7 days
(HR 1.13, 95% CI 1.06 to 1.21). This may be due to rapid
tumour progression characteristics of stage III NSCLC.
However, the delay treatment effect is not significant in
patients with stage IV NSCLC, which may be associated
with poor outcome and low survival rate in late stage of
NSCLC. Therefore, we recommended that in future poli-
cies, treatment recommendations should be formulated
so that patients can start treatment within 7 days after
pathological diagnosis confirmation of NSCLC to increase
their b-year survival rate. This is particularly important for
patients with early stage (stage I and II) NSCLC, where
improvement effects are more significant.

In this study, we also found that the effect of the interval
from diagnosis to treatment initiation and patient survival
rate decreased with more advanced cancer stages. There-
fore, in patients who have stage I (HR 1.45-2.41) or
stage I (HR 1.21-1.58) cancer, the longer the interval
from diagnosis to treatment initiation, the higher the
risk of death in patients. However, in stage III patients,
compared with patients with an interval from diagnosis
to treatment initiation <7 days, only when the interval
from diagnosis to treatment initiation was =61 days was
the risk of death increased. However, the magnitude of
the increased risk of death is lower than in stage I and
IT patients (HR 1.03-1.06). It appears the association
between time to treatment and outcome is stronger
with lower stage disease. This may have implications on
resource allocation specifically addressing the time to
treatment (TTT) phenomenon. Further study, however,
is necessary to better understand causation.

In recent studies, it was found that patients with oral
cancers who underwent MDT treatment had significantly
higher survival rates and that the proportion of patients
who underwent treatment was higher than those who
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did not join MDT.”" Previous studies have shown that
the use of MDT care in cancer treatment can improve
patient prognosis.” This is particularly the case in head
and neck cancers, where MDT care is cost-effective and
can improve survival rates.” Previous studies have shown
that in patients with lung cancer MDT care can signifi-
cantly improve the patient’s acceptance of treatment but
does not significantly improve patient survival rates.” In
this study, we found that patients who underwent MDT
care had a significantly lower adjusted HR for mortality
compared with patients who did not (HR 0.91, 95% CI
0.88 to 0.94).

In summary, this study identifies an association between
time to treat and survival in NSCLC. Although causation
is not definitive, efforts to diminish time to treat in the
patient with lung cancer would seem prudent while
awaiting further study on the issue. In addition, in patients
with NSCLC, we recommend the addition of MDT care to
decrease the risk of death and improve prognosis.

Limitations

A secondary random database derived from the NHIRD
was employed for this study. The information on indi-
vidual lifestyle and health behaviours, which may also
affect the result, is not available. The lung function testing
such as FEV, and DLCO is not available in our database,
and disease-free survival is also not available in our study.

CONCLUSIONS

In this study, we collected nationwide data from 42962
patients with NSCLC which, to the best of our knowledge,
is the largest nationwide study to date. In addition, we
also investigated the correlation between lung cancer
treatment delay and survival rate in different cancer
stages (stages I, II, III and stage IV) with pathological
confirmation. Treatment timeliness is associated with
better survival rates in patients with NSCLC, particularly
stages I and II.
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