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Abstract

Background: There is increasing interest in better understanding the biology and clinical presentation of invasive lobular
cancer (ILC), which is the most common special histological subtype of breast cancer. Limited large contemporary data sets
are available allowing comparison of clinicopathologic features between ILC and invasive ductal cancer (IDC). Methods: The
Great Lakes Breast Cancer Consortium was formed to compare clinical behavior of ILC (n =3617) and IDC (n =30 045) from
33662 patients treated between 1990 and 2017 at 3 large clinical centers. We used Kaplan-Meier analysis, Cox proportional
hazards modeling, and propensity score matching to evaluate treatment differences and outcomes. All statistical testing
used 2-sided P values. Results: Compared with IDC, patients with ILC were more frequently diagnosed at later stages and
with more lymph node involvement (corrected P < .001). Estrogen receptor-positive ILCs were of lower grade (grade 1 and 2:
90% in ILC vs 72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in IDC) (corrected P < .001), and since 1990, the mean
ILC size detected at diagnosis increased yearly. Patients with estrogen receptor (ER)-positive ILC underwent statistically
significantly more mastectomies compared with ER-positive IDC (57% vs 46%). Using Kaplan-Meier analysis, patients with ER-
positive ILC had statistically significantly worse disease-free survival and overall survival than ER-positive IDC although 6
times more IDCs were classified as high risk by OncotypeDx Breast Recurrence Score assay. Conclusions: This large,
retrospective, collaborative analysis with 3 clinical centers identified meaningful differences in clinicopathological features
between ILC and IDC, providing further evidence that these are 2 different entities requiring different clinical management.

Invasive lobular carcinoma (ILC) is the most common special
subtype of breast cancer, accounting for 10%-15% of all breast
cancers, which represents approximately 26000-40000 cases
annually in the United States (1). There is an increasing recogni-
tion that ILC has distinct clinical, histologic, molecular, and bio-
logical characteristics compared with invasive ductal cancer
(IDC) [reviewed in (1-6)].
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The hallmark of ILC is the loss of E-cadherin, resulting in a
more linear growth pattern of cells as compared with round
masses usually seen in IDC. This unique growth pattern is asso-
ciated with challenges in detection of ILC and, hence, larger,
lobulated, and more spiculated tumors at the time of detection.
This, together with increased rates of multifocality, is associ-
ated with an increased rate of mastectomy (7).

© The Author(s) 2022. Published by Oxford University Press. All rights reserved. For permissions, please email: journals.permissions@oup.com

elp/1oul/e601 "0 /1op/ejonie-aoueApe/oul/woo dno-olwapese//:sdiy Woll papeojumod

<
o
=8
0
=
@
o
c
=

«Q
>
c
1%
(]
=
o
5
N
~
(@)
o)
Q
o
o
]
=
N
o
)
N



%
=
0
a
£

2 | JNCIJ Natl Cancer Inst, 2022, Vol. 00, No. O

ILC is more often estrogen receptor (ER) positive compared
with IDC (8-11), and hence, hormonal therapy is given in the
majority of cases. The use of chemotherapy remains an open
question, with limited data on efficacy in ILC. Further compli-
cating use of chemotherapy is the limited data on the utility of
multigene prognostic tests in ILC. Some assays have been tested
in ILC with mixed results (12-20), and there are efforts to
develop assays specifically based on information from ILC (21).
These studies are necessary given the large number of ILC var-
iants (22), which may harbor unique mutations that change
clinical phenotype.

ILC outcome is similar to ER-positive IDC in that the majority
of patients experience a favorable outcome. Recurrence sites
are shared with IDC such as bone, brain, lung, and liver, but lob-
ular metastases can also be found in less well-characterized
sites such in the gastrointestinal and wurogenital tracts
(23,24). There is evidence that patients with ILC have worse
long-term outcome compared with IDC because of late recur-
rences (25-27).

It is promising to see overall progress in the understanding
of ILC; nevertheless, many open questions remain. Many pre-
vious studies comparing clinicopathological features and out-
comes have been based on relatively small numbers of patients
with ILC or larger numbers of patients but seen at a large num-
ber of hospitals (8,11,23,27-29), thereby limiting granular detail.
We set out to investigate the clinicopathologic features, treat-
ment trends, and outcomes for ILC and IDC across a large cohort
of patients using cancer registries from 3 high-volume cancer
centers.

