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Purpose
To determine the impact of longer periods between biopsy-confirmed breast cancer diagnosis and
the initiation of treatment (Dx2Tx) on survival.
Patients and Methods
This study was a noninterventional, retrospective analysis of adult female North Carolina Medicaid
enrollees diagnosed with breast cancer from January 1, 2000, through December, 31, 2002, in the
linked North Carolina Central Cancer Registry–Medicaid Claims database. Follow-up data were
available through July 31, 2006. Cox proportional hazards regression models were constructed to
evaluate the impact on survival of delaying treatment ⱖ 60 days after a confirmed diagnosis of
breast cancer.
Results
The study cohort consisted of 1,786 low-income, adult women with a mean age of 61.6 years. A
large proportion of the patients (44.3%) were racial minorities. Median time from biopsy-confirmed
diagnosis to treatment initiation was 22 days. Adjusted Cox proportional hazards regression
showed that although Dx2Tx length did not affect survival among those diagnosed at early stage,
among late-stage patients, intervals between diagnosis and first treatment ⱖ 60 days were
associated with significantly worse overall survival (hazard ratio [HR], 1.66; 95% CI, 1.00 to 2.77;
P ⫽ .05) and breast cancer–specific survival (HR, 1.85; 95% CI, 1.04 to 3.27; P ⫽ .04).
Conclusion
One in 10 women waited ⱖ 60 days to initiate treatment after a diagnosis of breast cancer.
Waiting ⱖ 60 days to initiate treatment was associated with a significant 66% and 85% increased
risk of overall and breast cancer–related death, respectively, among late-stage patients. Interventions designed to increase the timeliness of receiving breast cancer treatments should target
late-stage patients, and clinicians should strive to promptly triage and initiate treatment for patients
diagnosed at late stage.
J Clin Oncol 30. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Longer waiting times between breast cancer diagnosis and the initiation of therapy are of prognostic
concern if delay leads to stage progression, disease
worsening, or treatment complications. A metaanalysis of 87 studies provided compelling evidence
that women who initiate treatment 3 to 6 months
after the appearance of breast cancer–related symptoms have significantly worse survival than women
who wait less than 3 months.1 Sixty-two percent of
the studies comprising that review, however, were
published before 1970, and the most recent study
included in the review was published more than a

decade ago. Furthermore, recent studies conflict
these older reports.2-6 In addition to previous reports being both outdated and contradictory, many
of these studies used inconsistent definitions of delay. As a result, it is unclear whether worse survival is
the result of women delaying physician consultation
after the appearance of symptoms, longer waiting
times for obtaining treatment after consultation and
diagnosis,1,3,5-30 or both. Ultimately, studies conducted to date about the impact of time to treatment
on survival in breast cancer care have raised as many
questions as they have answered.
The majority of studies about survival and
delays in obtaining care for breast cancer have
© 2012 by American Society of Clinical Oncology
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examined the time between symptom appearance and initial consultation using self-reported data and suggested that delay may
lead to later stage at diagnosis and correspondingly worse
survival,1,2,14,17,26,31-38 although some studies reported no effect.3,12,39 However, few studies have specifically examined the
relationship between the length of time from biopsy-confirmed
diagnosis to the initiation of treatment (Dx2Tx) and survival. In
fact, the review by Richards et al1 did not include any studies that
specifically examined this period. Thus, additional research describing the impact of delaying treatment after a breast cancer
diagnosis is warranted.
PATIENTS AND METHODS
Study Design
A retrospective cohort analysis was conducted to assess the effect of
Dx2Tx length on survival using data from a cohort of adult women diagnosed
with breast cancer in the North Carolina (NC) Medicaid system. Patients were
NC Medicaid enrollees identified in the linked NC Central Cancer Registry
(CCR)–Medicaid Claims database. The database was created by linking Medicaid claims with the CCR’s information on all NC residents diagnosed with
cancer. The CCR-Medicaid Claims–linked database includes all paid NC
Medicaid claims and Medicare cross-over claims that originated under feefor-service plans.40 For the study period, almost all NC Medicaid was under fee
for service, with the exception of one small managed care organization that
covered approximately 10,000 lives.41 Before analysis, data were de-identified,
and approval was obtained from The Ohio State University’s Institutional
Review Board and the NC Department of Health and Human Services.
Study Cohort
Patients were age 18 or older, female, and diagnosed with breast cancer
from January 1, 2000, through December 31, 2002. Continuous enrollment in
NC Medicaid for 6 months before the diagnosis of breast cancer was required.
Patients without a valid date of initial treatment (n ⫽ 4), who died on or before
the day their first treatment was received or had no record of any treatment
(n ⫽ 84), and who had unknown cancer stage (n ⫽ 33) were excluded. Patients
who refused recommended treatment (n ⫽ 12) or for whom treatment was
contraindicated because of comorbidities or risk (determined by CCR variables describing reason for not receiving treatment; n ⫽ 5) and patients whose
first treatment was later than 6 months after diagnosis (n ⫽ 35) were excluded
(Fig 1). Treatment received more than 6 months after diagnosis could be for a
second primary tumor (in the contralateral breast or elsewhere), or in the case

