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Abstract 

Background We aimed to investigate the factors influencing the cure, recurrence, and metastasis rates of stage IA 
lung adenocarcinoma, using a mixed cure model.

Methods A total of 1,064 patients who underwent video-assisted thoracoscopic pulmonectomy were included. Vari-
able screening was performed using the random forest algorithm and least absolute shrinkage and selection operator 
approaches. The mixed cure model was used to identify factors affecting patient cure and survival, and a sequential 
analysis was performed on 5%, 10%, and 20% of the presentational subtype concurrently. A receiver operating charac-
teristics curve was used to determine the best model and construct a nomogram to predict the cure rate.

Results The median follow-up time was 58 (range: 3–115) months. Results from the cure part of the mixed model 
indicated that the predominant subtype, presentational subtype, and tumor diameter were the main prognostic fac-
tors affecting cure rate. Therefore, the nomogram to predict the cure rate was constructed based on these factors. The 
survival part indicated that the predominant subtype was the only factor that influenced recurrence and metastasis. 
A sequential analysis of the presentational subtype showed it had no significant effect on survival (P > 0.05). Regard-
less of the recording mode, no significant improvement was observed in the model’s discriminative ability. Only a few 
postoperative pathological specimens showed lymphovascular invasion (LVI); however, the survival curve suggested 
a significant effect on patient survival.

Conclusions After excluding the existence of long-term survivors, the predominant tumor subtype was determined 
to be the only factor influencing recurrence and metastasis. Although LVI is rare in stage IA lung adenocarcinoma, its 
significance cannot be discounted in terms of determining patient prognosis.
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Introduction
Primary lung cancer is currently one of the most com-
mon cancers worldwide, with lung adenocarcinoma 
(LUAD) being the predominant type [1]. In recent years, 
the widespread adoption of low-dose computed tomogra-
phy (CT) screening has led to a substantial increase in the 
detection rate of stage IA LUAD. Notably, several recent 
studies have indicated that the 5-year recurrence-free 
survival (RFS) rate for this malignancy is approximately 
90% [2–4]. Since patients expect surgical treatment to be 
curative, many find recurrence and metastasis difficult to 
accept.

Over the past several decades, a number of researchers 
have studied the prognoses of patients with stage IA lung 
cancers. Some clinicopathological variables have been 
reported to be associated with the prognosis of stage IA 
LUAD [5–8]. Clinical prediction models to predict the 
prognosis of stage IA LUAD have also been established 
[9–12]. We found that the prognosis of early-stage lung 
cancer has been mainly discussed in the literature within 
the context of Cox proportional hazard regression. The 
Cox model applies to most prognostic studies; however, 
its usefulness for diseases with low recurrence rates is 
unclear. The Cox model typically assumes that every indi-
vidual in the study population is susceptible to the event 
of interest, and will eventually experience the event if 
the follow-up period is long enough. However, the exist-
ence of cured patients has often been ignored. For dis-
eases with high recurrence rates, the number of cured 
patients is small and may not have a significant impact 
on experimental results. For diseases with low recurrence 
rates, however, the existence of cured patients cannot be 
ignored. For example, the survival curve for most cancers 
tends to level off after a few years—i.e., a platform effect 
occurs when the mortality rate of the affected individu-
als matches the predicted mortality rate of the overall 
population. These patients are referred to as long-term 
survivors. For diseases with high recurrence rates, the 
platform effect appears later and the use of the conven-
tional Cox model is appropriate. However, the Cox model 
cannot satisfy the application conditions for stage IA 
LUAD, which has a low recurrence rate.

