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TNM stages inversely correlate with the age at diagnosis in
ALK-positive lung cancer
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Background: To clearly reveal the correlations between age at diagnosis, tumor-nodes-metastasis (TNM)
stages and frequency of ALK-positive lung cancer.

Methods: We reviewed patients who presented with ALK rearrangements (n=411) or KRAS-mutations
(n=122) between September 2010 and January 2018. The clinical characteristics and overall survival
were analyzed for the two genotype cohorts and stratified by different age categories (<40, 40-49, 50-59,
>60 years).

Results: In the ALK-positive cohort, the younger group showed more frequent disease in the T3/4
stage (P=0.014), lymph node metastasis (P=0.011) and distant metastasis (P=0.015) than the older groups.
Meanwhile, the mean age at diagnosis for the ALK-positive patients showed a significant inverse correlation
with the clinical stages (stage I/IT vs. IIT vs. IV, 54.7 vs. 52.0 vs. 49.7 years; P<0.001), as well as with the
T, N, and M categories. However, KRAS-mutant patients did not exhibit similar relationships to those
observed in ALK-positive patients. Importantly, for ALK-positive patients, the frequency of stage IIIb-IV
disease was almost twice that of stage I-IIla disease (6.1% vs. 3.4%, P<0.001); there was a similar incidence
of the different disease stages in KRAS-mutant lung cancer (P=0.924). Lastly, in ALK-positive patients, the
>60 years group was associated with a trend toward better survival than the other younger groups.
Conclusions: The TINM stages exhibited a significant inverse correlation with age at diagnosis for ALK-

positive lung cancer patients. More unique therapeutic strategies should be required in these young patients.
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Introduction rearrangements define a distinct subgroup of NSCLC that

typically occurs in young patients who have never smoked

Non-small cell Tung cancer (NSCLC) is increasingly and who have adenocarcinoma histological characteristics

understood to be a heterogeneous disease (1,2). (4-6). Several studies have demonstrated that the ALK gene
Rearrangements of the anaplastic lymphoma kinase (ALK) has a high incidence in advanced NSCLC (7,8). However,
gene are present in 3-7% of NSCLC patients (3). ALK there was no consensus on the frequency of surgical patients
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Figure 1 Study flow chart. ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog.

with ALK-positive lung cancer (9-11). Among NSCLC
patients with a targetable genomic alteration, it suggested
that younger patients were associated with an increased
likelihood of initially presenting with stage IV disease (11,12)
and exhibiting a poorer survival than older patients (12).

To clearly investigate the associations between age,
tumor-nodes-metastasis (TINM) staging and frequency
of ALK-positive lung cancer, we performed an analysis
of ALK-positive lung cancer cases in a large-scale cohort
and compared to the results to those of another clinically
relevant cohort: Kirsten rat sarcoma viral oncogene
homolog (KRAS)-mutant lung cancer cases.

Methods
Patients

The clinical records of 8,405 consecutive patients with
lung cancer who had ALK detection and 2,187 consecutive
patients with lung cancer who underwent KRAS testing at
Guangdong Provincial People’s Hospital (GDPH) between
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September 2010 and January 2018 were retrospectively
reviewed. This study was approved by the Ethics and
Scientific Committees of Guangdong Provincial People’s
Hospital [No. GDREC2016175H(R2)]. In our center,
patients with lung cancer were routinely tested for ALK
gene rearrangements. Of the 8,405 ALK screening patients,
3,782 patients had stage I-I1la and 4,623 had stage I1Ib-IV
disease. Among the patients who underwent KRAS testing,
834 patients and 1,353 patients had stage I-IIla and stage
IIIb-IV disease, respectively (Figure I). ALK was assayed
by immunohistochemistry (IHC), fluorescence in situ
hybridization (FISH) or next-generation gene sequencing
(NGS). The age at initial diagnosis was extracted. In the
resected patients, the T and N staging were from the results
of surgical resection, and TNM staging in unresectable
patients was based on the comprehensive imaging results.
The T, N, and M stages were classified according to the
International Association for the Study of Lung Cancer
(IASLC) 7th TNM staging project. The mean age was
compared between the ALK-positive and KRAS-mutant
patients at various TNM stages. The patients were divided
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into the following four groups stratified by age: <40, 40-49,
50-59 and >60 years; the clinical features and survival of
the different age groups were analyzed. Stage I-IIla was
usually defined as resectable or potentially resectable and
stage IIIb-IV was considered to have no curative treatment.
For each included patient, we collected the following data:
age; sex; smoking history; pathology; Eastern Cooperative
Oncology Group (ECOG) score; TNM stage; presence
of brain metastasis at initial diagnosis; major treatments
including surgery; targeted therapy; chemotherapy or/and
radiotherapy; and overall survival (OS).