Methods

Data Sources and Study Population

This retrospective cohort study included female adults (aged
older than 18years) who were diagnosed with breast cancer
from 1990 to 2017 treated at the University of Pittsburgh Medical
Center (Magee Women'’s Hospital and Hillman Cancer Center),
Cleveland Clinic, and the Ohio State University Comprehensive
Cancer Center. In the raw datasets, there were 44278 records
from 42740 patients (see Figure 1). Institutional review boards
at each institution approved this study and waived informed
consent because all of the data used were deidentified.

Oncotype Dx Breast Recurrence Score (RS) result data were
received from Exact Sciences (Redwood City, CA, USA) for a sub-
set of patients. Some data were missing, mostly because of lack
of collection of specific variables in earlier years as summarized
in Supplementary Figure 1 (available online). There was no stat-
istically significant association between the missing data and
histology.

Additional details are provided in the Supplementary
Methods (available online).

Statistical Analysis

All continuous data are expressed as median (interquartile
range), and categorial or ordinal variables are expressed as
count (frequencies [%]). Mann-Whitney U test was used for the
continuous variables, Pearson ;? test with no continuity correc-
tion was used for categorical variables, and Cochran-Armitage
test was used for ordinal variables in the comparative analyses.
Kaplan-Meier curves are used for visualizing survival, and the
corresponding P values are calculated by log-rank test to test for

difference between the groups. Cox proportional hazard regres-
sion models are fitted when covariates adjustment was needed,
and the estimated hazard ratios (HR) are reported with the 95%
confidence interval (CI). All statistical testing used 2-sided P
values.

To determine whether treatments were more beneficial for
either IDC or ILC, we selected comparable cohorts using propen-
sity score matching (PSM) approaches. We used nearest neigh-
bor matching strategy in R package Matchlt (30) to match over
age, stage, grade, nodal status, and institution, and the treat-
ment information was adjusted in the subsequent survival
analysis.

Additional details are provided in the Supplementary
Methods (available online).

Results

Patient and Tumor Characteristics

From 42740 patients seen at 3 institutions, we identified 33662
patients to be included into the Great Lakes Breast Cancer
(GLBC) ILC data consortium, consisting of 3617 (10.7%) patients
with ILC and 30045 (89.3%) patients with IDC (Figure 1). The
overall cohort is similar to other cohorts in IDC and ILC, such as
studies by Arpino et al. (23) and Chen et al. (8), as well as the
cohorts used for The Cancer Genome Atlas Plan (9), METABRIC
(31), and the Sweden Cancerome Analysis Network (SCAN-B)
(32) (Supplementary Table 1, available online). Furthermore, our
cohort is representative of populations in the states of Ohio and
Pennsylvania (covering the GLBC cohort) and the overall United
States using data from National Program of Cancer Registries
(33) within the Surveillance, Epidemiology, and End Results
(SEER) Program data set (Supplementary Table 2, available
online).

Patient characteristics separated by institutions reveal some
differences, but overall trends are similar (Supplementary
Table 3, available online). The median follow-up time for the
entire cohort was 66 (range = 0-345) months.

Table 1 shows differences in baseline characteristics
between IDC and ILC in the entire cohort: patients with ILC are
older (aged 61 vs 57 years; corrected P <.001) and slightly more
likely to be White women (91% vs 89%,; corrected P =.046), but
this small effect is lost when limiting the analysis to patients
with ER-positive disease. There was no statistically significant
difference in body mass index comparing patients with IDC and
ILC (Supplementary Table 4, available online). In the entire
cohort, 88% of ILCs were grade 1 and 2, whereas only 60% of IDC
fell into these categories (corrected P <.001). ILCs were more fre-
quently higher stage (stage III and IV: 20.7% vs 10.4% in IDC),
and more patients were diagnosed with de novo metastatic dis-
ease (stage IV: 3.7% ILC vs 2.4% IDC) (corrected P <.001). ILCs
were larger in size (T3 and 4: 14.7% in ILC vs 4.0% in IDC), and
there was more nodal involvement at time of diagnosis (N2 and
3:9.9% in IDC vs 5.5% in IDC) (corrected P < .001).

ILCs were more likely ER positive (96% vs 77%) and progester-
one receptor (PR) positive (81% vs 67%) (all corrected P <.001).
When limiting the analyses to ER positive only, the associations
with age, stage, grade, tumor size, and nodal status remained
statistically significant, whereas there were no statistically sig-
nificant differences in body mass index, race, left or right later-
ality, and PR (Table 1). Information on HER2 was missing for the
majority of the GLBC cohort because of age of the cohort (1990-
2017), and thus numbers of patients in this cohort are smaller,
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Women with invasive breast carcinoma from 1990 to 2017:
44278 records from 42740 patients
UPMC HCC / MWH — 17933 records (16 932 patients)
CCF — 16336 records (15811 patients)
OSUCCC — 10009 records (9997 patients)

-518 records (483 patients) excluded
with Tis and stage 0 data.

