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Inflammatory breast cancer (IBC) is rare, with challenging diagnostics and unfavorable outcomes.
Therefore, more molecular insight into IBC is needed. The comprehensive Dutch prospective
INFLAME registry related IBC follow-up and treatment to histopathology and molecular analysis. Of
consecutive patients, nationwide identified with newly diagnosed IBC, clinicopathological, treatment
and outcome data were collected. Histopathology and RNA-sequencing were related to outcome. 125
IBC patients were enrolled. Forty-one (34 %) patients had HER2 + , and 31 (25%) had triple-negative
IBC. The estimated 3-year OS was 78% in MO IBC and 29% in M1. PFS was worst in triple-negative
IBC (median 7.9 vs 16.3 and 15.8 months in M1 HER2+ and HR + /HER2- IBC). DFS and OS in MO IBC
were better with guideline-concordant trimodal therapy than without (HR 0.15 and 0.15; p = 0.000005
and 0.00038). The unique prospective INFLAME confirms unfavorable IBC characteristics and
outcomes. International efforts may support guideline adherence and identify IBC-specific targets.

Inflammatory breast cancer (IBC) is a very rare disease, representing around
1-4% of all breast cancer diagnoses'”. Rapid onset of signs and symptoms,
challenging diagnosis, and delayed treatment contribute to its poor
outcome™’. Although IBC as a clinical diagnosis is difficult to establish, this
was recently improved by a common diagnostic criteria score”. IBC itself is
an independent factor for adverse outcomes with significantly lower survival
times compared to non-inflammatory breast cancer (non-IBC)*’. To
counter the rapid growth, combined aggressive systemic and local treatment
(trimodal strategy, including the fast start of chemotherapy, followed by
ablative non-sparing surgery and radiotherapy) is recommended™**. Even
in the metastatic IBC setting, surgery for the primary tumor appears to be
associated with better overall survival and can be considered following
chemotherapy™"’. Although trimodal treatment has improved the disease
outcome in patients with IBC, prospects remain inferior compared to
patients with non-IBC>'>"%. The cause of this unfavorable disease behavior is

not clear. Pathological assessments may show tumor emboli in the dermal
lymphovascular spaces, increased vascular endothelial growth factor-D
(VEGF-D), and E-cadherin expression™". Molecular analyses indicate that
TP53, MYC, PIK3CA expression and activation occur more often in IBC
than in non-IBC and TGF-p signaling is attenuated in IBC'*". But so far,
this has not led to IBC-specific targeting. Amplification of the human epi-
dermal growth factor receptor 2 (HER2) is observed relatively often in
IBC™'°. Treatment with trastuzumab and other HER2-targeted agents
improves outcome in HER2 + IBC*”. HER2-targeting antibody-drug
conjugates may also be effective in HER2-low IBC". Despite these devel-
opments, there is room for improvement regarding outcomes in IBC.
Therefore, more insights into the specific molecular aspects of IBC are
needed. Given the rarity of IBC and the wide variation in practice patterns, a
prospective registry study was set up to collect systematic data on patient,
disease, treatment and outcome characteristics. INFLAME is the first
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comprehensive cohort with prospective nationwide inclusion of all con-
secutive patients identified with IBC, linking follow-up and treatment
information to histopathology and molecular tissue analysis.

Results

From February 2015 to December 2018, 125 IBC patients were enrolled in
the INFLAME registry in 43 Dutch hospitals. Patients from non-
participating hospitals were referred to participating hospitals. Three out
of the 125 patients did eventually not meet inclusion criteria. Therefore,
baseline clinical data was available for 122 patients (Table 1, Fig. 1). The
median age at the time of diagnosis was 57 years, with 13 patients (11%)
diagnosed with IBC before the age of 40. Median BMI was 28.7 kg/m’. The
median interval between symptoms and diagnosis was 32 days (IQ1 15-1Q3
76 days), and 85 (70%) patients were diagnosed within three months.
Pathology results were available for 121 patients. Subtype distribution
showed hormone receptor (HR) positive/HER2-negative, HER2-positive,
or triple-negative subtype in 48, 41, and 31 of cases (38, 34, and 26%
respectively; Table 3). Median age for each subtype was 62 years in HR-
positive/HER2-negative, 53 years in HR-negative/HER2-positive, and 56
years in triple-negative subtype. M status, ie. presence or absence of
metastases (M1 or M0), was established in n =117 patients. Of these 117
patients, 42 (36%) had M1 disease with visceral metastases in 22/42 (53%) of
cases. From the 75 patients with MO disease, 60 (80%) had at least one
clinically positive lymph node, and analyzing the N-stage, 11 (15%) patients
had NO, 31 (41%) had N1, 14 (19%) had N2 and 15 (20%) had N3 disease
(Table 1). In four patients, M status was unknown because no curative
treatment was considered feasible and additional imaging procedures were
omitted. In one patient, M status was unknown due to the presence of
inconclusive lung nodules at baseline.