Statistical analysis

Statistical analyses were performed using SPSS (version
20.0; SPSS Inc., Chicago, IL, USA). The Chi-square
test or Fisher’s exact test was used to compare categorical
variables, and the Wilcoxon rank sum test was used for
continuous variables. The Spearman correlation test was
applied to assess the relations between age and clinical
stages or various TNM categories. Furthermore, a linear
regression test was used to estimate the trend between the
percentage of stage IIIb-IV disease in various age groups.
Univariate and multivariable Cox proportional hazards
models were used to identify prognostic factors for survival.
OS was defined as the time from the initial diagnosis until
death from any cause. Survival curves were constructed
using the Kaplan-Meier approach and compared using the
log-rank test. A two-sided P value of <0.05 was considered
statistically significant.

Results
Patient characteristics

In the ALK-positive cohort, 411 (4.9%) eligible patients
were identified, including 127 patients with stage I-
IIIa disease and 284 patients with stage IIIb-IV disease
(Figure I). Overall, 383 (93.2%) patients had histologically
confirmed adenocarcinoma. Of the 411 eligible patients,
there was almost an equal proportion of females [n=204
(49.6%)] and males [n=207 (50.4%)] in our study, and 321
(78.1%) patients in our cohort had never smoked. The
ECOG scores of the patients were primarily low (score =0-1)
[n=380 (92.5%)]. Moreover, the majority of ALK-positive
patients had an absence of brain metastasis at the initial
diagnosis [n=349 (84.9%)]. Of the treatment strategies, 129
(31.4%) patients underwent surgery, 180 (43.8%) patients
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received targeted therapy, and 150 (36.5%) patients were
treated with chemotherapy or/and radiotherapy (7able 1).

The median age at diagnosis of the patients included in
ALK-positive cohort was 51 years (range, 24-82 years). As
shown in Table 1, young patients with ALK-positive lung
cancer were associated with a high likelihood of being
female (P=0.048), having histological adenocarcinoma
characteristics (P=0.004), and exhibiting low ECOG scores
(P=0.006). In addition, young patients more frequently had
diseases in the T3/4 stage (P=0.014), lymph node metastases
(P=0.011) and distant metastasis (P=0.015) (7able 1) than old
patients.

There were 122 (5.6%) patients in the KRAS-mutant
cohort who had a median age at diagnosis of 59 years (range,
40-88 years), including 46 patients with stage I-IIla disease
and 76 patients with stage IIIb-IV disease (Figure I). As
shown in Table 1, there were no significant differences in the
clinical characteristics between the various age groups.

Association between age at diagnosis, frequency and TNM
stages

Among all patients with ALK-positive lung cancer, the mean
age at diagnosis decreased steadily with more advanced
clinical stages [I/II vs. III vs. IV, mean age + standard
deviation (SD): 54.7+11.4 vs. 52.0+10.5 vs. 49.7+11.6 years].
There was a significant difference in age at diagnosis
between the various clinical stages (P=0.002), and the age
at diagnosis inversely correlated with the clinical stages
(P<0.001) (Figure 24). Moreover, these associations also
existed for T stages (T'1 vs. T2 vs. T3/4, mean age + SD:
53.2+10.7 vs. 52.7+11.0 vs. 49.4£12.1 years), N stages (N0O/1
vs. N2 vs. N3, mean age + SD: 53.6+11.8 vs. 51.7£11.0 vs.
49.2+11.4 years), and M stages (MO vs. M1, mean age = SD:
53.4x11.0 vs. 49.7+11.6 years). Significant differences were
also observed in age between various T, N, and M stages
(T stages: P=0.003; N stages: P=0.004; M stages: P=0.001)
and the age at diagnosis inversely correlated with the T, N,
and M categories (T stages: P=0.001; N stages: P=0.001;
M stages: P=0.001) (Figure 2B,C,D). However, the KRAS-
mutant patients did not demonstrate similar characteristics
to those of ALK-positive patients. The mean age at
diagnosis of KRAS-mutant patients was 63.0+8.9, 58.1+9.6,
59.4£10.5 years for stage I/II, III, IV disease, respectively.
There was no significant difference in age at diagnosis
between various clinical stages (P=0.064) and there was no
significant inverse correlation between age at diagnosis and
clinical stages (P=0.084) (Figure 2A). Although the age at
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Figure 2 The correlations between age at diagnosis, frequency, and TNM stages for ALK-positive and KRAS-mutant lung cancer. (A,B,C,D)

