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Abstract

Objective: To examine the relationship between large tumor size and breast cancer—specific mortality (BCSM), espe-
cially in a subset of patients with negative lymph nodes (LNs).

Patients and Methods: We used the Surveillance, Epidemiology and End Results registry to identify 107,705 female
patients diagnosed from January 1, 1990, through December 31, 2003, as having invasive breast cancer and treated
with surgery and LN dissection. Relevant issues unclear in the database were studied in an additional 335 patients with
locally advanced disease treated with neoadjuvant chemotherapy.

Results: In the multivariable analysis, a significant interaction was found between tumor size and LN involvement
(P<<.001). In LN-negative diseases, the relationship between tumor size and BCSM was piecewise. Using 21- to 30-mm
tumors as the reference, the hazard ratio (HR) of BCSM increased with increasing tumor size until a peak at 41 to 50 mm
(HR, 1.49; P<.001), after which increasing tumor size was unexpectedly related to decreasing hazard, with a nadir at
61 to 80 mm (HR, 1.06; P=.70). The 61- to 80-mm tumors exhibited a significantly lower BCSM compared with the
41- to 50-mm (P=.02) and greater than 80-mm (P=.03) subgroups. This pattern remained after stratification by
estrogen receptor status but was not observed in patients with LN-positive disease. Further analysis indicated that the
survival advantage of 61- to 80-mm tumors in LN-negative disease might result from its low risk of distant metastasis.
Conclusion: A relatively larger tumor size without LN involvement may be a surrogate for biologically indolent disease
of distant metastasis. Our findings, if validated in other large databases, may provide better understanding of breast

cancer biology.
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reast cancer is unfortunately a common and

heterogeneous disease. Metastasis and breast

cancer outcomes are still difficult to predict.
Thus far, a number of prognostic factors have been
identified, including local tumor size, regional
lymph node (LN) involvement, the presence of dis-
tant metastasis, age, histologic grade, hormone re-
ceptor and HER2 status, and the presence of lym-
phovascular invasion.' Local tumor size, regional
LN status, and distant metastasis are the top 3 prog-
nostic determinants and constitute the American
Joint Committee on Cancer (AJCC) staging system.”
Increasing tumor size has been well established to be
associated with a higher risk of axillary LN involve-
ment and increased breast cancer—specific mortality
(BCSM).” However, these findings are from studies
in which the investigators treated all the stage T3
tumors (>5 cm) as one category.”" Whether the
linear relationship between tumor diameter and
BCSM could be extrapolated to a specific subset of
patients with a large tumor and negative LNs is
unclear.

Recently, both preclinical and clinical evidence
consistently revealed that the acquisition of meta-
static potential and distant spread may occur during
the early stage of cancer development.”° A piece of
impressive evidence® indicated that a very small tu-

mor size is a surrogate for a biologically aggressive
disease in cases with extensive LN involvement.
These findings challenge the accepted notions of
malignant progression that identify metastasis as a
sequential process of malignant cellular expansion.
We challenge the universal notion in another way,
that is, a distant metastasis might not be a destined
consequence of the local expansion of a primary
tumor. We hypothesized that tumors that fail to me-
tastasize to regional LNs even at a late stage (eg, a
T3NO tumor) may reflect a more biologically indo-
lent phenotype and may thus paradoxically be asso-
ciated with a relatively lower risk of distant spread
and BCSM.

In the present study, we comprehensively ex-
amined the association between large tumor size
and BCSM, especially in the subset of patients with
negative LNs. To collect sufficient cases with large
tumors, we used the National Cancer Institute’s Sur-
veillance, Epidemiology and End Results (SEER)
cancer database.” Moreover, because the SEER data
lack information on the neoadjuvant chemotherapy
(NCT) response, adjuvant therapies, and recurrence
pattern, we further clarified these relevant issues in
another set of patients with locally advanced breast
cancer who uniformly received NCT from the Fu-
dan University Shanghai Cancer Center (FDSCQ).®
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PATIENTS AND METHODS

Patient Selection and Outcome Measures of the
SEER Set

The current SEER database consists of 17 popula-
tion-based cancer registries. We selected female pa-
tients diagnosed as having invasive breast cancer
from January 1, 1990, through December 31, 2003.
Patients diagnosed as having breast cancer before
1990 were excluded because of unavailable hor-
mone receptor data; patients diagnosed as having
breast cancer after 2003 were excluded to ensure an
adequate follow-up time. SEER’s coding instruction
of tumor size and estrogen receptor (ER) and pro-
gesterone receptor (PR) status is given in the Sup-
plemental Methods (available online at http://
www.mayoclinicproceedings.org).

