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   ARTICLES  ARTICLES    Role of Detection Method in  Predicting Breast Cancer 
Survival: Analysis of  Randomized Screening Trials  
    Yu     Shen   ,    Ying     Yang   ,    Lurdes Y. T.     Inoue   ,    Mark F.     Munsell   ,    Anthony B.     Miller   , 
   Donald A.     Berry   

     Background:  Screening mammography detects breast can-
cers earlier than those detected symptomatically, and so 
mammographically detected breast cancers tend to have 
 better prognoses. The so-called stage shift that results from 
screen detection is subject to lead-time and length biases, and 
so earlier detection may not translate into longer survival. We 
used data from three large breast cancer screening  trials —
 Health Insurance Plan (HIP) of New York and two Canadian 
National Breast Cancer Screening Studies (CNBSS) — to in-
vestigate survival benefi ts of breast cancer screening  beyond 
stage shift. We also address whether method of detection is an 
independent prognostic factor in breast cancer.  Methods:  The 
HIP trial randomly assigned approximately 62   000 women to 
screening and control groups. The two CNBSS trial cohorts 
CNBSS-1 and CNBSS-2 included a total of 44   970 women in 
the screening group and 44   961 in the control group. After 
adjusting for stage and other tumor characteristics in a Cox 
proportional hazards model, survival distributions were 
compared by method of breast cancer detection with both 
univariate and multivariable analyses. All  P  values are two-
sided.  Results:  Breast cancers detected by screening mam-
mography had a shift in stage distribution to earlier stages 
(for HIP,  P <.001; for CNBSS-1,  P  = .03; and for CNBSS-2, 
 P <.001). After adjusting for tumor size, lymph node status, 
and disease stage in a Cox proportional hazards model, 
 method of detection was a statistically signifi cant indepen-
dent  predictor of disease-specifi c survival. Patients with 
 interval cancers had a 53% (95% confi dence interval [CI] = 
17% to 100%) greater hazard of death from breast cancer 
than  patients with screen-detected cancers, and patients with 
cancer in the control groups had a 36% (95% CI = 10% to 
68%) greater hazard of death than patients with screen-
 detected cancer.  Conclusion:  There was an apparent survival 
benefi t beyond stage shift for patients with screen-detected 
breast cancers compared with patients with breast cancers 
detected otherwise. Method of detection appears to be an 
 important prognostic factor, even after adjusting for known 
tumor  characteristics. This fi nding suggests that clinical tri-
alists should routinely collect information about method of 
detection. [J Natl Cancer Inst 2005;97:1195 – 1203]  

     Breast cancer is the second leading cause of cancer death and 
the most frequently diagnosed cancer among North American 
women. Breast cancers detected via screening mammography 
or clinical breast examination have markedly better prognosis 
than those detected otherwise (i.e., symptomatically), in part 
because they are generally detected at an earlier stage  ( 1  –  4 ) . 
However, at least part of this improvement is spurious because 
it is due to a lead-time bias (i.e., the time between when the 
tumor was detected by mammography and when the tumor 

would have been detected in the absence of screening)  ( 1 ) . An-
other spurious component of the improvement is length bias, in 
which screening detects disproportionately more slowly grow-
ing tumors  ( 5 , 6 ) .  

  Tumors detected by screening tend to be at an earlier stage of 
their development than those detected otherwise  ( 2 , 3 ) , a phe-
nomenon that is called stage shift. Tumors detected in screened 
women are more likely to be detected as stage I breast cancers; 
proportionately fewer of these cancers will have spread to the 
axillary lymph nodes than cancers detected otherwise. Because 
tumors detected earlier tend to be at an earlier disease stage, stage 
shift refl ects lead-time bias. However, it is not known if the im-
proved prognosis of a cancer patient whose tumor was detected 
by screening is fully explained by stage shift. The question is 
whether there is additional prognostic value in knowing method 
of detection given stage of disease, tumor size, lymph node sta-
tus, and the woman’s age at diagnosis.  