-5645 records (5295 patients) <3
excluded with ICD codes not consistent
with either IDC or ILC.

4453 records (3300
patients) removed as was
found to be a duplicate.

\

Patients included in the GLBC data
consortium for downstream analysis:
n = 33662.

!

UPMC: n =14033 CCF:n=12194 OSUCCC: n =7435
IDC:n=12691 IDC:n=10687 IDC: n = 6667
ILC:n=1342 ILC:n=1507 ILC:n=768

Figure 1. CONSORT diagram. CONSORT diagram of the patients included in the Great Lakes Breast Cancer (GLBC) study showing the filtering steps used to arrive at the
final cohort and breakdown of participants by originating institution. CCF = Cleveland Clinic Foundation; HCC = Hillman Cancer Center; ICD = International Classification
of Diseases; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; MWH = Magee Womens Hospital; OSUCCC = Ohio State University Comprehensive

Cancer Center; UPMC = University of Pittsburgh Medical Center.

but limiting the analysis to ER positive/HER2 negative only
(Supplementary Table 5, available online), the conclusions
remain the same with the exception of PR negativity, which is
statistically significantly higher in ER-positive/HER2-negative
ILC (16%) vs ER-positive/HER2-negative IDC (12%) (corrected
P=.002).

For a subset of the patient cohort (n =4138), information on
RS result was available. The majority of ILCs were low risk
(65%), and only 1.9% were classified as high risk, in contrast to
11% high-risk IDCs (corrected P <.001) (Table 1). This difference
remained when limiting the analysis to patients with ER-
positive/HER2-negative disease (9.3% vs 1.4%; corrected P < .001)

Treatment of Patients With ILC vs IDC

Patients with ILC were less likely to receive radiation (52% vs
57%; corrected P<.001) and chemotherapy (44% vs 47%; cor-
rected P=.014) and more likely to receive hormonal therapy
(78% vs 61%; corrected P < .001) (Table 2) compared with patients
with IDC. When limiting the analysis to patients with ER-
positive breast cancer, the increase in the use of hormonal ther-
apy for patients with ILC remained statistically significant (90%
vs 87%; corrected P<.001), but the use of chemotherapy was
similar (41% in both groups).

Analysis of local therapy revealed a statistically significant
increase in rates of mastectomy in patients with ILC compared
with IDC (60% vs 50%; corrected P <.001). The reduced rates of
radiation in patients with ILC remained when excluding
patients who underwent mastectomies (68% vs 77%,; corrected
P <.001).

Outcome Analysis

There was no difference in disease-free survival (DFS)
(HR =0.92, 95% CI = 0.82 to 1.04; P =.18) comparing patients with
IDC and ILC in the entire cohort, although OS (HR=1.17, 95% CI
= 1.09 to 1.25; P<.001) was statistically significantly worse in
patients with ILC (Figure 2, A). In patients with ER-positive and
HER2-negative breast cancer, we observed statistically signifi-
cantly worse DFS (HR=1.18, 95% CI = 1.01 to 1.38; P=.03) and
OS (HR=1.32,95% CI = 1.19 to 1.45; P <.001) in patients with ILC
(Figure 2, B). Specifically, the 5-, 10-, 15-, and 20-year DFS proba-
bilities for women diagnosed with ER-positive ILC and ER-
positive IDC were 94%, 86%, 77%, and 72%, and 94%, 89%, 86%,
and 83%, respectively, reflecting an increase in late recurrences
in patients with ILC.

We observed a statistically significant difference (partial log-
rank, P=.02) in DFS after 10years in patients with ER-positive
and PR-negative IDC (n=2650) vs ER-positive and PR-negative
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Table 1. Patients characteristics for the entire cohort

