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Purpose: The natural history of microinvasive (T1mi) breast cancer is uncertain. The objective was to evaluate
long-term local and distant recurrence rates following breast conserving surgery (BCS) in a prospective cohort of
patients with T1mi compared to T1a-2 disease who received whole breast irradiation (WBI) in the context of a
randomized trial of hypofractionation.

Methods: 1234 patients with T1-2 NO breast cancer were randomized to receive adjuvant WBI of 42.5Gy in 16
daily fractions, or 50Gy in 25 daily fractions after BCS. An analysis of patients with T1mi tumors compared with
Tla-2 disease was performed. Kaplan-Meier estimates of local recurrence (LR), distant recurrence, and overall
survival (OS) were compared using the log-rank test.

Results: Median follow-up was 12 years. T1mi was found in 3% (n = 38) of patients. The 10-year LR rate was
22.6% in T1mi vs. 6.9% in T1a-2 breast cancer [hazard ratio (HR) = 3.73; 95% confidence interval (CI): 1.93,
7.19; p < 0.001]. The 10-year risk of distant recurrence was 5.1% for T1mi, and 12.1% for T1a-2 disease (HR =
0.56; 95% CI: 0.19, 1.84; p = 0.36). Ten-year OS was 91.5% in T1mi and 84.4% in T1la-2 disease, (HR = 0.48;
95% CI: 0.18, 1.30; p = 0.14). Rates of LR did not differ whether treated by hypofractionation or conventional
fractionation (HR = 1.21; 95% CI: 0.35, 4.18; p = 0.77).

Conclusions: The risk of LR was considerably higher in patients with T1mi compared to Tla-2 tumors, but OS
remained very good. Future research should evaluate the utility of wider local excision and boost radiation to
optimize local control for microinvasive breast cancer.

1. Introduction

Microinvasive breast cancer (T1mi) is defined as malignant cells
invading beyond the cellular basement membrane into adjacent breast
tissue with no invasive focus greater than 1 mm in the greatest dimen-
sion [1]. It is usually associated with ductal carcinoma in situ (DCIS), but
not always. The incidence of microinvasive carcinoma is low, reported
to be between <1% and 2.4% [2]. Management practices and guideline
development is complicated by the rarity of this diagnosis and the use of

varying criteria to define this entity within the literature [3]. These le-
sions have historically been analyzed together with a spectrum of breast
lesions, including lobular and ductal carcinoma in situ, and lobular or
ductal carcinoma < 5 mm, termed “minimally invasive carcinoma.” [4]
Previous studies of microinvasive disease have been limited by small
sample sizes and often retrospective designs [5-10].

The natural history of this pathologic entity still remains uncertain
and it is not clear if microinvasive breast cancer behaves more like DCIS
or invasive carcinoma. Small retrospective series suggest that the
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natural history of microinvasive breast cancer is similar to that of DCIS,
with a similar risk of occult nodal involvement and local recurrence [6,9,
11]. In the literature, the risk of occult nodal involvement is rare with
patients having an overall good prognosis [7,10,12-14].

The majority of women diagnosed with T1mi breast cancer undergo
breast conserving surgery (BCS). Adjuvant whole breast irradiation
(WBI) is usually given to reduce the risk of local recurrence based on
randomized trials of its efficacy in invasive breast cancer and DCIS [15,
16]. Hypofractionation rather than conventional fractionation may be
used based on results of randomized trials in invasive disease [17-19].
Patients with microinvasive breast cancer were included in the ran-
domized trials of hypofractionation for invasive breast cancer, but their
outcomes have not been separately reported.

The purpose of this study was to evaluate the risk of local and distant
recurrence in patients with microinvasive disease compared to other T1-
2 NO tumors in the context of a randomized trial of hypofractionated
WBI compared to conventional fractionation following BCS. An addi-
tional objective was to assess the efficacy of hypofractionated WBI in
patients with microinvasive breast cancer.

