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Abstract

We evaluate the long-term outcomes of lung cancer screening using a recently developed probability model and the National
Lung Screening Trial chest X-ray data. We divided participants in the cancer screenings into four distinct groups: symptom-free-
life, no-early-detection, true-early-detection, and overdiagnosis. We conducted simulation studies and applied Bayesian inference
techniques, while considering factors such as age at study entry, screening frequency, sensitivity, and another relevant parameter.
Our analysis revealed that the probability of overdiagnosis among the screen-detected cases started at a low level but increased as
individuals’ age at their first screening advanced. Additionally, we found that male heavy smokers exhibited a greater susceptibility
to overdiagnosis compared to females. However, it's important to note that, the issue of overdiagnosis was minimal and not a major
concern, particularly among heavy smokers who underwent chest X-ray screenings. In conclusion, this newly developed probability
model provides policymakers with valuable insights into the distribution of individuals within the overdiagnosis and true-early-
detection groups. These insights are instrumental in helping policymakers mitigate the long-term consequences associated with
frequent screenings for lung cancer, ensuring that screening programs are both effective and safe.
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Introduction

Cancer screening may detect cancer at an early stage. By the
time symptoms appear, cancer may have begun to spread. If any
abnormalities in tissues or cancer can be found early, patients may
have more choices for appropriate treatment and usually have a
better prognosis, which could increase survival. According to the
American Lung Association, lung cancer screening for heavy smok-
ers has the potential to identify 80% of cases at an early stage when
they are more likely to be curable. In contrast, without screening,
approximately 70% of lung cancers are discovered at a later, less
treatable stage [1]. Therefore, early detection can play a crucial role
in reducing cancer mortality for lung cancer.

Lung cancer screening has a low radiation exposure risk, sim-
ilar to other screening tests. The level of radiation exposure is
slightly higher than that experienced by women during a mammo

gram [2]. While lung cancer screening holds the potential to reduce
mortality, it may also identify tumors that would not cause clinical
symptoms. Consequently, there is a need to quantify the long-term
outcomes of repeated screening, particularly the probability of
overdiagnosis. Overdiagnosis is a concern in lung cancer screening,
as advanced imaging technologies can detect tiny lung nodules [3].
Despite these nodules being considered abnormal, their clinical sig-
nificance remains uncertain. Therefore, overdiagnosis is a critical
consideration when assessing the balance between potential ben-
efits and harms associated with cancer screening, as it can lead to
unnecessary treatment.

Overdiagnosis is essential for understanding early detection as
it refers to a screening exam that detects a disease through a sched-
uled screening exam, but the clinical symptoms would not appear
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before death. There is much research on overdiagnosis based on
observational studies, however, the results varied greatly due to a
lack of modeling [4]. have developed a probability method for eval-
uating the long-term effects of cancer screening. They categorized
all participants into four mutually exclusive groups: symptom-free-
life, no-early-detection, true-early-detection, and overdiagnosis.
The long-term effects of continued cancer screening can be eval-
uated by estimating the probability of each group and the risk of
overdiagnosis among the screen-detected cases. Individuals partic-
ipating in a screening program would eventually fall into one of the
four mutually exclusive groups, and these probabilities vary with
factors such as a person’s age at the study entry, screening frequen-
cy, screening sensitivity, and other parameters. Additionally, human
lifespan is treated as a random variable and a competing risk factor
for death from other causes. Here are the definitions of each group:

i. Group 1: Symptom-free-life (Symp F)-The participant
went through the screening exams, but lung cancer was never de-
tected, and ultimately, he/she died of other causes.

ii. Group 2: No-early-detection (No ED)-The participant
went through the screening exams, and the disease was revealed
clinically but was not detected by scheduled screening exams.

iii. Group 3: True-early-detection (True ED)-The participant
was diagnosed with lung cancer at a scheduled screening exam,
and his/her clinical symptoms would have appeared before his/her
death.

iv. Group 4: Overdiagnosis (Over D)-The participant of the
Group 4 was diagnosed with lung cancer at a scheduled screening
exam, but his/her clinical symptoms would not appear before his/
her death.

We will apply this method to the National Lung Screening Trial
study using the chest X-ray data. We will briefly review the proba-
bility methods in Section 2, perform Bayesian inference on the con-
ditional probabilities in Section 3, and provide a discussion of the
outcomes in Section 4.

Materials and Methods

We will briefly review the National Lung Screening Trial (NLST)
data and the probability method introduced in [4], which is based
on the progressive disease model. This method will be applied to
analyze the NLST chest X-ray data.