Entire cohort Cohort with ER-positive disease
Characteristic ILC IDC p? Q° ILC IDC p? Q°
Total No. 3617 30045 2564 17224
Median age (IQR), y 61 (52- 70) 57 (48- 67) <.001 <.001 62 (52-70) 59 (49-68) <.001 <.001
Unknown, No. 0 1
Median BMI (IQR), kg/m> 27 (24-32) 27 (24-32) 15 >.99 27 (24-32) 27 (24-32) 30 >.99
Unknown, No. 1102 8759 345 2291
Laterality, No. (%) .60 >.99 40 >.99
Left 1083 (52) 9841 (51) 902 (52) 6347 (51)
Right 1017 (48) 9482 (49) 838 (48) 6167 (49)
Unknown 1517 10722 824 4710
Race, No. (%) .004 046 30 >.99
Black 276 (7.6) 2746 (9.2) 195 (7.6) 1220 (7.1)
White 3275 (91) 26633 (89) 2321 (91) 15612 (91)
Other® 60 (1.7) 592 (2.0) 43(1.7) 360 (2.1)
Unknown 6 74 5 32
Stage, No. (%) <.001 <.001 <.001 <.001
I 1406 (46) 13377 (54) 1007 (45) 8873 (59)
II 1008 (33) 8615 (35) 791 (35) 4642 (31)
I 502 (17) 1968 (8.0) 380 (17) 1154 (7.7)
v 112 (3.7) 593 (2.4) 61(2.7) 292 (2.0)
Unknown 589 5492 325 2263
Grade, No. (%) <.001 <.001 <.001 <.001
1 631 (24) 4048 (16) 553 (25) 3394 (21)
2 1656 (64) 10984 (44) 1420 (65) 8047 (51)
3 294 (11) 10147 (40) 213(9.7) 4393 (28)
Unknown 1036 4866 378 1390
ER, No. (%) <.001 <.001
Positive 2564 (96) 17224 (77)
Negative 104 (3.9) 5266 (23)
Unknown 949 7555
PR, No. (%) <.001 <.001 12 >.99
Positive 2144 (81) 14930 (67) 2107 (83) 14374 (84)
Negative 508 (19) 7437 (33) 425 (17) 2650 (16)
Unknown 965 7678 32 200
HER?2, No. (%) <.001 <.001 <.001 <.001
= Positive 169 (9.4) 2144 (18) 145 (8.4) 1375 (15)
= Negative 1607 (90) 9412 (80) 1558 (91) 7650 (83)
e Equivocal 19 (1.1) 250 (2.1) 17 (1.0) 212 (2.3)
o Unknown 1822 18239 844 7987
Lymph nodes, No. (%) <.001 <.001 <.001 <.001
NO 1892 (57) 17374 (63) 1444 (59) 10785 (64)
N1 805 (24) 6416 (23) 543 (22) 3581 (21)
N2 173 (5.3) 1112 (4.0) 155 (6.3) 766 (4.6)
N3 150 (4.6) 417 (1.5) 132 (5.4) 281 (1.7)
NX 273 (8.3) 2415 (8.7) 187 (7.6) 1310 (7.8)
Unknown 324 2311 103 501
Size, No. (%) <.001 <.001 <.001 <.001
TO 13 (0.6) 927 (3.3) 9(0.5) 344 (2.0)
T1 1107 (49) 17525 (63) 939 (51) 11557 (69)
T2 695 (31) 6534 (23) 583 (31) 3565 (21)
T3 307 (14) 776 (2.8) 263 (14) 397 (2.4)
T4 15 (0.7) 334 (1.2) 6(0.3) 161 (1.0)
X 100 (4.5) 1761 (6.3) 59 (3.2) 811 (4.8)
Unknown 1380 2188 705 389
Oncotype, No. (%) <.001 <.001 <.001 <.001
Low risk 407 (65%) 2026 (58%) 396 (65%) 2002 (58%)
Intermediate risk 204 (33%) 1105 (31%) 201 (33%) 1091 (32%)
High risk 12 (1.9%) 383 (11%) 12 (2.0%) 364 (11%)
Unknown 2994 26531 1955 13767

aWilcoxon rank sum test; Pearson ; test; Cochran-Armitage test for trend. All statistical tests were 2-sided. BMI = body mass index; ER = estrogen receptor; IDC = inva-
sive ductal cancer; ILD = invasive lobular carcinoma; IQR = interquartile range; PR = progesterone receptor.

YBonferroni correction for multiple testing.