2. Patients and Methods
2.1. Study patients

Patients with invasive carcinoma of the breast <5 ¢m who were
pathologically node negative treated with BCS and level I and II axillary
dissection were eligible for enrollment in the Canadian Hypofractiona-
tion Trial. Patients with a positive surgical margin, defined as invasive
carcinoma or DCIS on the specimen inked margin, were excluded.
Comprehensive eligibility and exclusion criteria have been previously
described [20]. Patients with stage TImiNO disease were defined as
invasive breast cancer <1 mm in greatest dimension as per the AJCC 8th
edition staging manual [1]. The study protocol was approved by the
ethics review board at each participating centre and informed consent
was obtained from all patients.

2.2. Radiation and systemic treatment

Prior to randomization patients were considered for systemic ther-
apy according to individual institutional guidelines. Patients were
randomly assigned to receive radiation therapy to the whole breast of
hypofractionation of 42.5Gy in 16 fractions over 22 days, or conven-
tional fractionation: 50Gy in 25 fractions over 35 days. External beam
radiation was delivered with a tangential parallel opposed pair beam
arrangement. Wedge composition was used to ensure uniform dose
distribution at the central plane. Boost radiation to the tumor bed and
regional nodal irradiation were not permitted.

2.3. Patient follow-up and outcomes

After completion of radiation, patients were assessed on a 6-monthly
basis for 5 years, and then yearly. Bilateral mammograms were obtained
at 6 months after WBI and then annually. Local recurrences were defined
as any invasive or in-situ recurrence in the ipsilateral/treated breast and
were histologically confirmed. Distant recurrence included any recur-
rence in the ipsilateral regional nodes, bone, liver, lung or central ner-
vous system, and were confirmed by imaging or histologically if
possible.

2.4. Statistical analysis

Patients with microinvasive breast cancer were compared to patients
with Tla-2 tumors (>1-50 mm). Fisher’s exact test was used to deter-
mine differences in baseline characteristics for the patient groups. Cu-
mulative incidence of local recurrence was defined as the time from
randomization until local recurrence as a first event. Patients were
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censored at distant recurrence, last follow-up, or death, whichever
occurred first. Cumulative incidence of distant recurrence was defined
as time from randomization until any distant recurrence. Patients were
censored at last follow-up, or death. Overall survival (OS) was defined as
death from any cause. Patients were censored at last follow-up.

The outcomes of local recurrence, distant recurrence and OS were
estimated using the Kaplan-Meier method and patient groups were
compared using the log-rank test. Cox proportional hazards model was
used to estimate the relationship between local recurrence and micro-
invasive disease (yes, no) age (50 years, >50 years), tumor size (<2 cm,
>2 cm), grade (low, intermediate, and high), estrogen receptor status
(negative, positive and equivocal), systemic therapy (none, tamoxifen or
chemotherapy) and radiotherapy fractionation (hypofractionation,
conventional fractionation).

3. Results

Between April 1993 and September 1996, 1234 patients with T1-2
NO invasive breast cancer were randomized to hypofractionated or
conventional fractionated WBI. Microinvasive carcinoma occurred in 38
patients (3%). Median follow-up was 12 years for the entire cohort.
Tamoxifen was used in 18% of patients with T1mi disease, compared to
41% of patients with T1a-2 tumors. No patient with microinvasive dis-
ease received cytotoxic chemotherapy. Baseline characteristics, other
than the use of systemic therapy, did not differ between the micro-
invasive breast cancer subgroup and the remaining study patients
(Table 1).

Eight local recurrences occurred after BCS and WBI for T1mi breast
cancer. Of these recurrences, 5 (62.5%) were invasive carcinoma and 3
(37.5%) were DCIS. In the remaining patients with T1a-2 disease (n =
1196) there were 73 local recurrences, of which 64 (87.7%) were
invasive and 9 (12.3%) were DCIS. The 10-year local recurrence rate
(invasive and non-invasive recurrences) was 22.6% in the T1mi patients,
and 6.9% in the T1a-2 cohort [hazard ratio (HR) 3.73; 95% confidence
interval (CI): 1.93-7.19; p < 0.001] (Fig. 1). The rate of invasive local
recurrences at 10 years was 14.3% in the T1mi patients, and 6.1% in the
T1a-2 cohort (HR = 2.94; 95% CI: 1.37, 6.25; p = 0.004). The rate of
non-invasive local recurrence at 10 years was also increased for T1mi
patients compared to the T1a-2 cohort (8.3% vs. 0.8%, HR = 9.1; 95%
CL: 2.5, 33.1; p < 0.001).