  The theoretical answer to this question is yes. Fixing the stage 
of the tumor (by comparing tumors at the same stage) reduces 
lead-time bias but does not eliminate it because there is a within-
stage shift. But any residual effect of lead-time bias is likely to be 
small. More important is the possible impact of length bias. Fix-
ing tumor stage and tumor size does not reduce the impact of 
length bias. Screen-detected tumors tend to grow more slowly 
than tumors detected otherwise. Thus, if a woman’s tumor was 
detected mammographically, her tumor is more likely to be 
slowly growing. Consequently, this woman is likely to live lon-
ger than a woman whose tumor was detected otherwise  ( 4  –  8 ) . 
Joensuu et al.  ( 9 )  analyzed data in the Finnish Cancer Registry 
and found that women with screen-detected cancers have longer 
time to distant recurrence and live longer than women with can-
cers detected otherwise.  

  It is theoretically possible to eliminate length bias by adjus  -
ting for the aggressiveness of tumors on the basis of a full bio-
logical description of tumors including tumor grade, S-phase 
fraction, HER-2/neu status, family history, or other characteristics 
 ( 10  –  12 ) . However, known biomarkers and tumor characteristics  
cannot fully explain the heterogeneity of tumors. Moreover, after 
Joensuu et al.  ( 9 )  adjusted survival for tumor grade, HER-2/neu 
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 amplifi cation, expression of TP53 and MK167, and other tumor 
biomarkers, they still found substantial residual prognostic value 
for method of detection. To better understand length bias, one 
should obtain as complete a profi le of biological features of can-
cerous tumors as possible. The development of microarrays and 
elucidating the mechanism of carcinogenesis may make it possible 
to compile such a complete biological profi le for breast tumors.  

  Several large randomized trials have addressed the possibility 
that screening provides a survival benefi t  ( 13  –  18 ) . Data from 
these trials can be used to study aspects of the natural history of 
breast cancer, in particular the extent to which the method of 
 detection is relevant to assessing a patient’s prognosis when 
her disease stage, tumor size, lymph node status, and age are 
known. In this study, we investigated whether and how breast can-
cer survival differs by method of detection, given the same tumor 
characteristics at diagnosis. We consider survival time from 
the diagnosis to death. We evaluate any potential prognostic 
 advantage and quantify the benefi t of early detection  “ beyond the 
stage shift. ”  That is, we address whether method of detection is an 
independent prognostic factor for breast cancer – specifi c survival.  

   D ATA  S OURCES AND  M ETHODS   

   Data Sources  

  We used data from three randomized screening trials: the 
Health Insurance Plan of New York trial (HIP)  ( 19 )  and the two 
Canadian National Breast Screening Studies (CNBSS-1 and -2) 
 ( 20 , 21 ) . Because the goal of our study was to evaluate survival 
by method of detection, we restricted our analyses to women 
 detected with breast cancer during the fi rst 5 years of the trials. 
This was the period when active screening examinations were 
offered to women who had been assigned to the screening arms 
and when information regarding method of detection was reli-
ably recorded.  

  The HIP trial was the fi rst randomized breast cancer screening 
trial. It was carried out in the 1960s. Approximately 62   000 
women aged 40 – 64 years were randomly allocated equally to 
screening and control groups  ( 13 , 19 , 22 ) . Independent clinical 
breast examination and mammography were offered to women in 
the screening group at the initial examination and at three addi-
tional annual reexaminations. The women in the control group 
followed  “ usual practice. ”  Tumors were classifi ed from stage I 
(local disease) to stage IV (distant metastatic disease)  ( 2 ) . A total 
of 608 women were diagnosed with breast cancers during the 
fi rst 5 years of follow-up — 307 in the screening group and 301 in 
the control group. The median follow-up was 16 years.  

  HIP investigators excluded women whose breast cancers had 
been diagnosed before entry into the study. These exclusions 
were determined differently in the two arms  ( 22 ) . Women with 
preexisting cases of breast cancer were dropped from the screen-
ing group at the fi rst scheduled visit. By design, control subjects 
and women who were randomly assigned to the screening arm 
but did not attend the fi rst visit (referred to as nonattenders) did 
not have regular clinic visits, and so the pretrial cancer status of 
these patients was not routinely determined during the trial. In-
stead, exclusions for control subjects and nonattenders were 
made retrospectively. This difference in methodology has the 
 potential for biasing in favor of screening when comparing 
breast cancer mortality between the two groups. However, 
there was no obvious bias regarding stage of disease. Because 

preexisting cancers were permanently excluded from the trial’s 
database, we had no information about the stage of these 
 women’s cancers or about how many or which of these patients 
died of their disease.  