Materials

The National Lung Screening Trial, initiated by the National Can-
cer Institute in 2002 [5] was a randomized clinical trial designed
to screen a high-risk population (i.e., heavy smokers) using either
low-dose helical (spiral) Computed Tomography (CT) or standard
chest X-ray (X-ray). In this study, we focus on the standard chest
X-ray data, which includes two distinct groups: heavy-smoking
males (15,396) and heavy-smoking females (10,634). The trial ini-
tially screened asymptomatic participants aged 55 to 74 from 33
centers across the United States between August 2002 and April
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2004. Participants from both groups underwent three annual
screening exams. To facilitate accurate estimation, the data were
meticulously organized. For each participant, at each age ;, upon-
study entry and for each screening event, we recorded the following
information: the total number of individuals screened, denoted as
n,; the number of screen-detected and confirmed cancer cases rep-
resented as s, and the number of interval cases, labeled as r, who
had clinical cancer before the subsequent screening. There were
279 heavy smokers diagnosed with lung cancer at the scheduled
screening, 165 males plus 114 females. There were 117 clinical in-
cidence cases, 107 males and 70 females [5].

Methods

The progressive model assumes that the disease develops
through three states SO—>Sp—>SC, where S, refers to the disease-free
state, or the state in which the disease cannot be detected by screen-
ing. §, is the preclinical state, in which an asymptomatic individual
unknowingly has the disease that a screening exam can detect. S
refers to the disease state at which the disease manifests itself in
clinical symptoms. We let 3(t) be the screening sensitivity at age t,
i.e., the probability that the screening exam is positive given that the
individual is in the preclinical state. Here t is the individual’s age at
the exam. Define #(1)¢ as the probability of a transition from S, to S,
during (t.1+dt). Let ¢(x) be the Probability Density Function (PDF) of
the sojourn time in § , and let (=)= ["a(x)dx be the survival function
of the sojourn time. We define event

A = {A person is asymptomatic of lung cancer before and at %,
}
This is the requirement for entering the screening program.
And the conditional probability of no symptomatic lung cancer be-
fore and at age %, given that one’s lifetime T exceeds ¢, is:

P(AIT > 1,)=1- [ w( .

For an initially asymptomatic individual taking K screenings
at ages 4 <4 <..<t, - The conditional probability of each of the four
groups, given that one’s lifetime 7=/, (>¢,,), was derived as follows:

dx+j t —x)dx

P(Casel, AT =1, ) =1~ j x)dx+ N w(x)Q(tkfx)dx

S (1-5)-0- (=) [ wlx) Qs =) 2)

J=0

P(Case2, AT =t,) =1, + 1, +..+ I, ¢ 3

where I is the probability of an interval case in (z,,.,) [18]:

(18] w0t =)-0(r, )] 4

t —x)}dx forall j=1,...K
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It was verified that for any screening number K 21 [4]:
4
2 P(Case i, 4/T=1,)=P(4/T>1,). (7)
i=1

For a future screening schedule ¢, <|t<..,since we don’t know
how long one will live, the screening number K =K (7)is a ran-
dom variable changing with the lifetime T, and K =nif f,_ <T<t,.
. The probability of each case, when one’s lifetime T is longer than
fy, would be:

P(Casei, 4/T>1,)=[" P(Casei, A/K =K (T).T =1)f; (¢/T>1,)dr. (8)
for alli=1,2,3,4

where

GG,
otherwise (9)

fT (t/T>t0)_{(};(T>"n) 1=Fr (1)

And it was proved that [4],
4
> P(Caseil A, T>1,)=1 (10)
i1

For those who would be diagnosed with cancer after one’s cur-
rent age 7, , including both screen-detected and interval incident
cases, we can estimate the probability of the cases 2, 3 and 4 by this
formular:

P(Casei| A,T>1,)

P(Case2|A,T2t,)+ P(Case3| A,T2t,)+P(Case4| A,T=1,)

i=2,3,4 (11)

And for the screen-detected cases, we can calculate the condi-
tional probability of overdiagnosis among the screen-detected cas-
es by

P(Case4 |A,T2t0)

. (12)
P(Case3| A,T2t,)+ P(Case4| A, T =t,)

This probability is what causes much debate in the research
community and the general public recently.

Result

We applied the methods in section 2 to the NLST chest X-ray
data. The probability of each of the four cases was the function of
the three key parameters B(t), w(t), and q(x), which were estimat-
ed from the NLST chest X-ray data in [6]. We used the estimated
sensitivity B(t)=0.61 for male smokers and f(t)=0.62 for female
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smokers, and the parametric model for the transition density and
sojourn time [6].