In recent years, the mixed cure model has become an 
important research topic for statisticians [13–16]. A cure 
model allows for the direct modelling of the cure rate and 
how it is affected by the covariates. In addition, a cure 
model also allows for the estimation and inference of 
the distribution of the survival time for uncured or non-
cured patients. In many cases, the same variable affects 
not only the survival times of patients but also their cure 
rate. However, in some cases, certain covariates have a 
significant effect on the cure rate of the disease but not 
on patient survival times. For example, although radical 

surgery may improve the cure rate in elderly patients, it 
may not have a significant impact on their survival times. 
By contrast, for cancers with low recurrence rates, dif-
ferent surgical methods may lead to the same prognoses, 
but more radical surgeries may lead to higher postopera-
tive mortality rates. The Cox model cannot distinguish 
the influence of these covariates. Therefore, the mixed 
model for cures was developed to explore the influence of 
various factors on survival and cure rates over the course 
of a given disease.

In this study, we used a mixed cure model to determine 
the prognostic factors for stage IA LUAD and perform 
a sequence analysis on 5%, 10%, and 20% presentation 
subtypes, in order to construct an optimal model and 
nomogram to predict the cure rate of patients with this 
malignancy.

Methods
Patients and data collection
Data from patients with stage IA LUAD who under-
went thoracoscopic surgeries at Fujian Union Hospital 
between January 2013 and December 2018 were ana-
lyzed. Informed consent was not required, as all patient 
data was anonymized. All aspects of this study con-
formed to the principles of the Declaration of Helsinki.

The exclusion criteria for this study were: 1) non-ade-
nocarcinoma or mixed carcinoma postoperative patho-
logical disease types; 2) postoperative pathology showed 
adenocarcinoma in  situ or minimally-invasive adeno-
carcinoma; 3) patients who had had other malignant 
tumors in the past; 4) patients who had received chem-
otherapy, radiotherapy, targeted therapy, or immuno-
therapy in the past; 5) patients with preoperative blood 
diseases; 6) patients who died or experienced recurrence 
within 3 months following their surgeries, due to related 
complications.

The following clinicopathological information was col-
lected: age; sex; smoking history; concomitant diseases; 
preoperative clinical symptoms; surgical methods; tumor 
location, histological subtype and diameter; lymphovas-
cular invasion (LVI); preoperative carcinoembryonic 
antigen (CEA), CA125, and CYFRA21-1 levels; recur-
rence time; time of final follow-up. Concomitant dis-
eases included hypertension, diabetes, coronary artery 
disease, and chronic obstructive pulmonary disease. All 
surgically-resected specimens used for the study were 
classified by our hospital pathologist according to the 
2011 International Lung Cancer Research Association/
American Thoracic Society/European Respiratory Soci-
ety pathological classification. The histological subtypes 
were classified as lepidic, acinar, papillary, solid, micro-
papillary, and mucinous adenocarcinoma. Colloid and 
fetal LUAD were not included in the analysis, due to 
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a lack of observable cases. The subtypes were divided 
into two groups according to the risk of recurrence and 
metastasis: a low-grade group (lepidic, acinar, and papil-
lary), and a high-grade group (solid, micropapillary, and 
mucinous adenocarcinoma). Since most LUAD is com-
posed of multiple histological subtypes, the histological 
subtype that accounts for the largest proportion of post-
operative pathological specimens is referred to as the 
predominant subtype and the secondary component as 
the presentational subtype, according to the 2015 World 
Health Organization classification of LUAD. The patho-
logically predominant subtype is the growth mode with 
the largest proportion of tumors, and one-by-one analy-
sis was conducted based on the proportions of second-
ary components in the tumor samples (5%, 10%, 20%). 
LVI was defined as the detection of tumor cells in lym-
phatic vessels or in vessel lumens. The surgical methods 
included lobectomy and sub-lobectomy (wedge resection 
and segmentectomy). The 8th edition of the lung cancer 
staging system was used for TNM staging.

To include time as a variable in the mixed cure model, 
so that we could calculate the ideal critical age value, we 
used X-tile v3.6.1 software, a statistical method based 
on enumeration [17], and separated the patients into 
two groups based on the identified critical age value 
(58 years).