  The CNBSS trials consisted of two age cohorts at entry into 
the study in 1980: 40 – 49 years (CNBSS-1) and 50 – 59 years 
(CNBSS-2)  ( 20 , 21 ) . Participants had no history of breast cancer 
and no mammograms in the previous 12 months. Each partici-
pant was randomly assigned to the screening group or to the con-
trol group. In CNBSS-1, the 25   235 women in the screening 
group were scheduled to receive four or fi ve annual screening 
examinations, consisting of both clinical breast exam and mam-
mography, and the 25   237 women in the control group had a 
clinical breast examination at the initial screening but no mam-
mography. In CNBSS-2, 19   735 women were randomly assigned 
to the same screening schedule as in CNBSS-1, and 19   724 
women were randomly assigned to the control group. In the fi rst 
5 years after randomization, 611 and 708 women were diagnosed 
with breast cancer in CNBSS-1 and CNBSS-2, respectively 
 ( 14 , 15 ) . Median follow-up in the two studies was 12 years.  

  Data regarding pathologic stage, tumor size, lymph node 
 status, and age at diagnosis are available for most of the women 
in these trials. In the HIP trial database, some noninvasive breast 
cancers — including intraductal, intraductal comedo, intraductal 
papillary, and lobular in situ — were classifi ed as stage I disease 
 ( 2 ) . In the CNBSS trials, stage was based on the tumor – 
 node – metastasis (TNM) system  ( 23 ) .  

  For this study, the methods of detection are defi ned as follows: 
Screen-detected breast cancers are those detected in the screen-
ing group as a result of a positive screen at a scheduled examina-
tion; interval/incident cancers are those that occur only in the 
screening group, with interval cancers defi ned as cancers clini-
cally detected less than 1 year after the last negative screening 
examination, with incident cancers defi ned as those diagnosed 
more than 1 year after the last negative examination, and with 
control breast cancers defi ned as those diagnosed by any means 
in a control group.  

    Statistical Analysis Methods  

  We used data from the HIP and the two CNBSS trials to esti-
mate stage distributions separately for screen-detected cancers 
and interval/incident cancers from the screening arm and for 
breast cancers in the control arms. To analyze the association 
 between stage shift and method of detection, we used standard 
chi-squared tests. Our primary endpoint was time to breast 
 cancer – specifi c death, as measured from the time of diagnosis; 
survival times of patients still alive or who died of other causes 
were censored as of the date of last follow-up. We estimated the 
Kaplan – Meier survival curves and used the log-rank test to test 
for differences in survival distributions depending on method of 
detection. We separated out method of detection as a prognostic 
factor for breast cancer – specifi c survival by use of a Cox 
 proportional hazards model in which we adjusted for tumor and 
 patient characteristics, including tumor size, lymph node status, 
age at diagnosis, and pathologic stage. Tumor size was catego-
rized as small ( ≤ 2 cm) or large (>2 cm). Lymph node status was 
categorized as positive or negative. Pathologic stage was catego-
rized as stage I, stage II, or stages III/IV. We checked the propor-
tional hazards model assumption by use of methods based on 
martingale residuals  ( 24 ) . All  P  values are two-sided. SPLUS 
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version 6.0 (Insightful Corp., Seattle, WA) and SAS version 8.02 
(SAS Institute, Cary, NC) software were used for the analyses.  

     R ESULTS   

   Stage Shift and Tumor Characteristics at Diagnosis  

  Although interval and incidence tumors may have some differ-
ent biological features, our initial analyses did not show any sta-
tistically signifi cant difference in breast cancer – specifi c survival 
by interval or incidence status. Thus, we combined interval and 
incidence breast cancers in the following analyses. In the three 

trials, we found a clear shift toward earlier stage in screen-
detected cancers ( Table 1 ). In the HIP trial, about one-third (i.e., 
approximately 10   000) of the women who were randomly  assigned 
to the screening arm did not attend any of the scheduled screening 
examinations, and breast cancer was diagnosed in 81 of these 
women during the fi rst 5 years of the study  ( 22 , 25 ) . Among 
women randomly assigned to screening, approximately 20   200 at-
tended at least one screening examination, and breast cancer was 
diagnosed in 226 of them during the fi rst 5 years. In the HIP trial, 
76% of screen-detected breast cancers were in stage I, whereas 
51% of interval/incident cancers, 43% of breast cancers in non-
attenders, and 49% of breast cancers among control subjects were 