A sensitivity analysis was undertaken to assess the rate of local
recurrence in patients with T1mi breast cancer compared to those with
Tla (>1-5 mm) tumors (n = 46). The 10-year local recurrence rate was
22.6% for microinvasive disease compared to only 2% in patients with

Table 1
Patient and treatment characteristics.

n (%) Tlgin= 38 (%) Tla-2n = 1196 (%) p value

Age
<50 6 (16) 299 (25) 0.25
>50 32 (84) 897 (75)

Tumor Grade
I 14 (37) 441 (37) 0.85
I 16 (42) 504 (42)
I 7 (18) 231 (19)
Unknown 1(3) 20 (2)

Estrogen receptor
Positive 22 (58) 863 (72) 0.07
Negative 13 (34) 255 (21)
Equivocal 1(3) 57 (5)
Missing 2 (5) 21 (2)

Systemic Therapy
None 31 (82) 572 (48) <0.001
Tamoxifen 7 (18) 493 (41)
Chemotherapy 0 (0) 131 (11)

Radiation regimen
Conventional 21 (55) 591 (49) 0.51
Hypofractionated 17 (45) 605 (51)
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Fig. 1. Kaplan-Meier curves for Local Recurrence (invasive and in-situ) for
patients with T1mi and T1a-2 tumors.

T1a disease (p = 0.001). Tamoxifen was rarely used in patients with T1a
tumors (n = 4) and no patient received chemotherapy.

In the patients with microinvasive breast cancer, there were no
regional recurrences at 10 years and only 2 distant recurrences. Rates of
distant recurrence at 10 years were 5.4% in the T1mi group and 12.1%
in the T1a-2 group (HR = 0.59; 95% CI: 0.19, 1.84; p-value = 0.36). OS
was 91.5% in the T1mi patient cohort, and 84.4% in the T1a-2 patients
(HR = 0.48; 95% CI: 0.18, 1.30; p = 0.14) (Fig. 2).

Cox-regression multivariate analysis was undertaken to assess vari-
ables associated with local tumor recurrence. T1mi status (HR = 2.86;
95% CI: 1.30, 6.29; p = 0.009) and tumor size >2 cm (HR = 1.80; 95%
CI: 1.11, 2.91; p = 0.02) were independently prognostic for local
recurrence (Table 2).

Within the subgroup of patients with microinvasive breast cancer,
local recurrence rates did not differ by radiation treatment regimen
(hypofractionation vs. conventional fractionation, HR = 1.21; 95% CI:
0.35, 4.18; p = 0.77) (Fig. 3).

4. Discussion
In this study we report the analysis of patients with T1mi NO breast

cancer compared to patients with Tla-2 NO treated by BCS. Patients
received WBI either with hypofractionation or conventional
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Fig. 2. Kaplan-Meier curves for overall survival for patients with TImi and
Tla-2 tumors.
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Table 2
Multivariate analysis for local recurrence.
HR (95% CI) p-value
Treatment: Hypofractionated vs 1.01 (0.67-1.52) 0.95
Conventional Fractionation
Microinvasive: yes vs no 2.86 (1.30-6.29) 0.009
Age: <50 vs > 50 1.18 (0.75-1.87) 0.48
Grade (ref = low)
High 1.58 (0.82-3.04) 0.39
Intermediate 1.22 (0.74-2.04)
Size: >2 cm vs < 2 cm 1.80 (1.11-2.91) 0.02
ER status (ref = negative)
positive 0.58 (0.34-0.97) 0.11
equivocal 0.78 (0.32-1.86)
Systemic Therapy: yes vs no 0.80 (0.51-1.25) 0.32

fractionation as part of a randomized trial. The risk of local recurrence
was significantly higher with microinvasive disease compared to T1a-2
tumors. This was due both to an increase in invasive and non-invasive
local recurrences. The increase in local recurrence was unlikely due to
decreased use of systemic therapy as the risk remained increased when
T1lmi was compared to Tla tumors where systemic therapy was also
uncommonly used. Despite the increased risk in local recurrence, the
risk of distant recurrence and death was less in patients with micro-
invasive disease compared to Tla-2 tumors although no significant
differences were observed.