Treatment practice patterns

Detailed information regarding systemic treatment, surgery, and radio-
therapy was obtained from all participating hospitals (Table 2). Out of all
122 patients, sixty-seven (55%) received guideline-concordant trimodal
therapy’, including chemotherapy, surgery, and radiotherapy. Trimodal
therapy was mostly given in patients with M0 IBC (80% of patients with MO
compared to 19% of patients with M1 IBC) and patients with good per-
formance (59% of patients with WHO 0-1 compared to only one patient out
of the 8 patients with WHO 2-3).

The majority of patients (n = 102, 83%) received chemotherapy. Fast
initiation of systemic treatment within 2 weeks after diagnosis, as recom-
mended, was observed in 32 (31%) patients, and the median interval
between diagnosis and start was 19 days. In the majority of patients, sur-
gery was performed (n =79, 65%), with 65 (82%) surgeries performed in
the MO setting and 13 (16%) in the M1 setting, which accounts for 31% of
patients with M1 disease. Ten out of 75 patients with MO disease and 27 out
of the 42 patients with M1 disease did not receive surgery. Reasons for
refraining from surgery are shown in Supplementary Table S4. Six patients
(2 with NO, 3 with N1, and 1 with N3 disease) received non-guideline
concordant™”'® sparing surgery of either primary tumor or axilla. The
majority of patients received radiotherapy (n =87, 71%), in 70 patients
following surgery. Endocrine therapy was started in 62 (94%) of all 66
patients with HR-positive IBC. Three out of the 4 patients with HR-positive
IBC who did not receive endocrine therapy, had an estrogen receptor (ER)
negative and progesterone receptor (PR) positive tumor. HER2-targeted
therapy was started in 39 (95%) of all 41 patients with HER2-positive IBC.
One patient with HER2-positive IBC did not receive HER2-targeted
therapy because of older age and frailty and in one other HER2-positive
patient, it was unknown whether HER2-targeted therapy was given.

Outcomes

MO IBC: After neo-adjuvant systemic treatment, a pathological complete
response (pCR) was documented in 33 (51%) patients. The pCR rate was the
highest in patients with the HER2-positive subtype (22 out of 26 patients;
85%), followed by the triple-negative subtype (8 out of 15 patients; 53%) and

the HR-positive/HER2-negative subtype (3 out of 24, 13%). The estimated
3-year disease free survival (DFS) rate was 67% (56-81) and the median DFS
was not reached (Fig. 2). The estimated 3-year overall survival (OS) rate was
78% (69 — 89) and the median OS was not reached. Per subtype, the esti-
mated 3-year OS rate was 84% (70-99.7) in patients with HR-positive/
HER2-negative IBC, 85% (68-100) in patients with HER2-positive IBC and
61% (42-88) in patients with triple-negative IBC. DFS and OS were better in
patients receiving trimodal treatment (chemotherapy, surgery and radio-
therapy) compared to patients who did not receive trimodal treatment: DFS
not reached versus median 15.1 months (5.3-NE; HR 0.15 (0.06-0.36);
p=0.000005); OS not reached versus median 31.2 months (9.6-NE; HR
0.15 (0.06-0.42; p = 0.00038).

M1 IBC: For patients with M1 disease, the median progression free
survival (PFS) was 14.0 months (95%CI 11.2-22.6) (Fig. 3). Median PFS by
subtype was 15.8 months (13.6-31.6) for HR-positive/HER2-negative, 16.3
(8.8-NE) for HER2-positive, and 7.9 (3.5-NE) for triple-negative IBC.
Median OS was 18.9 months (15.9 -35.6) with a 3-year survival rate of 29%
(17-48). Per subtype, the estimated 3-year OS rate was 32% (16-64) in
patients with HR-positive/HER2-negative disease, 33% (12-92) in patients
with HER2-positive disease, and 9% (1 - 59) in patients with triple-negative
disease. Out of the 33 patients with M1 disease whose PFS data were
available, 8 patients received trimodal treatment including surgery of the
primary tumor. Median PFS in these patients was 29.4 months (16.6-NE)
compared to 13.4 months (9.8-16.8; p=0.058) in patients who did not
receive trimodal treatment. A similar trend was seen for OS, with a median
OS of 33.7 months (23.8-NE) in the trimodal group versus 16.9 months
(13.9-28.7) in patients who did not receive trimodal treatment (HR 0.41
(0.13 - 1.05) p = 0.065.