    Table 1.       Distribution of breast cancers in HIP, CNBSS-1, and CNBSS-2 *    

    Trial   Screen-detected group   Interval/incident cancer group   Nonattender group   Control group    P   †      

  Analysis by Stage  
   HIP    
      Total No. randomly assigned  ‡       20 200     9931 30 565      
      I § , No. (%)   100 (76)   48 (51)   35 (43)   149 (49)     
      II, No. (%)   26 (20)   38 (40)   26 (32)   105 (35)     
      III/IV, No. (%)   6 (4)   7 (8)   18 (22)   41 (14)     
      Unknown, No. (%)   0   1 (1)   2 (3)   6 (2)     
      Total No. cases   132   94   81   301   <.001  
   CNBSS-1                 
      Total No. randomly assigned   25   235        25 237        
    In situ, No.   46   11      28     
       I, No. (%)   115 (55)   34 (40)      109 (47)     
       II, No. (%)   62 (30)   33 (38)      91 (39)     
       III/IV, No. (%)   29 (14)   19 (22)      29 (13)     
       Unknown, No. (%)   2 (1)         3 (1)     
       Total No. cases   254   97      260   .03  
   CNBSS-2                 
      Total No. randomly assigned  19 735           19 724        
    In situ, No.   55   11      25     
       I, No. (%)   169 (62)   34 (44)      126 (47)     
       II, No. (%)   79 (29)   30 (38)      96 (36)     
       III/IV, No. (%)   18 (7)   14 (18)      46 (17)     
       Unknown, No. (%)   5 (2)   0      0     
       Total No. cases   326   89      293   <.001  
  Analysis by tumor characteristics  
   HIP                 
      Size  ≤ 2 cm, No. (%)   46 (35)   34 (36)   28 (34)   72 (24)     
      Size >2 cm, No. (%)   47 (36)   36 (38)   24 (30)   129 (43)     
      Unknown, No. (%)   39 (29)   24 (26)   29 (36)   100 (33)   .03  
      Lymph node – negative, No. (%)   93 (70)   47 (50)   32 (40)   136 (45)     
      Lymph node – positive, No. (%)   30 (23)   42 (45)   33 (41)   123 (41)     
      Unknown, No. (%)   9 (7)   5 (5)   16 (19)   42 (14)   <.001  
      Total No. cases   132   94   81   301     
   CNBSS-1                 
     Size   ≤ 2 cm, No. (%)   198 (78)   66 (68)      174 (67)     
      Size >2 cm, No. (%)   54 (21)   31 (32)      83 (32)     
      Unknown, No. (%)   2 (1)   0      3 (1)   .02  
      Lymph node – negative, No. (%)   191 (75)   60 (62)      186 (71)     
      Lymph node – positive, No. (%)   63 (25)   36 (37)      72 (28)     
      Unknown, No. (%)   0   1 (1)      2 (1)   .06  
      Total No. cases   254   97      260     
   CNBSS-2                 
     Size   ≤ 2 cm, No. (%)   266 (82)   68 (76)      196 (67)     
      Size >2 cm, No. (%)   57 (17)   21 (24)      97 (33)     
      Unknown, No. (%)   3 (1)   0      0   <.001  
      Lymph node – negative, No. (%)   256 (78)   56 (63)      196 (67)     
      Lymph node – positive, No. (%)   67 (21)   33 (37)      97 (33)     
      Unknown, No. (%)   3 (1)   0      0   <.001  
       Total No. cases   326   89      293       

   *  HIP = Health Insurance Plan; CNBSS = Canadian National Breast Cancer Screening Studies. 
    †    P  value is from the chi-squared statistic that tests the overall association between stage and method of detection among invasive cancer only. All statistical tests 

were two-sided. 
    ‡   Total number of participants who were randomly assigned in HIP [see pp. 21 – 22 in Shapiro et al.  ( 22 ) ]. 
   §  Includes in situ, HIP database does not distinguish in situ from invasive cancer; and 26 cases with information only for clinical stage I or II were classifi ed as 

stage I  ( 2 , 3 ) .   
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in stage I. Nonattenders and control subjects had the highest per-
centage of stage III/IV breast cancer, 22% and 14%, respectively. 
As expected, the stage distributions were statistically signifi cantly 
different by method of detection ( P <.001).    