0.3
w(t|,u,02): Foror

q(x|a. 1) =aix"" exp(-1x“), O(x)=exp(-Ax").

exp{—(logt —,u)2 /(20’2)},

The unknown parameters were 0= (y, 6%, a, A) in the above
model, and we have obtained 1500 Bayesian posterior samples
of 6 using a likelihood function and Markov Chain Monte Carlo
simulations. For more details, see [6]. The posterior predictive
probability of each case can be estimated using the NLST data by
the following:

P(Casei|T >1,, 4, NLST) = ZP(Casez|T>t0,A g;). (13)

nio

Where n=1500 is the posterior sample size and 0+ is the 1500
MCMC posterior samples. Bayesian inference for three asymptom-
atic hypothetical cohorts with initial screening ages 55, 60, and 65
were carried out. For each age group, various screening frequencies
were examined with screening intervals A=12, 18, 24 months. The
number of screens, x=«(r)- { St w the largest integer less than or equal

to T A’ v) was a function of the lifetime T, a random variable.

We obtained the lifetime distribution data from the 2016 ac-
tuarial life table provided by the Social Security Administration
[7]. This table, based on mortality statistics, offers the probability
of death from age 0 to 119 for males and females separately. We
estimated the conditional lifetime distribution f, (¢|7>¢,)using the
2016 life table and the method in [8]. The resulting conditional
density functions for the lifetime T for both males and females, are
illustrated in Figure 1. These plots correspond to three different
initial screening ages (¢,) of 55, 60, and 65, and are independent
of screening or specific causes of death.

The probabilities of each of the four cases P(Casei|4;T >t,; NLST)
are reported in Table 1. The first column A is the future screening
interval in months. The next eight columns are the conditional
probabilities (in percentage) of each case, corresponding to the
probability of symptom-free-life, no-early- detection, true-early-de-
tection, and overdiagnosis for male and female heavy smokers cor-
respondingly.

The probability of symptom-free-life is high for all age groups,
ranging from approximately 80% to 82% for males and around
80% to 83% for females. This means about 80% of the heavy smok-
ers will not have clinical lung cancer during their lifetime. This
probability slightly increases as the screening interval, or as the
current age increases.

The probability of no-early-detection is 8.36%, 8.25%, and
8.02% for males, and 7.99%, 7.69%, and 6.91% for females, when
participants initiate screening at ages 55, 60, and 65, respectively,
using a 12- month screening schedule. This probability increases
as the screening interval increases and decreases as the age at ini-
tial screening increases, except for case of males at the 18-months
intervels.
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The estimated probability of true-early-detection for initial
screening ages 55, 60, and 65 is 10.72%, 10.32%, and 10.11% for
males, and 11.10%, 10.76%, and 9.81% for females, respective-
ly, when annual screening is conducted. It decreases with longer
screening time intervals and as initial screening age increases. It
seems that males have a slightly lower propensity for true-early-de-
tection compared to females. The probability of overdiagnosis is
very low across all three age groups. Specifically, for the 12- month
screening interval and initial screening ages of 55, 60, and 65, the
probabilities of overdiagnosis are approximately 0.33%, 0.38%,
and 0.43% for males, and 0.23%, 0.24%, and 0.29% for females, re-
spectively. It is worth noting that these probabilities decrease as the
screening interval (A) increases. While the probability of overdiag-
nosis is slightly higher when the initial screening age is 65, there is
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minimal difference observed for the other age groups. The results
presented in Table 1 demonstrate that males exhibit a slightly high-
er susceptibility to overdiagnosis compared to females.

Boxplots of the results for the probabilities of each case when
t, =60 for male and female are provided in Figures 2 and 3. In
Figure 2, the probability of symptom-free-life (and the probabil-
ity of overdiagnosis) are almost the same for the 12-month and
the 18-month screening intervals, and it is slightly lower for the
24-month intervals. On the other hand, the probability of no-early
detection increases monotonically with the screening time interval,
while the probability of true-early-detection decreases monotoni-
cally with the length of the screening time interval. This pattern is
the same for all the ages of screening for both males and females.

Conditional lifetime PDF for male at age 55, 60 and 65

0.04
L

003

002

000

60 70 a0 %0 100 110 120

age

Conditional lifetime PDF for female at age 55, 60 and 65

60 70 80 % 100 110 120

Figure 1: The conditional PDF of the lifetime of males and females derived from the life table when t, = 55, 60, 65.