We identified 107,705 patients in the SEER da-
tabase according to the following inclusion criteria:
female, age of diagnosis between 18 and 74 years,
surgical treatment with either mastectomy or breast-
conserving surgery, AJCC stages I to III, pathologi-
cally confirmed invasive ductal carcinoma, at least 4
axillary LNs dissected, unilateral breast cancer,
known ER and PR status, known time of diagnosis,
breast cancer as the first and only cancer diagnosis,
and known tumor size. Because SEER did not pro-
vide information on chemotherapy and endocrine
therapy, we excluded the therapeutic factors in this
analysis for consistency. The research on the SEER
data was submitted and determined to be qualified
for institutional review board exemption in FDSCC.

The primary study outcome of the SEER data
was BCSM. Vital status (alive or dead) was obtained.
The cause of death was categorized as breast cancer
specific or non—breast cancer related. The BCSM
was calculated from the date of diagnosis to the date
of breast cancer death. Patients who died of other
causes were censored at the date of death.

Patient Selection and Outcome Measures of the
FDSCC Set

To validate the findings from the SEER set and to
clarify relevant issues, we used data from the FD-
SCC, which included 395 consecutive patients di-
agnosed as having AJCC stages 11A to IIIC unilateral
breast cancer and treated with anthracycline-based
NCT between January 2000 and December 2007 at
the FDSCC. We selected 335 patients fulfilling the
inclusion criteria, which are given in the Supple-
mental Methods. Clinical response and pathologic
complete remission (pCR) were evaluated (see crite-
ria in Supplemental Methods).

The outcomes of interest were relapse-free sur-
vival (RFS) and distant relapse-free survival (DRFS),
which were calculated from the date of diagnosis to
the date of first event of local, regional, or distant
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metastasis of breast cancer and to the date of first
distant metastasis, respectively. To determine dis-
tant relapse events, isolated local recurrence was
further followed up until a metastatic event. The
research protocol of this part was reviewed and ap-
proved by the Ethical Committee and Institutional
Review Board of the FDSCC. All patients provided
written informed consent.

Statistical Analyses

For the SEER data, study variables are given in
Table 1. Tumor size was treated as a categorical vari-
able. Tumors larger than 80 mm were combined
because of limited case numbers. The basic analysis
procedure has been described previously.® To deter-
mine whether there was a significant interaction be-
tween the degree of tumor size and LN involvement
in predicting BCSM, we defined an interaction term
(ie, size X nodes).® With a median follow-up of 99
months, we reported 8-year rates for BCSM. The
nonlinear effect of continuous tumor size on
BCSM was assessed using a B-spline transforma-
tion with evenly spaced knots.® The overall pres-
ence of interaction between tumor size and node
involvement was evaluated by the Wald test. Pair-
wise comparisons were performed between differ-
ent combinations of LN involvement and tumor
size to determine the presence of significant
BCSM differences.

For the FDSCC data, study variables are shown
in Supplemental Table 1 (available online at http://
www.mayoclinicproceedings.org). Because the SEER
results indicated a more favorable survival in patients
with 61- to 80-mm tumors when compared with
those having 41- to 50-mm tumors or tumors larger
than 80 mm in the context of LN-negative disease,
we confined our analysis to the 40- to 80-mm tu-
mors. Few LN-negative tumors were larger than 80
mm in size and were thus excluded from analysis.
With a median follow-up of 49 months, 4-year rates
for RFS and DRFS rather than overall survival were
reported.