  Among invasive breast cancers in CNBSS-1, 55% of screen-
detected cancers, 40% of interval/incident cancers, and 47% of 
breast cancers in the control group were in stage I. The corre-
sponding percentages in CNBSS-2 were 62%, 44%, and 47%. 
Among the three methods of detection, interval/incident cancers 
had the highest percentage of stage III/IV breast cancer: 22% for 
CNBSS-1 and 18% for CNBSS-2. The association between stage 
and method of detection was statistically signifi cant for CNBSS-1 
( P  = .03) and for CNBSS-2 ( P <.001). Stage distributions in each 
of two CNBSS trials had similar patterns ( Table 1 ); however, 
among screen-detected cancers, the percentages of stage I and of in 
situ carcinomas were higher in the older cohort (i.e., CNBSS-2) 
than in the younger cohort (i.e., CNBSS-1).  

  The distribution of tumor sizes by method of detection is 
shown in  Table 1 . In the HIP trial, although the tumor sizes for 
about one-third of the breast cancers were missing, the overall 
association between tumor size and method of detection was sta-
tistically signifi cant ( P  = .03). For the CNBSS trials, the propor-
tion of smaller tumors ( ≤ 2 cm in diameter) was larger in the 
screen-detected group than in interval/incident groups or in the 
control group ( P  = .02 for CNBSS-1 and  P <.001 for CNBSS-2). 
Among tumors diagnosed in the control group, smaller tumors 
( ≤ 2 cm) were half as common as larger tumors in the HIP trial, 
but smaller tumors were twice as common as larger tumors in 
both CNBSS trials.  

  The distribution of lymph node status by method of detection 
is shown in  Table 1 . In the HIP trial, there was a statistically 
 signifi cantly higher proportion of lymph node – negative breast 
cancers among screen-detected cancers than among those diag-
nosed otherwise ( P <.001). The CNBSS trials showed a similar 
 association ( P  = .06 for CNBSS-1 and  P <.001 for CNBSS-2). 
Again, overall, patients with tumors in HIP had worse prognoses, 
in that the proportion of lymph node – positive tumors was greater.  

    Survival by Method of Detection  

  We found no difference in survival among the 81 breast can-
cer diagnosed among nonattenders in the screening arm and 

the 301 diagnosed in the control arm of HIP. Because breast 
cancers in nonattenders were, like those in the control arm, also 
detected on the basis of symptoms, we combined them with 
breast cancers detected in the control group for the following 
survival analyses. Women whose breast cancers were detected 
by screening had the longest survival among the three groups: 
screen-detected,  interval/incident cancer, and control groups 
( Fig. 1 ). This result was expected because the comparison of 
survival time would be affected by lead time and other biases. 
To minimize lead-time bias in the following analyses, we com-
pared survival distributions by method of detection for  patients 
whose breast cancers had the same stage and other  tumor 
 characteristics.    

    Stage of Disease  

   Figure 1  shows a large survival advantage for patients with 
screen-detected cancers. Part of this advantage is due to stage 
shift. We then removed the stage shift by fi xing stage ( Fig. 2 , A 
for HIP and  Fig. 2 , B for the CNBSS trials). The survival advan-
tage of screen detection remains, but it is not as large. Although 
the difference is clear, the comparisons are not all statistically 
signifi cant within the various subsets, perhaps because of small 
sample sizes.    

    Lymph Node Status  

  The results of fi xing lymph node status were similar to those 
of fi xing stage and tumor size ( Fig. 3 ). Namely, women with 
screen-detected tumors generally had longer survival than those 
diagnosed otherwise for both lymph node – positive and lymph 
node – negative diseases. However, given lymph node status, 
the differences in survival by method of detection were statisti-
cally signifi cant  only among lymph node – negative patients in 
both  CNBSS trials ( P  = .002 for CNBSS-1 and  P  = .003 for 
CNBSS-2).    

    Tumor Size  

  The comparisons of survival distributions by fi xing tumor size 
were similar to those of fi xing stage. Given a small tumor size at 
diagnosis ( ≤ 2 cm), patients with screen-detected breast cancers 
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had somewhat longer survival than those diagnosed otherwise 
( Fig. 4 ). The differences in survival by method of detection were 
not statistically signifi cant for patients having a large tumor at 
diagnosis (>2 cm).    

