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ABSTRACT
Background  It is possible to induce immunomodulation in 
HER2-positive breast cancer (BC) by modifying the route of 
administration of trastuzumab.
Methods  In this multicenter randomized phase II trial, 
all enrolled patients (pts) with T2–T4d HER2-positive BC 
received 3 cycles of neoadjuvant treatment (NAT) with 
fluorouracil, epirubicin and cyclophosphamide every 3 
weeks (q21), followed by docetaxel/pertuzumab plus 
intravenous trastuzumab (arm A) or, docetaxel/pertuzumab 
plus subcutaneous (SC) trastuzumab (arm B) q21x4 
cycles. After surgical operation, each pt was treated 
with trastuzumab q21x14 cycles using the same SC or 
intravenous formulation of NAT. Primary endpoint was the 
proportion of subjects with high stromal tumor-infiltrating 
lymphocytes (sTILs) in postneoadjuvant residual disease 
(RD).
Results  Sixty-three pts (31 (arm A) and 32 (arm B)) were 
enrolled. Pathological complete response was obtained by 
20/31 pts (64.5%; 95% CI 45.4% to 80.1%) in arm A and 
19/32 pts (59.4%; 95% CI 40.1% to 76.3%) in arm B. High 
sTILs were observed in 27% and 46% of postneoadjuvant 
residual tumors in arms A and B, respectively. CD8+ 
T cells increased significantly in RDs of both arms 
(p=0.014 and 0.002 for arm A and B, respectively), 
whereas a significant decline in the level of CD4+ FoxP3+ 
regulatory T cells was observed only in arm B (p=0.016). 
A significant upregulation of PD-1 on sTILs was found in 
RD of pts enrolled in arm B (p=0.012), while programmed 
death-ligand 1 (PD-L1) was significantly overexpressed 
in residual tumors of arm A (p=0.02). A strong negative 
correlation was reported in arm B between expression of 
PD-L1 on pretreatment sTILs and CD3 expression on sTILs 

in RD (τ: −0.73). Grade≥3 AE incidence rates were similar 
between the two arms.
Conclusions  SC trastuzumab induced relevant sTILs 
enrichment, with favorable variations of immune 
parameters in HER2-positive BC pts with RD after NAT. 
Novel immunotherapy strategies should be tested to 
achieve SC-specific, antitumor immune response.
Trial registration number  NCT03144947, and EudraCT 
number: 2016-000435-41.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Subcutaneous (SC) trastuzumab has similar effica-
cy and safety to intravenous trastuzumab in early-
stage HER2-positive breast cancer (BC).

WHAT THIS STUDY ADDS
	⇒ SC trastuzumab induces stromal tumor-infiltrating 
lymphocytes (sTILs) enrichment in residual dis-
ease after neoadjuvant chemoimmunotherapy. 
Particularly, CD8+ T cells increase and a decline of 
CD4+ FoxP3+ T cells is observed.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ SC administration of trastuzumab may favor a shift 
towards T-cell mediated antitumor response. A more 
mature follow-up is required to look for distinct 
prognostic significance of residual diseases bearing 
different immune profiles of TILs after either SC or 
intravenous neoadjuvant trastuzumab. Novel immu-
notherapy strategies should be tested to achieve 
SC-specific, antitumor immune response.
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INTRODUCTION
HER2 overexpression, which is is observed in almost 
20% of breast cancers (BCs), is associated with poor 
survival.1 Trastuzumab (anti-HER2 monoclonal antibody 
(mAb)) combined with chemotherapy is efficacious 
across all stages of HER2-positive BC.2 Pertuzumab is a 
mAb-targeting HER2 at an epitope different from that 
of trastuzumab.3 In combination with trastuzumab and 
chemotherapy, it has increased pathological complete 
response (pCR) rate and improved disease-free survival 
in both neoadjuvant and adjuvant settings.3 4 However, 
despite anti-HER2 therapy, disease relapses can occur in 
up to 25% of patients with early-stage HER2-positive BC 
and correspond with the development of resistance to 
anti-HER2 mAbs.2 5 6

Innate and adaptive immune evasion is critical for BC 
growth and progression.2 7 The presence of high stromal 
tumor-infiltrating lymphocytes (sTILs) levels have been 
correlated with good prognosis in patients with early 
stage, HER2-positive BC.8 sTILs correspond to efficient 
host antitumor immunity, thus indicating that immune 
response is crucial for improving survival.2 7 There is also 
evidence suggesting a relevant contribution of innate 
and adaptive immune systems to activity of anti-HER2 
mAbs.2 7–9