Transcriptomic analyses

In addition to the histopathology results, tissue was available from 122
patients for molecular analysis. Out of these 122 patients, 81 had a baseline
diagnostic biopsy, 35 had resection material and 30 had both available. In 58
samples from 50 patients, sufficient quality RN A and RNA sequencing data
was available for PAM50 molecular intrinsic subtypes analysis. Sixteen
(32%) patients had luminal A subtype, 9 (18%) patients luminal B, 12 (24%)
patients HER2-enriched, 12 (24%) patients basal, and 1 (2%) patient had
normal breast-like subtype (Table 3). Three-year survival rate was highest
for patients with luminal A and lowest for patients with basal subtype
(Supplementary Figure S1). Regarding tumor-infiltrating lymphocytes
(TIL), the median of the normalized expression level of the TIL mRNA score
in the INFLAME cohort was 4.90 (IQ1 4.46 - IQ3 5.40). A trend was
observed for a longer OS in thirteen patients with a mRNA TIL score above
IQ3 compared to 37 patients with a mRNA TIL score below IQ3, however,
this was not statistically significant (p = 0.068; Supplementary Figure S2b).
Out of the 10 patients with M0 disease and available data on both TIL score
and DEFS, four patients with a high mRNA TIL score (above IQ3) had a
significantly longer DFS compared to the six patients who did not
(p=0.0038; Supplementary Figure S2a). Out of the 15 patients with M1
disease and available data on TIL score and PFS, only one patient had an
mRNA TIL score below IQ3. In eight patients, two samples were available.
In four patients, discordant results regarding subtype were found between
the two samples (Supplementary Table S1). In these four patients, two
discrepancies were found between biopsies from contralateral breasts, one
between a biopsy and the resection material, and one between different
localizations within the same breast (Supplementary Table S2). In two of
these four patients, results were completely discordant and in the other two
patients, probability scores were close to each other (Supplementary
Table S3).

Data from the current INFLAME cohort were compared to publicly
available data from 136 non-IBC samples”. When comparing luminal
versus non-luminal (i.e. HER2-enriched and basal subtypes), there was a
significantly higher number of non-luminal breast cancers in the
INFLAME cohort (p = 0.031). However, the difference in the distribution
of all PAM50 subtypes was not statistically significant between the
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Table 1 | Patient and disease characteristics by M-status

Total number of patients MO patients M1 patients Total
n=75 n=42 (including Mx?)
n=122
Age (years)
<40 8(11) 49 13 (11)
41-50 14 (19) 10 (24) 24 (20)
51-65 29 (39) 16 (38) 45 (37)
66-75 18 (24) 5(12) 24 (20)
>75 6(8) 7(17) 16 (13)
Median (min; max) 57 (34-86) 57 (30-91) 57 (30-93)
Sex, n (%)
Female 75 (100) 42 (100) 122 (100)
BMI, n (%)
Underweight (<19) 1(1) 0(0) 2(1)
Healthy weight (19-25) 21(28) 13 (31) 34 (28)
Overweight (25-29) 27 (36) 11 (26) 39 (32)
Obese (>30) 26 (35) 17 (41) 46 (38)
Unknown 0(0) 1) 1(1)

Median (min; max)

28.4 (16.4-44.9)

27.8 (20.2-48.2)

28.7 (16.4-48.1)

WHO performance status, n (%)

0 56 (75) 25 (60) 83 (68)
1 11(15) 12 (29) 25 (20)
2 2(3) 49 6(5)
3 1(1) 0(0) 2()
4 0(0) 0(0) 00
Unknown 5 (6) 1) 6 (5)
Time between onset 31 (0-357) 46 (0-360) 32 (0-360)
symptoms and
pathological diagnosis (days)
Median (min; max)
Time between pathological 18 20 19
diagnosis and
systemic therapy (days)
Median
Antibiotics prescribed, n (%)
No 50 (67) 28 (67) 81 (66)
Yes 25 (33) 12 (28) 39 (32)
Unknown 0(0) 2 (5) 2(2)
ER status, n (%)
Negative 39 (52) 17 (41) 58 (47)
Positive 36 (48) 24 (57) 63 (52)
Unknown 0(0) 1) 1(1)
PR status, n (%)
Negative 50 (67) 26 (62) 74 (61)
Positive 25 (33) 15 (36) 47 (39)
Unknown 0(0) 1) 1(1)
HR status, n (%)
Negative 37 (49) 16 (38) 55 (45)
Positive 38 (51) 25 (60) 66 (54)
Unknown 0(0) 1) 1(1)
HER2 status, n (%)
IHC 0+ 19 (25) 7(17) 28(23)
IHC 14 17 (23) 15 (36) 32 (26)
IHC 2 + ISH negative 6(8) 6(14) 12 (10)
IHC 2 + ISH positive 203 0(0) 2()
IHC 3+ 23 (31) 10 (22) 33(27)
Unknown IHC, ISH negative 3 (4) 2(4) 7 (5)
Unknown IHC, ISH positive 5 (7) 1) 6 (5)
Unknown 0(0) 1) 2(2)