    Multivariable Analyses  

  The results of univariate and multivariable analyses of Cox 
proportional hazards models comparing screen-detected breast 

      Fig. 2.     Disease-specifi c survival distributions by stage and method of detection.  A ) Health Insurance Plan (HIP) Trial. SD = screen-detected cancer; ID = interval/
incident cancer; CD = cancer detected control group. All statistical tests are two sided.  B ) The Canadian National Breast Cancer Screening Study (CNBSS) Trials. 
SD = screen-detected cancer; ID = interval/incident cancer; CD = cancer detected control group. All statistical tests are two-sided.      
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cancers with interval/incident cancer and with cancers in the 
 control group are shown in  Table 2 . The multivariable model 
 adjusted for tumor stage within each trial. The relative risks 
(RRs) of breast cancer death are similar in the HIP and CNBSS 
trials, either with or without adjusting for tumor characteristics. 
Therefore, we combined all three trials and used a model with 
a fi xed trial effect for HIP and CNBSS as a covariate. Age at 
 diagnosis was not statistically signifi cantly associated with 
 survival in these multivariable models after adjusting for tumor 
characteristics. The adjusted relative risk of breast cancer death 
was 53% (95% CI = 17% to 100%) greater for patients with 
 interval/incident cancer than for those with screen- detected 
 cancer. The  adjusted relative risk of breast cancer death was 36% 
(95% CI = 10% to 68%) greater for patients with breast cancers 
in the control group than for those with screen-detected cancers. 
These relative risks were estimated across all stages, with higher 
stages having greater relative risks. The  hazard of breast cancer 
death for patients with interval/inci  dent cancers was not statisti-
cally signifi cant different from that for patients with breast 
 cancers in the control group. We also  carried out a multivariable 
analysis including interactions  between method of detection and 
disease stage at diagnosis. These  interactions were not statisti-
cally  signifi cant, perhaps  because of the small number of patients 
di agnosed with breast cancer in stages III or IV, and thus they 
were not included in the fi nal models of  Table 2 .    

     D ISCUSSION   

  We found that method of detection is an important prognostic 
factor for breast cancer survival, even after adjusting for known 
tumor characteristics. By considering data from the HIP and 
 CNBSS trials, both individually and combined, we found a sur-
vival benefi t beyond stage shift for patients with screen-detected 

breast cancers compared with those with breast cancers detected 
otherwise. After adjusting for tumor stage, patients with interval/
incident cancers had a 53% (95% CI = 17% to 100%) greater 
hazard of breast cancer death than patients with screen-detected 
breast cancers, and patients with cancers in the control groups 
had a 36% (95% CI = 10% to 68%) greater hazard of breast can-
cer death than patients with screen-detected cancers. Method of 
detection remained an independent predictor of overall survival 
in the covariate-adjusted model: Patients with interval/incident 
cancer had a 39% (95% CI = 9% to 78%) greater hazard of breast 
cancer death than patients with screen-detected cancers, and 
 patients with cancers detected in the control groups had a 31% 
(95% CI = 8% to 58%) greater hazard of breast cancer death than 
those with screen-detected cancers. Our conclusions support 
those from the Finnish Cancer Registry  ( 9 )  in showing that 
method of detection is an independent prognostic factor. In the 
Finnish study, there was an overall 63% (95% CI = 2% to 160%) 
reduction in risk of death after accounting for number of positive 
lymph nodes, tumor size, patient age, hormone receptor status, 
histological grade, and also the expression of ERBB2, TP53, and 
MK167 and the amplifi cation of ERBB2.  

  There are several limitations of our study. First, the HIP and 
CNBSS trials are relatively old. Data regarding ER status, HER2 
status, and the status of modern biomarkers such as the expres-
sion of ERBB2, TP53, and MK167 and the amplifi cation of 
ERBB2  ( 9 )  were not available in the HIP and CNBSS trials. 
 Second, mammographic techniques were those of the 1960s and 
1980s in HIP and CNBSS, respectively, and our conclusions 
might not apply for modern techniques. Finally, treatment options 
in the HIP and CNBSS trials are different from those provided to 
breast cancer patients today. Modern medical  management may 
affect the prognostic importance of method of detection, although 
the direction of any modifi cation is not clear.  
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      Fig. 3.     Disease-specifi c survival distributions by lymph node status and method of detection. Results from the three trials are labeled. HIP = Health Insurance Plan; 
CNBSS = Canadian National Breast Cancer Screening Study; SD = screen-detected cancer; ID = interval/incident cancer; CD = cancer detected control group. All 
statistical tests are two-sided.      
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  There were several important differences in the designs of and 
circumstances of the HIP and CNBSS trials that may account for 
some of the differences that we observed between the trials. One 
is that the control arms were different. In HIP, women in the con-
trol arm received usual care. In CNBSS-1, women in the control 
arm received an initial clinical breast examination. In CNBSS-2, 

control women received an annual clinical breast examination. 
Some studies suggest that clinical breast examination plays a role 
in the early detection of breast cancer  ( 26  –  29 ).  If so, the differ-
ences between the control and screening arms may be reduced. In 
contrast to CNBSS, in which there were no nonattenders, non-
attenders made up about one-third of the HIP screening group. 