Our findings are similar to other series demonstrating a relatively
high rate of local recurrence with a favorable survival outcome for pa-
tients with microinvasive breast cancer treated with BCS and adjuvant
WBI [9,21]. This high rate of local recurrence with a similar proportion
of invasive and non-invasive recurrences is similar to the pattern of local
recurrence following BCS for DCIS [15,22]. Rakovitch et al. evaluated a
population cohort of patients with DCIS or microinvasive breast cancer
and reported 15-year local recurrence free survival of 80.3% for patients
with pure DCIS treated with BCS and WBI (without boost radiotherapy)
or 81.8% for patients with 1 focus of microinvasion treated in the same
way [22]. In this series >2 foci of microinvasion was significantly
associated with higher rates of local recurrence (15-year local recur-
rence free survival of 70.3%) [22].

Solin et al. compared the outcomes of 39 women with microinvasive
breast cancer treated with BCS followed by WBI with boost radiation to
two control groups of women with invasive carcinoma or pure DCIS. The
5-year rate of local failure was significantly higher with microinvasive
breast cancer [19% compared to 6% (invasive) and 2% (pure DCIS), p =
0.006] [23]. In this study the 5 year recurrence rates were similar to the
10 year rates observed in our trial despite the use of boost radiation. In
contrast to our study, microinvasion was defined as a maximal extent of
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Fig. 3. Local recurrence rates for patients with microinvasive breast cancer
treated with hypofractionated (4256¢Gy/16) or conventional (5000cGy/25)
fractionation.
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invasion < 2 mm or invasive carcinoma comprising <10% of the tumor
thus comprising a potentially higher risk group. Moreover, margin status
was unknown in almost half the entire patient cohort as routine inking of
surgical specimens was not performed and no endocrine therapy was
used. In their study, local failure rate was only 5% in patients with
negative margins (>2 mm), compared to 35% in patients with unknown
margin status, demonstrating the impact of margin status on local con-
trol. Although these differences resulted in a higher 5-year recurrence
risk in the study by Solin et al. the similar trend of a higher rate of local
recurrence when comparing patients with microinvasive tumors to those
with Tla-2 disease is consistent.

Despite the high incidence of local recurrence, other studies have
also found that the risk of distant recurrence or death is less for patients
with microinvasive compared to invasive disease. In a series of 426
patients with microinvasive disease, nodal involvement was detected in
only 7.7% of patients and overall survival was 98% [9]. In an analysis of
the SEER database by Wang et al. of 8863 patients with T1mi, only 7.6%
had nodal disease and the 10-year cancer mortality was 4% [21]. More
recent data suggests that patients with microinvasive disease have a
slightly higher risk of distant metastases and breast cancer mortality
than DCIS, but a lower risk than invasive disease. Investigators from the
UK Sloan project reported on 521 cases of microinvasive disease and
compared this group to 10,764 cases of DCIS with follow-up of
approximately 9 years [24]. They identified that the risk of distant
metastases and breast cancer mortality was higher with microinvasion
compared to DCIS (1.2% vs. 0.3%, p = 0.01 and 2.1% vs. 0.8%, p =
0.005, respectively). Sopik et al. using the SEER database reported on
the largest series to date of 13,489 women with microinvasive disease
[25]. Details on local recurrence and distant metastasis were not avail-
able, but the 20-year breast cancer mortality rates were higher for pa-
tients with microinvasive disease compared to DCIS (6.9% vs. 3.8%, p <
0.001). The risk of breast cancer mortality in this series for women with
microinvasive disease was similar to those with invasive cancer 0.2-1
cm in size (6.8%) and less than that for women with invasive cancers
1.1-2.0 cm (12.1%).