Compatrisons of patient and tumor characteris-
tics by LN involvement were performed using x°
tests. Survival curves were constructed using the
Kaplan-Meier method, and univariate survival differ-
ence was determined with the log-rank test. Time
point survival was estimated using the life-table
method. Adjusted hazard ratios (HRs) with 95%
Cls were calculated using Cox proportional haz-
ards models. All the statistical analysis was per-
formed using Stata statistical software, version
10.0 (StataCorp). Two-sided P<<.05 was consid-
ered statistically significant.
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TUMOR SIZE AND NODE-NEGATIVE BREAST CANCER SURVIVAL

TABLE 1. Characteristics of Patients from the SEER Database by LN Involvement®

No. (%) of patients®

Total LN negative LN positive
Characteristic (N=107,705) (n=63,944) (n=43,761)
Median follow-up (mo)
(IQR) 99 (72-140) 106 (80-149) 87 (63-122)
Year of diagnosis
1990-1994 24,695 (22.9) 15415 (24.1) 9280 (21.2)
1995-1999 34,497 (32.0) 21,867 (34.2) 12,630 (28.9)
2000-2003 48,513 (45.0) 26,662 (41.7) 21,851 (49.9)
Patient age (y)
=50 40,808 (37.9) 21,516 (33.6) 19,292 (44.1)
>50 66,897 (62.1) 42,428 (66.4) 24,469 (55.9)
Race
White 88,390 (82.1) 53,253 (83.3) 35,137 (80.3)
Black 9294 (8.6) 4739 (74) 4555 (10.4)
Others® 9676 (9.0) 5746 (9.0) 3930 (9.0)
Unknown 345 (0.3) 206 (0.3) 139 (0.3)
Tumor size (mm)
0-20 67,723 (62.9) 47,967 (75.0) 19,756 (45.1)
21-30 22,868 (21.2) 10,617 (16.6) 12,251 (28.0)
31-40 8402 (7.8) 3042 (4.8) 5360 (12.2)
41-50 3835 (3.6) 1189 (1.9) 2646 (6.0)
51-60 2,102 (2.0) 511 (0.8) 1591 (3.6)
61-80 1798 (1.7) 405 (0.6) 1393 (3.2)
>80 977 (0.9) 213 (0.3) 764 (1.7)
Grade
I 14,029 (13.0) 10,652 (16.7) 3377 (7.7)
Il 40,692 (37.8) 25,113 (39.3) 15,579 (35.6)
lI'and UD 45391 (42.1) 23,110 (36.1) 22,281 (50.9)
Unknown 7593 (7.0) 5069 (7.9) 2524 (5.8)
ER status
Negative 29,679 (27.6) 16,973 (26.5) 12,706 (29.0)
Positive 78,026 (72.4) 46,971 (73.5) 31,055 (71.0)
PR status
Negative 38,748 (36.0) 22,276 (34.8) 16,472 (37.6)
Positive 68,957(64.0) 41,668 (65.2) 27,289 (62.4)
No. of LNs dissected
4-10 32,292 (30.0) 21,503 (33.6) 10,789 (24.7)
[1-20 57,534 (53.4) 33,324 (52.1) 24210 (55.3)
=2| 17,879 (16.6) 9117 (14.3) 8762 (20.0)

P value

<.001

<.001

<.001

<.00l

<.001

<.001

<.00l

<.001

“ER = estrogen receptor; IQR = interquartile range; LN = lymph node; PR = progesterone receptor; SEER = Surveillance, Epidemiology and End Results; UD =

undifferentiated.
®Data are presented as No. (percentage) of patients unless otherwise indicated.
“Including American Indian, Alaska Native, Asian, and Pacific Islander.
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TABLE 2. Multivariate Analysis of Breast Cancer-Specific Mortality®

Variable

Year of diagnosis
1990-1994
1995-1999
2000-2003

Patient age (y)
=50
>50

Race
White
Black
Others®
Unknown

Grade
I
Il
lIl'and UD
Unknown

ER status
Negative
Positive

PR status
Negative
Positive

No. of LNs dissected
4-10
[1-20
=21

Tumor size

LN status

Size X nodes®

Size and nodes?
0-20 mm NO
21-30 mm NO
31-40 mm NO
41-50 mm NO
51-60 mm NO
61-80 mm NO
>80 mm NO
0-20 mm NI+
21-30 mm NI+
31-40 mm NI+
41-50 mm NI+
51-60 mm NI+