Mean ages at different TNM stages; P*, as determined by Wilcoxon rank sum tests, which demonstrated the differences in age between

various TNM stages; P*, as determined by Spearman correlation tests, which demonstrated the correlation between age at diagnosis and

the TNM stages; (E) percentage of ALK-positive and KRAS-mutant lung cancer being stage IIIb-IV disease in the relative age groups; P, as

determined by linear regression tests, which demonstrated the trend of percentage of stage IIIb-IV disease between the various age groups;

(F) frequency of ALK-positive and KRAS-mutant lung cancer being stage I-IITa and ITIIb-IV diseases in the total population. ALK, anaplastic

lymphoma kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog.

diagnosis showed a significant inverse correlation with the N
categories (P=0.010), the correlation was not significant in
the T (P=0.887) or M categories (P=0.152) (Figure 2B,C,D).
Furthermore, the proportion of ALK-positive lung
cancer that was stage IIIb-IV disease decreased steadily as
the age groups became older (84.8% wvs. 73.6% vs. 66.1% vs.
56.9%) (F=338.4; P=0.003). However, the KRAS cohort did
not show this significant linear relation (F=10.6; P=0.190)
(Figure 2E). In this study, the total frequency of ALK
rearrangements was approximately 4.9%. We found that
the frequency of ALK rearrangements in patients with stage
IIIb-IV disease was much higher than that of the patients
at stage I-IIla disease (6.1% wvs. 3.4%, P<0.001). However,
the frequency of the KRAS mutation in patients with stage
I-IIIa and IIIB-IV disease were similar at 5.5% and 5.6%,
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respectively (P=0.924) (Figure 2F).

Survival analysis

The median follow-up time was 13.7 months (range,
0.1-95.8 months), and the last follow-up was recorded on
August 10, 2018. In the ALK-positive cohort, 112 (27.3%)
patients died during follow-up. The 5-year OS rates were
40.5%, 47.8%, 44.8% in the <40 years, 40-49 years and
50-59 years groups, respectively. Among the ALK-positive
patients aged 60 years or older, the 5-year OS rate reached
65.6%. There were statistically significant differences in OS
between the >60 years group and <40 years group (P=0.048)
and between the >60 years group and the 50-59 years
group (P=0.041). Although the OS between >60 years

Transl Lung Cancer Res 2019;8(2):144-154
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Figure 3 Survival analysis stratified by the different age groups. ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral

oncogene homolog.

Table 2 Overall survival by age groups in two genotype cohorts

Age groups Met.jian overall 5-year P value
survival, months
(years) (95% Cl) OS (%)  <40vs. 40-49 <40vs. 50-59 <40 vs. 260 40-49 vs. 50-59 40-49 vs, 260 50-59 vs. 260
ALK(+) 0.582 0.930 0.048 0.497 0.135 0.041
<40 38.1 (25.2-51.0)  40.5
40-49 54.3 (30.0-78.6)  47.8
50-59 33.5(26.6-40.4)  44.8
>60 Not reached 65.6
KRAS(+)* NA NA NA 0.052 0.205 0.451
40-49 16.8 (10.8-22.8) 0.0
50-59 24.7 (6.9-42.4) 32.3
>60 15.3 (5.8-24.7) 24.0

?, Only one patient aged 39 years was in <40 years group in KRAS(+) cohort, so <40 years group in KRAS(+) cohort was excluded in the
analysis. ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog; NA, not applicable; OS, overall survival.

group and the 40-49 years group was not significantly
different (P=0.135), the patients in the >60 years group were
associated with a trend toward better survival compared
to the other age groups (Figure 34 and Table 2). However,
in the KRAS cohort, there were no significant differences
between the three age groups (40-49 vs. 50-59 years,
P=0.052; 40-49 vs. >60 years, P=0.205; 50-59 vs. >60 years,
P=0.451) (Figure 3B and Table 2).