NC Medicaid patients with biopsy-confirmed
breast cancer diagnosis (2000-2002)
meeting inclusion criteria
(N = 1,959)

Excluded
No date of first treatment
Contraindicated for all treatment
Refused all recommended
treatment
No record of treatment
Treatment > 6 months after
diagnosis
Unknown stage at diagnosis

(n = 173)
(n = 4)
(n = 5)
(n = 12)
(n = 84)
(n = 35)
(n = 33)

Final study population
(n = 1,786)
Fig 1. Study inclusion and exclusion criteria. NC, North Carolina.
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of chemotherapy and radiation therapy, treatment could be for another site of
metastasis.42 Sensitivity analyses of cutoffs at 9 and 12 months were similar.
Outcome Measures
Survival was calculated from the time of treatment initiation (claims or
registry) to death listed in the CCR. Follow-up data were available through July
31, 2006. International Classification of Diseases, Oncology, Third Revision
cause-of-death designations were used to determine breast cancer–specific
(C500 to C509) survival.
Exposure of Interest
Dx2Tx was calculated as the number of days from biopsy-confirmed
cancer diagnosis in the CCR to the day of first record of treatment in either the
CCR or claims.
Baseline Covariates
Patient-level sociodemographic variables extracted from the CCR included age, race, marital status, year of diagnosis, and information about
county of residence. Ethnicity was not analyzed because data about Hispanic
ethnicity were available for less than 1% of the population. County of residence
at diagnosis was categorized as metropolitan or nonmetropolitan based on US
Office of Management and Budget designations.43 County of residence was
also designated as a health professional shortage area if the entire county was
defined as a health professional shortage area based on US Health and Human
Services definitions.44
Tumor-specific characteristics collected from the CCR included cancer
stage, tumor size, and tumor hormone receptor status. Breast cancer stage at
diagnosis was categorized as in situ, localized (confined to the primary site; ie,
no lymph nodes involved), regional (spread to regional lymph nodes or directly beyond primary site), distant (metastasized), or unstaged/unknown.
Tumor hormone receptor status was defined as positive, if confirmed estrogen
receptor or progesterone receptor positive; negative, if confirmed estrogen
receptor negative and progesterone receptor negative; or undetermined/unknown, if the data were missing or incomplete. Data about human epidermal
growth factor receptor 2 status were not available.
The D’Hoore et al45 version of the Charlson comorbidity index (CCI)
was calculated for each patient from noncancer diagnosis codes in the 6
months before diagnosis. Claims data were also used to determine whether a
patient was blind or disabled. Additionally, Medicaid records were used to
determine whether a patient lived in an assisted-living facility or received home
health care services in the 6 months before the time of cancer diagnosis. Data
about whether or not patients had any claims for non– cancer-related hospitalizations or emergency department visits or consultations/procedures for
additional biopsies, medical imaging, or genetic testing after diagnosis, but
before the initiation of treatment, were also collected.
Treatment Information
Using available Current Procedural Terminology; International Classification of Diseases, Ninth Revision, Clinical Modification; National Drug
Codes; and CCR codes in the linked data set, patient treatment histories were
documented, including type of surgery at the primary site (breast-conserving
surgery, mastectomy, or no record of surgery) and presence of radiation
therapy, chemotherapy, and/or adjuvant hormonal therapy.
Statistical Analysis
Univariate relationships between Dx2Tx length and baseline characteristics were assessed using 2 tests. Separate Cox proportional hazards regression models were constructed to evaluate the effect of Dx2Tx length on both
overall and breast cancer–specific survival after controlling for potentially
confounding variables. Follow-up was measured from the first course of treatment until death or the end of the study (July 31, 2006), at which time all living
participants were censored. Initially, Dx2Tx was modeled as a three-level
dummy variable (0 to 29, 30 to 59, and ⱖ 60 days) to ensure comparability
with previous studies46-52; however, modeling results showed that survival was
similar between patients with a Dx2Tx of 0 to 29 days and 30 to 59 days. Thus,
we combined those two groups and modeled results as those who received
initial treatment within ⱖ 60 days versus 0 to 59 days. For Cox regression
analyses, likelihood ratio 2 tests were used to determine improved statistical
fit. We decided a priori to assess cancer stage, race, US Office of Management
JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at UMD NEW JERSEY on March 4, 2013 from
Copyright © 2012 American Society
of Clinical Oncology. All rights reserved.
130.219.235.216