Subcutaneous (SC) trastuzumab has similar efficacy 
and tolerability to intravenous trastuzumab in early-
stage HER2-positive BC.10 11 In contrast to the intrave-
nous route, SC administration does not induce a direct 
absorption of trastuzumab into the intravascular space.12 
SC trastuzumab goes through peripheral and central 
lymphoid organs and only then is released into the 
blood circulation.12–14 As a result of its direct absorption 
to lymphoid system, SC trastuzumab may experience an 
‘early contact’ with lymph-metastasizing cells13 and with 
CD8+ and CD4+ T cells in lymph glands.15 16 Therefore, 
by changing the route of trastuzumab administration, 
it could be possible to interact with different immune 
subsystems, and to produce a favorable HER2-positive BC 
immunomodulation.

In light of these considerations, the primary objective of 
this trial was to evaluate host immune response variations 
to either SC or intravenous trastuzumab combined with 
pertuzumab and chemotherapy as neoadjuvant treatment 
of patients with T2-4d HER2-positive BC. Clinical efficacy 
and tolerability of these regimens were also evaluated.

MATERIALS AND METHODS
Study design
In this multicenter, open-label, randomized, non-
comparative phase II study patients with HER2-positive 
BC randomly received either intravenous trastuzumab 
(arm A) or SC trastuzumab (arm B) in combination 
with pertuzumab and chemotherapy (​ClinicalTrials.​gov 
number NCT03144947, and EUDRACT 2016-000435-41). 
The proportion of subjects with high sTILs in postneo-
adjuvant residual disease was the primary endpoint. No 

comparison of the primary endpoint between the two 
study groups was planned. The intention of randomiza-
tion was to reduce patient selection bias into treatment 
arms. Outcome assessors, data managers and statisticians 
were blinded to arm allocation. Secondary endpoints 
included pCR (absence of invasive tumor in breast and 
axilla) rate, safety, time-to-event outcomes, immune-
related tissue biomarkers and blood immune signatures. 
Survival analysis and blood immune assays are in prog-
ress, and they will be presented separately.

Patient selection
Patients with previously untreated, locally advanced, 
inflammatory, or early-stage (either>2 cm or node posi-
tive) HER2-positive BC, with no metastatic disease, were 
enrolled. Eligibility criteria included age≥18 years, avail-
ability of tumor sample for examination before starting 
neoadjuvant treatment, Performance Status (PS)≤1, 
baseline left ventricular ejection fraction (LVEF)≥55, 
and normal organ function. All patients signed informed 
consent before any study-specific procedure.

Study treatment
Enrolled subjects received in the neoadjuvant setting 
chemotherapy consisting of intravenous 5-fluorouracil 
(500 mg/m2), epirubicin (75 mg/m2) and cyclophos-
phamide (500 mg/m2) (FEC) every 3 weeks (Q3W) for 
3 cycles. Then, subjects were randomized to either arm 
A to receive intravenous trastuzumab (8 mg/kg loading 
dose, then 6 mg/kg) in combination with intravenous 
pertuzumab (840 mg intravenous loading dose, then 
420 mg) and docetaxel (75 mg/m2, escalating, if toler-
ated, to 100 mg/m2) Q3W for 4 cycles or arm B to receive 
SC trastuzumab (600 mg) and intravenous pertuzumab 
and docetaxel (at same doses of arm A) Q3W for 4 cycles. 
Surgery was given from 3 to 7 weeks after the last admin-
istration of the neoadjuvant treatment. Post surgery, each 
patient received trastuzumab Q3W for 14 cycles with the 
same formulation (SC or intravenous) and dosage used 
preoperatively. Radiotherapy and endocrine therapy for 
estrogen receptor (ER)-positive tumors were prescribed 
as per local standards. Dose modifications for trastuzumab 
(SC or intravenous) and pertuzumab were not permitted. 
Docetaxel dose reduction to 55 mg/m2 (or 75 mg/m2 
if the dose was previously escalated to 100 mg/m2) was 
allowed; re-escalation was not permitted. FEC dose reduc-
tions were allowed as per local prescribing guidelines. 
Prophylactic use of granulocyte colony-stimulating factor 
was permitted.