Overall

HR (95% Cl)

|.00 [Reference]
0.76 (0.73-0.79)
0.60 (0.57-0.63)

1.00 [Reference]
[.14 (1.10-1.18)

1.00 [Reference]

[.41 (1.35-1.48)

0.89 (0.84-0.95)
ucC

|.00 [Reference]

2.59 (2.34-2.88)

4.07 (3.67-4.52)
ucC

.00 [Reference]
0.74 (0.71-0.78)

|.00 [Reference]
0.78 (0.75-0.82)

|.00 [Reference]
0.96 (0.93-1.00)
0.94 (0.90-0.99)

.00 [Reference]
2.13 (1.99-2.28)
276 (2.51-3.04)
3.16 (2.75-3.63)
2.87 (2.33-3.54)
225 (1.71-2.95)
3.51 (2.56-4.80)
3.22 (3.04-3.40)
520 (4.92-5.49)
6.74 (6.32-7.18)
7.68 (7.11-8.30)
847 (7.73-9.28)

P value
<.001

<00l

<.00l

<.001

<.001

<00l

06

<.001
<.001
<.00l
<.00I

HR (95% Cl)

0.47 (0.44-0.50)
|.00 [Reference]
1.30 (1.17-1.44
149 (129-1.71
1.35 (1.09-1.67
.06 (0.80-1.39
1.65 (1.20-2.26)
0.62 (0.59-0.65)
|.00 [Reference]
1.30 (1.22-1.37)
148 (1.37-1.59)
1.63 (1.49-1.78)

)
)
)
)
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P value

<.001¢

<.001¢

<.001¢
006°
70°

.002¢
<.001#8

<.001®
<0018
<.001l8

Pairwise

HR (95% Cl)

0.44 (0.34-0.58)
0.95 (0.72-1.25)
.23 (0.93-1.63)
[.41 (1.04-1.90)
1.28 (0.91-1.79)
|.00 [Reference]
1.56 (1.03-2.35)
0.31 (0.29-0.34)
051 (0.46-0.55)
0.66 (0.60-0.72)
0.75 (0.68-0.83)
0.83 (0.74-093)

P value

<001"
702
15
02
16

03"
<.001"
<.001"
<001I"
<001I"

001"

Continued on next page
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TUMOR SIZE AND NODE-NEGATIVE BREAST CANCER SURVIVAL

TABLE 2. Continued

Overall Pairwise
Variable HR (95% ClI) P value HR (95% ClI) P value HR (95% Cl) P value
Size and nodes®, continued
61-80 mm NI+ 10.25 (9.35-11.24) 1.97 (1.80-2.16) <.00l# 1.00 [Reference]
>80 mm NI+ 1261 (11.27-14.10) 243 (2.18-2.71) <.001#8 1.23 (1.08-1.40) 002"

#Cl = confidence interval; ER = estrogen receptor; HR = hazard ratio; LN = lymph node; PR = progesterone receptor; UC = uncalculated; UD = undifferentiated.
®Including American Indian, Alaska Native, Asian, and Pacific Islander.

“To determine whether there was significant interaction between degree of tumor size and nodes involvement in predicting breast cancer—specific mortality, we defined
an interaction term (ie, size X nodes).

9When the variable size and nodes was included, the variables tumor size, LN status, and their interaction term size X nodes were removed from the Cox model.
€Reference group: 21 to 30 mm NO.

Reference group: 61 to 80 mm NO.

&Reference group: 21 to 30 mm NI +.

" Reference group: 61 to 80 mm NI +.

RESULTS

Interaction Between Tumor Size and LN Status

in BCSM in the SEER Set

We identified 107,705 eligible patients, 16,079 of
whom died of breast cancer. The patient and tu-
mor characteristics by LN status are summarized
in Table 1. Lymph node negativity was correlated
with older age, white race, smaller tumor size,
lower grade, ER and PR positivity, and limited LN
dissection.