Table 1 (continued) | Patient and disease characteristics by

M-status
Total number of patients MO patients M1 patients Total
n=75 n=42 (including Mx?)
n=122
Subtypes
HR-positive/HER2-negative 26 (35) 19 (45) 48 (39)
HER2-positive 30 (40) 11 (26) 41 (34)
Triple-negative 19 (25) 11 (26) 31 (25)
Unknown 0(0) 1@ 22
Histological subtype, n (%)
Invasive carcinoma of 61 (81) 28 (67) 98 (80)
no-special type
Invasive lobular carcinoma 10 (13) 6 (14) 18 (15)
Other 3(4) 6 (14) 3(Q)
Unknown 1(1) 2(5) 3@
Histological grade, n (%)
| 2(3) 4(10) 7 (6)
1] 26 (35) 11 (26) 37 (30)
1] 24 (32) 10 (24) 36 (30)
Unknown 23 (30) 17 (40) 42 (34)
Ki-67, n(%)
Low (<20%) 8(11) 5(12) 13 (11)
High (20%) 22 (29) 9 (21) 31 (25)
Not tested 45 (60) 28 (67) 78 (64)
E-cadherin, n (%)
Negative 79) 5(12) 14 (11)
Positive 36 (48) 16 (38) 52 (43)
Not tested 32 (43) 21(50) 56 (46)
BRCA1 or BRCA2 mutation, n (%)
Negative 12 (16) 4(10) 16 (13)
Positive 1(1) 3(7) 5(4)
Not tested 62 (83) 35 (83) 101 (83)
cN status, n (%)
cNO 11 (15) 3(7) 15(12)
cN1 31 (41) 8(19) 40 (33)
cN2 14 (19) 14 (33) 28 (23)
cN3 15 (20) 11 (26) 27 (22)
cNx 4(5) 6 (14) 12 (10)
pN status, n (%)
pNO 2(3) 102 3(3)
pN1 11 (15) 6 (14) 17 (14)
pN2 6(8) 4(10) 10(8)
pN3 6(8) 6 (14) 12 (10)
pNx 50 (67) 25 (60) 80 (65)
Site of metastases, n (%)
Bone-only 6(14)
Non-visceral disease 11 (26)
Visceral disease 22 (53)
Unknown 3(7)

BMI body mass index, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal
growth factor receptor 2, HR hormonal receptor, IHC immunohistochemistry, ISH in situ
hybridization, WHO World Health Organization.
“In 5 patients, M status remained unknown. In 4/5 patients because curative treatment was not
considered feasible and additional staging procedures were omitted, and in 1/5 patient due to the

presence of inconclusive lung nodules at baseline.

INFLAME and a non-IBC cohort (Table 3, p=0.21). There was no dif-
ference in mRNA TIL score between the INFLAME cohort and the non-
IBC cohort, regardless of PAMS50 intrinsic subtype (p >0.05; Supple-

mentary Figure S3).
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INFLAME

125 patients signed informed consent in

Excluded (n = 3)
+ Did not meet inclusion criteria (n = 3)

assessment available

122 patients with baseline clinical

Excluded (n=1)
+ No pathology results available (n = 1)

pathology analyses

121 patients available for baseline and

Excluded (n = 2)
+ No follow-up data available (n = 2)

and survival analyses

119 patients available for baseline, pathology

Excluded (n = 2)
+ M status not conclusive (n = 2)

117 patients available for baseline, pathology
and M status specific survival analyses

Excluded (n = 67)
+ Tissue of insufficient quality for RNA analysis
(n= 672)

50 patients available for comparison between
RNA sequencing data and survival

Fig. 1 | Flow diagram. Showing patients included in the INFLAME study

and eligible for this analysis.