Clinical evaluation
Tumor assessments were carried out at baseline, prior 
to trastuzumab-containing treatment, and before 
surgery using clinical breast examination (CBE) and/
or mammography or other conventional methods as per 
local standards, such as ultrasound, CT, or MRI.

LVEF was measured by echocardiography, which was 
carried out at baseline, prior to trastuzumab-containing 
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treatment, and before surgery. After surgery, LVEF assess-
ments took place every 3 months during adjuvant trastu-
zumab, and at the final visit or withdrawal. Adverse events 
(AEs) were prospectively monitored and graded according 
to the National Cancer Institute (NCI) Common Termi-
nology Criteria for Adverse Events (CTCAE), version 4.0.

Histopathological assessment of sTILs
Diagnostic biopsies and surgical resection specimens 
were collected at the reference laboratory: Pathology 
Unit, Department of Medicine and Surgery, University of 
Parma, Italy (Responsible: EMS). Central assessments of 
HER2 status, pCR and sTILs were performed according to 
current recommendations.17–20 sTILs were quantitatively 
scored after image digitalization of H&E slides as a contin-
uous variable and were defined as percentage of stromal 
areas occupied by mononuclear immune cells (ICs) 
within the tumor boundaries.19–21 The lymphoid infiltrate 
composition was evaluated using the following immuno-
histochemical markers: LCA (clones, 2B11 and PD7/26); 
CD20 (L26); CD3 (2GLV6); CD4 (SP35); CD8 (SP57); 
FoxP3; CD56 (MRQ-42); CD25 (4C9); programmed cell 
death 1 (PD-1) (NAT105); programmed death-ligand 1 
(PD-L1) on ICs (SP142); PD-L1 combined positive score 
(CPS; 22C3).

Statistical analysis
The primary endpoint of this study was the proportion 
of subjects with high sTILs in postneoadjuvant residual 
disease. The actual median level of sTILs in pretreat-
ment tumor biopsies was adopted as threshold for clas-
sifying subjects with high sTILs versus (vs) low sTILs in 
post-treatment residual disease. Simon’s optimal two-
stage design was adopted for each study arm. Based on 

this model, the sample size was determined to verify the 
biological activity of neoadjuvant chemotherapy plus dual 
anti-HER2 blockade by assuming the alternative hypoth-
esis of an expected proportion of subjects with high sTILs 
in residual disease of 40%. The null hypothesis was defined 
under the lowest limit of 10% of subjects with high sTILs, 
which if verified would have implied the absence of an 
improvement of interest. Setting α=10% and β=10%, 15 
patients needed to be enrolled for each arm. Moreover, 
considering a pCR rate of 50%, the overall sample size 
was increased to 63 patients to ensure, under binomial 
distribution assumption, that, with a probability of 69%, 
at least 30 patients with residual disease (15 for each arm) 
would have been evaluable for the primary endpoint anal-
ysis. Study design, hypothesis test and predetermined two-
stage decision rules are described in figure 1. A simple 
and balanced (1:1) randomization list was generated by 
the statistician (GMag) through R Statistical Software to 
allocate patients to the two treatment arms, and it was 
centrally stored in the electronic case report form web 
system to ensure allocation concealment.

pCR percentage and its 95% CI were calculated using 
the Wilson method with continuity correction. Toxicities 
were graded according to the NCI CTCAE, version 4.0 
and reported as cumulative incidence. The Wilcoxon-
signed rank test was used to study the modulation of 
immune-related tissue biomarkers at different time-
points, and the Kendall’s correlation was utilized to 
measure both strength and direction of the association 
between biomarkers. The Mann-Whitney U test was used 
to compare sTILs grades in primary tumors between pCR 
and non-pCR patients. Exploratory analyses of immune-
related tissue biomarkers were not adjusted for multiple 

Figure 1  Flowchart for Simon’s two-stage design. SC, subcutaneous; sTILs, stromal tumor-infiltrating lymphocytes.
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testing. The level of significance was p<0.05. Data were 
analyzed with R Statistical Software V.4.2.2 at the Research 
and Innovation Unit, University Hospital of Parma, Italy. 
We used the Consolidated Standards of Reporting Trials 
checklist when writing our report.22

RESULTS
Between November 2016 and September 2017, 63 patients 
were recruited from 21 Gruppo Oncologico Italiano di 
Ricerca Clinica centers in Italy; 31 patients were random-
ized to arm A and 32 to arm B. Patient and tumor char-
acteristics are reported in table  1; no imbalances were 

observed across the two arms. Most patients had tumor 
clinical stage II at diagnosis and presented with ER-pos-
itive, histological grade 3 (G3) and high Ki67 (≥ 20%) 
ductal BCs.