“Other includes Hispanic, Asian, and American Indian women.
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Entire cohort

Cohort with ER-positive disease

ILC IDC ILC IDC
Characteristic No. (%) No. (%) p? Q No. (%) No. (%) p? Q
Total No. 3617 30045 2564 17224
Radiation <.001 <.001 <.001 <.001
Yes 1876 (52) 16883 (57) 1467 (58) 10925 (64)
No 1700 (48) 12744 (43) 1060 (42) 6028 (36)
Unknown 41 418 37 271
Hormone <.001 <.001 <.001 <.001
Yes 2771 (78) 18046 (61) 2269 (90) 14729 (87)
No 791 (22) 11567 (39) 244 (9.7) 2164 (13)
Unknown 55 432 51 331
Chemotherapy .004 .014 .70 >.99
Yes 972 (44) 14060 (47) 761 (41) 6989 (41)
No 1236 (56) 15710 (53) 1074 (59) 10052 (59)
Unknown 1409 275 729 183
Surgery <.001 <.001 <.001 <.001
Lumpectomy 1084 (31) 12238 (41) 925 (37) 8555 (50)
Mastectomy 2116 (60) 14899 (50) 1435 (57) 7769 (46)
None 333(9.4) 2380 (8.1) 139 (5.6) 639 (3.8)
Unknown 84 528 65 261

@pearson y test. All statistical tests were 2-sided. ER = estrogen receptor; IDC = invasive ductal cancer; ILD = invasive lobular carcinoma.

YBonferroni correction for multiple testing.

ILC (n=425). However, we noticed a similar worse survival in
the ER-positive and PR-positive ILC (n=2107) cohort compared
with the ER-positive and PR-positive IDC (n = 14 374) cohort (par-
tial log-rank, P < .001), suggesting that differences in late DFS
were independent of PR status.

The shortest DFS after 10years was in premenopausal
women with ILC, whereas OS was shortest for postmenopausal
women with ILC (Figure 2, C). However, there was no statisti-
cally significant interaction between histology and menopause
for OS (HR=1.30, 95% CI = 0.91 to 1.87; P=.153) and DFS
(HR =1.29, 95% CI = 0.86 to 1.94; P=.215).

To control for confounding factors associated with retro-
spective, multi-institutional analyses, we conducted PSM analy-
sis (see Supplementary Methods, available online). We created
PSM cohorts (Supplementary Table 6, available online) for each
of the 5 main treatments (surgery [lumpectomy or mastectomy],
radiation, hormone therapy, and chemotherapy). The DFS haz-
ard ratio of 0.80 (95% CI = 0.48 to 1.32; HR = 0.85, 95% CI = 0.63 to
1.14; HR = 0.80, 95% CI = 0.57 to 1.12) for lumpectomy, hormonal
therapy, and radiation, respectively, suggests increased effica-
cies in patients with ILC, however, none of these differences
reached statistical significance (Table 3).

Our large cohort allowed us to address outcomes in HER2-
positive ILC (n=168; 9.4%) and triple-negative (TN) ILC (n =29;
0.8%). As expected, we observed statistically significantly worse
DFS (P<.001) and OS (P<.001) in patients with TN IDC and
HER2-positive IDC  compared with ER-positive IDC
(Supplementary Figure 2, A, available online). Whereas there
was no difference in DFS (P=.52) comparing patients with TN
ILC (or HER2-positive ILC) vs ER-positive ILC (Supplementary
Figure 2, B, available online), the trends were consistent with
IDC, and there was statistically significantly worse OS for
patients with TN ILC compared with ER-positive ILC (P =.043).
There was no statistically significant difference in outcome
(P=.97 for DFS and P=1 for OS) within all patients with HER2-
positive (Supplementary Figure 2, C, available online) or TN

breast cancer disease (Supplementary Figure 2, D, available
online) between IDC and ILC.

Using the TAILORx cutoff for high (>25) or low and inter-
mediate (<25) RS, we identified a statistically significant differ-
ence in DFS (HR=0.36, 95% CI = 0.24 to 0.55; P <.0001, high RS as
the reference) and OS (HR=0.49, 95% CI = 0.33 to 0.74;
P=.00052) in patients with ER-positive disease (Figure 3, A) and
in the ER-positive IDC cohort (HR=0.34, 95% CI = 0.22 to 0.53;
P <.0001 for DFS, and HR =0.44, 95% CI = 0.28 to 0.68; P =.00014
for OS) (Figure 3, B). In contrast, there was no statistically signifi-
cant difference in outcome (P=.36 for DFS; HR=0.88, 95% CI =
0.21 to 3.77; P=.87 for OS) between patients with high and low
RS result ILC (Figure 3, C). Similar conclusions were made when
repeating the analyses separately for node-negative
(Supplementary Figure 3, A, available online) and node-positive
disease (Supplementary Figure 3, B, available online). Although
limited by small sample size, it is worth noting that there was
not a recurrence in the cohort of patients (n = 40) with high RS
ILC (median follow-up time is 48.2months) (DFS, left panel,
Figure 3, C), and 2 patients had not recurred 10years post origi-
nal diagnosis. We also evaluated the performance of RS result
as a continuous variable, or using the original OncotypeDx cut-
offs in the cohort of patients with ER-positive disease by fitting
the Cox proportional hazards model for OS and DFS
(Supplementary Table 7, available online). Regardless of the cut-
off, the results remain consistent, that is, using TAILORx,
Oncotype DX, or a continuous score, we detected statistically
significant associations between RS and outcome in IDC but not
in ILC.