Relevant definitions
Recurrence was defined as the appearance of new lesions 
in the lobe ipsilateral to the primary lesion or in the ipsi-
lateral regional lymph nodes, as demonstrated by rel-
evant histology, cytology or imaging, and relevant clinical 
evidence showing it as the source of the primary lesion. 
Metastasis was defined as a new lesion in the lung or 
an organ outside the lung, as demonstrated by relevant 
histology, cytology or imaging, and relevant clinical evi-
dence showing it as the source of the primary lesion. RFS 
was defined as the time from the day of patient discharge 
to tumor recurrence and metastasis, or to the final recur-
rence-free follow-up.

Follow‑up
All patients were followed-up up every 3  months for 
2  years postoperatively, then every 6  months thereafter. 
Follow-up information was collected by telephone, and 
an outpatient evaluation was performed every 6 months 
following each surgery. The follow-up period started 
on the day of discharge. The end of the follow-up was 
defined as the last follow-up or the end of the follow-up 
(loss to follow-up, recurrence, or metastasis). The follow-
up period for this study ended on May 1, 2022.

Data analysis and statistical methods
SPSS.25 and R version 4.3.0 were used for all statisti-
cal analyses. Normally-distributed continuous variables 
are expressed as means ± standard deviations, and con-
tinuous variables with skewed distributions as medians 
(interquartile ranges). Missing values were visualized 
using the “VIM” package. The missing values were filled 
in using multiple imputations by SPSS.25, and a reliabil-
ity analysis was used to select the group of data with the 
highest Cronbach’s alpha value for further analysis.

A Kaplan–Meier analysis was used to construct the 
overall survival (OS) curve, as well as to test for the pres-
ence of long-term survivors and adequate follow-up time. 
The Cox proportional hazards cure model is a survival 
model that includes a cure rate, under the assumption 
that the population contains both cured and uncured 
patients. It consists of a logistic regression equation for 
the cure rate (the cure part), and a Cox regression to esti-
mate the hazard for the non-cured patients (the survival 
part). Using a mixed cure model that concurrently fore-
casts the cure rate and risks for uncured patients, a single 
predictive model for both the cure and risk can be built. 
We used a Cox proportional hazards cure model, which 
took the form:

where the survival rate portion π(z) represented the 
probability of no cure, 1 – π(z) represented the probabil-
ity of a cure—which was connected by the logistic func-
tion—and the incubation period  Su(tΙx) represented the 
survival function for the uncured patients—which was 
fitted by the Cox proportional hazards regression. This 
two-part structure made it easy to consider the influence 
of the covariance on the cure probability and the survival 
time distribution of untreated individuals separately, 
which in turn made the interpretation of the covariant 
effects attractive and the extension of the mixed cure 
model to more complex situations easier. The “random-
ForestSRC” and “glmnet” packages were used to perform 
random forest (RF) and the least absolute shrinkage and 
selection operator (LASSO) calculations, respectively, to 
filter the variables. The RF algorithm can sample both 
samples and variables to generate a large number of deci-
sion trees and predict them in turn. The mode or average 
of all of the decision tree predictions can then be taken as 
the final prediction result. LASSO is a data mining tech-
nique that effectively reduces the coefficients in linear 
regressions by applying penalty coefficients. This regu-
larization method helped to create a more concise model 
while mitigating issues of covariance and overfitting. 
A correlation test between the variables was conducted 
using the “correct” package for R. Statistical significance 
was set at P < 0.05. 

S(t|x, z ) = 1 − π(z) + π(z)∗ Su(t|x )
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Using the "rms" and "smcure" packages for R v4.1.3, a 
nomogram of cure probability was developed based on 
the mixed cure model, then used to evaluate the dis-
criminative ability of the mixed cure model using the area 
under the receiver operating characteristic curve (AUC) 
calculation method in the "evacure" package. For our 
internal validation of the nomogram’s predictive accu-
racy, bootstrap resamples were performed to determine 
the bias-corrected C-index. The standard curve was fitted 
to evaluate the calibration capability of the nomogram, 
with closer agreement to the standard curve indicating a 
better predictive ability of the model.