Safety profile and clinical activity
At data cut-off in February 2022, all patients had received 
all scheduled cycles of neoadjuvant treatment, under-
gone surgery and completed adjuvant trastuzumab 
therapy. Six patients required epirubicin dose reduction, 
while no patient needed dose reduction of docetaxel. 
Fifty-eight (92%) out of 63 patients developed at least one 
AE. During the neoadjuvant treatment period, most of 
the AEs were reported as mild (grades 1 and 2) with only 
16% of toxicities classified as moderate or serious (grades 
3 and 4). Up to 44% of AEs were registered during the 
administration of anthracyclines, while 23% and 33% of 
AEs occurred with pertuzumab and docetaxel combined 
with intravenous trastuzumab (arm A) or SC trastuzumab 
(arm B), respectively. As expected, AEs of any grade were 
rare during adjuvant treatment in both study arms. Toxic-
ities worse than grade 1 occurring in ≥10% of patients are 
summarized in online supplemental table S1. No patients 
experienced symptomatic left ventricular systolic dysfunc-
tion and/or significant declines in LVEF (≥10% points 
from baseline to<50%) during neoadjuvant and adjuvant 
treatment.

A clinical objective response was obtained by 25 (81%) 
out of 31 patients in arm A, and 25 (78%) out of 32 in 
arm B. No patients experienced disease progression 
during neoadjuvant treatment. The rates of breast-
conserving surgery (BCS) were 54.8% and 62.5% for 
patients randomly assigned to arms A and B, respectively. 
Mastectomy to BCS conversion was achieved in 41.9% 
and 46.9% of the patients randomly assigned to arms 
A and B, respectively. Most patients achieved a pCR: 20 
(64.5%; 95% CI 45.4% to 80.1%) out of 31 in arm A, and 
19 (59.4%; 95% CI 40.1% to 76.3%) out of 32 in arm B.

Analysis of sTILs
According to the predefined categorization criteria spec-
ified in the study protocol, the median level of sTILs of 
7.5%, which was observed in pretreatment tumor biopsies 
of all enrolled patients (figure 2), was adopted as threshold 
for classifying subjects with high sTILs (greater than the 
median) versus low sTILs (equal to or lower than the 
median) in postneoadjuvant residual disease. In the first 
stage of the study, at least one patient out of four by arm 
was categorized as high sTILs in postneoadjuvant residual 
disease, thus allowing to proceed to the second stage of 
the study according to Simon’s design. To fulfill the statis-
tical hypothesis on the total of 63 patients recruited (31 
randomized in arm A and 32 in arm B), at least 4 patients 
with high sTILs in residual disease were required out of 
a total of 15 residual diseases, by arm. The total number 
of patients with residual disease was 11 and 13 in arm A 
and arm B, respectively. All were evaluable for sTILs anal-
ysis. Only three residual tumors (27%) showed high sTILs 

Table 1  Patient and tumor characteristics

Chacteristic

Arm A
(total, n=31)

Arm B
(total, n=32)

N (%) N (%)

Age, years

Median (range) 51 (27–76) 50 (30–77)

Tumor size

 � T1 2 (7) 2 (6)

 � T2 22 (70) 23 (72)

 � T3 5 (16) 4 (13)

 � T4 2 (7) 3 (9)

Lymph node status

 � N0 10 (32) 10 (31)

 � N1 17 (55) 18 (56)

 � N2 4 (13) 4 (13)

Histological type

 � Ductal 28 (90) 27 (84)

 � Lobular 3 (10) 5 (16)

Tumor grade

 � Grade 1 0 0

 � Grade 2 10 (32) 9 (28)

 � Grade 3 21 (68) 23 (72)

Hormone receptor expression*

 � Both ER- and PR-positive 11 (35) 11 (34)

 � ER-positive/PR-negative 8 (26) 8 (26)

 � ER-negative/PR-positive 3 (10) 2 (6)