Treatment Delay and Breast Cancer Survival

Table 1. Baseline Demographics and Clinical Characteristics of Final Study
Population by Length of Time From Biopsy-Confirmed Diagnosis to Treatment

Demographic or Clinical
Characteristic
Demographic
Age, years
⬍ 45
45-54
55-64
65-74
75-84
ⱖ 85
Race
White
Nonwhite
Marital status
Married
Single
Divorced/separated
Widowed
Unknown
Rural/urban status†
Metropolitan
Nonmetropolitan
HPSA†
HPSA
Non-HPSA
Year of diagnosis
2000
2001
2002
Tumor/cancer characteristics
Stage at diagnosis
In situ
Localized
Regional
Distant
Tumor size, mm
0-9
10-19
20-49
ⱖ 50
Unknown
Hormone receptor status
Positive
Negative
Unknown/undetermined
Morbidity indicators
Charlson comorbidity index
0
1-2
3-5
ⱖ6
Blind or disabled§
Yes
No

0 to 59 Days
From BiopsyConfirmed
Diagnosis to
Treatment
(n ⫽ 1,603)

ⱖ 60 Days
From BiopsyConfirmed
Diagnosis to
Treatment
(n ⫽ 183)

No. of
Patients

No. of
Patients

%

%

Pⴱ
.58

254
280
344
336
314
75

16
17
21
21
20
5

27
40
43
39
26
8

15
22
24
21
14
4

906
697

57
44

89
94

49
51

264
225
252
392
470

16
14
16
24
29

33
26
28
44
52

18
14
15
24
28

.04

.99

.04
891
705

56
44

113
69

62
38

42
1,554

3
97

4
178

2
98

508
548
547

32
34
34

64
62
57

35
34
31

167
783
570
83

10
49
36
5

29
86
61
7

16
47
33
4

208
411
582
166
236

13
26
36
10
15

22
52
60
17
32

12
28
33
9
18

1.00‡

.61

.15

.70

.09
836
298
469

52
19
29

92
25
66

50
14
36
.85

726
587
214
76

45
37
13
5

82
68
22
11

45
37
12
6

381
1,222

24
76

38
145

21
79

.36

Table 1. Baseline Demographics and Clinical Characteristics of Final Study
Population by Length of Time From Biopsy-Confirmed Diagnosis to
Treatment (continued)

Demographic or Clinical
Characteristic
Location of care
Assisted living care
Yes
No
Home health care
Yes
No
Procedures conducted between
diagnosis and treatment
Additional biopsies
Any
None
Medical imaging
Any
None
Hospitalization (not cancer
related)
Any
None
Emergency department visit
(not cancer related)
Any
None
Initial treatment information
Type of treatment first
received
Surgery
Radiation
Chemotherapy
Hormonal or biologic
Treatment types received
Surgery
Breast-conserving surgery
Mastectomy
None
Radiation therapy
Any
None
Chemotherapy
Any
None
Hormonal or targeted biologic
therapy
Any
None

0 to 59 Days
From BiopsyConfirmed
Diagnosis to
Treatment
(n ⫽ 1,603)

ⱖ 60 Days
From BiopsyConfirmed
Diagnosis to
Treatment
(n ⫽ 183)