    Table 2.       Relative risks (RRs) of breast cancer death in the univariate and multivariable analyses among patients with invasive cancer*   

           Unadjusted    Covariate-adjusted †      

  Trial   RR (95% CI    )    P    RR (95% CI)    P     

  HIP              
   Method of detection              
      Interval/incident cancer vs. screen-detected   2.14 (1.41 to 3.24)   <.001   1.64 (1.07 to 2.50)   .02  
      Control vs. screen-detected   2.21 (1.58 to 3.09)   <.001   1.39 (0.99 to 1.97)   .06  
   Stage              
      II vs. I         3.50 (2.65 to 4.64)   <.001  
      III/IV vs. I         11.53 (8.22 to 16.18)   <.001  
  CNBSS-1 and -2              
   Method of detection              
      Interval/incident cancer vs. screen-detected   2.06 (1.46 to 2.96)   <.001   1.49 (1.04 to 2.14)   .03  
      Control vs. screen-detected   1.61 (1.23 to 2.11)   <.001   1.29 (0.98 to 1.71)   .07  
   Stage              
      II vs. I         2.02 (1.49 to 2.74)   <.001  
      III/IV vs. I         5.66 (4.13 to 7.75)   <.001  
  HIP and CNBSS              
   Method of detection              
      Interval/incident cancer vs. screen-detected   2.33 (1.80 to 3.03)   <.001   1.53 (1.17 to 2.00)   <.001  
      Control vs. screen-detected   2.22 (1.81 to 2.71)   <.001   1.36 (1.10 to 1.68)   .002  
   Trial effect              
    HIP vs. CNBSS         2.94 (2.45 to 3.52)   <.01  
   Stage              
      II vs. I         2.79 (2.27 to 3.43)   <.001  
       III/IV vs. I         8.25 (6.54 to 10.4)   <.001    

    *   CI = confi dence interval; HIP = Health Insurance Plan; CNBSS = Canadian National Breast Cancer Screening Studies .
  †  Multivariable analyses adjusted for stage variables in the individual trials, and adjusted for both stage variables and trial effect in the combined analysis .   
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      Fig. 4.     Disease-specifi c survival distributions by tumor size and method of detection. Results from the three trials are labeled. HIP = Health Insurance Plan; CNBSS = 
Canadian National Breast Cancer Screening Study; SD = screen-detected cancer; ID = interval/incident cancer; CD = cancer detected control group. All statistical tests 
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Moreover, the differences in assessment of whether cancers were 
preexisting potentially confound our conclusions in the HIP trial. 
The difference in assessment procedure may explain why the 
numbers of breast cancer cases detected in the fi rst 5 years of the 
HIP trial were similar in the screening (i.e., 307 breast cancers) 
and control (i.e., 301 breast cancers) groups. Because screening 
detects cancer early, one would expect more cancers in the 
screened groups than in the control groups, such as the 39% more 
breast cancers observed in the CNBSS trials (766 cancers in 
screened group versus 553 in the control group). Another differ-
ence is that the HIP and CNBSS studies were conducted in differ-
ent periods. The intervening time saw some improvements in 
adjuvant chemotherapy and hormonal therapy and in screening 
technology, and patients in CNBSS had the opportunity to take 
advantage of such improvements. This opportunity may explain 
some of the differences in survival between HIP and CNBSS. 
Finally, the tumor staging system used in HIP was slightly differ-
ent from the TNM system used in CNBSS.  

  In all of these trials, we considered interval cancers  separately 
from cancers found in the control groups. Interval cancers are 
a heterogeneous group of cancers and include those occurring 
 after the last negative screening examination and those missed 
on previous screening examinations. Nevertheless, we found 
 similar survival distributions for interval/incident cancers and 
 cancers detected in the control groups. Other researchers have 
found that interval cancers have better prognosis than cancers 
in control groups  ( 30 ),  and still others have found that interval 
cancers are more aggressive and have worse prognosis 
 ( 10 , 11 , 31  –  34 ).   