Metastases and Metastatic Sites Comparing Patients
With IDC and ILC

More patients with ILC presented with stage IV de novo meta-
stases compared with patients with IDC (3.7% vs 2.4%; P <.001)
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A Disease-free survival stratified by histology in entire cohort

Overall survival stratified by histology in entire cohort
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Figure 2. DFS and OS of patients with IDC and ILC. A) A total of 32306 records in the cohort (28 793 patients with IDC and 3513 patients with ILC) are included for DFS
analysis with the median follow-up time of 5.03 years. Log-rank tests were used. Specifically, the 5-, 10-, 15-, and 20-year DFS probabilities for women diagnosed with
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Table 3. Disease-free survival and overall survival resulting from
each propensity score matched cohort to evaluate differences
between treatment benefit in IDC vs ILC (IDC is reference) in the
cohort with ER-positive disease

Sample size

Treatment HR (95% CI) P*  (for both ILC and IDC)

Disease-free survival

Lumpectomy 0.80 (0.48t0 1.32) .38 630
Mastectomy 0.92 (0.65t0 1.28) .61 733
Radiation therapy  0.80 (0.57 to 1.12) .19 907
Chemotherapy 0.90 (0.64 to 1.27) .56 547
Hormone therapy  0.85(0.63 to 1.14) .27 1286
Overall survival
Lumpectomy 1.07 (0.78 to 1.47) .67 630
Mastectomy 1.32(1.01to 1.73) .04 733
Radiation therapy = 1.08 (0.84 to 1.40) .55 907
Chemotherapy 1.14 (0.84 to 1.55) .41 547
Hormone therapy  1.12 (0.91to 1.39) .30 1286

#Cox proportional hazards regression were used,; all statistical testing is 2-sided.
CI = confidence interval; ER = estrogen receptor; HR = hazard ratio; IDC = inva-
sive ductal carcinoma; ILC = invasive lobular carcinoma.

(Table 1). The cohort had 2883 recurrences, and among those
with information on sites of metastases, we noted an increased
propensity to metastasize to the bone and peritoneum and
decreased propensity to metastasize to the lung in patients
with ILC (Figure 4; Supplementary Figure 4, A, available online).

Limiting the analysis to patients diagnosed between 1990
and 2000, to increase follow-up time, the results are similar
although only the difference in metastases to peritoneum
remains statistically significant (Supplementary Figure 4, B,
available online). When comparing median time with recur-
rence for different metastatic sites, we observed statistically sig-
nificantly longer timer to metastases in bone in patients with
ILC and borderline significance for metastases to the perito-
neum (Supplementary Table 8, available online).

Treatment and Tumor Feature Changes Over Time

Rates of ILC diagnosis (ie, the distribution of IDC and ILC histol-
ogy) stayed constant over time (Figure 5, A; Supplementary
Figure 5, available online). There is a trend for an increase in ILC
size over time, which is not observed in IDC (Figure 5, B).

Rates of mastectomies increased over the last decade in
patients with IDC, getting closer to the higher rates seen in ILC
(Figure 5, C). The use of radiation decreased in patients with
IDC over the last decade, and a similar trend was seen for
patients with ILC (Figure 5, D). There was a slight increase in
the use of hormonal therapy over the last decade for both
patients with ILC and IDC (Figure 5, E). Finally, there was an
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increase in the use of chemotherapy in patients with ILC in
the early 2000s, but this has sharply declined over the last dec-
ade, and a constant decrease in the use of chemotherapy has
also been observed for patients with IDC (Figure 5, F).
Chemotherapy use was largely driven by nodal status over
this period of time.

Discussion

In this retrospective cohort analysis of 33662 patients, lobular
histology represented 10.7% of the cases. The cohort was estab-
lished at a limited number of institutions, which is a strength
and difference to other previously performed retrospective
studies (8,11,23,27-29). Comparative analyses showed that the
GLBC cohort is representative of the larger IDC and ILC popula-
tion in the United States. In our study, diagnosis of ILC was
associated with larger tumors, older age, lower grade, ER and PR
positivity, and lower expression of HER2, and our findings are in
agreement with data from these prior studies. The design and
main conclusions of the study are depicted in Supplementary
Figure 6 (available online).