Table 1: A projection of lung cancer screening effects of male and female using the NLST chest X-ray data.

"P(SympF) P(NoED) P(TrueED) P(OverD)
A? Male Female Male Female Male Female Male Female
Age at initial screen t, = 55
12 mo. 80.49 (0.76) | 80.64(0.97) | 8.36(0.40) 7.99 (0.49) | 10.72(0.57) | 11.10(0.68) | 0.33(0.06) 0.23 (0.06)
18 mo. 80.53 (0.76) | 80.68(0.98) | 9.31(0.49) 9.69 (0.63) 9.82 (0.43) 8.89 (0.56) 0.32 (0.08) 0.22 (0.05)
24 mo. 80.62 (0.77) | 80.79(0.98) | 11.03(0.66) | 11.15(0.79) | 8.07 (0.40) 7.91 (0.51) 0.23 (0.05) 0.13 (0.03)
Age at initial screen t, = 60
12 mo. 80.84 (0.82) | 81.28(1.02) | 8.25(0.42) 769 (0.51) | 10.32(0.59) | 10.76 (0.70) | 0.38(0.07) 0.24 (0.06)
18 mo. 80.97 (0.83) | 81.67(1.01) | 9.48(0.52) 9.16 (0.63) 9.12 (0.47) 8.64 (0.58) 0.37 (0.08) 0.23 (0.05)
24 mo. 81.01(0.83) | 81.97(1.01) | 11.31(0.68) | 10.54 (0.79) 7.60 (0.43) 6.98 (0.52) 0.24 (0.06) 0.17 (0.04)
Age at initial screen t, = 65
12 mo. 81.42(0.82) | 82.69(0.97) | 8.02(0.42) 6.91(0.48) | 10.11(0.58) | 9.81(0.67) 0.43 (0.07) 0.29 (0.06)
18 mo. 81.53(0.82) | 82.86(0.96) | 9.56(0.49) 8.88 (0.58) 8.35 (0.47) 7.91 (0.56) 0.41 (0.09) 0.26 (0.05)
24 mo. 81.71(0.82) | 82.97(0.97) | 11.47 (0.64) 9.78 (0.72) 6.43 (0.44) 6.67 (0.50) 0.32 (0.06) 0.20 (0.04)
Note*: * A=t -1, is the planned time interval between screens in the future.
*The mean probability and it’s standard error (in parenthesis) are reported as percentages in the table.
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Figure 2: The boxplot of the estimated probability of male for each case with t, = 60.
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Figure 3: The boxplot of the estimated probability of female for each case with t; = 60.

The conditional probabilities were evaluated for cases 2, 3,
and 4, given that the person was diagnosed with cancer, which is
calculated using equation (11). The probabilities are reported as
percentages in Table 2. The probability of overdiagnosis is 1.61%,
1.94%, and 2.29% for males, and 1.13%, 1.19%, and 1.50% for fe-
males, in the 12-month screening group when the starting age is
55, 60, and 65, respectively. The conditional probability of true-ear-
ly-detection, given a diagnosed case, decreases significantly as the
screening interval A increases. It ranges from around 56% to 38%
in the 60-year-old male group and from around 58% to 38% in
the 60-year-old female group. Conversely, the conditional proba-
bility of no-early-detection increases within each age group as the
screening interval increases.

The probability and its 95% HPD intervals of true-early-detec-

tion and overdiagnosis, given it is a screen-detected case, are listed
in Table 3, which is calculated by equation (12). This (conditional)
probability of overdiagnosis is at the center of hot debate among
research community and general public. For males, the percentage
of overdiagnosis is 3.87%, 4.26%, and 5.12% for different screening
ages with a 24-month screening interval, which is higher than any
other age group and screening interval. For females, the percent-
ages are 2.43%, 2.71%, and 3.46%. In summary, the probability of
overdiagnosis is much lower than expected, while the probability
of true-early-detection is often above 94% and higher. The length of
95% Highest Probability Density (HPD) interval for these two prob-
abilities (percentages) decreases as the screening interval increas-
es. However, these credible interval lengths increase as the initial
screening age increases (Table 2,3).
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Table 2: The estimated probability of male and female given that it is a diagnosed cancer case.
P¢ (NoED|DY) P (TrueED|D) P (TrueED|D) P (TrueED|D) P (OverD|D)
A Male Female Male Female Male Female
Age at initial screen t 55
12 mo. 42.19 40.96 56.2 57.91 1.61 1.13
18 mo. 52.19 51.56 46.23 47.27 1.58 1.08
24 mo. 60.84 61.25 37.85 38.01 1.31 0.74
Age at initial screen t, 60
12 mo. 42.05 40.86 56.01 57.87 1.94 1.19
18 mo. 51.82 51.34 46.41 47.49 1.77 1.17
24 mo. 60.39 60.91 38.06 38.2 1.55 0.89
Age at initial screen t; 65
12 mo. 41.84 40.72 55.87 57.78 2.29 1.5
18 mo. 51.1 50.94 46.8 47.72 2.1 1.34
24 mo. 59.67 60.42 38.44 38.42 1.89 1.16