In our trial patients were randomized to hypofractionation (42.5Gy/
16 fractions) or conventional fractionation (50Gy/25 fractions). The
small number of T1mi cases limited our ability to adequately compare
hypofractionation with conventional fractionation for T1 microinvasive
disease. However, similar to the results of the overall trial there was no
evidence that hypofractionation resulted in a higher risk of local
recurrence in patients with microinvasive disease. These data are
consistent with recent trials of hypofractionation for DCIS. In the Danish
Breast Cancer Group (DBCG) HYPO trial, 246 patients with DCIS alone
were randomized to hypofractionation (40Gy/15 fractions) compared to
conventional fractionation (50Gy/25 fractions) as part of a larger ran-
domized trial in invasive disease [26]. No differences were observed in
local recurrence at a median follow-up of 7.3 years. Similarly in BIG
3-07/TROG 07.01, 503 patients with DCIS were randomized to hypo-
fractionation (42.56Gy/16 fractions) versus conventional fractionation
(50Gy/25 fractions) [27]. Again, no difference was detected in local
recurrence at a median follow-up of 6.6 years. The results from our study
together with results of trials in patients with DCIS and invasive disease,
support the use of hypofractionation for microinvasive breast cancer.

In our hypofractionation trial, additional boost radiation to the
tumor bed was not used. At the time of study initiation, boost radiation
had not been demonstrated in randomized trials to be effective and in-
vestigators wished to avoid confounding of boost radiation on outcomes
in the trial. Since then, boost radiation has been demonstrated to be
effective in reducing the risk of local recurrence in both invasive disease
and non-invasive disease. The large EORTC boost trial of 5318 patients
with invasive disease demonstrated a relative reduction of local recur-
rence of 40% at 10 years [28], and the recent BIG 3-07/TROG 07.01
trial in 1608 patients with non-low risk DCIS demonstrated a reduction
in local recurrence of a similar magnitude [27]. Microinvasive disease is
not normally considered a standard indicator for boost radiation, but
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given our findings of a higher risk of local recurrence, and results from
these trials it seems reasonable to consider boost radiation for patients
with microinvasive disease especially with high risk features typically
seen for DCIS such as age <50, size >2.5 cm and the presence of high
grade or comedo necrosis. The high risk of local recurrence observed in
our trial also suggests that other strategies to reduce local recurrence
such as wider surgical margins (>2 mm) currently recommended for
DCIS [29] or the use of adjuvant endocrine therapy could also be
considered to reduce risk of recurrence [30,31].

One of the strengths of our study is that a uniform inception cohort
was identified. All patients were treated uniformly with BCS and axillary
dissection and determined to be node negative with negative surgical
margins consistent with the Society of Surgical Oncology and the
American Society of Clinical Oncology practice guidelines for invasive
disease [32]. All patient were then treated with WBI using hypo-
fractionation or conventional fractionation as per the trial and then
followed prospectively for 12 years. Patients were followed carefully for
local and distant recurrence, which has not been possible in epidemio-
logical databases such as SEER. We were also able to look at the impact
of different radiation fractionations without the confounding of boost
radiation.

An important limitation of our study is that despite its prospective
nature, there were only 38 cases of microinvasive disease. Despite the
small numbers, the risk of local recurrence was higher for microinvasive
disease compared to T1a-2 disease. The lower bound of the CI for the HR
for the direct comparison would suggest that the risk of local recurrence
could be 1.9 times that for the higher staged disease. It should be noted
that this study was performed in the mid-1990s. Since then the rate of
local recurrence has decreased owing to improved mammographic
techniques, better surgical approaches, and effective systemic therapy so
the absolute rates of LR for T1mi and T1la-2 are now likely to be less.
Other limitations of the study were that specific details regarding extent
of associated DCIS, the number of foci of microinvasive disease and the
presence of comedo necrosis were not available.

This study adds to our understanding about the natural history of
microinvasive breast cancer. It demonstrates that despite a higher risk of
local recurrence (both invasive and non-invasive) the risk of distant
metastasis was relatively low and associated with a good prognosis.
Hypofractionation was equally effective compared to conventional
fractionation in preventing local recurrence. The high rate of local
recurrence at 10-years for microinvasive disease observed in our trial
suggests that measures to reduce risk such as wider margins of excision
(>2 mm), the use of additional boost radiation to the tumor bed, and
adjuvant endocrine therapy as used for DCIS could be considered.
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