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ABSTRACT

PURPOSE We sought to determine how breast cancers that occur within 1 year
after a normal mammogram are discovered.

METHODS Using population-based mammography registry data from 2000-
2002, we identified 143 women with interval breast cancers and 481 women
with screen-detected breast cancers. We surveyed women's primary care clini-
cians to assess how the interval breast cancers were found and factors associated
with their discovery.

RESULTS Women with interval cancers were twice as likely to have a personal
history of breast cancer (30.1%) as women with screen-detected cancers (13.6%).
Among women with interval cancers, one half of the invasive tumors (49.5%)
were discovered when women initiated a health care visit because of a breast
concern, and 16.8% were discovered when a clinician found an area of concern
while conducting a routine clinical breast examination. Having a lump and both
a personal and a family history of breast cancer was the most common reason
why women initiated a health care visit (44%) (P <.01).

CONCLUSIONS Women with interval cancers are most likely to initiate a visit to a
primary care clinician when they have 2 or more breast concerns. These concerns
are most likely to include having a lump and a personal and/or family history of
breast cancer. Women at highest risk for breast cancer may need closer surveil-
lance by their primary care clinicians and may benefit from a strong educational
message to come for a visit as soon as they find a lump.

Ann Fam Med 2006;4:512-518. DOI: 10.1370/afm.580.

INTRODUCTION

nterval breast cancers are those that are not detected on routine

screening mammography or that develop within the time interval

between screening mammograms. Most research on interval breast
cancers has focused on the characteristics of pathology that would iden-
tify the cancers' speed of growth or aggressiveness,' the quality of the
mammographic image,* the interpretive ability of the radiologists,’7or a
combination of these issues.® Retrospective review studies on interpretive
performance indicate that 15% to 30% of interval cancers appeared on the
original screening mammogram initially interpreted as negative,’® which
means that the remaining 70% to 85% are generally more aggressive
tumors. The sensitivity of screening mammography in the United States is
72.4% to 80.1%>'°; thus, approximately 20% to 28% of breast cancers are
interval cancers.

Little attention has been paid to how interval breast cancers are
ultimately discovered. Women undergoing routine clinical breast exami-
nations and screening mammography who receive a report of normal
findings may be unlikely to conduct routine breast self-examination.
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BREAST CANCER DISCOVERY

Given the US Preventive Services Task Force does not
recommend breast self-examination because of lack of
evidence on its effectiveness,' primary care clinicians
might not recommend this screening activity to their
patients. We conducted an observational study of 143
women with interval breast cancers to determine how
their cancers were discovered, and we assessed factors
associated with discovery. We hypothesized that inter-
val cancers would be discovered equally (1) by women
with a breast cancer concern initiating a health care
visit, (2) by the women's primary care clinician finding
a breast problem during a routine health maintenance
visit, or (3) by the next screening (for the purposes of
our study, we defined this as the examination following
within 365 days of the initial screening mammogram
interpreted as normal). We further hypothesized that
interval cancer discovery would be influenced by the
patient's age, education, relationship with her health
care professional, and tumor size, which may addition-
ally be affected by the time interval between the initial
screening mammogram and the date of diagnosis.

METHODS

Patient Identification and Data From the
New Hampshire Mammography Network
We used the New Hampshire Mammography Network
(NHMN),"? a statewide mammography registry, to
identify women undergoing screening mammography
between January 1, 2000, and December 31, 2002.
Details of the NHMN are described elsewhere.'?
Briefly, the NHMN records breast imaging events for
consenting women in New Hampshire; participation is
voluntary, with 28 (84.9%) of 33 mammography facili-
ties enrolled in the registry. The composition of par-
ticipating sites includes hospitals (58%), clinic-based or
outpatient facilities and breast imaging centers (24%),
and physicians' private offices (18%). Approximately
90% of all women undergoing mammography at partic-
ipating centers consent to provide data to the NHMN.
Data collection procedures associated with the
NHMN have been approved by the Committee for
the Protection of Human Subjects at Dartmouth Col-
lege. These data include demographic, risk factor, and
health history information (obtained through a self-
administered questionnaire); history of previous breast
procedures (eg, breast reduction, implants, biopsy,
surgery, radiation therapy); personal history of breast
cancer and family history of breast cancer (ie, occur-
rence in a first-degree relative); menopausal status and
current use of hormone replacement therapy (HRT)
(obtained in a face-to-face interview by the radiology
technician); and breast density, mammographic inter-
pretation, and follow-up recommendations assessed by