Note*:The estimated conditional probability was calculated as o /( P+ DL+ p;), i=2, 3, 4, for each of the 1500 posterior samples, then
averaged. It is in percentage.

4The event D= {Diagnosed cases: including both interval incident and screen-detected cases}.

Table 3: The estimated probability of male and female for the screen detected cases with 95% credible Interval.

A P4(TrueED|ScrD¢) P (OverD|ScrD)
Male Female Male Female
Age at initial screen t, = 55
12 mo. 97.06 (95.79,98.32) 98.25 (97.11,98.96) 2.94 (1.68,3.91) 1.75 (1.04,2.89)
18 mo. 96.69 (95.54,97.66) 98.09 (97.11,98.69) 3.31(2.34,4.46) 1.9 (1.31,2.89)
24 mo. 96.13 (94.84,97.31) 97.57 (96.42,98.26) 3.87 (2.69,5.16) 2.43 (1.74,3.58)
Age at initial screen t, = 60
12 mo. 96.65 (95.30,97.94) 97.97 (96.72,98.71) 3.35 (2.06,4.69) 2.03 (1.29,3.27)
18 mo. 96.12 (94.92,97.08) 97.73 (96.59,98.28) 3.88(2.92,5.07) 2.27 (1.71,3.41)
24 mo. 95.74 (94.39,96.89) 97.29 (96.03,97.97) 426 (3.10,5.61) 2.71(2.02,3.97)
Age at initial screen t; = 65
12 mo. 96.06 (94.63,97.46) 97.46 (96.08,98.31) 3.94 (2.53,5.36) 2.54 (1.68,3.91)
18 mo. 95.34 (94.13,96.36) 97.08 (95.84,97.72) 4.66 (3.63,5.87) 2.92 (2.28,4.16)
24 mo. 94.89 (93.44,96.09) 96.54 (95.12,97.32) 5.12 (3.91,6.56) 3.46 (2.67,4.87)

Note*:'The estimated conditional probability was calculated as p; /( P+ p;), i=3, 4, for each of the 1500 posterior samples, then aver-

aged. It is in percentage.

¢ The event ScrD= {Screen-detected case}.
Discussion

In this study, we aimed to assess the long-term outcomes of lung
cancer screening using chest X-rays. Asymptomatic participants in
the screening program were eventually separated into four distinct
groups: symptom-free-life, no-early-detection, true-early-detec-
tion, and overdiagnosis based on their diagnosis status and disease
status. Our analyses provide policymakers with valuable estimates
of the probability of true-early-detection, overdiagnosis, and other
relevant outcomes that arise from a periodic lung cancer screening
program. To address uncertainty and calculate variations, we used
the Bayesian approach, which allows for the estimation of credible
intervals (percentages).

On March 9, 2021, the U.S. Preventive Services Task Force re-
leased [9] new recommendations endorsing annual screening for
lung cancer using Low-Dose Computed Tomography (LDCT) for
individuals aged 50 to 80 years who have a 20 pack-year smoking
history and currently smoke or have quit within the past 15 years.
Based on data from the NLST chest X-ray, our findings indicate a
high probability of symptom-free-life, ranging from 78% to 82% for
all participants, i.e., heavy smokers. Additionally, the probability of
overdiagnosis is very low, less than 0.43%, among all participants,
regardless of gender (as shown in Table 1) for annual screening.
The estimated rates of overdiagnosis in the 55-year-old cohort are
as follows: for males, the rates are 2.94% if screenings are conduct-
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ed annually and 3.87% if screenings occur every other year (as
shown in Table 3). These estimates come with a 95% Highest Pos-
terior Density (HPD) interval ranging from 2.69% to 5.16%. Com-
paratively, for females in the 55-year-old cohort, the rates of overdi-
agnosis among screen-detected cases are 1.75% if screenings take
place annually and 2.43% if screenings happen every other year. It’s
important to note that the overdiagnosis rates are lower for females
than for males. Additionally, as individuals age, the probability of
overdiagnosis increases for both males and females, even among
those cases detected through screening.