Results
Study cohort
Data from 1,064 patients with stage 1A LUAD were ana-
lyzed (Table 1). Females (57.8%); patients with no history 
of smoking (80.5%), no concomitant diseases (63.5%), and 
no preoperative symptoms (81.8%); those with tumors 
located in the right upper lobe (33.6%); those with low-
grade predominant (96.8%) and presentational subtypes 
(83.2%) accounted for the majority. Only a few postop-
erative pathology specimens showed LVI (0.7%). Due to 
this small number of observable cases, LVI could not be 
included in the cure model analysis. Some patients had 
missing values for tumor pathology subtype, as well as 
preoperative CEA, CA125, and CYFRA21-1 levels (Sup-
plementary Fig. 1).

Preoperative CEA levels and tumor diameters were 
elevated in both the predominant and presentational 
subtypes within the high-grade group. In addition, the 
predominant subtype of the high-grade group showed an 
increased incidence of LVI, and the presentational sub-
types within this group showed a greater prevalence of 
right lower lobe tumors (Supplementary Table 1).

Screening of variables by random forest
The RF algorithm was used to filter variables, using the 
minimum depth algorithm to select the predominant and 
presentational subtypes; diameter; preoperative CEA, 
CA125, and CYFRA21-1 levels; LVI; age (Supplementary 
Tables 2–5, Fig. 1A, B). Given the importance of surgery 
for stage IA LUAD, different surgical methods were also 
included in the model analysis.

Least absolute shrinkage and selection operator screening
As is shown in Fig.  1C, D, in order to ensure optimal 
performance of the model and an appropriate num-
ber of independent variables, the λ value was chosen to 
be the maximum value within one standard error of the 
distance minimum mean square error (λ 1 se). As such, 
in the λ case when the value was 0.0284, there were five 
non-zero coefficients in the model, which indicated that 

Table 1 Participant characteristics

Predominant subtype, the growth mode with the largest proportion of tumors; 
Presentational subtype (5%), High-grade group subtypes account for over 5% 
of the secondary proportion in tumor samples; Presentational subtype (10%), 
High-grade group subtypes account for over 10% of the secondary proportion 
in tumor samples; Presentational subtype (20%), High-grade group subtypes 
account for over 20% of the secondary proportion in tumor samples

Abbreviations: IQR Interquartile range (25th–75th percentiles), CEA 
Carcinoembryonic antigen, CA125 Carbohydrate antigen 125, CYFRA21-1 
Cytokeratin 19 fragment antigen21-1, LVI Lymphovascular invasion

Variable Total
(n = 1064)

Age (years), median (IQR) 66 (58–72)

CEA (ng/ml), median (IQR) 2.20 (1.40–3.50)

CA125(U/ml), median (IQR) 10.74 (7.58–16.10)

CYFRA21-1(ng/ml), median (IQR) 2.64 (2.00–3.48)

Diameter, median (IQR) 1.5 (1.2–2.0)

Sex, n (%)

 Male 449 (42.2%)

 Female 615 (57.8%)

Smoking history, n (%)

 Yes 207 (19.5%)

 No 857 (80.5%)

Concomitant disease, n (%)

 Yes 388 (36.5%)

 No 676 (63.5%)

Preoperative symptoms, n (%)

 Yes 194 (18.2%)

 No 870 (81.8%)

Surgical methods, n (%)

 Lobectomy 154 (14.5%)

 Sub-lobectomy 910 (85.5%)

LVI, n (%)

 Yes 7 (0.7%)

 No 1057 (99.3%)

Tumor location, n (%)

 Right upper lobe 358(33.6%)

 Right Middle lobe 101(9.5%)

 Right lower lobe 190(17.9%)