We observed twice as many diagnoses of stage III (18% vs
7.7%) and stage IV (3% vs 1.6%) ER-positive ILC compared with
ER-positive IDC. In addition, there was more lymph node
involvement (N2 and N3) in patients with ILC. This has been
seen in other prior studies including the analysis of the SEER
database (8) and is likely because of later detection as a result of
limitations with imaging of ILC.

In our study, we also address changes in diagnosis over
time. There was no increase in rate of detection of ILC, which is
in contrast to a recent analysis in the Ontario Cancer Registry
(28). Analysis of the SEER database also revealed an increase in
ILC incidence until 2000 (34), but subsequently such trend atte-
nuated. The lack of a consistent change in incidence might
result from challenges in the diagnosis of ILC, as such changes
might not reflect true changes in the number of cases but rather
result from varying diagnostic criteria.

Patients with ER-positive ILC had statistically significantly
worse DFS and OS than ER-positive IDC, a result that is in agree-
ment with a number of prior studies (8,25-27,29). The increased
late recurrences in ILC may reflect the overall slower growth or
point toward an increased role for cancer cell dormancy in ILC.
The shortest 10-year DFS was seen in premenopausal women
with ILC, and a recent SEER analysis showed that patients with
premenopausal ILC had worse breast cancer-specific outcome
compared with premenopausal IDC (35). The aforementioned
SEER study (35) did reveal a statistically significant time-
dependent effect of histology for outcome, indicating late recur-
rences in patients with ILC. Curiously, this increase was seen
even though 6 times more IDC cases were classified as high risk
by RS. Patients with IDC with high RS had statisticallysignifi-
cantly worse prognosis compared with those with low RS, but

Figure 2. Continued

ER-positive ILC and ER-positive IDC were 94%, 86%, 77%, and 72%, and 94%, 89%, 86%, and 83%, respectively. A total of 33655 records in the whole cohort (30039 patients
with IDC and 3616 patients with ILC) are included for OS analysis with the median follow-up time of 5.46 years. The estimated 10-year OS probabilities are 0.733 (95% CI
= 0.726 to 0.739) for patients with IDC and 0.696 (95% CI = 0.676 to 0.717) for patients with ILC (P < .0001). B) A total of 19603 records in the ER-positive cohort (17 054
patients with IDC and 2549 patients with ILC) are included for DFS analysis with the median follow-up time of 4.75 years. Log-rank tests were used. A total of 19787
records in the ER-positive cohort (17 224 patients with IDC and 2563 patients with ILC) are included for OS analysis with the median follow-up time of 5 years. The esti-
mated 10-year OS probabilities are 0.771 (95% CI = 0.762 to 0.781) for patients with IDC and 0.720 (95% CI = 0.694 to 0.748) for patients with ILC (P < .0001). C) DFS and OS
comparing patients with IDC and ILC stratified by menopausal status (unadjusted for other covariates using the Kaplan-Meier method). CI = confidence interval; DFS =
disease-free survival; ER+ = estrogen receptor positive; IDC = invasive ductal cancer; ILC = invasive lobular carcinoma; OS = overall survival; pre = premenopausal;

post = postmenopausal.
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Figure 3. Survival curves stratified by Oncotype Dx TAILORx RS result. Oncotype DX test status is identified as low and intermediate if the RS result is <25 and identified
as high if the RS result is >25 according to the TAILORXx trial groups. DFS and OS analysis (A) in patients with ER-positive disease, (B) in patients with ER-positive IDC,
and (C) in patients with ER-positive ILC. Log-rank tests were used to compare the curves (unadjusted for other covariates using the Kaplan-Meier method). DFS = dis-
ease-free survival; ER+ = estrogen receptor positive; IDC = invasive ductal cancer; ILC = invasive lobular carcinoma; OS = overall survival; RS = recurrence score.
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Figure 4. Site of recurrence in patients with ER-positive metastatic breast cancer. The bars represent proportion of patients with ER-positive IDC or ER-positive ILC who
have recorded information on metastases with recurrence to specific sites as indicated. A 2-sided ;> test was used. CNS = central nervous system; ER = estrogen recep-

tor; IDC = invasive ductal cancer; ILC = invasive lobular carcinoma; LN = lymph node.

that was not seen in ILC. Indeed, within our cohort, we didn’t
identify a single recurrence in high RS ILC cases. Of note, this
study was conducted independently from ExactScience. These
findings emphasize the need for larger studies for patients with
ILC as well as the need for specific molecular tests for ILC (12-
14,19-21,36,37).