No. of
Patients

%

No. of
Patients

%

145
1,458

9
91

15
168

8
92

846
757

53
47

80
103

44
56

154
1,449

10
90

36
147

20
80

83
1,520

5
95

13
170

7
93

39
1,564

2
98

15
168

8
92

23
1,580

1
99

10
173

6
95

Pⴱ
.70

.02

⬍ .001

.27

⬍ .001

⬍ .001

⬍ .001
1,334
63
149
57

83
4
9
4

117
14
31
21

64
8
17
12

579
989
35

36
62
2

77
101
5

42
55
3

824
779

51
49

96
87

53
48

683
920

43
57

64
119

35
65

458
1,145

29
71

58
125

32
68

.19‡

.79

.05

.38

NOTE. Percentages may not add to 100% because of rounding error.
Abbreviation: HPSA, health professional shortage area.
ⴱ
P value is from 2 test.
†Eight women did not have information about county of residence at
diagnosis.
‡P value is from Fisher’s exact test.
§Only two women were blind.

(continued in next column)
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and Budget– designated metropolitan status, and age for statistical interaction
with Dx2Tx. In assessing stage for interaction, we dichotomized stage as early
stage (in situ or local) and late (regional or distant) stage. Because of the large
number of covariates available, in addition to the fully adjusted models, a final
parsimonious model was constructed. In the final parsimonious model, we
decided, a priori, to include only covariates that changed the hazard ratios
(HRs) for Dx2Tx by at least 10% to 15% (ie, confounded),53 improved the
precision of the estimated Dx2Tx parameter, were statistically significant at
P ⬍ .05, or were known predictors of breast cancer survival (eg, age, stage,
hormone receptor status). All P values were calculated using two-sided tests.

RESULTS

A total of 1,959 patients met inclusion criteria, of whom 173 (9%)
were excluded (Fig 1). The final study population consisted of
1,786 women with a mean age of 61.6 years (standard deviation,
15.0 years) at the time of biopsy-confirmed breast cancer diagnosis
(Table 1). The median time from biopsy-confirmed diagnosis to
the initiation of the first course of treatment was 22 days (range, 0
to 177 days). The majority of women (66%) received their first
course of treatment within 30 days of diagnosis, and nearly all of
the women (90%) received initial treatment within 60 days of being
diagnosed. Most women (81%) received surgery as their first course of
treatment. However, the percentage of women receiving surgery as the
first course of treatment was dependent on stage at diagnosis, with
87%, 87%, 78%, and 39% of women receiving surgery as initial treatment for in situ, local, regional, and distant stage tumors, respectively.
Nonwhite women (P ⫽ .04), women who lived in metropolitan areas
(P ⫽ .04), women who had not received home health care before
diagnosis (P ⫽ .02), and women who received consultations/procedures for either additional biopsies (P ⬍ .001) or who were hospitalized (P ⬍ .001) or admitted to the emergency department (P ⬍ .001)

between diagnosis and the initiation of treatment were more likely to
have longer Dx2Tx (Table 2). Only one woman received genetic testing between diagnosis and treatment; thus, meaningful analysis could
not be conducted. Moreover, women who had longer Dx2Tx were
more likely to receive a nonsurgical intervention as a first course of
treatment (P ⬍ .001) and to not receive chemotherapy (P ⫽ .01;
Table 1).
During a median follow-up period of 4.7 years (range, 1 day to
6.6 years), 247 deaths occurred, of which 144 (58%) were breast cancer
deaths. The majority of deaths from all causes (160 of 247 deaths,
65%) and from breast cancer (114 of 144 deaths, 79%) occurred
among patients diagnosed at late stage. Crude results showed no effect
of Dx2Tx length on breast cancer–specific or overall survival. Adjusted
results showed that the relationship between Dx2Tx length and both
overall and breast cancer–specific survival was modified by stage at
diagnosis (early v late; P for interaction ⫽ .05 for overall survival and P
for interaction ⫽ .04 for breast cancer–specific survival). Therefore,
we presented stratified models to allow for statistical control of stage
differences within early-stage (local v in situ) and late-stage (distant v
regional) models.
Parsimoniously adjusted, stage-stratified models revealed that
although Dx2Tx length did not affect overall survival (P ⫽ .37) or
breast cancer–specific survival (P ⫽ .49) among patients diagnosed
at early stage, Dx2Tx ⱖ 60 days was associated with worse overall
survival (HR, 1.66; 95% CI, 1.00 to 2.77; P ⫽ .05; Table 2 and Fig 2)
and breast cancer–specific survival (HR, 1.85; 95% CI, 1.04 to 3.27;
P ⫽ .04; Table 3 and Fig 3) among patients diagnosed at late stage.
Other than Dx2Tx length, the only other factor that was predictive of
worse breast cancer–specific survival among patients diagnosed at late
stage was being diagnosed with distant (v regional) disease (HR, 3.38;
95% CI, 2.09 to 5.56; P ⬍ .001). There was no evidence of violation of