 Left upper lobe 281(26.4%)

 Left upper lobe 134(12.6%)

Predominant subtype, n (%)

 Low-grade group 1034 (96.8%)

 High-grade group 34 (3.2%)

Presentational subtype (5%), n (%)

 Low-grade group 885 (83.2%)

 High-grade group 179 (16.8%)

Presentational subtype (10%), n (%)

 Low-grade group 939 (88.3%)

 High-grade group 125 (11.7%)

Presentational subtype (20%), n (%)

 Low-grade group 1022(96.1%)

 High-grade group 42 (3.9%)
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five independent variables were retained. These cor-
responded to the predominant and presentational sub-
types, tumor diameter, presence of LVI, and preoperative 
CEA level (Supplementary Table 6).

Survival analysis
Within a median follow-up period of 58 (range, 3–115) 
months, 73 patients (6.86%) experienced tumor recur-
rence or metastasis. As is shown in Fig. 2, the OS curve 

reached a plateau after 45 months, which may support 
the hypothesis that the flat part of the RFS curve rep-
resented patients who achieved long-term disease con-
trol (i.e., long-term survivors). We believe that these 
patients were cured, while others were considered to 
have some recurrence and/or metastasis, for which 
the Cox proportional risk model was used to estimate 
the independent risk factors affecting RFS. The 3- and 
5-year survival rates of the patients were 93.9% and 
93.1%, respectively.

Fig. 1 Display of the results of random forest algorithm and lasso regression. Legend: A The relationship between the error rate of RF 
and the number of iterative trees. B Variable importance score calculated by RF. C The fit is plotted against the log(λ) value and each curve 
is labeled as follows. D This plots the cross-validation curve along with upper and lower standard deviation curves along the λ sequence (error 
bars). Two special values along the λ sequence are indicated by the vertical dotted lines. lambda.min is the value of λ that gives minimum mean 
cross-validated error, while lambda.1se is the value of λ that gives the most regularized model such that the cross-validated error is within one 
standard error of the minimum
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Mixed cure model
As is shown in Table  2, the variables screened by the 
RF algorithm were included in the mixed cure model 
(using the 10% semi quantitative model records for the 
presentational subtypes), and the results showed that 

the predominant subtype (high-grade group, odds ratio 
[OR]: 12.38; 95% confidence interval [CI]: 5.51–27.78; 
P < 0.001), presentational subtype (high-grade group, OR: 
3.40; 95% CI: 1.70–6.76; P < 0.001), and tumor diameter 
(OR: 2.48; 95% CI: 1.53–4.01; P < 0.001) had a significant 

Fig. 2 The overall survival curve. Legend: The X-axis and Y-axis represent the postoperative follow-up time and the probability of no recurrence, 
respectively. The blue part around the curve indicates the confidence interval of the survival curve. The overall survival curve reached a plateau 
after 45 months

Table 2 Results of Cox proportional hazards cure model (RF)

Cure part, the logistic regression part of the cure model; survival part, the Cox regression part of the cure model; predominant subtype, the growth mode with the 
largest proportion of tumors; presentational subtype (10%), high-grade group subtypes account for over 10% of the secondary proportion in tumor samples

Abbreviations: RF Random forest, OR Odds ratio, HR Hazard Ratio, CI Confidence interval, CEA Carcinoembryonic antigen, CA125 Carbohydrate antigen 125, CYFRA21-1 
Cytokeratin 19 fragment antigen21-1, LVI Lymphovascular invasion

Subgroup Cure part Survival part

OR (95%CI) P‑value HR (95%CI) P‑value

(Intercept) 0.01(0–0.06)  < 0.001

Age 1.00(0.97–1.02) 0.16 1.01(0.97–1.05) 0.55

Diameter 2.48(1.53–4.01)  < 0.001 0.72(0.38–1.34) 0.30

CEA 1.05(0.99–1.11) 0.12 1.00(0.97–1.04) 0.87

CA125 1.00(0.97–1.02) 0.86 1.00(0.96–1.03) 0.80

CYFRA21-1 1.05(0.90–1.22) 0.51 1.05(0.86–1.27) 0.64

Surgical methods 1.60 0.95

    Lobectomy reference reference

    Sub-lobectomy 1.73(0.81–3.70) 0.97(0.35–2.65)