In the univariate analysis, year of diagnosis, pa-
tient age, race, tumor size, LN status, tumor grade,
ER and PR statuses, and number of LNs dissected
were significantly associated with breast cancer—
specific survival (Supplemental Table 2; available
online at http://www.mayoclinicproceedings.org).
In the multivariate analysis, a significant interaction
was found between tumor size and LN status in de-
termining BCSM (P<<.001; Table 2). Separate sur-
vival curves for LN-negative and LN-positive pa-
tients stratified by categorical tumor size are shown
in Figure 1 (predicted by Cox regression model) and
Supplemental Figure 1 (available online at http://
www.mayoclinicproceedings.org) (crude Kaplan-
Meier curves). Among LN-negative patients, those
with 61- to 80-mm tumors experienced a signifi-
cantly lower BCSM compared with those with 40- to
50-mm tumors (HR, 1.41; 95% CI, 1.04-1.90;
P=.02; 61- to 80-mm tumors as the reference), but
they experienced a similar BCSM to those with 21-
to 30-mm tumors (HR, 0.95; 95% CI, 0.72-1.25;
P=.70; 61- to 80-mm tumors as the reference). In
contrast, in either overall or LN-positive patients, a
straightforward dose-effect relationship of larger tu-
mor size with increasing BCSM was observed. To
determine whether there was a confounding effect
of year of diagnosis, we stratified our Cox model by

year of diagnosis. The stratified and unstratified
analyses gave essentially identical results.

The relationship between continuous tumor
size and 8-year BCSM stratified by LN status is illus-
trated in Supplemental Figure 2 (available online at
http://www.mayoclinicproceedings.org). ~ Supple-
mental Figure 2, A reveals a pattern of increasing
8-year BCSM with increasing tumor size at moderate
to large tumor sizes until a threshold size (approxi-
mately 50 mm) is reached, after which point in-
creasing tumor size is unexpectedly related to de-
creasing 8-year BCSM; the decreasing BCSM
reached a nadir (61-80 mm), followed by a gradual
increase with increasing tumor size. The 8-year
BCSM in patients with tumors larger than 80 mm
had wide 95% Cls because of the small sample size.
Supplemental Figure 2, C displays the hazard of
BCSM in LN-negative disease vs LN-positive disease
at each tumor size category, which implies that
larger tumors (61-80 mm) coupled with negative
LNs represents a unique subtype with a better
prognosis.

Interaction by ER Status in the SEER Set

Among both ER-negative (n=29,679) and ER-pos-
itive patients (n=78,026), a significant interaction
between tumor size and LN involvement was also
identified. Among the ER-negative patients with
LN-negative disease, those with 21- to 30-mm tu-
mors experienced a significantly lower BCSM rela-
tive to other patients with larger tumors (HRs from
1.29to 1.68; with P values from <.001 to .07; 21-to
30-mm tumors as the reference) except for those
with 61-to 80-mm tumors (HR, 1.02;95% CI,0.72-
1.44; P=.91; 21- to 30-mm tumors as the reference)
(Table 3). Similar results were observed in ER-pos-
itive patients with LN-negative disease. A compara-
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FIGURE 1. Survival curves stratified by categorical tumor size using estimates predicted by Cox regression model survival. Overall (A),
lymph node (LN)—negative (B), and LN-positive (C) patients from the Surveillance, Epidemiology and End Results database were stratified
into 7 categories of tumor size: 0 to 20 mm, 2| to 30 mm, 31 to 40 mm, 41 to 50 mm, 5| to 60 mm, 6! to 80 mm, and larger than
80 mm. Among patients with negative LNs (B), those with 61- to 80-mm tumors experienced a breast cancer—specific survival (BCSS)
similar to those with 21- to 30-mm tumors and higher than patients with 31- to 60-mm or larger than 80-mm tumors. Survival curves
are plotted using estimates predicted by Cox regression model survival. The 8-year survival rates were calculated by the life-table method.
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ble BCSM between 21- to 30-mm tumors and 61- to
80-mm tumors in either ER-negative or ER-positive
patients was unlikely because of the underpowered
sample size after ER stratification, which might
cause a failure in detecting an existing difference
because 61- to 80-mm tumors in both ER-negative
and ER-positive groups consistently revealed a sig-
nificant BCSM difference with 41- to 50-mm tu-
mors, which had much fewer samples than 21- to
30-mm tumors.