the radiologist using the Breast Imaging Reporting and
Data System (BI-RADS) categories of the American
College of Radiology (ACR)."* Benign and malignant
pathology data are collected from participating pathol-
ogy laboratories, and breast cancer cases are routinely
supplemented by the New Hampshire State Cancer
Registry for capture of cancers in New Hampshire
that bypassed pathology laboratories. The ascertain-
ment, linking, and coding of pathology data are also
described in more detail elsewhere."

Procedures for Interval Cancer Discovery Study
We identified 624 women with a diagnosis of breast
cancer within the study period (2000-2002). A total of
481 (77%) of the women had a screen-detected cancer,
which was defined as a cancer diagnosed within 90
days of a bilateral screening mammogram interpreted
as abnormal using BI-RADS categories 0 (needs addi-
tional assessment), 4 (suspicious abnormality), and 5
(highly suggestive of malignancy).”® A total of 143
(23%) of the women had an interval cancer, which was
defined as a cancer diagnosed within 365 days of a
bilateral screening mammogram that was interpreted
as normal using BI-RADS category 1 (negative), cat-
egory 2 (benign finding with routine follow-up recom-
mended), and category 3 (short-interval follow-up)."?

We obtained the women's demographic and risk
information from the NHMN database and identified
the primary care clinician who recommended the orig-
inal screening mammogram associated with detection
of the interval cancers. We developed and pilot-tested
a data collection instrument to be completed only by
the health care clinicians of the women with interval
cancers. The instrument determined the patients’ status
in the practice, how their breast cancer was discovered,
the actions taken and dates of events after the breast
cancer was found, patient breast concerns known to
the clinicians, and patient outcomes as of December
31, 2003.

To pilot-test the data collection form, we asked
several primary care clinicians (2 family physicians, 1
internist, and 1 nurse-practitioner) to review the form
and attempt to complete it for designated patients. We
conducted cognitive interviews to revise the instru-
ment until it could be accurately and consistently
completed. The data collection form was then mailed
to the primary care clinicians of women with interval
cancers. A second mailing was undertaken within 3
weeks of the first if no response was received. Of the
143 forms mailed to primary care clinicians, 101 forms
(70.6%) were completed, 22 (15.4%) were partially
completed, and 20 (14.0%) were not returned, even
after 2 mailed attempts.

For some aspects of our study, it was important to
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compare the characteristics of the
women and tumors according to
the mechanism of cancer detec-
tion (screen-detected vs interval
cancers). We created an analytic
file with the characteristics of all
women receiving a diagnosis of
breast cancer during the study
period and compared characteris-
tics between women with screen-
detected cancers and women
with interval cancers. Descrip-
tive statistics were calculated for
both continuous and categori-
cal data. Continuous data were
compared using the t test, and
categorical data were compared
using the Fisher exact test.'* All
tests were 2-tailed with « set at
.05. For main analyses, only the
101 women with complete data
were included. The strengths and
weaknesses of this approach are
debated in the Discussion below.