Predominant subtype  < 0.001 0.001

    Low grade group reference reference

    High grade group 12.38(5.51–27.78) 4.33(1.80–10.44)

Presentational subtype(10%)  < 0.001 0.98

    Low grade group reference reference

    High grade group 3.40(1.70–6.76) 0.99(0.51–1.93)
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impact on the prognosis of stage IA LUAD in the cure 
part of the model. In the survival part of the model, the 
model analysis showed that the only variable that was 
related to the increased risk of recurrence was the pre-
dominant subtype (high-grade group, hazard ratio [HR]: 
4.33; 95% CI: 1.80–10.44; P = 0.001).

Estimated survival curves from the Cox proportional 
hazards cure model
Using the variables selected through the RF algorithm 
and LASSO regression, we applied a mixed cure model 
to estimate RFS. A sequential analysis of the presenta-
tional subtypes at the 5%, 10%, and 20% levels revealed 
no significant impact on postoperative recurrence 
and metastasis (Table  2, Supplementary Table  7–11). 
Among the variables analyzed in the mixed cure model, 
only the predominant subtype exhibited differences, 
with a significantly higher hazard ratio (HR) for the 
high-grade group compared to the low-grade one. Sim-
ilarly, our survival curve analysis, excluding long-term 

survivors, indicated lower survival rates among patients 
with high-grade predominant subtypes. Due to the 
limited number of LVI cases, they were not included 
in our cure model analysis. Nonetheless, the survival 
curve indicated lower survival rates for patients with 
postoperative pathologies that were indicative of LVI 
(Fig. 3A-K).

Selection of histological features in the model 
of the predominant subtype plus the presentational 
subtype (with a cutoff of 5%, 10%, or 20%)
Supplementary Table 12 shows the combined analysis of 
the variables screened by the RF algorithm and LASSO 
regression, focusing on the presentational subtypes at the 
5%, 10%, and 20% levels. We developed six mixed cure 
models and evaluated their discriminative abilities using 
AUC (Fig. 3L), C-index, and K-index analyses. The results 
showed no significant differences in terms of their dis-
criminative abilities.

Fig. 3 Estimated survival curves from the Cox proportional hazards cure model. Legend: The X axis is the follow-up time, and the Y axis 
is the estimated RFS probability after excluding long-term survivors. A Predominant subtype; B Preoperative CEA level; C Tumor diameter; D 
Preoperative CA125 level; E Predominant subtype (5%); F Predominant subtype (10%); G Predominant subtype (20%); H Preoperative CYFRA21-1 
level; I LVI; J surgical methods; K age; L Six mixed cure models and evaluated their discriminative ability using the AUC 
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We also used the C-index and the bootstrap-corrected 
C-index to independently evaluate the cure part of the 
mixed cure model (Supplementary Table 13). Notably, all 
six models showed excellent discriminative ability, with 
no significant differences observed between them.

Nomograms
The discriminant and calibration abilities of the model 
were all similar, and favorable. Considering the practical-
ity of the predictive model, we included the predominant 
subtype, presentational subtype (10%), and tumor diam-
eter variables in the nomogram model.

The nomogram comprised three variables and the score 
axis corresponding to each one. The score on the nomo-
gram axis corresponded to the state of each variable. The 

total score equaled the sum of all of the individual vari-
able scores. The corresponding predicted cure rate coef-
ficients are shown on the prediction line below the axis 
(Fig. 4E).

