
BACKGROUND
Post-surgical treatment decisions for early stage lung cancer patients are largely guided 
by pathological staging. However, the prognostic power of pathological stage is limited. 
Despite overall low risk, a substantial number of stage IA and IB patients experience 
disease recurrence and mortality. Current standard of care still lacks appropriate tools to 
identify high-risk stage I patients who are not cured by surgical intervention alone and 
who would be candidates for additional therapy. This unmet clinical need is the basis for 
the development of new prognostic markers which, in conjunction with pathological 
stage, provide improved risk estimates for early stage lung cancer patients to guide 
treatment choices.

We have previously described the development of an RNA signature based on the 
expression of genes involved in cell cycle progression (CCP genes). A CCP score, calculated 
from the average expression of 31 CCP genes, has been shown to provide prognostic 
information, independent of clinical variables, in many types of cancer, including 
lung adenocarcinoma. 

We combined CCP score and pathological stage to create a prognostic score (PS) that was 
optimized to predict 5 year outcome for patients with early stage lung adenocarcinoma 
(poster P3.06-015). Here we present a validation of both the CCP score and the combined 
prognostic score as significant predictors of lung-cancer specific survival in a large cohort 
of early stage lung adenocarcinoma patients.

RESULTS

METHODS
Patient Populations: 
- Stage I-II NSCLC ADC by 7th edition IASLC staging 
- Complete surgical resection 
- No neo-adjuvant treatment 
- No adjuvant chemotherapy or radiation within 12 weeks of surgery
• �Archived FFPE samples from surgically resected stage I-II lung adenocarcinomas were 

obtained from the Brigham and Women’s Hospital (BWH), and the Royal Infirmary of 
Edinburgh (RIE). Samples were processed in a CLIA-certified laboratory at Myriad with 
blinded clinical and outcome data. 

• �A pre-defined cell cycle progression score (CCP) was calculated as the average expression 
of 31 cell cycle genes, normalized by 15 housekeeper genes. A pre-defined prognostic 
score (PS), combining CCP and pathological stage, was calculated for each patient. A PS 
cut-point was determined such that the percentage of stage IA patients having a PS at 
or below the cut-point was close as possible to 85%, in line with  published estimates of  
lung-cancer specific survival in stage IA patients.

• �Statistical analysis was performed according to a pre-determined Statistical Analysis Plan.
• �The association of CCP, and the PS, with 5-year lung cancer mortality was evaluated using 

Cox proportional hazards models and likelihood ratio tests. The Mantel-Cox logrank test 
was used to evaluate the difference in 5-year lung cancer mortality for patients with PS 
scores at or below the cut-point versus patients with scores above the cut-point. All p-values 
are two-sided.

Table 1. Demographic and clinical data for the two patient cohorts in the validation study
* Pleural invasion data were not available for 17 patients.

Figure 2: Patients in the low PS group had significantly 
more favorable 5-year survival than patients in the 
high PS group. 
Log-rank P = 3.8 x 10-7

Table 2. The CCP score is a significant prognostic marker after adjustment for clinical variables.
Results from univariate and multivariate Cox proportional hazards analysis. 
* Hazard ratio is reported per interquartile range of the CCP score.  
# Hazard ratio is reported per cm, rounded to the nearest mm. 
Multivariate analysis, and univariate analysis of pleural invasion, included 633 patients with 147 events. All other univariate 
analyses included 650 patients with 152 events.

Table 3. The Prognostic Score captures significant prognostic information that is not provided by stage alone.  
 	 Significance of the Prognostic Score and stage in univariate and bivariate models. 
	 Analyses included 650 patients with 152 events. 
	 * Hazard ratio is reported per interquartile range of the PS score.
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BWH N=474 N(%) RIE N=176 N(%)

Age at Diagnosis Median 67 68
SD 11 10

Sex Male 172 (36) 69 (39)
Female 302 (64) 107 (61)

Tumor Size < 3cm Yes 394 (83) 16 (43)
No 80 (17) 100 (57)

Stage IA 309 (65) 36 (20)
IB 142 (30) 53 (30)
IIA 15 (3) 62 (35)
IIB 8 (2) 25 (14)

Pleural Invasion* Yes 114 (24) 64 (36)
No 343 (72) 112 (64)

Disease related death at 5y Yes 92 (19) 60 (34)
No 382 (81) 116 (66)

Univariate Multivariate
HR (95%CI) P-Value HR (95%CI) P-Value

CCP* 1.79 (1.42-2.27) 1.1×10-6 1.46 (1.12-1.90) 0.0050

Age 1.02 (1.00-1.04) 0.0097 1.02 (1.01-1.04) 0.010

Gender 0.0091 0.064

Male 1 1

Female 0.65 (0.47-0.90) 0.73 (0.53-1.02)

Stage 7.7×10-9 0.0023

 IA 1 1

 IB 1.65 (1.11-2.44) 1.72 (1.00-2.96)

 IIA 3.79 (2.47-5.75) 3.47 (1.84-6.5)

 IIB 3.30 (1.76-5.77) 3.42 (1.28-8.62)

Tumor Size# 1.20 (1.11-1.29) 1.1×10-5 1.01 (0.88-1.15) 0.93

Pleural Invasion* 1.30 (0.91-1.82) 0.14 0.83 (0.53-1.29) 0.41

Cohort 0.00092 0.47

BWH 1 1

RIE 1.76 (1.26-2.43) 0.86 (0.56-1.3)

Univariate BiBivariate

HR (95%CI) P-Value HR (95%CI) P-Value

PS* 2.01 (1.64-2.45) 2.8×10-11 1.86 (1.16-2.97) 0.0093

Stage 7.7×10-9 0.38

 IA 1 1

 IB 1.65 (1.11-2.44) 1.03 (0.61-1.75)

 IIA 3.79 (2.47-5.75) 1.45 (0.62-3.35)

 IIB 3.30 (1.76-5.77) 0.92 (0.29-2.82)

Prognostic Score Risk

Min Max

IA 11% 34%

IB 17% 43%

 IIA 27% 62%

 IIB 38% 68%

CONCLUSIONS
• �CCP was significantly predictive of 5-year lung cancer mortality after adjusting for stage 

and other clinical variables.

• �PS was predictive of 5-year lung cancer mortality, and was significantly more predictive 
than stage alone.

• �Patients in the low PS group had significantly more favorable 5-year survival than 
patients in the high PS group.

Figure 1: Estimates of 5-year lung cancer mortality by 
Prognostic Score. Low and high risk are classified by a 
cut-off predefined as the 85th percentile of the Prognostic 
Score in stage IA patients. There is a significant difference 
between the average risk in the two patient groups.
PS= 20 * (0.33 * CCP score + 0.52 * stage) + 15 

Prognostic Score

Years

Prognostic Score Risk (log scale)

5-
Ye

ar
 L

un
g 

Ca
nc

er
 M

or
ta

lit
y 

Ri
sk

 (%
)

Figure 3. Improved risk stratification by the 
Prognostic Score compared to pathological 
stage alone. 
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