In general, patients with ILC benefited more from lumpec-
tomy, radiation, and hormonal therapies as indicated by
smaller hazard ratio for DFS (0.59, 0.67, and 0.65, respectively),
however, this analysis is limited by small sample sizes.
Nevertheless, our study shows that clinical management of the
2 diseases are somewhat different. Higher rates of mastecto-
mies are seen in patients with ILC, and after an increase in the
use of chemotherapies in the early 2000s, there has been a
sharp decline of its use for patients with ILC. Given neoadjuvant
chemotherapy has been associated with lower pathological
complete response (38) and relative ineffectiveness in adjuvant
therapy [(39), reviewed in 40)], it is somewhat surprising that
the recent use of chemotherapy is similar in patients with IDC
and ILC. Of note, lack of pathological complete response did not
remain statistically significant in a multivariable analysis in a
study at MD Anderson Cancer Center (41). This topic deserves
further attention including specific genomic studies in ILC that
can predict responses to different modalities of therapies.

We focused our main analyses and data interpretation to
ER-positive disease, which represents 96% of ILC cases in our
cohort. There were few patients with HER2-positive disease
(<5%) (n=168; n=21 were HER2 positive/ER negative and
n =145 were HER2 positive/ER positive; 3 had unknown ER sta-
tus); however, the topic of HER2 signaling is of increasing inter-
est because of enrichment of HER2 mutations in ILC in the
absence of HER2 amplification (42-47). The trend in survival for
TN ILC mirrored that seen in TN IDC. Poor survival in TN ILC

was also seen in 2 other recent studies with n=38 (48) and
n=74 TN ILC cases (15). These rare ILC variants with poor prog-
nosis should be studied further, preferentially in larger consor-
tia, because of potential clinical relevance of such findings. For
example, preliminary data in the GELATO trial show an efficacy
signal of programmed death ligand 1 (PD-L1) blockade in combi-
nation with carboplatin in patients with metastatic TN ILC (49),
and further molecular studies showed enhanced ErbB-
signaling, androgen receptor expression, and activation of DNA
damage response pathways (15,48).

Limitations of our paper are the retrospective nature of the
study and incomplete information on site of recurrence. Other
variables were limited and not included, such as comorbidities.
In some subanalyses in the study, small sample sizes were
observed (ie, those with ILC with high RS result). With respect to
RS result, we note that a selection bias may have occurred for
the patients who actually underwent Oncotype Dx testing and
that the assay was not routinely run for patients with nodal pos-
itivity during the study period. Finally, we lack information on
ILC variants, which will be critical to consider in future analyses.

In summary, our study contributes to the growing literature
of the unique clinicopathological features of ILC but also high-
lights those shared with IDC. These findings highlight the need
for more ILC research on imaging to improve early detection and
staging, on predictive markers to prevent over- and undertreat-
ment, and on dormancy and late recurrence. Rare ILC subtypes
such as TN and the more aggressive pleomorphic variant require
formation of larger consortia to obtain sufficient numbers.
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Figure 5. Change over time in histology type, tumor size, and treatment types in patients with ER-positive disease from 1990 to 2017. A) Shows the frequency of histol-
ogy types in 19788 patients with ER-positive from 1990 to 2017. B) Shows the trend of tumor size (averaged for each year) in UPMC cohort for 10495 patients with ER-
positive from 1990 to 2017. The mean tumor sizes are 20.58 mm for IDC and 27.64 mm for ILC in 1990 and 19.32 mm for IDC and 30.56 mm for ILC in 2017. C) Shows
trends of surgery rates across years for 19462 patients with ER-positive IDC and ER-positive ILC in 3 sites from 1990 to 2017. There were 9480 patients who had lumpec-
tomy and 9204 patients had mastectomy. D) Shows trends of radiation therapy rates across years for 19480 patients with ER-positive IDC and ER-positive ILC in 3 sites
from 1990 to 2017. In total, 12392 patients received radiation therapy. E) Shows the trend of hormone therapy rates across years for 19406 patients with ER-positive
IDC and ER-positive ILC in 3 sites from 1990 to 2017. In total, 16998 patients received hormone therapy. F) Shows the trend of chemotherapy rates across years for
18876 patients with ER-positive IDC and ER-positive ILC in 3 sites from 1990 to 2017. In total, 7750 patients received chemotherapy therapy. ER+ = estrogen receptor
positive; IDC = invasive ductal cancer; ILC = invasive lobular carcinoma; UPMC = University of Pittsburgh Medical Center.
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