The C-index for the nomogram was 0.757 (95% CI: 
0.699–0.816), and the bootstrap-corrected C-index was 
0.755. The calibration plots showed excellent agreement 
between the nomogram predictions and actual obser-
vations, in terms of cure rate (Fig.  4A-C). Therefore, a 
decision curve analysis was performed to determine 
the clinical usefulness of the nomogram (Fig.  4D). The 
results showed good clinical applicability of the nomo-
gram for predicting cure rate, with a good net benefit 
that included wide and practical ranges of threshold 
probabilities.

Fig. 4 Legend: A Calibration plots for the cure part (model 1, predominant subtype + presentational subtype (5%) + diameter); B Calibration 
plots for the cure part (model 2, predominant subtype + presentational subtype (10%) + diameter); C Calibration plots for the cure part (model 
3, predominant subtype + presentational subtype (20%) + diameter); D DCA curve; E Nomogram for predicted cure rate; To use the nomogram, 
find the position of each variable on the corresponding axis, draw a line to the points axis for the number of points, add the points from all 
of the variables, and draw a line from the total points axis to determine the cure rate at the lower line of the nomogram
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Discussion
This study showed that most patients with stage IA 
LUAD were identified through physical examination. 
Since this research was carried out in a developing coun-
try, our results are likely credible considering the more 
advanced medical security available in developed coun-
tries. In contrast to the case for most other malignant 
tumors, most of the patients in our cohort received surgi-
cal treatment for the purpose of curing their malignan-
cies. Therefore, although the prognosis of the disease was 
initially positive, it was difficult for many of the patients 
to accept the reality of relapse, once it occurred. During 
follow-up, it was difficult for us to answer questions such 
as, "How likely is my cure rate?" This difficulty became 
the motivation for the present study. Our OS curve 
reached a stable state 45 months after discharge, and the 
5-year RFS rate did not change after that, indicating the 
existence of long-term survivors. Although this categori-
zation did not necessarily mean that the patient had been 
cured, it defined of a cured population because patient 
mortality in the group was no longer higher than that of 
the general population. This is, in fact, the basis for the 
development of any cure model.

In clinical practice, TNM staging is typically used 
to judge the prognosis of tumors, although it has con-
siderable limitations for early-stage lung cancer. Over 
the past few decades, researchers have mostly used the 
Cox regression model to study the factors related to the 
prognosis of early-stage lung cancer. However, may not 
be reasonable, because it ignores the existence of long-
term survivors. Although statisticians realized this prob-
lem early in the twentieth century and proposed the cure 
model as an alternative [18, 19], the use of this model in 
clinical research is still uncommon due to the complex-
ity of its algorithm and a general lack of a close integra-
tion between statistics and clinical medicine. Our study 
primarily involved patients with stage IA LUAD, because 
previous relevant reports have suggested that this disease 
has a good prognosis and is more suitable for a mixed 
cure model. In this study, we screened eight variables 
using the RF algorithm: the predominant and presen-
tational subtypes; tumor diameter; preoperative CEA, 
CA125, and CYFRA21-1 levels; LVI; age. In addition, we 
used LASSO regression to screen five variables: the pre-
dominant and presentational subtypes, tumor diameter, 
LVI, and preoperative CEA level. Considering the clini-
cal controversy surrounding whether lobectomy is neces-
sary for peripheral stage IA LUAD, we included surgical 
method as a variable in the analysis as well. The results 
showed that the surgical method had no significant effect 
on either the cure or survival rates. Due to the overall 
investigation of the prognostic factors in this study, there 
was no more detailed subgroup analysis of the surgical 

methods, as it was unnecessary. Recent results from the 
JCOG1211 and JCOG0804 studies have also confirmed 
no significant differences between lobectomy and sub-
lobectomy in terms of the 5-year RFSs of patients. Fur-
thermore, lymph node resection was not found to be a 
risk factor that affected prognosis [2, 4].