Discussion

The INFLAME study is a Dutch prospective registry, set up to improve
(molecular) IBC insights, increase awareness, improve diagnostic and
treatment protocols in national guidelines, and ultimately to improve out-
comes in IBC. With nationwide coverage of participating hospitals and

accessible consultations supporting inclusion of most IBC patients, we

observed a frequency of <0.25% of the yearly Dutch breast cancer incidence,
in line with previous reports™. This study confirms the unfavorable aspects
of this disease, with rapid onset at a relatively young age, high stage, and poor
outcome, despite guideline-concordant treatment for most patients.
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Table 2 | Treatment by M status

Table 2 (continued) | Treatment by M status

Total number of patients MO M1 Total Total number of patients MO M1 Total

patients patients (including patients patients (including
n=75 n=42 Mx?) n=75 n=42 Mx?)
n=122 n=122

Chemotherapy, n (%) No 2 (5) 0(0) 3
No 709 7(17) 18 (15) Yes 36 (95) 24 (100) 62 (94)

Yes 68 (91) 33(79) 102 (83) Unknown 0(0) 0(0) 1(1)
Unknown 0(0) 2(4) 2() Type of endocrine therapy, n n out of n out of n out of 62 (%)
i i 0, 0,

Type of chemotherapy, nout of  n out of n out of n out of gﬁ;g;sﬁgetztesratgst(; )celved () 24(%)

patients that received 68 (%) 33 (%) 102 (%)

chemotherapy Tamoxifen 23 (64) 5(21) 30 (48)

0,

(%) Aromatase inhibitor 13 (36) 13 (54) 27 (44)
Anthracycline and taxane 45 (66) 9(27) 55 (54) Other 00) 4(17) 46
Slr:t?r:acycllne, taxane and 4 (6) 1) 5(5) T 000) 2@ 10)

. HER2 targeted therapy, noutof  n out of n out of n out of 41 (%)
Uit e U0y den Uk patients with HER2-positive 29 (%) 11 (%)
anthracycline disease (%)
Antracycline without taxane 1(1) 5(15) 7(7) No 1) 00) 1)
Capecitabine 0(0) 4(12) 4(4) Yes 29 (97) 10 (1) 39 (95)
Platin and taxane 8(12) 2(7) 10 (10) T 000) 10) 10)
e v L(E) 1 Type of HER2 targeted therapy, ~ n out of n out of n out of 38 (%)
Other 0(0) 2 (6) 2(2) n out of patients that received 29 (%) 10 (%)

0,

Chemotherapy started within2  n out of n out of n out of HER2 targeted therapy (%)

weeks, 68 (%) 33 (%) 102 (%) Trastuzumab 11 (38) 5 (50) 16 (42)

n out of patients that received

chemotherapy (%) ;Z:—?:;i::;gb and 18 (62) 5 (50) 22 (58)

No 42 (62) 2267 65(64) ALND axillary lymph node dissection, HER2 human epidermal growth factor receptor 2, HR
Yes 25 (37) 7(21) 32 (31) hormonal receptor, SLN Sentinel lymph node.
“In 5 patients, M status remained unknown. In 4/5 patients because curative treatment was not
Unknown 101 4(12) 50) considered feasible and additional staging procedures were omitted, and in 1/5 patient due to the
Surgery performed, n (%) presence of inconclusive lung nodules at baseline.

No 10 (13) 27 (64) 41 (34)
Y 65 (87 13 (31 79 (65 . . . . .

i 67) 61 (65) Worldwide, INFLAME is a unique comprehensive cohort with pro-
Unknown 00 20 2(n spective nationwide inclusion of all consecutive patients identified with IBC,

Type of breast surgery, n out of  n out of n out of noutof79(%)  linking follow-up and treatment information to histopathology and mole-

patients that underwent 65 (%) 13 (%) cular tissue analysis. This allows relating clinical outcome data to pathology

S and molecular analysis, in a rare cancer type as IBC. The INFLAME study
(Mo‘f'f'etd) radical 57 (88) 12(92) 68 (86) shows that performing a prospective registry in a very rare disease such as
mastectomy IBGC, is feasible.

Breast-conserving surgery 40 00 6@® In line with previous studies, the patients in the INFLAME cohort were
Other 1(2) 0(0) 1(1) with a median age of 57 years relatively younger than the average breast
Uewn 3(4) 18 4(5) cancer population®. Additionally, the INFLAME cohort consisted of a
T relatively hlghznumper of patients w1t_h 0b§51ty (38%), which is a known risk
. : factor for IBC’. Patients presented with higher stages (45% N2 or N3; 36%
No lymph node dissection 1as 29 (69) 46 (38) M1) than expected in the general breast cancer population and worse
ALND 57 (76) 10 (24) 69 (57) outcomes™. This is in line with previous observations in IBC and recent data
SLN biopsy 5(7) 0(0) 5 (4) from the M1 setting, which also show similar 3-year survival rates>**'. The
il 2(3) 3(7) 21) outcome was best in the HER2-positive and HR-positive/HER2-negative
IBC group, underlining the impact of optimal systemic therapy. However, it