Table 2. Overall Survival: Cox Proportional Hazards Modeling Results for Time From Biopsy-Confirmed Diagnosis to Treatment ⱖ 60 Days Versus 0 to 59 Days
Stratified by Stage at Diagnosis (N ⫽ 1,786)
Early Stage (n ⫽ 1,065)
Variables Added Into Model

ⴱ

Crude
Factor adjustment
Patient sociodemographics
Age, race, marital status, and year at diagnosis
County-level metropolitan and HPSA status†
Patient tumor-specific characteristics
Stage, tumor size, and hormone receptor status†
Patient comorbidities
Charlson comorbidity index and disability status‡
Setting of care
Assisted living and home health†
Treatment type
Surgery type, chemotherapy, radiation, and hormonal therapy†
Procedures/consultations between diagnosis and treatment
Additional biopsies, medical imaging, hospitalizations, and ED visits†‡
Final parsimonious model§

Late Stage (n ⫽ 721)

HR

95% CI

P

HR

95% CI

P

0.72

0.33 to 1.55

.40

1.28

0.79 to 2.09

.32

0.76
0.76

0.35 to 1.64
0.35 to 1.65

.48
.49

1.23
1.22

0.75 to 2.01
0.74 to 2.00

.42
.44

0.78

0.36 to 1.71

.54

1.43

0.87 to 2.36

.16

0.74

0.34 to 1.61

.44

1.47

0.89 to 2.44

.13

0.76

0.34 to 1.66

.48

1.47

0.89 to 2.44

.13

0.76

0.35 to 1.68

.51

1.66

0.99 to 2.77

.05

0.67
0.70

0.30 to 1.48
0.31 to 1.54

.32
.37

1.56
1.66

0.94 to 2.62
1.00 to 2.77

.08
.05

Abbreviations: ED, emergency department; HPSA, health professional shortage area; HR, hazard ratio.
ⴱ
Each model includes the variables from the model above it.
†N ⫽ 1,778 because eight patients were missing information related to county of residence.
‡Fully adjusted model.
§The final parsimonious model included age, stage, tumor size, hormone receptor status, Charlson comorbidity index, surgery type, radiation therapy, and
information about procedures/consultations between diagnosis and treatment.
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A

B

0.8

0.6

0.4
0-59 days
≥ 60 days

0.2

Crude HR = 1.28 (95% CI, 0.79 to 2.09; P = .32)

0

1

2

3

4

5

1.0

Overall Adjusted Survival
(probability)

Overall Survival
(probability)

1.0

6

7

0.8

0.6

0.4
0-59 days
≥ 60 days

0.2

Adjusted HR = 1.66 (95% CI, 1.00 to 2.77; P = .05)

0

1

Follow-Up Duration (years)
No. at risk (events)
0-59 days
653
≥ 60 days
68

(112)
(14)

541
54

(28)
(3)

411
36

(2)
(1)

2

3

4

5

6

7

Follow-Up Duration (years)
65
5

Fig 2. (A) Crude and (B) adjusted overall survival curves for late-stage patients (time from biopsy-confirmed diagnosis to the initiation of treatment ⱖ 60 days v 0 to
59 days; n ⫽ 721). HR, hazard ratio.

the proportional hazards assumption. Sensitivity analysis confirmed
that women diagnosed at late stage seemed to be the subgroup most
affected by Dx2Tx ⱖ 60 days (Fig 4).
DISCUSSION