Predicting the prognoses of patients based solely 
on tumor diameter is a convenient but inaccurate 
approach. As research into this field has progressed, 
an increasing number of variables have been found to 
have significant impacts on the prognosis of this malig-
nancy, among which tumor histological subtype has 
been widely accepted as a significant risk factor. LUAD 
is histologically heterogeneous, typically displaying a 
combination of multiple subtypes in various propor-
tions. The previous approach, which only classified 
LUAD tumors based on the predominant subtype, was 
inaccurate because some subtypes, although represent-
ing only a small proportion of the tumor, were found to 
be associated with poor prognoses [20–22]. The grading 
scheme proposed by the IASLC Pathology Committee 
is based on a combination of the predominant subtype 
and high-grade group presentational subtype (micro-
papillary, solid, sieve, and complex glandular), if they 
represent at least 20% of the tumor [23]. This is an effec-
tive grading scheme; however, considering the generally 
good prognosis of stage IA LUAD, which is significantly 
different from that of adenocarcinomas of other stages, 
we explored the 5%, 10%, and 20% incremental record-
ing modes for the high-grade group presentational sub-
type. Research has shown that the predominant and 
presentational subtypes are prognostic factors that 
affect the cure rates of patients. However, from a sur-
vival perspective, only the predominant subtype seemed 
to have an impact on recurrence and metastasis. With 
regard to the presentational subtype, after excluding the 
existence of long-term survivors, there was no signifi-
cant impact on the survival rate of patients, irrespective 
of which incremental model was used. It is worth not-
ing, however, that this result did not hold for all stages 
of LUAD. Therefore, this may have been the case only 
because patients with stage IA LUAD have a higher 
5-year RFS and comprise a higher proportion of long-
term survivors.

Moreover, LVI was too low to be included in this analy-
sis, and the fitted survival curve suggested that the survival 
rate of patients with LVI indicated by pathological examina-
tion of specimens obtained via surgery was low. In our study, 
although there were only seven patients with LVI, four expe-
rienced relapses and metastases, suggesting that the exist-
ence of LVI cannot be ignored. LVI is considered to be a 
precursor to tumor metastasis. The presence of tumor cells in 
blood vessels allows tumors to escape from the primary site. 
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Although LVI has not yet been included in the TNM staging 
of lung cancer the existence of LVI has generally been con-
sidered to be a negative factor for recurrence and metastasis 
[24]. Previous studies have reported a significant correlation 
between LVI and high-grade pathological subtypes [25–27]. 
Due to the low incidence of LVI in patients from our center, 
and the lack of a clear observed correlation, we believe that 
LVI is more likely to be an independent risk factor.

Limitations
This study had some key shortcomings worth noting. Given 
that this was a single-center retrospective study, the sample 
may not have been representative of the broader population. 
Nonetheless, a few of the key parameters were well-con-
trolled. For example, this study only included patients with 
stage IA LUAD, and all of the surgeries were performed 
by senior surgeons in our department with extensive clini-
cal experience. Although the cure model is not widely used 
in clinical practice, it has been recognized by the statistical 
community. We believe that with the future development of 
related algorithms, the cure model may come to represent 
one more effective tool in the field of prognostic analysis.

Conclusions
Using an analysis based on the cure model, this study 
confirmed that the predominant tumor subtype, pres-
entational subtype, and tumor diameter are prognostic 
factors that affect the cure rate of patients with stage IA 
LUAD; however, only the predominant subtype has an 
impact on recurrence and metastasis. A sequential analy-
sis of the presentational subtype showed no significant 
effect on survival (P > 0.05). Regardless of the recording 
mode, no significant improvement was observed in the 
discriminative ability of the model we developed. The 
findings of this study differ from those of some previ-
ous studies in this field, perhaps because the cure model 
considers the existence of long-term survivors. Alongside 
the cure model, we also built a predictive model to bet-
ter answer patients’ questions regarding the probability 
of permanent cures achieved through surgical treatment.
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