RESULTS

The mean age of women with
interval cancers was 59.7 years
(range = 35-89 years, SD =

12.7 years), and the mean age

of women with screen-detected
breast cancers was 60.1 years
(range = 34-96 years, SD = 12.6
years) (Table 1). Among women
with interval cancers, 78 (54.6%)
were current patients of the prac-
tice of the referring primary care
clinician; 9 (6.3%) were no longer
patients of the practice, 6 (4.2%)
had been referred to another phy-
sician, 6 (4.2%)
of the practice but were no longer

were still patients

patients of the clinician referring
them for the mammogram, 23
(16.1%) were considered to be in
an “other” category, and 21 (15%)
had missing data for this mea-
sure (data not shown). Women
with interval cancers were twice
as likely to have a personal his-
tory of breast cancer (30.1%) as
women with screen-detected can-
cers (13.6%). The time since the

Table 1. Characteristics of Women With Screen-Detected and
Interval Cancers

Women With
Screen-Detected Women With
Cancers Interval Cancers
(n = 481) (n = 143)
Characteristic No. (%) No. (%) P Value
Age at diagnosis, years .67
<39 8 (1.7) 4 (2.8)
40-49 106 (22.0) 35 (24.5)
50-59 140 (29.1) 36 (25.2)
60-69 100 (20.8) 34 (23.8)
>70 127 (26.4) 34 (23.8)
Education* .50
Less than high school 0 (6.8) 7 (5.2)
High school graduate or GED 125 (28.3) 34 (25.2)
Some college or technical school 128 (29.0) 48 (35.6)
College or postcollege graduate 159 (36.0) 46 (34.1)
Insurance* .04
Yes 449 (95.5) 140 (99.3)
No 21 (4.5) 1(0.7)
Family history of breast cancer* .82
Yes 193 (40.4) 60 (42.0)
No 279 (58.4) 82 (57.3)
Don’t know 6 (1.3) 1(0.7)
Personal history of breast cancer* <.001
Yes 65 (13.6) 43 (30.1)
No 413 (86.4) 100 (69.9)
Menopausal status and current .58
HRT use*
Premenopausal 119 (27.1) 35 (27.1)
Postmenopausal, no HRT 210 (47.7) 56 (43.4)
Postmenopausal, HRT 111 (25.2) 38 (29.5)
Breast density* 48
Fatty 25 (5.5) 5 (3.5)
Scattered density 213 (46.6) 66 (46.2)
Heterogeneously dense 184 (40.3) 56 (39.2)
Extremely dense 35 (7.7) 16 (11.2)
Time since the mammogram .001
before the one associated with
the cancer diagnosis*
Never had one 2 (5.5) 2 (1.5)
<1 year 1(20.1) 35 (25.9)
1-2 years 228 (56 4) 89 (65.9)
>2 years 3 (18.1) 9 (6.7)
Time since the CBE before the 77
one associated with the cancer
diagnosis* 4(15) 2(3.1)
Never had one 200 (76.1) 48 (73.9)
<1 year 47 (17.9) 13 (20.0)
1-2 years 12 (4.6) 2(3.1)
>2 years

GED = graduate equivalent degree; HRT = hormone replacement therapy; CBE = clinical breast examination.

* Missing: 47 for education (39 screen, 8 interval); 13 for insurance (11 screen, 2 interval); 3 for family his-
tory of breast cancer (all screen); 3 for personal history of breast cancer (all screen); 55 for menopausal status
and HRT use (41 screen, 14 interval); 24 for breast density (all screen); 85 for time since last mammogram
(77 screen, 8 interval), and 296 for time since last CBE (218 screen, 78 interval).
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mammogram before the one associated with the cancer
diagnosis was longer among the women with interval
cancers than among the women with screen-detected
cancers. In addition, the proportion with health insur-
ance was slightly higher in the interval cancer group.
Of the 114 interval cancers detected for which
pathology results were available, 100 (87.7%) were
invasive and 14 (12.3%) were ductal carcinoma in
situ. Among all women with invasive cancers, those
with interval cancers had higher-stage disease (stage
[T or IV: 14.6% vs 2.7%, P <.001), had larger tumors
(221 mm: 38.1% vs 24.8%, P = .02), and more often
had positive lymph nodes (39.5% vs 26.4%, P = .03)
than those with screen-detected cancers. A complete
comparison of screen-detected and interval cancers
is provided in the Appendix. Among women with
screen-detected cancers, the mean time from the initial
screening mammogram to a breast cancer diagnosis
was 18 days (SD = 14 days, range = 1-46 days) for
invasive cancers and 20 days (SD = 13 days, range = 1-
48 days) for in situ cancers. Among women with inter-
val cancers, the mean time from the initial screening
mammogram to a breast cancer diagnosis was 199 days
(SD = 115 days) for invasive cancers and 164 days (SD
= 118 days) for in situ breast cancers (data not shown).
One half (49.5%, 50/101) of the interval tumors
were discovered when women initiated a health care
visit because of a breast concern, and 16.8% were dis-
covered when a primary care clinician found an area
of concern while conducting a routine clinical breast
examination that was unrelated to symptoms. An addi-
tional 22.8% were discovered when women had their
next routine screening mammogram, which was per-
formed before the end of the 365-day follow-up period.
No differences were found in discovery scenario by
patient age, race, or insurance status (data not shown).
The 101 women with interval cancers included
in our main analyses had a total of 229 breast con-
cerns (Table 2). The most common concerns were a