Radiotherapy, n (%) . C,g up & p ... P 4 . py. Howev
is still worse compared to HER2-positive non-IBC (estimated 3-year OS rate
hlo o) 19(EE) el in M1 HER2-positive IBC of 33% versus >70% in non-IBC*, and in M0
Yes 66 (88) 21 (50) 87 (71) HER2-positive IBC of 85% versus >90% in non-IBC****). The same trend is
Unknown 0(0) 2(5) 2(1) seen in the other subtypes (for example, the estimated 3-year OS of only 32%

. s . " 25

Trimodality treatment (chemotherapy, surgery and radiotherapy), n (%) m HR‘POS_Ithe 17\(/[21_ IBC versus >§5% m HR‘P051t1V6 non—.IBC ) an.d f.or MO

N 1621 36 66) 53 @3) and M1 disease’>”". Although this is not a direct comparison and is limited
o . L . .

by small numbers, these findings are in line with IBC as an independent

Ves IO} B SAE5) factor for adverse outcomes, as previously described™’. Among MO patients,

Unknown 0(0) 2(2) 2(2) overall pCR rates were relatively high compared to previous studies in IBC.

Endocrine therapy, n out of n out of n out of noutof66(%)  Lhisis mainly driven by the high pCR rate in the HER2-positive group, in

patients with HR-positive 38 (%) 24 (%) line with improving results in this subgroup (also without anthracyclines)

disease (%)

and in breast cancer in general”***”.
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0 3 6 9 12 15 18 21 24 27 30 33 36
Time in Months

Fig. 2 | Survival by subtype in MO. Disease-free survival (DFS) (a) and overall survival (OS) (b) by subtype in M0 inflammatory breast cancer. HER 2, human-epidermal

growth factor receptor 2; HR, hormonal receptor.
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Fig. 3 | Survival by subtype in M1. Progression free survival (PFS) (a) and overall survival (OS) (b) by subtype in M1 inflammatory breast cancer. HER 2, human-epidermal

growth factor receptor 2; HR, hormonal receptor.

Regarding treatment practice patterns, the majority of patients in
INFLAME received guideline-concordant treatment. The frequent study
team consultations may have contributed to this. Currently, a declining
guideline adherence rate is observed, even down to 24-31%"**. This could
be related to continuously improving systemic therapy responses (parti-
cularly in HER? disease), and ongoing de-escalation of (axillary) surgery in
non-IBC” . Nonetheless, in INFLAME we found that the guideline-
concordant trimodal therapy, including surgery, was related to a better

disease outcome in M0 IBC, with the same trend in M1 disease. In the
MO setting, some patients received non-guideline concordant sparing sur-
gery of either primary tumor or axilla. So far, non-sparing surgery is
recommended’ based on reduced overall and IBC-specific survival in ret-
rospective analyses, underestimation of axillary involvement with imaging
and sentinel node procedures, and high local recurrence rates >90% with
skin-sparing mastectomies with immediate reconstruction”*"***"".
Although the number of patients is small, also our prospective data seem to
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Table 3 | PAM50 intrinsic subtypes comparison between IBC
and non-IBC cohort

Source INFLAME Sinicropi et al.
(n=58) (n=136)

PAM 50 intrinsic subtype, n (%)
Luminal A 20 (35) 63 (46)
Luminal B 10(17) 19 (21)
HER2-enriched 13 (22) 18 (14)
Basal 14 (24) 20 (15)
Normal 1@2) 5(4)

support ablative surgery. Therefore, the decrease of guideline-concordant
treatment™™” in clinical practice is a concern that should preferably be
addressed in future studies. In the M1 setting, the positive effect of trimodal
therapy in the current study is in line with previous IBC data showing better
outcomes in M1 disease with local treatment®”'’. Nonetheless, this observed
effect could be influenced by selection bias, as therapy was prescribed at the
physicians’ discretion and patients with poor performance were less likely to
receive trimodal therapy (Supplementary Table S4). However, surgery
should still be considered in M1 disease as a palliative measure as local
progression can be debilitating, regardless of potential survival benefit.