 � ER-negative/PR-negative 9 (29) 11 (34)

Ki67

 � ≤20% 2 (7) 5 (16)

 � >20% 29 (93) 27 (84)

HER2 status

 � IHC 2+ and FISH-positive 10 (32) 12 (38)

 � IHC 3+ 21 (68) 20 (62)

%, percentage; ER, estrogen receptor; FISH, fluorescent in 
situ hybridization; IHC, immunohistochemistry; n, number; PR, 
progesterone receptor.

https://dx.doi.org/10.1136/jitc-2023-007667
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in arm A, while six ones (46%) expressed high sTILs in 
arm B. Figure  3 shows changes in sTILs from pretreat-
ment tumor biopsy to postneoadjuvant residual disease in 
paired samples. Although not statistically significant, total 
sTILs increased in both arms (average per cent increase of 
7.6% and 6.6% in arms A and B, respectively) (figure 3A). 

We also characterized sTILs by immunohistochemistry; in 
pretreatment tumor biopsies the lymphocyte infiltrate was 
mainly composed of CD4+ T cells (online supplemental 
figure S1). CD8+ T cells significantly increased in post-
treatment residual diseases of both arms (p=0.014 and 
0.002 for arms A and B, respectively) (figure 3B), whereas 
a significant decrease in the level of CD4+ FoxP3+ regula-
tory T cells (Tregs) was observed only in arm B (p=0.016) 
(figure 3C). A different shift in the tumor immune micro-
environment was also observed by analyzing PD-1/PD-L1 
expression. A significant upregulation of PD-1 on sTILs 
was found in postneoadjuvant residual disease of patients 
enrolled in arm B (p=0.012), while PD-L1 (CPS score≥1%) 
was significantly overexpressed in residual tumors in arm 
A (p=0.02) (figure 3D). A strong negative correlation was 
reported in arm B between PD-L1 expression on pretreat-
ment sTILs and CD3 expression on sTILs in postneoad-
juvant residual disease (Kendall’s correlation coefficient 
(τ): −0.73) (figure  4). A similar correlation, although 
with lower strength of association, was observed in arm A. 
The median level of sTILs in pretreatment samples from 
patients with a pCR was significantly higher as compared 
with non-pCR patients (figure  5A). Interestingly, this 
finding seems to be restricted to patients enrolled in 
arm A, even though there is no significant difference 
(figure 5B).

Figure 2  Boxplot showing stromal tumor-infiltrating 
lymphocytes (sTILs) levels in pretreatment tumor biopsies of 
patients enrolled in arms A and B. The actual median level of 
sTILs was 7.5% for all enrolled patients, with no difference 
between the two study arms.

Figure 3  Significant changes in stromal tumor-infiltrating lymphocytes (sTILs) from pretreatment tumor biopsy to 
postneoadjuvant residual disease in matched paired samples (by study arm). (A) Total sTILs. (B) CD8+ T cells. (C) CD4+ FoxP3+ 
regulatory T cells (Tregs). (D) PD-1+ sTILs and PD-L1+ cells (tumor, lymphocytes and macrophages; combined positive score 
(CPS) score ≥1%).

https://dx.doi.org/10.1136/jitc-2023-007667
https://dx.doi.org/10.1136/jitc-2023-007667
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DISCUSSION
The Immun-HER trial is a multicenter randomized phase 
II study evaluating host immune response variations to 
either intravenous (arm A) or SC (arm B) trastuzumab 
in combination with pertuzumab and chemotherapy as 
neoadjuvant therapy of patients with HER2-positive BC. 
The primary endpoint hypothesis of the study was formally 
not satisfied in arm A, while it was achieved in arm B. To 
fulfill the statistical hypothesis, at least 4 patients with high 
sTILs in residual disease would have been required out of 
a total of 15 residual diseases, by arm. Only three post-
neoadjuvant residual tumors (27%) showed high sTILs in 
arm A, while six ones (46%) expressed high sTILs in arm 
B, thus suggesting that SC trastuzumab may exert a rele-
vant enrichment of sTILs in post-treatment HER2-positive 
residual disease. However, the interpretation of these 
findings is limited by the lower-than-expected number 
of patients with residual disease observed (11 and 13 in 
arm A and arm B, respectively). A distinct shift in the 
tumor immune microenvironment and some remarkable 
correlations between subsets of sTILs was also observed 
in each study arm. The trial showed relevant pCR rates of 

64.5% and 59.4% in arms A and B, respectively. AEs were 
in line with the known safety profiles of the treatments 
administered.