personal and/or family history of breast cancer and a
lump in the breast. Less frequent concerns included
skin changes. The 22 concerns in the "other” category
included pain or tenderness (n = 6), a problem that
had developed in an area of a breast where a previous
mammogram had detected a benign abnormality (n

= 5), other concerns (n = 7), and no concerns (n = 4)
(data not shown). The type of concern did not differ
by patient age except for concerns about a breast lump:
younger women tended to be more likely than their
older counterparts to have lumps.

Because most women had more than 1 concern, we
organized the presenting concerns into clusters, the
most common of which (pertaining to 74 women) are
shown in Table 3. Forty-four percent of women initiat-
ing a health care visit had a lump and both a personal
and a family history of breast cancer. Twenty-four
percent of women who initiated a health care visit had
a lump, breast pain, and a personal history of breast
cancer, while 9% had only a personal and a family
history, and 9% had only a lump. Of the 23 women
with less common discovery scenarios not included
in the table, 2 reported skin changes only; 2 reported
pain and tenderness only; 1 reported skin changes
and a personal and family history of breast cancer; 4
reported skin changes and a personal history of breast
cancer; 2 reported a personal history of breast cancer
only; 3 reported a lump, skin changes, and a personal
history of breast cancer; and 9 reported other symp-
toms (not identified).

A total of 59 (80%) of the 74 women with interval
cancers and the most common presenting concerns
(74 shown in Table 3 and 2 with missing discovery sce-
narios) were currently patients in the practice, and the
health care clinician who referred them for the mam-
mogram that detected their cancer was their primary
care clinician. Approximately 8% had been referred to
another physician in the practice, and another 8% were
no longer patients of the practice (data not shown).

With Interval Cancers (n = 229 concerns)

Table 2. Distribution of Types of Breast Concerns by Patient Age Among 101 Women

Age, Years*

<39 40-49 50-59 60-69 >70
Breast Concernf No. (%) No. (%) No. (%) No. (%) No. (%) P Valuet
Lump in breast (n = 59) 2(3) 21 (36) 15 (25) 14 (24) 7(12) 2
Skin changes (n = 13) 0 (0) 3 (23) 2 (19) 4 (31) 4 (31) 72
Family history of breast cancer (n = 61) 2 (3) 14 (23) 14 (23) 17 (28) 14 (23) .45
Personal history of breast cancer (n = 74) 1(1) 21 (28) 18 (24) 19 (26) 15 (19) 37
Other concern (n = 22) 1(5) 4 (18) 6 (27) 4(18) 7 (32) 37

* Values are no. (%) of concerns of that type; values total across rows.
t Values in parentheses are numbers of concerns.
# P value is for the test of independence by each concern across patient age.
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Concern(s) (n = 74 women)

Table 3. Distribution of Breast Cancer Discovery Scenarios by Cluster of Most Common Type of Breast