RNA sequencing data from the current IBC cohort shows a repre-
sentation of all PAMS50 intrinsic subtypes, with more non-luminal subtypes
compared to non-IBC"”. These findings are in line with a previous study,
which analyzed RNA expression in IBC using microarrays'”. The current
study is the first to describe TIL mRNA score in an IBC cohort, compared to
a non-IBC cohort". This cohort was specifically chosen to allow a valid
methodological comparison, as comparable FFPE tissues were analyzed
using an equivalent RNA sequencing method. Others have found that TILs
are higher in IBC”. No differences were observed between these cohorts,
regardless of subtyping, which could be due to our small sample size.
Regarding the comparison between the cohorts, it is unknown whether the
non-IBC comparator cohort may have included IBC patients, although the
chance is very low. Comparing the cohorts’ transcriptomics, an observed
batch effect was corrected, which may also have affected the biological
differences between the two cohorts. A longer DFS in patients with a high
TIL mRNA signature was observed, however, due to the low number of
patients, this should be considered as hypothesis generating. This should
preferably be confirmed in other data sets. Numbers were too low to draw
any conclusions on comparing TIL scores in the different subtypes. In this
setting, conducting more translational research in IBC (versus non-IBC) in
similar cohorts would be of importance. For example, a recent study found a
higher frequency of TP53 mutations and a potential enrichment in NOTCH
pathway activation, but a lack of major genomic differences, suggesting
additional analyzes beyond somatic DNA-level changes are warranted”.
More translational research in similar cohorts could enhance general-
izability of findings.

This study has limitations. The small sample size is inherently related to
the rarity of the disease. This will have affected statistical power to detect
differences or correlations, especially in groups based on mRNA results. To
maximize accrual, patients could enter throughout the Netherlands, but
sample collection in local hospitals may have affected storage and avail-
ability of samples for RNA sequencing. Furthermore, PAM50 analysis could
only be performed on a subset of IBC tissues, which may have affected the
representation of subtypes. In this registry, no non-IBC control group could
be included. Systemic treatment has evolved in HER2-positive disease, for
instance, patients with M0 HER2-positive disease without a pCR did not
have access to adjuvant T-DM1 yet during the study. However, as this was
only a very small number of patients (# = 5), the possible impact on outcome
data is likely limited. Furthermore, patients with both M0 and M1 disease
were enrolled, of all intrinsic subgroups, in an already small patient group.
Although this limits possible comparisons, it is very much in line with

clinical practice. Furthermore, in view of >35% of patients presenting with
M1 disease, excluding them would have had an unacceptable impact on
patient numbers as well. Another limitation is the relatively short follow-up
period of three years. For non-IBC, particularly HR-positive disease, this
would certainly be insufficient. However, the event rate of 50% in HR-
positive IBC is such that this follow-up is unfortunately appropriate,
although a longer follow-up remains of interest. The strengths of the
INFLAME study are its prospective multicenter set-up with the collection of
patient-matched tissue and treatment and outcome data. This reduces bias
due to patient selection and limited clinical context, such as can be observed
in rare diseases. Furthermore, this study only included patients that had an
expert verified diagnosis according to international consensus’. This is of
importance, as distinction between IBC and non-inflammatory locally
advanced breast cancer (LABC) is challenging in clinical practice”. The
short median time between onset of symptoms and pathological diagnosis,
and the high representation of TNBC and HER2-positive subtypes in this
cohort align with IBC (and not with LABC). Although the incidence of IBC
within the Netherlands was very low and patients may have been missed, the
joint effort of the majority of hospitals, the BOOG network, the focus on
awareness, and the accessibility of consultations enabled this registry despite
diagnostic and logistical challenges. Improving awareness of this rare disease
was supported with information material also for general practitioners®,
patient advocate involvement, (inter)national presentations, and the first
Dutch IBC guideline.

Concluding, INFLAME shows that performing a prospective registry
in a very rare cancer type such as IBC is feasible. This study confirms
unfavorable IBC characteristics, with rapid onset, relatively young age, high
stage, high local recurrence rate (despite guideline-concordant treatment in
most patients), and unfavorable outcome. Further international efforts may
support guideline adherence and the identification of treatment targets for
IBC. IBC-specific funding opportunities and trials would be better sup-
ported if IBC is recognized as a rare cancer not only in the US (Genetic and
Rare Diseases (GARD) center of the National institutes of Health (NTH)*,
but also elsewhere (the European Information Network on Rare Cancers, in
which IBC is not included at present)*. Only with substantial international
collaborative (translational) efforts and data sharing, the outcome in this
rare disease can improve.