Evaluating the SEER Outcomes in the FDSCC Set

These findings should be treated with caution be-
cause the results could be biased by confounding
factors, such as NCT response and adjuvant thera-
pies. Clinically, patients with tumor larger than 40

mm had probably received NCT, but the SEER da-
tabase failed to record this information. To evaluate
the reliability of SEER results, we studied relevant
issues in 335 patients with locally advanced breast
cancer who were treated with NCT from the FDSCC
database. The patients were divided into 2 tumor
size categories (40-60 mm and 61-80 mm) accord-
ing to the SEER results.

First, we studied the effect of NCT on tumors
with different size and LN categories. The rates of
PCR in the breast after NCT were comparable be-
tween the 40- to 60-mm tumors and the 61- to
80-mm tumors in LN-negative (P=.65) or LN-pos-
itive disease (P=.52).

Second, we evaluated the influence of adjuvant
treatments. Adjuvant chemotherapy, adjuvant radio-
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TUMOR SIZE AND NODE-NEGATIVE BREAST CANCER SURVIVAL

TABLE 3. Breast Cancer-Specific Mortality With Interaction Term by ER Status®

ER negative ER positive
Overall Pairwise Overall Pairwise

Size and nodes® HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl)

0-20 mm NO 1.00 [Reference] <.00l 0.56 (0.50-0.62) <.001¢ 1.00 [Reference] <.00I 041 (0.37-0.44)
21-30 mm NO 1.80 (1.62-1.99) 1.00 [Reference] 247 (225-2.71) 1.00 [Reference]
31-40 mm NO 232 (2.03-2.64) 1.29 (1.12-1.48) <.001°¢ 3.34 (290-3.84) 1.35 (1.17-1.57)
41-50 mm NO 291 (243-3.47) 1.62 (1.35-1.94) <.001¢ 3.15(251-394) 1.28 (1.01-1.61)
51-60 mm NO 2.34 (1.77-3.08) 1.30 (0.98-1.72) 07¢ 3.84 (2.78-5.30) 1.55 (1.12-2.16)
60-80 mm NO 1.83 (1.30-2.58) 1.02 (0.72-1.44) 91¢ 3.14 (1.99-4.94) 1.27 (0.81-2.01)
>80 mm NO 3.03 (2.06-4.44) 1.68 (1.15-2.48) .008° 4.14 (240-7.15) 1.68 (0.97-291)
0-20 mm NI+ 3.10 (2.84-3.38) 0.71 (0.65-0.77) <0014 329 (3.06-3.54) 0.57 (0.53-0.61)
21-30 mm NI+ 4.38 (4.01-4.77) 1.00 [Referent] 581 (541-6.25) 1.00 [Referent]
31-40 mm NI+ 540 (4.90-5.96) 1.23 (1.13-1.35) <0014 791 (7.27-8.61) 1.36 (1.26-1.47)
41-50 mm NI+ 6.54 (5.83-7.34) 1,49 (1.34-1.67) <.001¢ 847 (7.63-941) 1.46 (1.32-1.61)
51-60 mm NI+ 6.95 (6.07-7.95) 1.59 (1.39-1.81) <0014 9.70 (8.56-10.99) 1.67 (1.48-1.88)
61-80 mm NI+ 846 (7.38-9.70) 1.93 (1.69-2.21) <.001¢ 1123 (991-12.74) 1.93 (1.71-2.18)
>80 mm NI+ 12.33 (10.58-14.38) 2.82 (243-3.27) <0014 11.38 (9.64-13.44) 1.96 (1.67-2.30)

#Cl = confidence interval; ER = estrogen receptor; HR = hazard ratio.

® Adjusted for year of diagnosis, patient age, race, grade, progesterone receptor status, and number of lymph nodes dissected.

“Referent group: 21 to 30 mm NO.
dReferent group: 21 to 30 mm NI +.

therapy, or adjuvant endocrine therapy did not specif-
ically reduce the relapse risk of 61- to 80-mm tumors
compared with the 40- to 60-mm group in either LN-
negative or LN-positive disease (data not shown).