  The prognosis of cancer patients depends on characteristics of 
the tumor at diagnosis. In early stages (i.e., stages I and II) of 
breast cancer, characteristics that are important for determining 
prognosis include tumor grade, hormone receptor status, and sta-
tus of other biomarkers, as well as tumor size and axillary lymph 
node involvement. Because method of detection as a prognostic 
factor is mediated through stage shift, the method of detection 
may not have independent prognostic utility. Comparing time to 
breast cancer death from diagnosis between cancers detected via 
screening and those detected otherwise is subject to two main 
types of bias: lead-time bias and length bias  ( 6 , 35 ).  Because lead 
time manifests itself as earlier stage of disease, fi xing the stage of 
disease reduces the magnitude of lead-time bias. There may be a 
shift within stage, and so the comparison within a given stage 
may not completely eliminate lead-time bias. Moreover, such ad-
justment has little or no affect on length bias. Cancers found via 
screening include a higher proportion of slowly growing tumors, 
some of which might never be found by other means — which is 
an extreme form of length bias called overdiagnosis bias. In this 
article, we quantifi ed the residual lead-time bias and length bias 
beyond stage shift that is associated with breast cancer screening 
and that is still present after adjusting stage of disease. Some 
 recent studies indicate that the disease prognosis may be predes-
tined at the time of diagnosis, independent of the tumor charac-
teristics at diagnosis  ( 36 , 37 ).  The additional biological 
characteristics (such as growth and prognosis) are potentially 
critical factors to determine the aggressiveness of a tumor and, 
thus, could be used to further quantify the length bias. It is 
 possible — indeed, likely — that, given a complete profi le of bio-
logic characteristics of a tumor, the method of detection would 
not be an independent prognostic factor in predicting breast 
 cancer – specifi c survival.  

  Some evidence that our results apply to the modern era of 
mammographic techniques, chemotherapy, and hormonal ther-
apy is provided by our model presented in Cancer Intervention 
and Surveillance Modeling Network (CISNET at  http://cisnet.
cancer.gov )  ( 38 ).  The objective of this model is to apportion the 
drop in breast cancer mortality observed in the United States be-
tween 1990 and 2000 to treatment improvements and screening. 
The model uses the dissemination of screening mammography, 
dissemination of tamoxifen, chemotherapy from 1975 through 
2000, and information about the benefi ts of each. We could not 
duplicate the observed drop in breast cancer mortality by incor-
porating the benefi t of mammography as a function of its 
stage shift alone. However, we found an excellent fi t when we 
incor porated parameters to allow for the possibility of an added 
 benefi t beyond stage shift.  

  The observation that the method of detection is independently 
prognostic has important research and clinical implications. Phy-
sicians should know that their patients whose breast cancers are 
detected by screening have improved prognoses simply because 
of method of detection. This result leads to a paradox. A woman 
whose nonmetastatic tumor was detected on a mammogram has 
reason to be happier than a woman who had a tumor with the 
same characteristics that was detected symptomatically. The par-
adox is that this result does not mean screening is benefi cial. 
Without screening, some of the women would not have been di-
agnosed with breast cancer at all. Some of these women might be 
harmed by not knowing they have the disease, but others would 
be better off not knowing. (The mortality benefi t of screening can 
be properly assessed only by randomized trials, such as HIP and 
CNBSS, in which follow-up starts at randomization and not at 
diagnosis.)  

  Breast cancer is a heterogeneous disease. Understanding and 
adjusting for known factors that affect this heterogeneity make it 
easier to fi nd other prognostic factors. For example, in a treat-
ment clinical trial, accounting for important prognostic factors 
enables a more precise estimation of treatment effect and stron-
ger conclusions to be drawn about any interactions between 
 therapy and potential prognostic factors, such as biomarkers. 
However, the method of detection is not routinely reported or 
even collected in breast cancer clinical trials. Our study supports 
a suggestion made by Joensuu et al.  ( 9 ),  that case report forms 
and research databases also include the method of detection. In 
retrospective chart reviews, it is not always possible to determine 
whether a mammogram was for screening or diagnosis. Alerting 
researchers to the importance of this difference will improve the 
accuracy of such records.  
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