The probability of symptom-free-life can be calculated as the
complement of the lifetime risk. According to [10], the lifetime risk
of developing lung cancer is 17.2% for male current smokers and
11.6% for female current smokers. However, the risk is substan-
tially reduced for individuals who have never smoked regularly.
For the 55-year-old age group, the estimated probability of symp-
tom-free-life is approximately 80.49% for males and 80.64% for fe-
males, which aligns with the accepted lifetime risk. This probability
indicates the likelihood of remaining free of symptoms throughout
one’s life.

In a study by [11], it was found that 26% of individuals selected
for screening based on USPSTF criteria had risks below the thresh-
old defined by the PLCOm2012risk lung cancer risk prediction mod-
el. This model, derived from the Prostate Lung Colorectal and Ovar-
ian Screening (PLCO) study, assesses the risk of lung cancer based
on various factors. For former smokers with a quit time of more
than 15 years, 8.5% had risks exceeding the threshold. Notably, the
risks of lung cancer were significantly higher in PLCO smokers aged
65-80 years compared to those aged 55-64 years. In the study by
[12], which analyzed NLST CT scan data for lung cancer, they found
that the probability of overdiagnosis increases with age. Specifical-
ly, the probability ranged from 3% to 9% when individuals aged
from 60 years to 80 years. This suggests that older individuals have
a higher risk of being over diagnosed [13]. conducted a research
study on screening with Low-Dose Computed Tomography (LDCT)
for lung cancer. They reported that the probability of overdiagnosis
was 18.5% (95% CI, 5.4%-30.6%) for any lung cancer detected by
LDCT screening [3]. Identified 46 cases of overdiagnosis (0.75%)
among 6,101 patients in the incidence follow-up of the Mayo Lung
Project. This finding further supports the existence of overdiagno-
sis in lung cancer screening. [14] investigated the risk of overdiag-
nosis through the detection of lung cancer using chest X-ray and/or
sputum cytology. They found that approximately 51% of cases (46
in 90) may be attributed to overdiagnosis. [15] analyzed different
birth cohorts and their rates of overdiagnosis in screen-detected
lung cancer cases. They observed that the 1950 birth cohort had a
higher rate of overdiagnosis (10.5%) compared to the 1990 birth
cohort (5.9%) using the cumulative excess-incidence approach.
[16] reported that 6.75% of all screen-detected cases in the chest
X-ray arm and 8.62% of all screen-detected cases in the CT arm
of the NLST were considered over diagnosed. These percentages
were relatively low, considering that approximately 75% of NLST
participants were younger than 65, suggesting a lower potential for
overdiagnosis in that particular population.
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Late diagnosis might be one of the reasons for failure among
patients. Early detection is necessary as lung cancer may remain
incurable for patients in the advanced stage at diagnosis. Early de-
tection trials proved a 20% reduction in lung cancer-related mor-
tality by screening high-risk individuals with low-dose computed
tomography [17]. In [18], they analyzed the NLST CT scan data for
lung cancer and found that the probability of true-early-detection
depends more on future screening interval and the current age than
on the past screening interval and the probability of true-early-de-
tection would decrease to about 75% if the future screening inter-
val changes from annual to biennial. Probability model to early-de-
tection could prove major advancement as it addresses sojourn
time (time duration in preclinical states) and transition into pre-
clinical state. Most of the recent research dealt with overdiagnosis
alone. In contrast, long term effects associated with the outcomes
from true-early-detection, no-early-detection, screen-diagnosed,
screen-detected cases were considered along with overdiagnosis in
this research. Very few studies had dealt with probability modeling
while evaluating overdiagnosis. Most of the studies relied on oth-
er characteristics, such as tumor size, cancer stage, cancer growth
rate etc. It is necessary to develop better estimates of overdiagno-
sis, because at the time of screening, clinicians do not know which
patients have been over diagnosed. They tend to treat all of them.
Thus, overdiagnosis is associated with the problem of escalating
healthcare costs. Even patients cannot benefit from unnecessary
treatment, instead it is harmful. In this case, accurate estimation of
the sensitivity, sojourn time, and the transition probability are very
crucial. Apart from screening history and smoking status, other risk
factors, such as family history, genomic aspects, inhalation of haz-
ardous chemicals, etc. can be considered for future research.
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