Third, we estimated the proportion of NCT-in-
duced LN-negative disease after surgery (ie, LN-pos-
itive before NCT but LN-negative after surgery) in
the SEER database. In our study, 17.9% of cases
with LN-positive disease, confirmed by fine-needle
aspiration of palpable LNs before NCT, were proven
to be LN negative after NCT. Of note, early patients
in the SEER database treated with NCT using cyclo-
phosphamide, methotrexate, and fluorouracil might
achieve a limited pCR rate in contrast to that in the
anthracycline and taxane era. We thus speculated
that more than 80% of the patients with T3 disease
recorded in the SEER database had the same LN
status as their pre-NCT LN results.

Finally, we investigated the relapse pattern of
large tumors. In the univariate analysis, patient age,
pCR, and tumor size and LN category were signifi-
cantly associated with RFS and DRFS. The LN-neg-
ative patients with larger tumors (61-80 mm) had
similar RFS rates to those with 40- to 60-mm tumors
(log-rank P=.82; Figure 2, A). When the analysis
was confined to distant metastatic events (DRFS),
61- to 80-mm tumors had a relatively lower risk of
distant failure compared with 40- to 60-mm tumors,
but the difference was not significant (log-rank
P=.24; Figure 2, B), which was probably because

of the small sample size (n=73) and limited
events (n=9). Similar multivariate results are
given in Supplemental Table 3 (available online at
http://www.mayoclinicproceedings.org).

DISCUSSION

We hypothesized that for primary breast cancer
with a relatively large tumor size concurrent with
negative LN involvement, tumor size may be a sur-
rogate for biologically indolent disease of regional/
distant dissemination and consequently result in a
lower BCSM. After adjustment for known breast
cancer prognostic factors, we observed that patients
with 61- to 80-mm tumors had a significantly lower
BCSM compared with those with 41- to 50-mm tu-
mors or tumor larger than 80 mm, whereas the
BCSM associated with 61- to 80-mm tumors was
comparable with that of 21- to 30-mm tumors. In
contrast, such a piecewise relationship between tu-
mor size and BCSM was not observed in patients
with LN-positive disease. The observed relation-
ships remained after ER stratification. We further
analyzed a cohort of patients with locally advanced
breast cancer treated with NCT and found a ten-
dency toward a lower risk of developing distant me-
tastasis in LN-negative, 61- to 80-mm tumors,
which might account for the paradoxical observa-
tion of decreased mortality in this subgroup.
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FIGURE 2. Cumulative breast cancer—specific mortality curves strati-
fied by tumor size and lymph node (LN) status. Relapse curves (A) or
distant relapse curves (B) using the Kaplan-Meier method in patients
with locally advanced breast cancer from the Fudan University Shang-
hai Cancer Center are shown. NO cases represent patients who had
both clinically detected LN-negative status before neoadjuvant che-
motherapy (NCT) and pathologically confirmed LN-negative status
after surgery; N| + cases represent patients who were either clinically
detected LN positive before NCT or pathologically confirmed LN
positive after surgery. Clinically detected is defined as detected by
imaging studies or clinical examination and having characteristics highly
suggestive of involved LNs or a presumed pathologic macrometastasis
on the basis of fine-needle aspiration biopsy with cytologic
examination.
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Although the conventional view of cancer
spread is that cancer gains metastatic ability through
an accumulation of mutations as they grow to a large
size,” recent studies have suggested that for some
tumors, the acquisition of metastatic potential may
occur early in cancer development, even in the ab-
sence of detectable primary tumors.”'%"" Wo et al®
determined that in extensive LN-positive disease, a
very small tumor size may be a surrogate for biolog-
ically aggressive disease, whereas in LN-negative
disease, as the present study suggested, larger tumor
size may be a surrogate for disease biologically in-
dolent for distant metastasis. Our findings and those
of Wo et al consistently reinforce the idea that the
initial biological feature rather than the accumulated
metastatic ability during tumor evolution likely de-
termines the potential of distant dissemination.
Some primary cancers are excellent at distant seed-
ing per se, whereas some cancers are self-seeders.
The distant seeder is good at dissemination even
when the primary tumor is very small, and a pure
self-seeder reveals a pronounced mitotic activity and
local proliferation but fails to migrate to or blossom
in regional LNs or distant organs.'”