The phase III Hannah trial confirmed the comparable 
efficacy and tolerability of SC and intravenous trastu-
zumab and highlighted the validity of SC trastuzumab as 
an alternative administration route for patients with early-
stage HER2-positive BC.10 11 In that trial, SC trastuzumab 
was more immunogenic than intravenous trastuzumab: 
6.8% of the patients in the SC group showed non-
neutralizing antitrastuzumab antibodies versus the rate of 
3.4% observed in the intravenous group.10 Interestingly, 
the higher presence of antitrastuzumab antibodies with 
SC trastuzumab did not increase but rather reduced the 
occurrence of infusion-related AEs.10 12 These findings 
may be related to the development of specific immune 
responses, such as IgE-to-IgG class switching, after admin-
istration of SC trastuzumab.13 It is also interesting to note 
that the efficient lymphatic transfer of trastuzumab via the 
SC route may improve anticancer effect against lymph-
metastasizing cells.12 Opsonization of HER2-positive 
cancer cells with trastuzumab enhances uptake of HER2 
by dendritic cells, thus inducing specific, and clinically 
relevant, T-cell adaptive response.2 23–26 In our study, CD8+ 
T cells significantly increased in post-treatment residual 
tumors of both arms. To the contrary, CD4+ FoxP3+ Tregs, 
which are involved in the control of immune tolerance by 
limiting immune activation, significantly decreased only 
after administration of SC trastuzumab.

HER2-positive BCs are significantly associated with 
the immune surveillance of the host,2 7 and several 
studies also highlight the significance of the PD-1/PD-L1 
immune checkpoint to the disease prognosis and treat-
ment outcome of HER2-positive tumors.2 27 28 Therefore, 
modulating the PD-1/PD-L1 axis is one of the forth-
coming promising strategies to ameliorate anti-HER2 
therapy.27 In our study, a significant upregulation of PD-1 

Figure 4  Matrix showing Kendall’s correlation coefficients for all the possible pairs of tumor-infiltrating lymphocyte 
immunophenotypes in pretreatment tumor biopsies and postneoadjuvant residual diseases, by study arm.

Figure 5  Boxplots showing pretreatment stromal tumor-
infiltrating lymphocyte (sTIL) levels in pathological complete 
response (pCR) versus non-pCR patients. (A), All enrolled 
patients. (B), By study arm.
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on sTILs was found in postneoadjuvant residual disease of 
patients enrolled in arm B, while PD-L1 was significantly 
overexpressed in residual tumors in arm A. These find-
ings suggest a different shift in the PD-1/PD-L1 pathway 
by study arm and, potentially, different ways to enhance 
immune response by using distinct immune checkpoint 
inhibitors, each of them associated with alternative 
routes of administration of anti-HER2 monoclonal anti-
bodies.27 28

Different studies looked at the predictive and prog-
nostic role of sTILs in patients with HER2-positive BC 
receiving anti-HER2-based neoadjuvant therapy. Higher 
baseline sTIL levels were associated with increased pCR 
rates and better survival, independent of any anti-HER2 
agent and chemotherapy used.29 30 We observed the same 
association between baseline sTILs and pCR even if it was 
less evident for patients treated with SC trastuzumab. In 
our patients, PD-L1 expression on pretreatment sTILs 
inversely correlated with CD3 expression on sTILs in 
residual disease after SC trastuzumab, thus suggesting 
that SC administration of trastuzumab may favor a shift 
towards T-cell mediated antitumor response. A more 
mature follow-up is required to look for distinct prog-
nostic significance of residual diseases bearing different 
immune profiles of TILs after either SC or intravenous 
neoadjuvant trastuzumab.

CONCLUSION
Our study suggests that the SC route of administration 
is an alternative way to improve immune function of 
mAbs. Pertuzumab and trastuzumab combination for 
SC injection (Phesgo) was approved by the Food and 
Drug Administration on June 29, 2020, for the treat-
ment of HER2-positive early-stage and metastatic BC.31 32 
Based on our findings, novel immunotherapy strategies 
using Phesgo should be tested in clinical trials to achieve 
SC-specific, antitumor immune response.
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