On the basis of the study results, ensuring that women diagnosed at
late stage receive their first course of treatment in less than 60 days may
be one strategy to impact breast cancer outcomes. Women enrolled in
NC Medicaid diagnosed with breast cancer at late stage who waited ⱖ
60 days (v 0 to 59 days) to initiate their first course of treatment after

diagnosis had 66% and 85% increases in risk of all-cause and breast
cancer–specific mortality, respectively, after statistical adjustment for
treatment type(s) received and patient sociodemographic, tumorspecific, comorbidity, and setting-of-care characteristics. The National Breast and Cervical Cancer Early Detection Program previously
was successful in using treatment initiation benchmarks and casemanagement strategies to ensure treatment within 60 days after a
diagnosis of breast cancer,54,55 and future studies should explore the
effectiveness of similar programs in other populations.
To our knowledge, only three previous studies have specifically
examined the impact on survival of longer Dx2Tx (confirmed

Table 3. Breast Cancer–Specific Survival: Cox Proportional Hazards Modeling Results for Time From Biopsy-Confirmed Diagnosis to Treatment
ⱖ 60 Days Versus 0 to 59 Days Stratified by Stage at Diagnosis (N ⫽ 1,786)
Early Stage (n ⫽ 1,065)
Variables Added Into Model

ⴱ

Crude
Factor adjustment
Patient sociodemographics
Age, race, marital status, and year at diagnosis
County-level metropolitan and HPSA status†
Patient tumor-specific characteristics
Stage, tumor size, and hormone receptor status†
Patient comorbidities
Charlson comorbidity index and disability status†
Setting of care
Assisted living and home health†
Treatment type
Surgery type, chemotherapy, radiation, and hormonal therapy†
Procedures/consultations between diagnosis and treatment
Additional biopsies, medical imaging, hospitalizations, and ED visits†‡
Final parsimonious model§

Late Stage (n ⫽ 721)

HR

95% CI

P

HR

95% CI

P

0.58

0.14 to 2.45

.46

1.42

0.81 to 2.48

.22

0.58
0.60

0.14 to 2.44
0.35 to 2.55

.46
.49

1.37
1.35

0.78 to 2.41
0.77 to 2.37

.27
.30

0.56

0.13 to 2.38

.43

1.68

0.95 to 2.98

.07

0.54

0.13 to 2.31

.41

1.66

0.94 to 2.95

.08

0.56

0.13 to 2.40

.44

1.67

0.94 to 2.97

.08

0.56

0.12 to 2.53

.45

1.90

1.06 to 3.41

.03

0.61
0.60

0.13 to 2.72
0.14 to 2.61

.51
.49

1.81
1.85

1.01 to 3.36
1.04 to 3.27

.05
.04

Abbreviations: ED, emergency department; HPSA, health professional shortage area; HR, hazard ratio.
ⴱ
Each model includes the variables from the model above it.
†N ⫽ 1,778 because eight patients were missing information related to county of residence.
‡Fully adjusted model.
§The final parsimonious model included age, stage, tumor size, hormone receptor status, Charlson comorbidity index, surgery type, and radiation therapy.
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0.4
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0.2

Crude HR = 1.42 (95% CI, 0.81 to 2.48; P = .22)

0

1

2

3

4

5

6

Breast Cancer–Specific
Adjusted Survival (probability)
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1.0

0.8

0.6

0.4
0-59 days
≥ 60 days

0.2

Adjusted HR = 1.85 (95% CI, 1.04 to 3.27; P = .04)

7

0

1

Follow-Up Duration (years)
No. at risk (events)
0-59 days
653
≥ 60 days
68

(79)
(12)

541
54

(21)
(1)

411
36

(0)
(1)

2

3

4

5

6

7

Follow-Up Duration (years)
65
5

Fig 3. (A) Crude and (B) adjusted breast cancer–specific survival curves for late-stage patients (time from biopsy-confirmed diagnosis to the initiation of treatment ⱖ
60 days v 0 to 59 days; n ⫽ 721). HR, hazard ratio.