Methods

Eligible patients were patients with IBC according to international
guidelines’, of all stages (i.e. III or IV in IBC), before the start of systemic
therapy. The study was approved as a registry by the Medical Ethical
Committee of the University Medical Center Groningen (UMCG)
(MREC#2014/345) and registered in the trial register in the Netherlands
(OMON register, NL-OMON28954; 2015-03-06). The study was per-
formed in accordance with the Declaration of Helsinki. All patients pro-
vided written informed consent before enrollment. Through the Dutch
Breast Cancer Research Group (BOOG), all Dutch hospitals could include
patients. In case of doubt (due to challenging clinical diagnosis) the
INFLAME study team could be consulted. Patients were enrolled only after
careful assessment of symptoms and history consistent with IBC. Infor-
mation on patient and disease characteristics was obtained from the local
hospitals. Biopsy tissue was collected if available. Tissue was also sampled at
surgery after preoperative systemic therapy, if applicable. Formalin-Fixed,
Paraffin-Embedded (FFPE) breast tumor tissue obtained during a diag-
nostic biopsy and surgical resection of all patients was collected if available.
Clinical and follow-up data regarding patient and disease characteristics,
treatment, and outcomes (disease recurrence or progression, new primary
cancer, and overall survival, OS) were obtained from local hospitals at
baseline and 1, 2, and 3 years after registration in the trial. Ablative (or non-
sparing) surgery is defined as mastectomy or ablation, and sparing surgery
as breast-conserving surgery. Disease-free survival (DFS) was defined as the
time between pathological diagnosis of the primary tumor and either local
or distant recurrence. Progression-free survival (PFS) was defined as time
between diagnosis of metastatic disease and progression.
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Pathology

Standard histopathological evaluation including staging, grading,
immunohistochemical (IHC) staining for estrogen receptor (ER),
progesterone receptor (PR), and HER?2, and Ki-67 scoring was per-
formed locally and evaluated centrally, prior to any neoadjuvant
treatment. ER, and PR were considered positive if 210% of the tumor
cells stained positive, according to Dutch guidelines*. Hormone
receptor (HR) was considered positive when either ER or PR was
positive. HER2 status was determined according to the American
Society of Clinical Oncology (ASCO)/College of American Patholo-
gists guidelines (CAP) guidelines®. Only tissues with a tumor per-
centage of atleast 30% were selected for RNA sequencing. Breast cancer
subtypes were categorized according to ESMO guidelines, into HER2-
positive, HR-positive/HER2-negative, and triple-negative disease’*"".
FFPE tissues were collected for RNA sequencing analysis and centrally
reviewed for sufficient tumor material by a breast pathologist at the
EMC (CvD).

RNA sequencing and analysis

RNA was isolated using the AllPrep DNA/RNA Micro Kit (Qiagen,
Valencia, CA) according to the manufacturer’s instructions. RNA
concentrations were measured with a Nanodrop 2000 system. The
input for the RNA sequencing was 500 ng and was analyzed by
Novogene (Cambridge, UK) for Illumina RNA sequencing using a
ribosomal RNA depletion method. Raw sequencing data were aligned
to the GRCh38 reference genome using STAR version 2.6.1 d**. To sort
the aligned data, mark duplicate reads, and perform a flagstat analysis,
sambamba version 0.8.1 was used”. RNA sequencing data from the
current study were compared to a publicly available dataset composed
of data from non-IBC breast cancer, in which comparable FFPE tissues
were analyzed using an equivalent RNA sequencing method". Since
only raw read counts were available from this dataset, read counts of our
INFLAME cohort were merged, resulting in a total of 11,459 genes that
overlapped between the two datasets. Gene length corrected trimmed
mean of M-values (GeTMM) normalization was performed on all
samples™. Subsequently, t-distributed Stochastic Neighbor Embedding
(tSNE) analysis was performed and showed large differences between
the batches, which was corrected by using ComBat’'. After these nor-
malization and correction steps, the available samples were categorized
according to molecular intrinsic subtypes using the PAM50-
methodology and R package ‘genefu’”. The average expression of the
genes in tumor-infiltrating lymphocytes (TILs) mRNA signature was
determined as described previously™. This signature has been validated
previously and was applicable for the transcriptomic data available in
our cohort™.

Statistics

Descriptive statistics were used for baseline characteristics. Survival time was
compared between groups according to the Kaplan-Meier method using the
log-rank test. DFS and PFS definitions did not include death as an event. The
influence of clinicopathological factors on survival was analyzed with uni-
variate and multivariate analyses using Firth-corrected Cox regression. The
difference in TIL mRNA score was assessed using the Wilcoxon rank-sum
test and the difference in PAM50 was evaluated using X’ test or Fisher’s exact
test. All statistical analyses were performed using IBM SPSS statistics for
Windows, version 26 (IBM Corp., Armonk, NY) and R version 4.0.3 for
Windows. All p-values are two-tailed with a threshold for statistical sig-
nificance of P <0.05.

Data availability

The data that support the findings of this study are available from Dutch
Breast Cancer Research Group (BOOG), but restrictions apply to the
availability of these data, which were used under license for the current
study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of BOOG.

Code availability

The underlying script used to generate results reported in this study is not
publicly available but may be made available to qualified researchers on
reasonable request from the corresponding author. All analyses were per-
formed using IBM SPSS statistics for Windows, version 26 (IBM Corp.,
Armonk, NY) and R version 4.0.3 for Windows.
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