Cluster of Breast Concerns

Lump, Pain, Lump, Pain, Lump, Personal Personal & Family
Lump Personal History Family History & Family History  History of Breast
Only of Breast Cancer  of Breast Cancer  of Breast Cancer Cancer Only
Discovery Scenario No. (%) No. (%) No. (%) No. (%) No. (%) P Value*
Patient initiated health care 4 (9) 11 (24) 6 (13) 20 (44) 4 (9) <.01
visit because of a breast
concern (n = 45)
Clinician found area of 0 (0) 4 (36) 3 (27) 3 (27) 1(9) 15
concern while conducting
routine CBE (n = 11)
Breast cancer was found on 2 (15) 1(7) 1(8) 1(8) 9 (64) .001
next screening mammo-
gram (n = 14)
Other (n = 4) 1(25) 0(0) 1(25) 1(25) 1(25) 43

CBE = clinical breast examination.

Note: Two women were missing a discovery scenario. See text for a description of less frequent concerns in the remaining 23 women.

* P value is for the test of independence for each discovery scenario by type of breast problem.

DISCUSSION

Of the breast cancers reported to the NHMN during a
24-month period, 1 in 4 was an interval cancer, which
is consistent with the sensitivity of mammography
previously reported in New Hampshire (74%).° We
originally hypothesized that interval cancers would be
equally detected by the women themselves, by their
primary care clinicians, and by the next screening
mammogram. Approximately one half of women with
interval cancers initiated a health care visit when they
had 1 or more breast concerns, especially when a lump
was accompanied by a personal and family history
of breast cancer. Approximately 17% of the interval
cancers were found by women's primary care clini-
cians, and the remaining interval cancers were picked
up on subsequent screening mammograms. As mam-
mography technology improves, it is still critical that
primary care clinicians and their patients do not derive
false reassurance from a recent negative mammogram.
The educational message to report persistent breast
symptoms, especially if women are at risk because of
a personal or strong family history of breast cancer,
cannot be overemphasized. Although many studies
have focused on unnecessary biopsies,'>'® the majority
of these have included mainly women at average risk
rather than those at high risk for breast cancer.
Women with invasive interval cancers had larger
tumors, had higher stages and grades of breast cancer,
and were more likely to have positive lymph nodes
than their counterparts with invasive screen-detected
cancers. Invasive interval cancers were found about
200 days after the initial screening mammogram,
which was approximately 1 month later than in situ
interval disease was discovered. This is surprising

because in situ disease is often not palpable. We were
also surprised to find no differences by age in breast
cancer discovery scenario, total number of symp-
toms or concerns, or cluster of concerns. We had
hypothesized that older women would be less likely
to detect a lump themselves and initiate a health care
visit. Younger women's breasts are often more nodular,
which would make detecting a lump more difficult.
Women with interval cancers were much more
likely to have a personal history of breast cancer when
compared with women with screen-detected cancers.
Although conducting breast self-examination has not
been found to reduce breast cancer mortality and
is not recommended by the US Preventive Services
Task Force' as a routine screening procedure for the
general public, perhaps it should be recommended
for women at high risk for breast cancer, such as
those with a personal or family history of the disease.
Additional research is needed in this area; however, a
randomized trial may be difficult to conduct because
of ethical concerns. Although it is recommended that
women with a family history of breast cancer start
mammography screening at a younger age, there is
no specific recommendation for a screening interval
different from that for women in general.!" A recent
study on the efficacy of breast cancer screening
among women at high risk (defined as having a posi-
tive family history and a previous breast biopsy) vs
average risk (defined as having a negative family his-
tory and no previous breast biopsy) found a modest,
though not significant association between screening
and reduced mortality among women at high risk
(odds ratio = 0.74, 95% confidence interval, 0.50-
1.03)." This finding further suggests the importance

ANNALS OF FAMILY MEDICINE + WWW.ANNFAMMED.ORG + VOL. 4, NO. 6 * NOVEMBER/DECEMBER 2006

~eg >




BREAST CANCER DISCOVERY

of educating high-risk women about the need to see
their clinicians if they find an abnormality.