In our study, a piecewise relationship between
large tumor size and BCSM was observed. The 61-to
80-mm group had the lowest BCSM compared with
the 31- to 40-mm, 41- to 50-mm, 51- to 60-mm,
and greater than 80-mm group. A potential expla-
nation is that, as tumor grows, distant or regional
seeders have a high chance to disseminate to LN;
only the stenoplastic type of self-seeder develops to
a large local tumor without evident regional or dis-
tant dissemination. The 61- to 80-mm tumors con-
current with LN-negative disease represent a highly
self-seeding subtype, which harbors a low potential
of metastasis, a major cause of breast cancer mortal-
ity."” In contrast, LN-negative cancer in moderately
sized tumors (31-50 mm) did not guarantee an in-
dolent nature. In our study, 35% of 31- to 50-mm
tumors were LN negative, whereas 22% of 61- to
80-mm tumors were LN negative, indicating that
approximately one-third (37%) of the present LN-
negative 31- to 50-mm tumors would become LN-
positive disease if they continued to grow. Further-
more, tumors larger than 80 mm might represent
another aggressive subtype, which proliferates pre-
cipitately and probably exhibits T4 tumor features.
The SEER database failed to discriminate between
T3 and T4 tumors.

The advantage of 61- to 80-mm tumors in
survival was seen in both ER-negative and ER-
positive patients, strongly suggesting that even in
ER-negative tumors (including those that are
HER?2 positive and triple negative) there could be
certain subsets of breast cancer displaying favor-
able biological features'* and that additional bio-
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logical markers to define this indolent subgroup
that are not yet identified may aid in the prognos-
tic determination.

Our findings might have an effect on clinical
practice. Because those larger tumors with negative
LNs probably have a low chance of distant dissemi-
nation, the local-regional treatments might be more
crucial. The extension of surgery, systemic treat-
ment options, and timing of adjuvant chemo-
therapy (before or after radiotherapy) should be
individualized.

Our study had several limitations. First, the
SEER database lacks several important tumor char-
acteristics (eg, HER2), cancer therapy (neoadjuvant
and adjuvant), and patient outcome (recurrence and
metastasis) variables. Thus, our analyses could not
adjust for these potential confounding factors.
Second, despite a large initial study population,
individual subgroups became small after stratify-
ing by tumor size, LN involvement, and ER status,
yielding limited statistical power. Similarly, in the
FDSCC set, a trend of a lower distant relapse rate
without statistical significance was observed in
the group of 61- to 80-mm tumors with negative
LN, which was probably due to the limited sample
size, short follow-up time, and rare events. Third,
our study was performed using 2 retrospective
databases rather than prospective cohorts; this
approach might introduce unaccounted biases.
Fourth, although we observed that the behavior of
LN-negative, 61- to 80-mm tumors is similar to
the 21- to 30-mm tumors, almost all the tumor
sizes between 20 and 80 mm have overlapping
95% Cls to different extents. A real and precise
association between tumor size and breast cancer
survival in node-negative tumors needs to be fur-
ther validated.

CONCLUSION

Our study reveals that patients with larger tumors
(61-80 mm) may have decreased BCSM compared
with moderate to large (41-50 mm) tumors but have
a survival comparable with small (21-30 mm) tu-
mors in the context of LN-negative disease, suggest-
ing that larger tumor size with negative LNs may be
a surrogate for biologically indolent disease of dis-
tant dissemination. Such a subtype is better at
seeding itself but less proficient at seeding re-
gional LNs or distant sites. Although the current
study is the most robust evaluation of the interac-
tion between large tumor size and LN involve-
ment in breast cancer thus far, our findings
should be interpreted with caution and validated
within other large databases because of the rela-
tively small sample size after stratification. If our
findings and those of Wo et al® are successfully
validated in other databases, further correlative

studies should focus on the subsets of cancer (eg,
distant-seeding tumors or locally self-seeding tu-
mors) to help elucidate genetic, genomic, or mo-
lecular differences that specifically contribute to
local proliferation or distant metastass.
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