For the ALK-positive cohort, multivariable analyses
revealed that non-intracranial metastatic disease [hazard
ratio (HR): 2.87; P<0.001] and the presence of brain
metastases at diagnosis (HR: 3.72, P<0.001) were associated

© Translational lung cancer research. All rights reserved.

with poor survival, as was the presence of high ECOG
scores (HR: 3.97; P<0.001). Furthermore, non-intracranial
metastatic disease (HR: 4.90; P<0.001) and the presence of
brain metastases at diagnosis (HR: 4.76, P<0.001) were also
prognostic factors in KRAS-mutant patients (7uzble 3).

Discussion

The rearrangements of ALK defined a molecular subset of
NSCLC with distinct clinical and pathological features.
The included patients shared similar clinical features,
including never/light smoking history, adenocarcinoma, and

tler.amegroups.com Transl Lung Cancer Res 2019;8(2):144-154
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Table 3 Cox-regression survival analysis in patients with ALK-positive and KRAS-positive lung cancer

KRAS-mutant cohort

ALK-positive cohort

Multivariable analysis Univariate analysis Multivariable analysis

Univariate analysis

Variables

95% ClI P value HR 95% Cl P value HR 95% Cl P value HR 95% Cl P value

HR

0.572

0.97-1.02

0.99

0.081

0.97-1.00

0.99

Age at diagnosis®

0.893

0.51-2.19

1.05

0.71-1.48 0.909

1.02

Female sex

0.195

0.45-1.18

0.73

0.289

0.82-1.95

1.27

Smoking history

1.92-5.74  <0.001 3.97 2.26-7.00 <0.001 1.70 1.01-2.86 0.044 1.15 0.67-1.95 0.617

3.32

=2-4

ECOG

0.21-1.60 0.297

0.58

0.979

0.47-2.17

1.01

Adenocarcinoma histology

1.67 1.15-2.44 0.007 2.87 1.80-4.58 <0.001 3.12 1.94-5.03 <0.001 4.90 2.77-8.65  <0.001

Non-intracranial metastatic

disease at diagnosis

3.72 2.08-6.66 <0.001 2.34 1.35-4.05 0.002 4.76 2.47-9.17  <0.001

0.003

1.29-3.31

Intracranial metastatic disease 2.07

at diagnosis
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0.877

0.41-2.16

0.94

0.063

0.98-2.10

1.43

Targeted therapy received

% The variable of age at diagnosis was conducted in COX regression model as continuous variable. ALK, anaplastic lymphoma kinase; Cl, confidence interval; ECOG,

Eastern Cooperative Oncology Group; HR: hazard ratio; KRAS, Kirsten rat sarcoma viral oncogene homolog; NA, not applicable.
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young age (4,6,13). However, few large-scale studies have
clearly explored the correlations between the age, TNM
stage and frequency of ALK-positive lung cancer.