Previous screening history (before the screening
mammogram linked to the interval or screen-detected
cancer) also differed between women with screen-
detected vs interval cancers. Women with screen-
detected cancers were more likely to have their cancer
found by the first mammogram they had ever had.

No differences were noted by age, education, breast
density, family history of breast cancer, menopausal
status and use of HRT, or time since last clinical breast
examination. We found surprising the lack of differ-
ence by breast density and by menopausal status and
HRT use, as many studies have found these factors

to be associated with difficulty in detecting breast
cancer.'®2! Although insurance status differed signifi-
cantly between women with screen-detected cancer
and women with interval cancers, it is unclear whether
the difference between the proportions with insurance
(96% vs 99%, respectively) is clinically relevant.

When we assessed patient status in the practice
among the women with interval cancers who had the
most common breast concerns, we found that most of
these women were currently cared for by the health
care clinician who had referred them for the mammo-
gram that detected their interval cancer. An important
relationship with a primary care physician was thus
the primary model of health care for the majority of
women in the study. Although we do not know how
long the relationship had been established, it is likely
an important one for detection of interval cancers. Our
data indicate that the interval cancers found were gen-
erally more aggressive than the screen-detected can-
cers, which underscores the importance of surveillance
for high-risk women. Previous research has shown
that between 70% and 85% of interval cancers are not
mammographically detectable’® but are growing rap-
idly. Initiating a health care visit when an abnormality
is found may help to identify these rapidly growing
cancers when long-term survival is still possible.

Our study was conducted among a population-
based sample of women undergoing mammography
screening, which has both strengths and limitations.

A strength is that we were able to identify women
with interval cancers for study and, with the help of
their primary care clinicians, we were able to obtain
information on how their interval cancers were found,
a topic that has received little attention in the breast
cancer surveillance literature. Our study, however, is
only generalizable to women in northern New Eng-
land who obtained mammograms. Additional research
is needed to confirm our findings. A limitation is

that many of our analyses were based only on the

101 women for whom we had complete information.

Although these women represented more than 70% of
those with interval cancers, their number was too small
to pursue all of our planned analyses. Larger confirma-
tory studies are needed.

In conclusion, we found that women with interval
cancers are most likely to initiate a visit to a health
care clinician when they have 2 or more breast-related
concerns. These concerns are most likely to include
having a lump and a personal and family history of
breast cancer. Women at highest risk for breast cancer
may need closer surveillance than the general popula-
tion of women. It may be reasonable to encourage
them to seek care from their primary care clinicians if
they develop breast symptoms, rather than taking reas-
surance from a negative screening mammogram.

To read or post commentaries in response to this article, see it
online at http:/lwww.annfammed.orgl/cgilcontent/full/4/6/512.
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Appendix. Characteristics of Tumors in Women With Screen-Detected and Interval Cancers (N = 559)

Invasive Cancers

In Situ Cancers

Screen-Detected Interval Screen-Detected Interval
Tumor (n = 345) (n = 100) (n = 100) (n = 14)
Characteristic* No. (%) No. (%) P Value No. (%) No. (%) P Value
Stage
lorll 288 (97) 70 (85) <.001 NA NA NA
I or IV 8 (3) 12 (15)
Lymph node status
Positive 71 (26) 30 (40) .03 NA NA NA
Negative 198 (74) 46 (61)
Tumor size
<10 mm 92 (29) 15 (18) .02 40 (62) 2 (25) .08
11-20 mm 144 (46) 37 (44) 17 (26) 3 (38)
>21 mm 78 (25) 32 (38) 8 (12) 3 (38)
Tumor grade
1or2 159 (65) 31 (53) .09 32 (56) 2 (40) 49
3or4 87 (35) 28 (48) 25 (44) 3 (60)

Note: Tumor characteristics were not available for 65 (10%) of the women (36 screen, 29 interval).

NA = not applicable.

* Missing: 67 for stage (49 screen, 18 interval); 100 for lymph node status (76 screen, 24 interval); 88 for tumor size (66 screen, 22 interval); and 192 for tumor grade

(142 screen, 50 interval).
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