diagnosis to first treatment).4-6 None of the studies found a significant
relationship between survival and Dx2Tx length. The reasons for the
discrepancies between previous studies and ours could be many. Patients in NC Medicaid likely differ from the populations of the three
previous studies (eg, higher proportion nonwhite, unemployed, and
below federal poverty level), which included patients in the South
Carolina cancer registry,6 the Surveillance, Epidemiology, and End
Results populations of New Mexico and San Francisco (1975 to
1984),4 and patients diagnosed in a Spanish hospital.5
Furthermore, Redondo et al5 and Smith et al6 analyzed Dx2Tx
as ⱖ 1 month versus less than 1 month, rather than the 60-day
(2-month) cut point that we used to compare survival. We found no

difference in survival between patients with a Dx2Tx of 0 to 29 days
versus 30 to 59 days. Thus, previous studies may have used comparison cut points that were too short to detect a meaningful difference in
survival. Additionally, although Smith et al6 and Delgado et al4 did
control for treatment type received, Redondo et al5 did not. Treatment
type(s) received was the largest confounder of the effect on survival of
Dx2Tx length in our study and should be considered in future studies.
In addition, we were able to parse out breast cancer–specific survival
estimates for longer time-to-treatment intervals, which showed a
heightened effect compared with overall survival.
Finally, and perhaps most importantly, this study is the first to
our knowledge to stratify patients by stage at diagnosis when
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Fig 4. Sensitivity analysis of fully adjusted overall and breast cancer–specific
survival for time from biopsy-confirmed
diagnosis to the initiation of treatment ⱖ
60 days versus 0 to 59 days by stage at
diagnosis subgroup. Models for the in
situ– only subgroup are not presented because there were too few events to build
a valid model. All model results are adjusted for age, race, marital status, year of
diagnosis, metropolitan status, and health
professional shortage area status of a patient’s county of residence at diagnosis,
stage at diagnosis (where ⬎ one stage is
included), tumor size, hormone receptor status, Charlson comorbidity index, disability status, whether or not the patient lived in home
health care or assisted living care in the year
before diagnosis, whether or not the patient
had any claims for consultations/procedures
for biopsies or medical imaging or for hospitalizations or emergency department visits between diagnosis and treatment, type of
surgery received, and whether or not chemotherapy, radiation therapy, or hormonal
therapy was administered. RR, relative risk.
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examining the effect of Dx2Tx length on survival. In the absence of
stratification, the effect of initial treatment delay on survival was diminished. This finding could partially explain why previous studies
that did not present stage-stratified results failed to find a significant
effect on survival of longer Dx2Tx.4-6 Additionally, our finding that
longer Dx2Tx only influenced the survival of late-stage patients is
consistent with previous research that reported no effect of delay on
survival in stage I patients.17,31,33 Even though the goal of treatment for
patients diagnosed at late stage may not always be curative, early
treatment still seems to prolong survival. Future studies should carefully consider effect modification by stage when assessing the effect on
survival of time-to-treatment intervals, because most studies have
examined all stages combined.1-6
This study is not without limitations. Primarily, our findings
should not be generalized without future replication in more diverse
study populations and time intervals. Whether these findings are
uniquely applicable to the NC Medicaid population or more broadly
valid to the general population must be evaluated. NC Medicaid is a
unique population of patients, and the findings of this study may not
represent individuals with higher incomes or in other states. Women
diagnosed with breast cancer in NC Medicaid, compared with women
with breast cancer nationally, were more likely to be nonwhite (44% v
17%, respectively), at least age 65 years (45% v 40%, respectively), and
diagnosed at late stage (40% v 31%, respectively).41,56,57 However,
patients in this study had similar insurance coverage and incomes as a
result of Medicaid eligibility status requirements, which helped prevent confounding by differences in socioeconomic status and health
insurance coverage.
Another limitation, inherent in any administrative claims database analysis, is the potential for coding errors; however, it is not
expected that these would occur differentially. Moreover, no data
about the provider- and health care–level components (eg, information about the health care facilities and physician practices that patients were first seen in, referred to, or treated in or about the
physicians or staff themselves) were available. Likewise, no data about
patient adherence to recommended treatment or patient psychosocial
characteristics including fear, anxiety, fatalism, depression, knowledge, beliefs, or barriers to obtaining treatment were available. Future
studies should assess the effects of these unmeasured factors that may
contribute to delays and/or affect survival.
A fundamental difficulty in studying various time-to-treatment intervals in breast cancer is that investigators cannot ethically randomly
assign how long a patient must wait to receive care. In the absence of
random assignment, this study was a robust alternative that allowed for
statistical control for a wealth of variables related to patient demographics
and medical history, tumor-specific characteristics, comorbid conditions,
and information about the types of treatment received in a large cohort of
patients with ample follow-up data. Moreover, the Dx2Tx interval has
been largely under-researched, and it is important that studies continue
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