In the most recent decade, several small-scale studies of
this subgroup described the frequency of ALK-positive lung
cancer in young patients or groups of patients stratified
by age. In addition, some surgeons also explored the
proportion of ALK rearrangements among the surgical
population. These studies are summarized in Table 4
(4,5,8-19). As shown in Table 4, the frequency of ALK-
positive lung cancer in the younger group ranged from
10.1% to 40.7% and was much higher than that of the older
group, which ranged from 0.9% to 4.2%. Tanaka er al. (11)
and Sacher et al. (12) demonstrated that the likelihood of
exhibiting ALK translocations steadily decreased with age.
In this study, we also identified this downtrend in a large-
scale population. Regarding the difference in frequencies
between TNM stage groups, few studies have focused on
the proportion of ALK mutations in advanced lung cancer.
However, the ALK rearrangements were more frequent
in stage IV disease, with a high rate that ranged from
9.7-28.0% (7,8,14), than in the unselected population (3),
which had a rate that ranged from 3-7%. In contrast, the
frequency of ALK-positive lung cancer varied from 1.0%
to 9.0% in the surgical patients with relatively early-
stage disease. Yip et al. performed genotyping profiles of
resected tissues from 204 patients with stage IB primary
lung adenocarcinoma and found that only 2 (1%) patients
exhibited ALK rearrangements (9). However, Zhou ez al.
reported that the frequency of EML4-ALK fusions was
9.0% in 134 stage IA NSCLC cases (10); Blackhall ez a/.
compared the difference between detecting for ALK with
IHC and Fish in 1,281 European surgical patients with
stage I to III adenocarcinoma, and reported two distinct
frequencies of 6.2% and 2.2%, respectively (5). The
various results may be attributed to multiple confounding
factors, including small-scale patient samples, differing
diagnosis technology, selected patients with a young age
and nonsmoker. In our hospital, testing for ALK is a routine
examination for patients treated with surgery. Our results
demonstrated that the frequency of ALK mutation was 3.4%
(127/3,782) in stage I-1lla patients. However, in our results,
the ALK-positive patients had a 79% increased likelihood
of exhibiting stage IIIb-IV disease at the initial diagnosis,
whereas, the KRAS-mutant patients did not demonstrate
these special characteristics.

Of note, we identified with the Spearman correlation test
that the TNM stages exhibited an inverse correlation with
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age at diagnosis, which suggested that patients who were
younger at the initial diagnosis had a greater likelihood of
being diagnosed with a more advanced diseases than patients
who were older. A retrospective study by Liu ez a/. analyzed
the clinicopathological features of ALK fusion in 200
advanced NSCLC patients. The median age was 48 years
in the ALK-positive group (14). Nevertheless, the ALK-
positive patients with early-stage disease exhibited an older
median age of 55-59 years than the patients with late-
stage patients (5,13,17,18). In fact, previous studies have
indicated that young patients have a high proportion of
stage III-IV disease in unselected NSCLC that ranges from
74% to 97% (8,11,12,20-23), which suggests that younger
NSCLC patients exhibit more progressive biology than
older patients. The correlation between age and TNM
stages could be explained by the steady downward trend of
frequencies with age and the high incidence of stage IIIb—
IV disease in ALK-positive lung cancer.

In fact, we hypothesized that ALK rearrangements are
involved in different biological activities at the early and
advanced stages in the course of the tumor evolution, which
features a period of rapid growth from the early stage into
the advanced stage. Therefore, most patients with ALK
mutations were diagnosed with advanced disease at the initial
diagnosis. This process could explain the low incidence of
ALK rearrangements in patients with ground-glass opacity
(GGO) (13), but patients with GGO tended to present
with more lymph node metastases than patients with ALK-
negative lung cancer (17) and have a shorter recurrence-
free survival (RFS) than EGFR-mutant patients (24).
Furthermore, it has been supported that EML4-ALK-
positive patients were observed to have more extrathoracic
metastases including brain metastases at the initial diagnosis
than EGFR-mutant patients (25) and patients with ROS1
gene rearrangements (26).

The realization that NSCLC in young patients is a
genetically unique disease naturally (11,27) lends itself to
the question of whether the natural history and underlying
disease biology of NSCLC is also distinct in this subgroup.
Similarly, the difference in disease biology between
younger and older patients in 4ALK-positive lung cancer was
previously unknown. Our study found that patients aged
60 or older were associated with a trend toward improved
prognosis compared with the other younger groups.
Therefore, age may be an independent factor to predict the
frequency of ALK-positive lung cancer, disease biology and
prognosis of patients with ALK-positive lung cancer.

In interpreting these findings, some inherent limitations
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in this study must be considered. The patients included our
study were drawn from a single institution and the duration
of follow-up was short. Additionally, the screening methods
for detecting the ALK gene varied, and included IHC, Fish,
and NGS, which led to false positives.

Conclusions

Despite the aforementioned limitations, the findings of
this study expanded the understanding of the associations
between age, frequency of ALK-positive lung cancer and
TNM stages in ALK-positive lung cancer. Younger ALK-
positive patients exhibited a higher frequency but tended
to have more advanced disease than older patients. The
combination of opportunity and risk requires the unique
and precise therapeutic strategies.
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